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G E N E R A L  CALHOUN: The p e r c e n t a g e  of the s a l e s  d o l l a r  going 
into r e s e a r c h  and d e v e l o p m e n t  has  b e c o m e  in r e c e n t  y e a r s  one of the 
a c c e p t e d  i n d i c a t o r s  of the f u t u r e  h e a l t h  and c o m p e t i t i v e  pos i t i on  of the 
c o r p o r a t i o n .  I n d u s t r y  d e r i v e s  i ts  d y n a m i c  s t r e n g t h  and i t s  ab i l i t y  to 
r e a c t  qu ick ly  in p e a c e  o r  w a r  f r o m  v i g o r o u s  r e s e a r c h  and d e v e l o p -  
m e n t  and t e c h n o l o g i c a l  know--how. The " h e l p  w a n t e d "  c o l u m n s  in o u r  
n e w s p a p e r s  g ives  an i n d i c a t i o n  of the d e m a n d s  of i n d u s t r y  fo r  p e r s o n n e l  
who a r e  qua l i f i ed  in this  f ie ld .  

Our  s p e a k e r  has  b e e n  c o n n e c t e d  wi th  r e s e a r c h  and  d e v e l o p m e n t  
fo r  the pas t  25 y e a r s .  He is Mr .  E.  D. R e e v e s ,  D i r e c t o r  and E x e c u -  
t ive  V i c e  P r e s i d e n t ,  ESSO R e s e a r c h  and E n g i n e e r i n g  C o m p a n y .  

Mr. Reeves, it is a privilege to have you back at the College and 
to present you to this class. Mr. Reeves. 

MR. REEVES: Thank you very much, General Calhoun. General 
Hollis: I am very happy to be back here again. I have enjoyed coming 
here for a number of years now because it gives me an opportunity to 
talk about something very close to my heart, that is research and de- 
velopment work. It is something I have been doing for about 25 years. 
In the time I have been connected with it, I have seen it grow from a 
practically insignificant activity to one where it is responsible for the 
vastness of the competitive strength of industry in this country. 

In the first place, I would like to say that industrial research as 
we know it today is not something that is supported by industrial con- 
cerns or carried out as a separate activity just in the hope that some- 
thing good will come of it but is a truly integral part of industrial 
activity in this country. When I first started to do research back in 
1930, industry in the United States was spending about 200 million dol- 
lars annually for its research and development. Since that time, this 
effort has grown tremendously, to the point where today three billion 
dollars represents the current annual bill for industrial research and 
development work. This is a fifteenfold expansion in just the last two 
decades and clearly indicates the growing acceptance of research and 
development by American industry. 



I a m  in the l i q u i d - e n e r g y  b u s i n e s s  and  r e p r e s e n t  an i n d u s t r y  tha t  
ha s  s t e a d i l y  g r o w n  b e c a u s e  of r e s e a r c h  and is  t y p i c a l  today of the 
i n t e r d e p e n d e n c e  of i n d u s t r i a l  g r o w t h  and a c l o s e l y  c o o r d i n a t e d  r e -  
s e a r c h  and d e v e l o p m e n t  e f for t .  You shou ld  a l s o  know that  the i n d u s t r y  
I r e p r e s e n t  i s  by no m e a n s  e x c e p t i o n a l  on this  a ccoun t .  In  f ac t ,  we  a r e  
a b o u t  a v e r a g e .  T h e r e  a r e  qui te  a few i n d u s t r i e s  in  th is  c o u n t r y  tha t  
put l e s s  e m p h a s i s  on r e s e a r c h  and d e v e l o p m e n t ;  but  t h e r e  a r e  a l s o  
m a n y  who p lace  e v e n  g r e a t e r  s t r e s s  on it than  we do, such  as  the c h e m -  
i c a l  i n d u s t r y ,  the e l e c t r o n i c s  i n d u s t r y ,  e tc .  In t a lk ing  to you  today  
about  r e s e a r c h  and d e v e l o p m e n t  wi th in  i n d u s t r y ,  t h e r e f o r e ,  I hope  you  
w i l l  look on m y  own as  a t y p i c a l  i n d u s t r y  and  wi l l  u n d e r s t a n d  tha t  as  
I ta lk  about  i t  I a m  a l so  t a l k ing  about  a r e l a t i o n s h i p  b e t w e e n  i n d u s t r y  
and r e s e a r c h  and d e v e l o p m e n t  that  s p r e a d s  a l l  t h r o u g h  i n d u s t r y  in  
A m e r i c a .  

As  we e x a m i n e  the b r o a d  s u b j e c t  of r e s e a r c h  and d e v e l o p m e n t  in  
i n d u s t r y ,  i t  s e e m s  to m e  tha t  t h e r e  a r e  fou r  th ings  we shou ld  c o n s i d e r  
today .  The f i r s t  is  the q u e s t i o n  of j u s t  wha t  i n d u s t r i a l  r e s e a r c h  a c t u -  
a l l y  i s  and how a t yp i ca l  b u s i n e s s ,  the e n e r g y  b u s i n e s s ,  h a s  g r o w n  
t h r o u g h  it; nex t ,  I would  l ike  to c o v e r  s o m e t h i n g  of how we go about  
o r g a n i z i n g  and m a n a g i n g  i n d u s t r i a l  r e s e a r c h ;  t h i r d l y ,  the  k i n d s  of 
t h ings  tha t  c a n  be a c c o m p l i s h e d  th rough  it; and,  f i na l l y ,  the m e a n i n g  
of a l l  th i s  in  t e r m s  of n a t i o n a l  s e c u r i t y .  

Coming to the f i rs t  question of industrial  r esearch  and what it is,  
I would like to s tar t  by saying that it is not the glamorou s activity 
many people seem to think it is. Industrial r e sea rch  is a business 
activity and is carr ied  on by modern industrial  corporations to im- 
prove their  competitive position. Industrial  r esearch  is just as in- 
tegral  a part of what an industrial  concern does as sales,  manufactur- 
ing, or purchasing. Industrial r esearch  has to participate in the day- 
to-day decisions of the company of which it is a part, and as a member  
of the industrial  team has very definite objectives and responsibil i t ies.  

One r e s p o n s i b i l i t y  of a r e s e a r c h  g roup  is  to f ind out j u s t  wha t  i t s  
c o m p a n y  n e e d s  in  the way  of r e s e a r c h  r e s u l t s .  I t  ha s  to u n d e r s t a n d  
the p r o b l e m s  of the people  who u s e  the p r o d u c t s  of i t s  p a r t i c u l a r  in -  
d u s t r y ;  i t  ha s  to f ind out wha t  k inds  of p r o d u c t s  wou ld  su i t  t h e i r  p u r -  
p o s e s  b e s t  and wha t  k inds  of p r o d u c t s  they  a r e  l i k e l y  to wan t  in  the 
f u t u r e .  It m u s t  a l so  s tudy  c a r e f u l l y  the m a n u f a c t u r i n g  o p e r a t i o n s  
t h e m s e l v e s  to d i s c o v e r  w h e r e  t h e s e  n e e d  to be  i m p r o v e d  and w h e r e  
w o r k  m u s t  be  c o n c e n t r a t e d  to m a t c h  s i m i l a r  a c t i v i t i e s  on the p a r t  of 
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c o m P e t i t o r s .  R e s e a r c h  h a s  to go e v e n  f u r t h e r  and  s t u d y  the  r a w -  
m a t e r i a l s  s i t u a t i o n  in v iew of the d e m a n d s  fo r  new t y p e s  of p r o d u c t s ,  
the  p o s s i b i l i t y  of l o w e r  c o s t s ,  a l t e r n a t e  r aw  m a t e r i a l s ,  and  the  l ike .  
At  the  o t h e r  end  of the  s c a l e ,  t h e r e  a r e  n u m e r o u s  m a r k e t i n g  p r o b l e m s  
t h a t  n e e d  to be  l o o k e d  at  and  p o s s i b l y  i m p r o v e d .  In o t h e r  w o r d s ,  
e v e r y  p h a s e  o f  the  c o m p a n y ' s  b u s i n e s s  h a s  to be  s t u d i e d  o b j e c t i v e l y  
and  i m a g i n a t i v e l y  to s e e  w h e r e  the  r a w - m a t e r i a l s  s i t u a t i o n  c a n  be  
s t r e n g t h e n e d ,  m a n u f a c t u r i n g  o p e r a t i o n s  i m p r o v e d ,  p r o d u c t s  t a i l o r e d  
to f i t  the  n e e d s  of the  p e o p l e  who  buy  t h e m ,  and  new p r o d u c t s  and  m a r -  
k e t s  d e v e l o p e d  to r e p l a c e  o ld  o n e s  and  to h e l p  the  b u s i n e s s  in  i t s  g r o w t h .  

A f t e r  a l l  t h i s  h a s  b e e n  done  and  the  r e s e a r c h  o r g a n i z a t i o n  h a s  a 
p r e t t y  good  i d e a  of j u s t  w h a t  i s  n e e d e d  in the  way  of r e s e a r c h  r e s u l t s ,  
i t s  n e x t  r e s p o n s i b i l i t y  i s  to p r o d u c e  the  r e s u l t s  i n d i c a t e d .  T h i s  p a r t  
of a r e s e a r c h  d e p a r t m e n t ' s  a c t i v i t y  i s  wha t  m o s t  p e o p l e  t h ink  of w h e n  
t h e y  th ink  abou t  r e s e a r c h .  I t  i s  o b v i o u s l y  a v e r y  i m p o r t a n t  p a r t ,  b e -  
c a u s e  i t  d o e s  no good  to know a l l  abou t  w h a t  i s  n e e d e d  if  m e t h o d s  c a n -  
no t  be  d e v e l o p e d  to m e e t  the  n e e d s  i n d i c a t e d .  

T h e  t h i r d  o b j e c t i v e  and  r e s p o n s i b i l i t y  of i n d u s t r i a l  r e s e a r c h  i s  to 
h e l p  o t h e r  u n i t s  in  the  c o m p a n y  in p u t t i n g  r e s e a r c h  r e s u l t s  to w o r k .  
The  r e a l  t e s t  of i n d u s t r i a l  r e s e a r c h  l i e s  in  i t s  u s e f u l n e s s ,  and  a g a i n  
I w o u l d  l i ke  to e m p h a s i z e  tha t  f i n d i n g  out  t h a t  a c o m p a n y  n e e d s  a p a r -  
t i c u l a r  p r o d u c t  and  t h e n  d e v e l o p i n g  tha t  p r o d u c t  in  the  l a b o r a t o r i e s  i s  
no t  g o i n g  to do the  c o m p a n y  m u c h  good  u n l e s s  a l l  of t h i s  e f f o r t  r e s u l t s  
in  tha t  p r o d u c t ' s  b e i n g  m a d e  and  s o l d  so  tha t  t he  c o m p a n y  c a n  m a i n t a i n  
i t s  b u s i n e s s  and  m a k e  ~ p r o f i t .  I m e n t i o n  a l l  t h e s e  t h i n g s  b e c a u s e  we  
in  i n d u s t r i a l  r e s e a r c h  h a v e  l e a r n e d  tha t ,  if  we a r e  to do e f f e c t i v e  w o r k ,  
we  m u s t  s p e n d  a lo t  m o r e  e f f o r t  t han  m o s t  p e o p l e  r e a l i z e  on the  c o o r d i -  
n a t i o n  of r e s e a r c h  w i th  o t h e r  a c t i v i t i e s  and  in  d o i n g  a l l  we  p o s s i b l y  c a n  
to h e l p  the  r e s t  of the  c o m p a n y  in  p u t t i n g  the  r e s u l t s  of r e s e a r c h  to 
w o r k .  

I t h ink  i t  i s  c l e a r  f r o m  w h a t  I h a v e  s a i d  tha t  the  r e a l  k e y  to s u c -  
c e s s f u l  i n d u s t r i a l  r e s e a r c h  i s  t he  d a y - t o - d a y  p a r t i c i p a t i o n  of the  r e -  
s e a r c h  g r o u p  in  the  f o r m u l a t i o n  of a c o m p a n y ' s  m a j o r  p o l i c y  d e c i s i o n s .  
T e c h n o l o g y  in  i n d u s t r y  i s  no t  a t h i n g  a p a r t  bu t  i s  m o r e  a po in t  of v i e w  
o r  a way  of  d o i n g  b u s i n e s s .  In  an  e f f e c t i v e  i n d u s t r i a l  e f f o r t ,  y o u  c a n -  
no t  r e a l l y  s e p a r a t e  t e c h n o l o g y  f r o m  o t h e r  p h a s e s  of the  b u s i n e s s .  

W h e n  c a r r i e d  ou t  in  t h i s  way ,  i n d u s t r i a l  r e s e a r c h  c a n  be  an  
e x t r e m e l y  p o w e r f u l  too l  f o r  i n d u s t r y  a n d  f o r  a l l  of u s .  The  e n e r g y  
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b u s i n e s s  i s  a s t r i k i n g  e x a m p l e  of wha t  can  be a c c o m p l i s h e d  th rough  
i n d u s t r i a l  r e s e a r c h  and of how,  even  in a s h o r t  p e r i o d  of t i m e ,  the 
r e s u l t s  of r e s e a r c h  can  a f fec t  our  whole  way  of l iv ing .  The e n e r g y  
b u s i n e s s  w a s  r e a l l y  b o r n  in 1760 w h e n  J a m e s  Wat t  i n v e n t e d  the s t e a m  
eng ine .  Th i s ,  as  you  know,  was  a l so  about  the t i m e  the G o v e r n m e n t  
of the U n i t e d  S t a t e s  was  b e i n g  f o r m e d .  This  was  l e s s  than 200 y e a r s  
ago,  and in c o m p a r i s o n  wi th  a l l  the y e a r s  that  m a n  has '  b e e n  on th i s  
e a r t h  and s t r u g g l i n g  to i m p r o v e  h i s  e x i s t e n c e ,  i t  i s  as  though th i s  
t r e m e n d o u s  c h a n g e ,  w h i c h  w a s  to c o m p l e t e l y  a l t e r  h i s  l i fe ,  o c c u r r e d  
o v e r n i g h t .  

D u r i n g  t h e s e  200 y e a r s ,  the i n d u s t r i a l  r e v o l u t i o n  s t a r t e d  by the 
s t e a m  e n g i n e  was  to go t h r o u g h  a long p e r i o d  of i n c u b a t i o n .  F o r  the 
f i r s t  90 y e a r s ,  the u s e  of m e c h a n i c a l  e n e r g y  wen t  t h r o u g h  a sort" of 
d e m o n s t r a t i o n  p e r i o d .  S t e a m  l o c o m o t i v e s  w e r e  bu i l t  d u r i n g  th i s  t i m e ,  
s o m e  h o u s e s  w e r e  h e a t e d  wi th  n a t u r a l  gas ,  and on a s m a l l  s c a l e ,  
peop le  w e r e  l e a r n i n g  about  the new type of s e r v a n t  they  had  j u s t  in -  
v e n t e d - - t h e  m e c h a n i c a l  s e r v a n t .  

The l i m i t e d  u s e  of th i s  type of e n e r g y  in the U n i t e d  S t a t e s  a t  tha t  
t i m e  is  b e s t  i l l u s t r a t e d  by the a l m o s t  i n c r e d i b l e  fac t  that  in  1814 only  
22 tons  of a n t h r a c i t e  coa l  w e r e  m i n e d ,  and e v e n  in  1820 the b i t u m i n o u s  
coa l  i n d u s t r y  had  only  p r o g r e s s e d  to an annua l  r a t e  of 300 tons .  By 
1850, h o w e v e r ,  the i n d u s t r i a l  r e v o l u t i o n  w a s  b e g i n n i n g  to have  a r e a l  
i m p a c t .  By then ,  o v e r  two m i l l i o n  tons  of c o a l  w e r e  b e i n g  m i n e d  e a c h  
y e a r ,  and  in 1859 the oi l  i n d u s t r y  wi th  i t s  l iqu id  and g a s e o u s  f o r m s  of 
e n e r g y  b e g a n  i t s  d e v e l o p m e n t  wi th  the D r a k e  d i s c o v e r y  we l l  in  
P e n n s y l v a n i a .  

By th is  t i m e ,  peop le  had b e g u n  to r e a l i z e  the g r e a t  p o t e n t i a l s  in  
u s i n g  m e c h a n i c a l  e n e r g y  i n s t e a d  of h o r s e s  and  m e n  to p e r f o r m  w o r k ,  
and t h e r e  w a s  a r e a l l y  r a p i d  d e v e l o p m e n t  o v e r  the nex t  50 y e a r s .  As 
r a p i d  as  i t  w a s ,  h o w e v e r ,  i t  pa l e s  to i n s i g n i f i c a n c e  when  c o m p a r e d  wi th  
e v e n t s  of the l a s t  ha l f  c e n t u r y .  It ha s  b e e n  c a l c u l a t e d  tha t  of a l l  the  
m e c h a n i c a l  e n e r g y  d e v e l o p e d  in  the w o r l d  f r o m  f o s s i l  f ue l s ,  s u c h  as  
coa l  and oi l ,  a l m o s t  85 p e r c e n t  has  b e e n  g e n e r a t e d  s i n c e  1900. In  
o t h e r  w o r d s ,  o u r  u s e  of e n e r g y  a l m o s t  d u r i n g  o u r  own l i f e t i m e  has  b e e n  
s ix  t i m e s  the a m o u n t  of e n e r g y  c o n s u m e d  by a l l  o u r  a n c e s t o r s .  A c c u s -  
t o m e d  as  we a r e  to c e n t r a l  h e a t i n g ,  p o w e r p l a n t s ,  a u t o m o b i l e s ,  e l e c -  
t r i c i t y ,  and a l l  o t h e r  f o r m s  of m e c h a n i c a l  e n e r g y ,  i t  i s  h a r d  to r e a l i z e  
tha t  the e n e r g y  s t o r y  i s  in r e a l i t y  the s t o r y  of an  a m a z i n g  t u r n  of 
e v e n t s  that  have  t aken  p l a c e  only  w i th in  the l a s t  50 o r  60 y e a r s .  

4 



As we look back  o v e r  wha t  ha s  so  f a r  b e e n  a c c o m p l i s h e d ,  we  
m u s t  be c o n t i n u a l l y  a m a z e d  at the r a p i d i t y  wi th  w h i c h  t h e s e  c h a n g e s  
have  t a k e n  p l a c e .  The f a c t s  a r e ,  h o w e v e r ,  tha t  in the  u n i t e d  S t a t e s  
in  1850, on ly  6 p e r c e n t  of the e n e r g y  u s e d  by m a n  c a m e  f r o m  m a c h i n e s  
o p e r a t i n g  on f o s s i l  fue l s .  The r e s t  w a s  supp l i ed  by m a n  h i m s e l f ,  
h o r s e s ,  and  o t h e r  a n i m a l s .  By 1900, 38 p e r c e n t  of the w o r k  b e i n g  done  
c a m e  f r o m  v a r i o u s  fue l s ,  and today  coa l ,  gas ,  a n d  oi l ,  wi th  an a s s i s t  
f r o m  wood  and w a t e r p o w e r ,  supp ly  95 p e r c e n t  of the e n e r g y  tha t  sup -  
p o r t s  o u r  c i v i l i z a t i o n .  A m o n g  o t h e r  th ings ,  th is  h a s  i n c r e a s e d  m a n ' s  
p r o d u c t i v i t y  s o m e  s ix fo ld  o v e r  wha t  i t  was  in 1850. W h e r e a s  in  1850 
a l m o s t  t w o - t h i r d s  of ou r  w o r k i n g  popu la t i on  w e r e  s t i l l  r e q u i r e d  f o r  
f a r m i n g ,  t oday  l e s s  than  12 p e r c e n t  of the w o r k e r s  in  the  U n i t e d  S t a t e s  
a r e  n e e d e d  to f e e d  the e n t i r e  Nat ion .  If we add i t  a l l  up, t h e r e  h a s  b e e n  
d e v e l o p e d  in the U n i t e d  S t a t e s ,  a l m o s t  d u r i n g  the l a s t  50 to 60 y e a r s ,  
an  e c o n o m y  b a s e d  on the e n e r g y  s u p p l i e d  by coa l ,  gas ,  and  o i l  o p e r a t i n g  
t h r o u g h  a l l  s o r t s  of m a c h i n e s  tha t  day  in and day out  l e t s  e a c h  one of us  
do as  m u c h  w o r k  as  200 m e n  cou ld  do b e f o r e  m a n  l e a r n e d  to h a r n e s s  
t h e s e  m e c h a n i c a l  h o r s e s .  E a c h  one of us today  h a s  200 m e c h a n i c a l  
m e n  at  h i s  b e c k  and c a l l  24 h o u r s  a day  and e n j o y s  a s t a n d a r d  of l i v ing  
in  m a n y  w a y s  s u p e r i o r  to tha t  of e v e n  p r i n c e s  of the pas t .  

I hope  tha t ,  as  you  l i s t e n  to m y  r e m a r k s  on the e n e r g y  s t o r y ,  you  
w i l l  u n d e r s t a n d  tha t  1 a m  not  c l a i m i n g  e v e r y t h i n g  tha t  h a s  h a p p e n e d  
o v e r  the  l a s t  50 y e a r s  f o r  the e n e r g y  b u s i n e s s  n o r  f o r  i t s  r e s e a r c h  and  
d e v e l o p m e n t  a c t i v i t i e s .  I a m  s u r e  i t  i s  p e r f e c t l y  obv ious  to you  tha t  the 
peop l e  c o n c e r n e d  wi th  the d e v e l o p m e n t  of o u r  e n e r g y  r e s o u r c e s  did no t  
a l s o  d e s i g n  the s t e a m s h i p s ,  a u t o m o b i l e s ,  and a i r p l a n e s ,  n o r  did they  
i n v e n t  a l l  of t he  a p p l i a n c e s  and p r o d u c t s  p o u r i n g  f r o m  ou r  f a c t o r i e s  
t h r o u g h o u t  the Na t ion .  Al l  of t h e s e  th ings  I have  m e n t i o n e d ,  h o w e v e r ,  
do d e p e n d  on the a v a i l a b i l i t y  of e n e r g y - - e n e r g y  p r o d u c e d  f r o m  f o s s i l  
f u e l s  s u c h  as  coa l ,  gas ,  and oi l .  So I th ink  we c a n  s a y  tha t  the e n e r g y  
b u s i n e s s ,  a l t hough  o n l y  a p a r t  of the o v e r a l l  e f fo r t ,  i s  the k e y s t o n e  and  
tha t  w i thou t  the a v a i l a b i l i t y  of m e c h a n i c a l  e n e r g y  v e r y  few of the th ings  
tha t  we  r e g a r d  a s  a n o r m a l  p a r t  of o u r  da i ly  l i fe  wou ld  e x i s t  and be  the 
c o m m o n p l a c e  c h a r a c t e r i s t i c s  of l i fe  in  the  U n i t e d  S ta t e s  tha t  t hey  a r e  
today .  

The m o s t  v i g o r o u s  p h a s e  of ou r  e n e r g y  b u s i n e s s  h a s  b e e n  the 
d e v e l o p m e n t  of wha t  we  ca l l  l iqu id  e n e r g y .  T h e s e  a r e  the  p e t r o l e u m  
p r o d u c t s - - g a s o l i n e  f o r  a u t o m o b i l e s  and  a i r p l a n e s ;  d i e s e l  f u e l s  fo r  
r a i l r o a d s ,  s h i p s ,  and  t r u c k s ;  and  h e a v y  f u e l s  f o r  the p o w e r  i n d u s t r y  
that  f u r n i s h e s  l igh t  and e l e c t r i c a l  e n e r g y .  The l i q u i d - e n e r g y  b u s i n e s s  
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h a s  f r o m  the b e g i n n i n g  r e l i e d  on r e s e a r c h ,  and  i t s  g r o w t h  is  c h a r a c -  
t e r i s t i c  of a c o o r d i n a t e d  b l e n d i n g  of an a g g r e s s i v e  r e s e a r c h  p r o g r a m  
and b u s i n e s s  i n i t i a t i v e .  Th i s  i s  an i m p o r t a n t  e x a m p l e  of r e s e a r c h  and  
d e v e l o p m e n t  w i t h i n  i n d u s t r y ,  and I think you wi l l  be i n t e r e s t e d  in k n o w -  
ing s o m e t h i n g  about  wha t  i s  i n v o l v e d  in  c a r r y i n g  out  r e s e a r c h  on 
l iqu id  e n e r g y  and  in h e a r i n g  of s o m e  of the th ings  tha t  a r e  b e i n g  a c c o m -  
p l i shed .  

The l i q u i d - e n e r g y  b u s i n e s s  i s  about  as  c o m p l e x  a b u s i n e s s  as  you  
can  ge t  in to .  I t  i n v o l v e s  an u n c e a s i n g  s e a r c h  fo r  c r u d e  oi l  w h e r e v e r  
i t  m a y  be h i d d e n - - t h o u s a n d s  of f ee t  o r  e v e n  m i l e s  u n d e r  the g r o u n d  a l l  
o v e r  the w o r l d .  Once  it is  found,  we m u s t  t hen  so lve  the p r o b l e m  of 
ge t t ing  i t  out  of the g r o u n d ,  t r a n s p o r t i n g  it to the r e f i n i n g  c e n t e r s ,  c o n -  
v e r t i n g  crude oil into the kinds of liquid energy we want, and then dis- 
tributing these products to those who use them. Furthermore, as the 
machines that use energy are constantly developed and improved, the 
liquid-erlergy business has had to develop new products of its own so 
that each new machine can get the most possible benefit out of the liq- 
uid energy poured into it. These machines must also be lubricated to 
cut down on friction and wear. Another problem of our business has 
been to provide all of the special lubricants, greases, etc., needed to 
do this job. Finally, this same industry has recently found that the 
r a w  m a t e r i a l s  tha t  a r e  so u s e f u l  in  p r o v i d i n g  e n e r g y  can  be  put  to o t h e r  
u s e s ,  and we a r e  r a p i d l y  d e v e l o p i n g  a new p h a s e  of o u r  b u s i n e s s  in  
w h i c h  p e t r o l e u m  p r o d u c t s  c o m e  out of o u r  r e f i n e r i e s  as  a l l  s o r t s  of 
c h e m i c a l s ,  p l a s t i c s ,  s y n t h e t i c  r u b b e r ,  s o l v e n t s ,  and o t h e r  s p e c i a l t y  
p r o d u c t s .  T h i s ,  b r i e f l y ,  is  the f i e ld  in w h i c h  we do r e s e a r c h  and  
d e v e l o p m e n t .  

The  o r g a n i z a t i o n  of a r e s e a r c h  and  d e v e l o p m e n t  g r o u p  to m e e t  
the v a r i o u s  o b j e c t i v e s  I have  ou t l i ned  and to dea l  wi th  a l l  of the p r o b -  
l e m s  e n c o u n t e r e d  in an i n d u s t r y  such  as  o u r s  i s  not  a s i m p l e  one w h e n  
i t  i s  a l so  r e a l i z e d  that  r e s e a r c h  and  d e v e l o p m e n t  w o r k  i t s e l f  i s  a c o m -  
p lex  a c t i v i t y  in w h i c h  it  i s  n e c e s s a r y  to c a r r y  out f u n d a m e n t a l  r e s e a r c h  
on the p h y s i c a l  anci c h e m i c a l  c h a r a c t e r i s t i c s  of the m a t e r i a l s  wi th  
w h i c h  we dea l ,  app l i ed  r e s e a r c h  on the a p p l i c a t i o n  of t h e s e  p r i n c i p l e s  
to the d e v e l o p m e n t  of p r o d u c t s ,  and pi lo t  p lan t  and e n g i n e e r i n g  w o r k  
r e q u i r e d  to t r a n s l a t e  a l l  of th is  i n f o r m a t i o n  into p r a c t i c a l  o p e r a t i o n s .  
I th ink you  can  s e e  that  the p r o p e r  o r g a n i z a t i o n  an.d c o o r d i n a t i o n  of 
t h i s  e f f o r t  i s  a c r i t i c a l  f a c t o r  in  i t s  s u c c e s s .  R e s e a r c h  and d e v e l o p -  
m e n t  in  m y  own c o m p a n y  i s  c a r r i e d  out  by a s e p a r a t e  c o r p o r a t e  o r g a n i -  
za t ion  w h i c h  does  the w o r k  fo r  the S t a n d a r d  Oil  C o m p a n y  (New J e r s e y }  
o p e r a t i n g  a f f i l i a t e s  a l l  o v e r  the w o r l d .  
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In  o r d e r  to i l l u s t r a t e  s o m e  of the  th ings  that  a r e  i n v o l v e d  h e r e ,  
I wou ld  l i ke  to show you  o u r  o r g a n i z a t i o n  c h a r t .  

C h a r t  1, page  8. - - I  do not  i n t e n d  to go in to  th is  in  any  d e t a i l ,  
but  I j u s t  wan t  you  to s e e  tha t  a r e s e a r c h  o r g a n i z a t i o n  today  i s  m a d e  
up of a g r e a t  m a n y  d i f f e r e n t  k inds  of a c t i v i t i e s  and  a g r e a t  m a n y  dif -  
f e r e n t  k i n d s  of peop le .  Th i s  c h a r t  r e p r e s e n t s  an  o r g a n i z a t i o n  of 
o v e r  4, 000 m e n  and  w o m e n .  The r e s e a r c h  and  d e v e l o p m e n t  w o r k  i t -  
s e l f  i s  c a r r i e d  out  by l a b o r a t o r i e s  l o c a t e d  in  L i n d e n ,  New J e r s e y ;  
B a t o n  R o u g e ,  L o u i s i a n a ;  H o u s t o n  and  Bay town,  T e x a s ;  T u l s a ,  
O k l a h o m a ;  S a r n i a ,  Canada ;  P o r t  J e r o m e ,  F r a n c e ;  and  London ,  
E n g l a n d .  

You wi l l  no te  tha t  in  add i t i on  to l a b o r a t o r i e s ,  t h e r e  a r e  a g r e a t  
m a n y  o t h e r  a c t i v i t i e s  tha t  have  to be  c a r r i e d  out.  C o n t r a c t ,  l e g a l ,  
and  pa t en t  w o r k ,  fo r  e x a m p l e ,  i s  e x t r e m e l y  i m p o r t a n t  to us  s i n c e  i t  
i s  n e c e s s a r y  to p r o t e c t  o u r  o p e r a t i o n s  f r o m  sui t  by o t h e r s  and  to c o l -  
l e c t  r o y a l t i e s ,  w h i c h  h e l p  s u p p o r t  o u r  r e s e a r c h .  I wou ld  a l s o  l ike  to 
c a l l  y o u r  a t t e n t i o n  to the fac t  tha t  a l a r g e  r e s e a r c h  o r g a n i z a t i o n  h a s  
to m a i n t a i n  i t s  own l i b r a r y ,  i t s  own b u s i n e s s  o f f i c e s ,  a m e d i c a l  d e -  
p a r t m e n t ,  a p e r s o n n e l  d e p a r t m e n t ,  a publ ic  r e l a t i o n s  d e p a r t m e n t ,  
and  in g e n e r a l  c a r r i e s  out  a l l  of the b u s i n e s s  a c t i v i t i e s  tha t  a r e  p a r t  
and p a r c e l  of any c o r p o r a t e  ac t i v i t y .  

In a d d i t i o n  to an o r g a n i z a t i o n ,  you  a l so  have  to have  f a c i l i t i e s  to 
c a r r y  out  e f f e c t i v e  r e s e a r c h  and d e v e l o p m e n t ,  and I w o u l d  l i ke  to show 
you  a f e w  c h a r t s  i l l u s t r a t i n g  s o m e  of t h e s e .  T h e  nex t  c h a r t  s h o w s  o u r  
R e s e a r c h  C e n t e r  at  L i n d e n ,  New J e r s e y .  

C h a r t  2, page  9 . - - T h i s  l a b o r a t o r y  h o u s e s  o v e r  600 peop l e  and  i s  
fu l ly  e q u i p p e d  wi th  a l l  of the m o s t  m o d e r n  f a c i l i t i e s  to a s s i s t  o u r  t e c h -  
n i c a l  peop l e  in  c a r r y i n g  out t h e i r  w o r k .  

C h a r t  3, page  10. - - T h i s  c h a r t  g ives  you  s o m e  i d e a  of the k ind  of 
e q u i p m e n t  in  o n e  of the l a b o r a t o r i e s .  

The  e v a l u a t i o n  of p r o d u c t s  we d e v e l o p  i s  e x t r e m e l y  i m p o r t a n t  
s i n c e  t h e s e  have  to p e r f o r m  s a t i s f a c t o r i l y  if  o u r  a f f i l i a t e s  a r e  to 

r e t a i n  t h e i r  b u s i n e s s .  O u r  p r o d u c t s  a r e  e v a l u a t e d  in a l l  s o r t s  of 
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c o n s u m e r s '  e q u i p m e n t  in the f i e ld ,  but  b e f o r e  this  t hey  a r e  g iven  
exhaust ive"  l a b o r a t o r y  t e s t s .  

C h a r t  4, page  1 2 . - - T h i s  c h a r t  shows  one of the t e s t  e n g i n e s  in  
ou r  m o t o r  l a b o r a t o r y .  Th i s  eng ine  i s  fu l ly  i n s t r u m e n t e d  so tha t  we  
know e x a c t l y  w h a t  i t  i s  doing  and  how the p r o d u c t  i s  p e r f o r m i n g ,  and 
a l l  tha t  the  m a n  in  the  b a c k g r o u n d  h a s  to do is  w r i t e  down wha t  the  
i n s t r u m e n t s  s ay .  

In  the s a m e  way ,  new p r o c e s s e s  have  to be v e r y  c a r e f u l l y  w o r k e d  
out  and e n g i n e e r e d  b e f o r e  we  c a n  r e c o m m e n d  tha t  o u r  a f f i l i a t e s  s p e n d  
m a n y  m i l l i o n s  of d o l l a r s  on a new plant .  This  i s  done  in  w h a t  we  c a l l  
p i lo t  p l a n t s ,  and the nex t  c h a r t  shows  a t y p i c a l  l a r g e - s c a l e  p i lo t  p l an t  
a t  o u r  B a t o n  Rouge  l a b o r a t o r i e s .  

C h a r t  5, page  1 3 . - - T o  give you  s o m e  idea  of s c a l e ,  I m i g h t  m e n -  
t ion  tha t  th i s  p i lo t  p lan t  i s  11 s t o r i e s  h igh  and m u s t  be  e q u i p p e d  wi th  an 
e l e v a t o r  so  tha t  o p e r a t o r s  and m a t e r i a l s  can  get  up and  down qu i ck ly .  
I t  i s  in  p i lo t  p l an t s  such  as t h e s e  tha t  we  give the f ina l  t e s t s  to p r o c -  
e s s e s  l i ke  F l u i d  C a t a l y t i c  C r a c k i n g  tha t  a r e  so i m p o r t a n t  in  the  m a n u -  
f a c t u r e  of a v i a t i o n  g a s o l i n e ,  s y n t h e t i c  r u b b e r  r a w  m a t e r i a l s ,  and the  
l ike .  

In a d d i t i o n  to an o r g a n i z a t i o n  p lan  and f a c i l i t i e s ,  you  a l so  have  
to h a v e  peop le  to do r e s e a r c h .  Th i s  i s  the m o s t  d i f f i cu l t  p r o b l e m  of 
a l l ,  b e c a u s e  m o d e r n  i n d u s t r i a l  r e s e a r c h  i s  so c o m p l e x  and m u s t  c o n -  
c e r n  i t s e l f  wi th  s o  m a n y  d i f f e r e n t  p r o b l e m s  that  i n d i v i d u a l s  a c t i n g  by  
t h e m s e l v e s  c a n n o t  do it  a t  a l l .  If i n d u s t r i a l  r e s e a r c h  i s  to be  e f f e c -  
t ive ,  i t  m u s t  be  c a r r i e d  out by t e a m s  of peop le  in  w h i c h  v a r i o u s  i n d i -  
v i d u a l s  b r i n g  s p e c i a l i z e d  k n o w l e d g e  in  a g r e a t  m a n y  f i e l d s  t o g e t h e r  f o r  
a c o o r d i n a t e d  a t t a c k  on aI1 p h a s e s  of the p r o b l e m  c o n f r o n t i n g  t h e m .  I 
wou ld  l i ke  to i l l u s t r a t e  th i s  by  s h o w i n g  you  a n o t h e r  c h a r t  w h i c h  i s  a 
s i m p l i f i e d  c h a r t  of ou r  o r g a n i z a t i o n  and  by d e s c r i b i n g  wha t  w a s  i n -  
v o l v e d  in  the  d e v e l o p m e n t  of the F l u i d  C a t a l y t i c  C r a c k i n g  P r o c e s s .  

C h a r t  6, page  14. - - T h i s  p r o c e s s  w a s  d e v e l o p e d  by the a l m o s t  
s i m u l t a n e o u s  e f f o r t s  of  peop l e  in  s ix  m a j o r  d i v i s i o n s  and,  in  g e n e r a l ,  
d u r i n g  i t s  d e v e l o p m e n t ,  a f o r c e  of about  200 peop le  w e r e  w o r k i n g  on 
d i f f e r e n t  p h a s e s  of i t .  The  P r o d u c t s  R e s e a r c h  D i v i s i o n  h a d  the  r e -  
s p o n s i b i l i t y  fo r  d e t e r m i n i n g  the  types  of p r o d u c t s  tha t  we  n e e d e d  and  

I1 



018'20 

12 



T "  p 

I I, J 

! 

I 

J • 

13 i 



CHART 6 

O P E R A T I N G  U N I T S  I E S S O  R E S E A R C H "  A N D  
FEBRUARY 1955 I ENGINEERING COMPANY 

II = I ! 

, , ! ! i, 

I PATENT AND I IRESEARGH AND I I E"G'"EE~'"G . E s E .  
I . . . .  LEGAL i IOEVELOPMENTI .  I AND SERV,CES, . 
, i . I .  . " , ~. ' I .  
I E×P.OR~T,ON AND I I PRODUCT A.O I I ESSC 
IPRODUCTION RESEARCHI IPROCESS RESEARCH I I ENGINEE 
! LABORATORIES 1 I LABORATORIEs I i 

l'' ' I l • I ' I I I 

! ,u,, ,E* i lCARTER I IESSO eUROPE, HI I I  PRODUCTS I I i" MEDICAL I I . = o , ,  

i.C"OUSTO">I iCTULSA>i I LABS. (ENG.) I IIRESEARCX I I i R~S~ARCX I I """'i 
• • I .  , I I P. 

I ESSO LABS, I l i PROCESS I I I  PETROLEUM I I 
i .9ATON ROUGE I I i RESEARCH - i l  , , I i i  OEVELOPMENT MECHAN,, 

, ' ,, I , . • I~. 
IiHPERIAL LAeS.I I I CHE..C,LSl I CHEMICALS I I =,,,,.,., 

. (CANADA) RESEARCH IOEVELOPMENTi l ,  = ' ; ; ' ' '  ,+sum Pu,cxAs++ I Ill I - 
UNI)ER TERNS OF A i 
GENERAL RESEARCH i XOMeLE* l 
AGREEMENT ! (BAYTOVVa) i 



0 828 

f o r  e v a l u a t i n g  the e x p e r i m e n t a l  p r o d u c t s  deve loped  d u r i n g  the  c o u r s e  
of the work .  The f u n d a m e n t a l  r e s e a r c h  and b a s i c  d e v e l o p m e n t  of the  
p r o c e s s  w a s  c a r r i e d  out  in  the  P r o c e s s  R e s e a r c h  D i v i s i o n ,  wh i l e  the  
Ba ton  Rouge l a b o r a t o r i e s  deve loped  the  e n g i n e e r i n g  i n f o r m a t i o n  in  
t h e i r  l a r g e - s c a l e  p i lo t  p l an t s .  The l a b o r a t o r y  and p i lo t  p lan t  w o r k  
w a s  c l o s e l y  fo l lowed  by the P e t r o l e u m  Development"  D i v i s i o n  in  an  
e f fo r t  to s t e e r  the r e s e a r c h  a long  l i n e s  tha t  would  p r o d u c e  an  e c o n o m i c  
p r o c e s s  and  at  the s a m e  t i m e  give the e n g i n e e r i n g  in fo r r , , a t ion  r e q u i r e d  
fo r  l a r g e - s c a l e  p lan t  d e s i g n s .  

Al l  of t h i s  i n f o r m a t i o n  w a s  then  fed  in to  the E n g i n e e r i n g  D i v i s i o n s ,  
w h i c h  h a d  the r e s p o n s i b i l i t y  of d e s i g n i n g  c a t a l y t i c  c r a c k i n g  u n i t s  and 
w o r k i n g  wi th  the r e f i n e r i e s  on t h e i r  c o n s t r u c t i o n  and i n i t i a l  o p e r a t i o n .  
At  the s a m e  t i m e ,  the  C o n t r a c t ,  L e g a l ,  and P a t e n t  D e p a r t m e n t  was  
c l o s e l y  fo l lowing  the work  to be s u r e  tha t  the p r o c e s s  w a s  a d e q u a t e l y  
c o v e r e d  by p a t e n t s  and that  we would  be f r e e  to o p e r a t e  i t  w i thou t  i n -  
f r i n g e m e n t  of p a t e n t s  he ld  by  o t h e r s .  The  people  i nvo lved  in  th i s  
un i f i ed  e f fo r t  w e r e  o r g a n i c ,  i n o r g a n i c ,  and p h y s i c a l  c h e m i s t s ,  p h y s i -  
c i s t s ,  c h e m i c a l  and m e c h a n i c a l  e n g i n e e r s ,  l a w y e r s ,  l a b o r a t o r y  a n a -  
l y s t s ,  p i lo t  p lan t  and eng ine  o p e r a t o r s ,  and s p e c i a l i z e d  m e c h a n i c s  of 
a l l  s o r t s .  Not  one of t he se  i n d i v i d u a l s  would have  b e e n  ab le  to do t h i s  
job h i m s e l f  even  w e r e  he  to l ive  fo r  s e v e r a l  h u n d r e d  y e a r s ,  and  1 
would  l ike  to e m p h a s i z e  aga in  tha t  i n  c a r r y i n g  out i n d u s t r i a l  r e s e a r c h  
i t  i s  e s s e n t i a l  tha t  we have  the c o o r d i n a t e d  e f f o r t s  of a c a r e f u l l y  b a l -  
a n c e d  t e a m  h a v i n g  the f a c i l i t i e s  and b a c k g r o u n d  to cope wi th  a l l  p h a s e s  
of t h e s e  c o m p l e x  p r o b l e m s .  

A n o t h e r  p h a s e  of m o d e r n  i n d u s t r i a l  r e s e a r c h  tha t  i s  i m p o r t a n t  and 
tha t  I th ink you  shou ld  know about  i s  c o n c e r n e d  wi th  i t s  m a n a g e m e n t .  
The m a n a g e m e n t  of i n d u s t r i a l  r e s e a r c h  h a s  not  on ly  the r e s p o n s i b i l i t y  
of b r o a d l y  m e e t i n g  the o b j e c t i v e s  I have  a l r e a d y  m e n t i o n e d - - t h a t  i s ,  
f ind ing  out wha t  n e e d s  to be  done,  ge t t i ng  i t  done,  and s e e i n g  tha t  i t  i s  
u s e d - - b u t  m u s t  a l s o  c o n c e r n  i t s e l f  w i th  the i m p o r t a n t  i n t e r n a l  p r o b l e m  
of t r y i n g  to dec ide  j u s t  how m u c h  r e s e a r c h  i t s  p a r t i c u l a r  c o m p a n y  
r e a l l y  n e e d s  and how t h i s  e f fo r t  shou ld  be d i s t r i b u t e d  a m o n g  p a r t i c u l a r  
p r o b l e m s .  The b a s i c  th ing  to c o n s i d e r  h e r e  i s  t ha t  r e s e a r c h  i s  on ly  
s u c c e s s f u l  if  i t  i s  u s e f u l  and i s  d e f i n i t e l y  u n s u c c e s s f u l  i f  p r o c e s s e s  and 
p r o d u c t s  tha t  the c o m p a n y  n e e d s  a r e  not  deve loped  on t i m e .  

I th ink  i t  i s  now c l e a r l y  r e c o g n i z e d  tha t  v a r i o u s  i n d u s t r i e s  and 
c o m p a n i e s  w i th in  an  i n d u s t r y  r e q u l r e  a f a i r l y  de f in i t e  r e s e a r c h  e f fo r t  
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if they  a r e  to be m o s t  e f f ec t ive .  Th is  e f fo r t ,  h o w e v e r ,  v a r i e s  w i d e l y  
and depends  upon the type of i n d u s t r y  i n v o l v e d  and the  c a p a c i t y  of 
i nd iv idua l  c o m p a n i e s  to u t i l i z e  the r e s u l t s  of r e s e a r c h .  In a g iven  
c o m p a n y  it  i s  e a s y  enough,  fo r  e x a m p l e ,  to t e l l  w h e t h e r  p r o d u c t i o n  i s  
r u n n i n g  ahead  of s a l e s  o r  v ice  v e r s a .  P r o d u c t s  e i t h e r  p i le  up in  w a r e -  
h o u s e s  o r  the w a r e h o u s e s  a r e  e m p t y  and the  s a l e s m e n  a r e  c a l l i n g  fo r  
p r o d u c t s .  The s a m e  s o r t  of b a l a n c e  has  to be a c h i e v e d  in  c a r r y i n g  
out r e s e a r c h ,  and it  i s  the r e s p o n s i b i l i t y  of r e s e a r c h  m a n a g e m e n t  to 
s e n s e  when  r e s e a r c h  i s  bu i l d ing  up and not b e i n g  u s e d  s u c c e s s f u l l y  o r  
when  a c o m p a n y  r e a l l y  n e e d s  r e s e a r c h  and the r e s u l t s  a r e  not  t h e r e .  
A n o t h e r  type of b a l a n c e  that  m u s t  be  a c h i e v e d  i s  that  b e t w e e n  v a r i o u s  
a r e a s  in  wh ich  the c o m p a n y  n e e d s  r e s e a r c h ,  such  as b e t w e e n  r a w  
m a t e r i a l s ,  m a n u f a c t u r i n g  o p e r a t i o n s  and p r o d u c t  d e v e l o p m e n t .  S t i l l  
a n o t h e r  b a l a n c e  m u s t  be a c h i e v e d  b e t w e e n  l o n g - r a n g e  and s h o r t - r a n g e  
r e s e a r c h .  

If a r e s e a r c h  o r g a n i z a t i o n  c o n c e n t r a t e s  a l l  of i t s  e f f o r t s  on p r o b -  
l e m s  f ac ing  i t s  c o m p a n y  today,  i t  w i l l  not  h a v e  the a n s w e r s  tha t  a r e  
go ing  to be n e e d e d  to s o l v e  the p r o b l e m s  of t o m o r r o w .  If, on the o t h e r  
hand ,  a r e s e a r c h  o r g a n i z a t i o n  c o n c e n t r a t e s  on s o l v i n g  fu tu r e  p r o b l e m s ,  
the  c o m p a n y  m a y  not s u r v i v e  to take  advan t age  of the l o n g - r a n g e  r e -  
s e a r c h  r e s u l t s .  The p r o p e r  a n a l y s i s  of a l l  of t h e s e  v a r i o u s  p r o b l e m s  
and a w i l l i n g n e s s  to take  c a l c u l a t e d  r i s k s  in  d e c i d i n g  what  shou ld  and  
shou ld  not be done i s  the r e a l  t e s t  of r e s e a r c h  m a n a g e m e n t .  

With th i s  b a c k g r o u n d  on what  an i n d u s t r i a l  r e s e a r c h  o r g a n i z a t i o n  
i s  l ike ,  I would  l ike  to i l l u s t r a t e  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  the  
g rowth  of an ir, d u s t r y  and i t s  r e s e a r c h  and d e v e l o p m e n t  by a few 
e x a m p l e s  of how th is  w o r k s  out. The oi l  i n d u s t r y ,  as wi th  a l m o s t  any 
o t h e r  i n d u s t r y ,  i s  d e p e n d e n t  on a d e q u a t e  r a w - m a t e r i a l  r e s e r v e s  to k e e p  
going  and f r o m  t i m e  to t i m e  a l m o s t  e v e r y b o d y  in the c o u n t r y  ha s  b e e n  
c o n c e r n e d  a b o u t  the p o s s i b l e  d e p l e t i o n  of ou r  oi l  r e s e r v e s  and the  con-  
s e q u e n t  f a i l u r e  of our  i n d u s t r y  to supply  the l iqu id  e n e r g y  that  i s  now 
so  i m p o r t a n t  a pa r t  of th is  c o u n t r y ' s  s t r e n g t h  in  both p e a c e  and w a r .  

It has  b e e n  po in ted  out f a i r l y  r e c e n t l y ,  and  qui te  o f ten  in  the pas t ,  
tha t  we w e r e  on the v e r g e  of u s i n g  up a l l  of ou r  r a w  m a t e r i a l s ,  and 
f i g u r e s  have  b e e n  c i t ed  s h o w i n g  the r a t i o  o f  ou r  r e s e r v e s  to a n n u a l  
c o n s u m p t i o n  to p rove  th is  point .  The b a s i s  fo r  th i s  ~° i l l u s t r a t e d  by 
the  nex t  cha r t .  
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C h a r t  7,  page  1 8 . - : T h i s  c h a r t  p lo ts  the r a t i o  of o u r  p r o v e d  
r e s e r v e s  to c o n s u m p t i o n  i n  t h e  U n i t e d  S ta t e s  o v e r  the l a s t  27 y e a r s .  
A c c o r d i n g  to th i s  c h a r t ,  you  can  s e e  tha t  in 1927 we h a d  l e s s  than  a 
1 2 - y e a r  supp ly  of oi l  lef t .  Th i s  s a m e  s i t u a t i o n  e x i s t e d  in  1936 and  
a g a i n  as  r e c e n t l y  as  1948. A c t u a l l y ,  we  have  p r o d u c e d  and  so ld  ma.~y 
t i m e s  the  a m o u n t  of o i l  i n d i c a t e d  to be  l e f t  to us  when  s o m e  of t h e s e  
e a r l i e r  p r e d i c t i o n s  w e r e  m a d e ,  and t h e r e  h a s  b e e n  a g r e a t  dea l  of 
c o n f u s i o n  a m o n g  the g e n e r a l  pub l ic  as  to wha t  w a s  go ing  on. 

The d i f f i cu l t y  i s  tha t  the t e r m  " p r o v e d  r e s e r v e s "  has  a s p e c i a l  
m e a n i n g  in  the  o i l  i n d u s t r y  and  i s  not  at  a l l  wha t  m o s t  peop l e  th ink  i t  
i s .  I m i g h t  e x p l a i n  th is  by s a y i n g  tha t  a l l  o v e r  the w o r l d  t h e r e  a r e  
m a n y  a r e a s  tha t  we  f e e l  s u r e  c o n t a i n  l a r g e  q u a n t i t i e s  of oi l  b e n e a t h  
the  s u r f a c e .  In  p o r t i o n s  of t h e s e  a r e a s  we h a v e  a c t u a l l y  d r i l l e d  w e l l s  
in to  the o i l  r e s e r v o i r s  and know tha t  they  ex i s t .  In  s t i l l  m o r e  l i m i t e d  
a r e a s ,  we  h a v e  d r i l l e d  e n o u g h  h o l e s  to c l e a r l y  def ine  the ex t en t  and  
t h i c k n e s s  of the  o i l  r e s e r v o i r .  Th i s  i s  known as  p r o v i n g  up a r e -  
s e r v e  and  w h e n  the o i l  i n d u s t r y  t a lk s  about  i t s  p r o v e d  r e s e r v e s ,  i t  i s  
on ly  t a l k i n g  about  t h o s e  r e s e r v o i r s  tha t  have  a c t u a l l y  b e e n  m e a s u r e d  
and f r o m  w h i c h  we  a r e  c e r t a i n  we  c a n  w i t h d r a w  the c a l c u l a t e d  a m o u n t s  
of oi l .  

If y o u  look  a t  the c h a r t ,  you  w i l l  s ee  tha t  the r a t i o  of t h e s e  m e a s -  
u r e d  q u a n t i t i e s  of o i l  to p r o d u c t i o n  f l u c t u a t e s  a r o u n d  13.1 in  the U n i t e d  
S t a t e s .  In  o r d e r  t o  u n d e r s t a n d  t h e s e  f l u c t u a t i o n s ,  it  m u s t  be r e a l i z e d  
tha t  i t  c o s t s  a g r e a t  dea l  of m o n e y  to p r o v e  up a p a r t i c u l a r  o i l  r e s e r -  
v o i r ,  so tha t  a p r o v e d  r e s e r v e  r e p r e s e n t s  a c o n s i d e r a b l e  capit~al i n -  
v e s t m e n t .  

F r o m  the  s t andpo in t  of the p e t r o l e u m  i n d u s t r y ,  th i s  i s  v e r y  s i m i -  
l a r  to wha t  in  o t h e r  i n d u s t r i e s  a r e  c a l l e d  w o r k i n g  i n v e n t o r i e s  of r a w  
m a t e r i a l s .  Any i n d u s t r y ,  to o p e r a t e  e f f i c i e n t l y ,  m u s t  d e t e r m i n e  i t s  
m o s t  d e s i r a b l e  r a w - m a t e r i a l  i n v e n t o r y .  O b v i o u s l y ,  ff too low a r a w -  
m a t e r i a l  i n v e n t o r y  i s  m a i n t a i n e d ,  t h e r e  i s  c o n s i d e r a b l e  d a n g e r  of 
t e m p o r a r i l y  r u n n i n g  out  of r a w  m a t e r i a l s  due to s h i p p i n g  d i f f i c u l t i e s ,  
and  the l ike .  On the o t h e r  hand ,  if  too l a r g e  a n  i n v e n t o r y  i s  m a i n -  
t a i n e d ,  i t  t i e s  up too m u c h  of the  c o m p a n y ' s  m o n e y  and k e e p s  i t  f r o m  
do ing  o t h e r  w o r t h w h i l e  th ings .  I n d u s t r i e s  v a r y  a g r e a t  d e a l  in  how 
l a r g e  an i n v e n t o r y  i s  c o n s i d e r e d  s u i t a b l e .  In  s o m e  i n d u s t r i e s  th i s  
m i g h t  be  a s  low as  a 3 0 - d a y  supp ly ,  but  in  the o i l  i n d u s t r y  in  the U n i t e d  
S t a t e s ,  we  h a v e  n o r m a l l y  o p e r a t e d  wi th  about  a 1 3 - y e a r  r a w - m a t e r i a l  
i n v e n t o r y .  When  th i s  ge t s  be low about  tha t  l e v e l ,  t h e r e  is  i n c r e a s e d  

17 



0 

u) 
ILl 
>Z 
n" o 
W-- 
u~h- 
wt) 

a 
~ o N  

o~_~ 
¢I:: 0 - 

IIJ t-~ 
n ~ 

L l . t ~  
O0 

0 
m 

ll:: 

01826 

/ 

) 
/ 

/ 
J 

( 

.J 

\ 

m m m m m m m m 

OI.I.V~ 

~D 
u~ 

m 

cu 
u~ 

i 

o 
u~ 

m 

GO 

~D 

c~ 

0 

GO 
m 

~D 

rO 

c~ 

0 
i 

GO 
OJ 

o_~ 

W 
>- 

18 



a c t i v i t y  i n  p r o v i n g  u p  r e s e r v e s  a n d  i n  l o c a t i n g  n e w  r e s e r v o i r s .  
W h e n  t h e  s u p p l y  i s  m u c h  g r e a t e r  t h a n  t h i s ,  t h e  s e a r c h  f o r  o i l  s l a c k s  
of f  a n d  t h e  r a t i o  s t a r t s  d o w n w a r d  a s  p r o v e d  r e s e r v e s  a r e  c o n s u m e d .  

N o w  I w a n t  to  s h o w  y o u  a n o t h e r  c h a r t .  

C h a r t  8, p a g e  20.  - - T h i s  s h o w s  t h e  s a m e  i n f o r m a t i o n  i n  a l i t t l e  
b i t  d i f f e r e n t  f a s h i o n .  Y o u  c a n  s e e  h e r e  t h a t ,  t h o u g h  w e  a r e  t a k i n g  
m o r e  a n d  m o r e  o i l  o u t  o f  t h e  g r o u n d  e a c h  y e a r ,  o u r  p r o v e d  r e s e r v e s  
a r e  s t e a d i l y  i n c r e a s i n g .  O n e  of  t h e  r e a s o n s  w e  h a v e  b e e n  a b l e  to  do  
t h i s  h a s  b e e n  b e c a u s e  o f  a g r e a t  d e a l  of  r e s e a r c h  i n  t h i s  f i e l d .  M e t h -  
o d s  o f  l o c a t i n g  o i l  a r e  a v a i l a b l e  t o d a y  t h a t  r e p r e s e n t  a g r e a t  i m p r o v e -  
m e n t  o v e r  t h e  t o o l s  t h a t  w e r e  u s e d  by  i n d u s t r y  i n  i t s  e a r l y  d a y s .  O i l  
w e l l s  a r e  d e e p e r  t o d a y  t h a n  t h e y  u s e d  to b e ,  b u t  a t  t h e  s a m e  t i m e  o u r  
t e c h n i q u e s  f o r  d r i l l i n g  w e l l s  a r e  i m p r o v e d  a n d  w e  h a v e  l e a r n e d  a 
g r e a t  d e a l  m o r e  a b o u t  h o w  to  g e t  m o r e  a n d  m o r e  of  t h e  o i l  i n  a g i v e n  
r e s e r v o i r  u p  to  t h e  s u r f a c e .  

A n d  s o ,  a s  t h e  s e a r c h  f o r  o i l  g o e s  on ,  i t  i s  e a c h  y e a r  m o r e  d i f -  
f i c u l t  to  f i n d ,  b u t  a l s o  e a c h  y e a r  we  h a v e  b e t t e r  m e t h o d s  o f  f i n d i n g  i t ,  
a n d  i n  t h i s  w a y  a r e  a b l e  to  k e e p  i n  b a l a n c e .  I n  o t h e r  w o r d s ,  r e s e a r c h  
a n d  d e v e l o p m e n t  w i t h i n  t h e  i n d u s t r y  h a v e  c o m p e n s a t e d  f o r  t he  f a c t  
t h a t  w e  a r e  u s i n g  u p  o u r  o l d  r e s e r v o i r s  a n d  h a v e  e n a b l e d  t h e  i n d u s t r y  
to  f i n d  n e w  o n e s  a b o u t  a s  r e a d i l y  t o d a y  a s  i n  t he  p a s t .  

A n o t h e r  t h i n g  t h a t  t he  i n d u s t r y  h a s  d o n e  i s  to  d e v e l o p  a l t e r n a t e  
s o u r c e s  of  r a w  m a t e r i a l .  W e  r e g a r d  o u r s e l v e s  a s  s u p p l i e r s  of  l i q u i d  
e n e r g y  a n d  w o u l d  j u s t  a s  s o o n  m a k e  t he  l i q u i d  e n e r g y  f r o m  s e a  w a t e r  
i f  w e  c o u l d  do i t  a n d  a t  a r e a s o n a b l e  c o s t .  W h i l e  s e a  w a t e r  d o e s  n o t  
s e e m  to b e  a v e r y  p r o m i s i n g  s o u r c e  of  t h e  k i n d  of  e n e r g y  w e  a r e  
s e l l i n g ,  t h e r e  a r e  i n  t h i s  c o u n t r y  a n d  t h r o u g h o u t  t h e  w o r l d  v e r y  l a r g e -  
d e p o s i t s  of  c o a l ,  o i l  s h a l e ,  a n d  t a r  s a n d s  t h a t  c a n  b e  u s e d  in  p l a c e  o f  
c r u d e  .oi l .  

T h e  i n d u s t r y  h a s  d o n e  a g r e a t  d e a l  o f  r e s e a r c h  a n d  d e v e l o p m e n t  
o n  t h e s e  a l t e r n a t e  s o u r c e s  o f  r a w  m a t e r i a l s  a n d  h a s  t e c h n i c a l l y  d e -  
v e l o p e d  p r o c e s s e s  w h i c h  c a n  m a k e  p r o d u c t s  f r o m  a l l  of  t h e s e  f u l l y  
e q u a l  i n  q u a l i t y  t o  t h o s e  p r o d u c e d  f r o m  c r u ~ e  o i l .  T h e s e  p r o c e s s e s  
a r e  n o t  b e i n g  u s e d  r i g h t  n o w  b e c a u s e  w e  h a v e  n o t  b e e n  a b l e  to b r i n g  
t h e  c o s t s  d o w n  b e l o w  t h a t  of  o u r  p r e s e n t  o p e r a t i o n s .  I n  s o m e  i n s t a n c e s ,  
h o w e v e r ,  i t  i s  g e t t i n g  q u i t e  c l o s e  a n d  i f  t h e  i n d u s t r y  h a d  to s w i n g  o v e r  
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f r o m  c r u d e  oi l  to s o m e  of the  o t h e r  r a w  m a t e r i a l s ,  th is  cou ld  be 
s t a r t e d  t o m o r r o w  a n d  the  c o s t  of g a s o l i n e ,  w h i l e  h i g h e r  t han  a t  
p r e s e n t ,  w o u l d  not  be  e x o r b i t a n t .  

The  poin t  I a m  t r y i n g  to m a k e  h e r e  is  tha t  we a r e  as  m u c h  c o n -  
c e r n e d  as  anyone  e l s e  abou t  o u r  r a w - m a t e r i a l  s i t ua t i on .  We do not  
i n t e n d  to go out  of b u s i n e s s  b e c a u s e  of i t  and h a v e  t a k e n  s t e p s  tha t  
w i l l  p e r m i t  u s  to supp ly  l iqu id  e n e r g y  f r o m  e i t h e r  p e t r o l e u m  o r  o t h e r  
r a w  m a t e r i a l s  f o r  m a n y ,  m a n y  y e a r s  to c o m e .  

A n o t h e r  i m p o r t a n t  p h a s e  bf the i n d u s t r y ' s  r e s e a r c h  i s  c o n c e r n e d  
wi th  wha t  m i g h t  be  t e r m e d  the e f f i c i e n c y  of i t s  o p e r a t i o n s .  The  o i l  
i n d u s t r y  h a s ,  f r o m  the s t a r t ,  b e e n  e x t r e m e l y  c o s t - c o n s c i o u s  and h a s  
c o n s t a n t l y  c a r r i e d  out r e s e a r c h  and  i n s t a l l e d  new e q u i p m e n t  to r e d u c e  
the  c o s t s  of i t s  p r o d u c t s .  As a r e s u l t  of a l l  of t h i s ,  g a s o l i n e  today ,  
ex t a x e s ,  i s  no t  m u c h  d i f f e r e n t  in  c o s t  f r o m  wha t  i t  w a s  in  1925 o r  
1926 in  sp i t e  of a l l  of the  i n f l a t i o n  tha t  h a s  t a k e n  p l a c e  s i n c e  then .  
F u r t h e r m o r e ,  the qua l i t y  of g a s o l i n e  and  o t h e r  p r o d u c t s  i s  m u c h  b e t t e r  
t han  in  t h o s e  e a r l i e r  days .  Th i s  qua l i t y  i m p r o v e m e n t  i s  v e r y  i m p o r -  
tan t ,  b e c a u s e  t h r o u g h  b e t t e r  qua l i t y  g a s o l i n e  m o r e  e f f i c i e n t  e n g i n e s  
c a n  be  d e v e l o p e d ,  w i th  the ne t  r e s u l t  tha t  about  50 p e r c e n t  m o r e  u s e f u l  
w o r k  is  o b t a i n e d  f r o m  a ga l lon  of g a s o l i n e  today  than  w a s  p o s s i b l e  in  
1925 o r  1926. 

A c l a s s i c  e x a m p l e  of how r e s e a r c h  a long  t h e s e  l i n e s  c a n  a f f ec t  
an  i n d u s t r y  i s  i l l u s t r a t e d  by  the nex t  c h a r t .  

C h a r t  9 ,  page  22. - - T h i s  s h o w s  the s o u r c e s  of e n e r g y  in  the  
U n i t e d  S t a t e s  s i n c e  1915. In 1915 a l m o s t  f o u r - f i f t h s  of the e n e r g y  
u s e d  w a s  d e r i v e d  f r o m  c o a l .  T o d a y  b a r e l y  o n e - f o u r t h  is  d e r i v e d  f r o m  
c o a l ,  w h i c h  i s  g r a d u a l l y  g iv ing  w a y  to p e t r o l e u m  and  n a t u r a l  gas .  I t  
i s  i n t e r e s t i n g  to r e f l e c t  tha t  d u r i n g  th i s  p e r i o d  the o i l  i n d u s t r y  h a s  b e e n  
c a r r y i n g  out  an  a g g r e s s i ; c e  r e s e a r c h  p r o g r a m  and  h a s  c o n t i n u a l l y  t r i e d  
to k e e p  i t s  c o s t s  down and  i m p r o v e  the qua l i t y  of i t s  p r o d u c t s .  Th i s  
h a s  not  b e e n  done  by the coa l  i n d u s t r y ,  w i th  the r e s u l t  tha t  i t  h a s  not  
s h a r e d  a t  a l l  in  the r a p i d  d e v e l o p m e n t  of o u r  c o u n t r y  as  a c o n s u m e r  
of m e c h a n i c a l  e n e r g y .  

A t h i r d  i n t e r e s t i n g  f i e ld  of r e s e a r c h  h a s  b e e n  c o n c e r n e d  w i t h  
p r o d u c t s ,  and  t h e r e  a r e  c o u n t l e s s  e x a m p l e s  of how th i s  w o r k  h a s  l ed  
to new u s e s  f o r  o u r  p r o d u c t s  and h a s  h e l p e d  the i n d u s t r y  to g r o w .  It  
w a s  not  too long  ago ,  fo r  e x a m p l e ,  tha t  a u t o m o b i l e s  w e r e  put  up on 
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w o o d e n b l o c k s  in  the  f a l l  and l e f t  t h e r e  un t i l  the s p r i n g .  Th i s  w a s  
p a r t l y  b e c a u s e  the  r o a d s  w e r e  no good in  the w i n t e r t i m e  and p a r t l y  
b e c a u s e  peop le  did no t  p a r t i c u l a r l y  wan t  to go a n y w h e r e  in  the w i n t e r .  
I t  w a s  a l so  b e c a u s e  the c a r s  wou ld  not  o p e r a t e  w e l l  in  co ld  w e a t h e r .  
With i m p r o y e d  r o a d s  and  the i n c r e a s e d  d e s i r e  of peop le  to d r i v e  a r o u n d  
as  m u c h  in the w i n t e r t i m e  as  in  the s u m m e r ,  the o i l  and  m o t o r  i n -  
d u s t r i e s  t o g e t h e r  have  done a g r e a t  dea l  of w o r k  d i r e c t e d  t o w a r d  m a k i n g  
c a r s  r u n  j u s t  as  w e l l  in  the w i n t e r  as  in  the s u m m e r .  

F o r  the oi l  i n d u s t r y ,  th i s  h a s  m e a n t  c a r e f u l  c o n t r o l  of g a s o l i n e  
v o l a t i l i t y  and  the d e v e l o p m e n t  of new types  of l u b r i c a t i n g  o i l s  and 
g r e a s e s ,  wi th  the r e s u l t  tha t  a new s e a s o n  has  b e e n  c r e a t e d  in  w h i c h  
g a s o l i n e  c a n  be  so ld .  We have  a l s o  c o o p e r a t e d  wi th  the o i l - b u r n e r  
m a n u f a c t u r e r s  in  the d e v e l o p m e n t  of s y s t e m s  fo r  h o u s e h o l d  h e a t i n g  to 
the e x t e n t  tha t  t oday  the  s a l e  of h e a t i n g  oi l  fo r  th is  p u r p o s e  i s  a v e r y  
i m p o r t a n t  p a r t  of ou r  b u s i n e s s .  In the s a m e  way ,  we h a v e  w o r k e d  w i th  
t h e  m a n u f a c t u r e r s  of d i e s e l  e n g i n e s  to supply  j u s t  the r i g h t  f u e l s  and  
l u b r i c a n t s  so  tha t  d i e s e l s  can  o p e r a t e  s a t i s f a c t o r i l y  and  now s e l l  a 
g r e a t  d e a l  of l iqu id  e n e r g y  to r a i l r o a d s ,  w h i c h  at  one  t i m e  o p e r a t e d  
e n t i r e l y  on coa l .  

In  a d d i t i o n  to wha t  we  ca l l  ou r  n o r m a l  p e t r o l e u m  b u s i n e s s ,  the  
oi l  i n d u s t r y  i s  a c t i v e l y  e n t e r i n g  a new f i e l d  known as  p e t r o c h e m i c a l s .  
In th i s  f i e ld ,  o r g a n i c  c h e m i c a l s ,  w h i c h  can  be d e r i v e d  f r o m  p e t r o l e u m ,  
a r e  r a p i d l y  b e i n g  m a d e  a v a i l a b l e ,  p r i n c i p a l l y  as  r a w  m a t e r i a l  i n t e r -  
m e d i a t e s  f o r  the c h e m i c a l  i n d u s t r y .  F o r  e x a m p l e ,  the  o i l  i n d u s t r y  
today  p r o d u c e s  l a r g e  q u a n t i t i e s  of s y n t h e t i c  e thy l  a l c o h o l .  A l though  
t e c h n i c a l l y  th i s  wou ld  be s u i t a b l e  f o r  m a k i n g  a l c o h o l i c  b e v e r a g e s ,  the 
s y n t h e t i c  a l c o h o l s  a r e  u s e d  f o r  v a r i o u s  i n d u s t r i a l  p u r p o s e s  and  a r e  
c o n v e r t e d  into  s o l v e n t s ,  and  the l ike .  

We a l s o  m a n u f a c t u r e  l a r g e  q u a n t i t i e s  of m a t e r i a l s  tha t  go in to  the  
m a n a f a c t u r e  of p l a s t i c s  and  supp ly  s o m e  of the r a w  m a t e r i a l s  f o r  the  
s y n t h e t i c  f i b e r s  s u c h  as  ny lon ,  d a c r o n ,  e t c .  S y n t h e t i c  r u b b e r  i s  
a n o t h e r  p r o d u c t  of o i l  r e s e a r c h .  P r a c t i c a l l y  a l l  of the  a u t o m o b i l e  t i r e s  
u s e d  in  th is  c o u n t r y  have  now j o i n e d  g a s o l i n e  and  oi l  in  b e i n g  d e r i v e d  
f r o m  p e t r o l e u m .  We now h a v e  h o p e s  tha t  p l a s t i c  a u t o m o b i l e  b o d i e s  
w i l l  l i k e w i s e  u s e  p e t r o l e u m  p r o d u c t s ,  and the  day  m a y  c o m e  w h e n  the  
o i l  i n d u s t r y  w i l l  no t  on ly  supp ly  the fue l s  and  l u b r i c a n t s  f o r  y o u r  c a r s  
but  w i l l  a l s o  supp ly  m o s t  of the r a w  m a t e r i a l s  f r o m  w h i c h  t hey  a r e  
m a d e .  
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In wha t  I have  s a i d  so f a r  I have  t r i e d  to . e m p h a s i z e  the i n t i m a t e  
r e l a t i o n s h i p  that  e x i s t s  today in i n d u s t r y  b e t w e e n , i t s  o p e r a t i o n s  and  
i t s  t e c h n o l o g y .  The t e c h n o l o g y  of an i n d u s t r y  i s  not  j u s t  r e s e a r c h  
peop le  in  l a b o r a t o r i e s ;  i t  i s  not an e n g i n e e r i n g  s taf f  in a s e p a r a t e  
bu i ld ing ;  but  i t  i s  t e c h n i c a l l y  t r a i n e d  peop le  t h r o u g h o u t  the o r g a n i z a -  
t ion  and i s  as  m u c h  as  o t h e r  o p e r a t i o n s  a p a r t  of the i n d u s t r i a l  e f fo r t .  
F u r t h e r m o r e ,  t h e  r e s e a r c h  and d e v e l o p m e n t  of an i n d u s t r y  a r e  not  
p r o v i d e d  s o l e l y  by the f o r m a l  t e c h n i c a l  k n o w l e d g e  of t hose  a s s o c i a t e d  
wi th  it .  They  a r e  e v e n  m o r e  d e p e n d e n t  on the k n o w l e d g e  and  u n d e r -  
s t a n d i n g  on the p a r t  of the t e c h n i c a l  peop l e  of the p r o b l e m s  of t h e i r  
p a r t i c u l a r  c o m p a n y  and t h e i r  ab i l i t y  to w o r k  c l o s e l y  wi th  e a c h  o t h e r  
as  a t e a m  to m e e t  p r o b l e m s  as  they a r i s e .  

When  we  c o m e  to the q u e s t i o n  of t e c h n o l o g y  and n a t i o n a l  s e c u r i t y ,  
I a m  c o n v i n c e d  tha t  o u r  g r e a t e s t  s t r e n g t h  l i e s  in  the e x i s t e n c e  in  th i s  
c o u n t r y  of i n d u s t r i e s  and  o r g a n i z a t i o n s  w h i c h  h a v e  the f l e x i b i l i t y  and  
c a p a c i t y  to m e e t  new c h a l l e n g e s  as  they  a r i s e .  D u r i n g  p e a c e t i m e ,  no 
c o m p a n y  o r  i n d u s t r y  can  i n s i s t  that  i t s  c o m p e t i t o r s  u s e  t e c h n i q u e s  w i t h  
w h i c h  it  i s  a c c u s t o m e d  to d e a l i n g ,  n o r  do I think tha t  in w a r  we  c a n  
d e p e n d  on o t h e r s  to s t a n d  s t i l l  o r  to f ight  a c c o r d i n g  to r u l e s  tha t  we  
m i g h t  s e t  up f o r  t hem.  Th i s  w a s  d r a m a t i c a l l y  d e m o n s t r a t e d  d u r i n g  the 
l a s t  w a r  by the c a p a c i t y  of m y  own i n d u s t r y  to p r o d u c e  s y n t h e t i c  r u b b e r  
to r e p l a c e  n a t u r a l  ~ r u b b e r  s u p p l i e s  tha t  w e r e  u n e x p e c t e d l y  l o s t  to us  and  
by i t s  a b i l i t y  to c r e a t e  s o u r c e s  of a v i a t i o n  g a s o l i n e  and  a l l  of the o t h e r  
p e t r o l e u m  p r o d u c t s  r e q u i r e d  by ou r  f i gh t ing  f o r c e s .  T h i s  has  a l s o  
b e e n  t r u e  of m a n y  o t h e r  i n d u s t r i e s ,  and  I a m  c e r t a i n  tha t  o u r  f u t u r e  
s e c u r i t y  w i l l  depend ,  as  m u c h  as a n y t h i n g  e l s e ,  on the  c o n t i n u e d  de -  
v e l o p m e n t  in th is  c o u n t r y  of i n d u s t r i a l  o r g a n i z a t i o n s  w h i c h  have  the 
t e c h n o l o g i c a l  k n o w - h o w  and the c a p a c i t y  to r e a c t  qu i ck ly  w h e n  o u r  
s e c u r i [ y  i s  c h a l l e n g e d .  

I w o u l d  l ike  to c l o s e  by  s u m m a r i z i n g  wha t  s e e m  to m e  the i m p o r -  
t an t  po in t s  to r e m e m b e r  as  we  think about  r e s e a r c h  and d e v e l o p m e n t  
w i t h i n  i n d u s t r y  and  t h e i r  b e a r i n g  on o u r  n a t i o n a l  s e c u r i t y .  Wi th in  
r e c e n t  y e a r s  we have  bu i l t  up in th i s  c o u n t r y  an  i n d u s t r i a l  c a p a c i t y  
w h i c h  d e r i v e s  i t s  s t r e n g t h  f r o m  c o n t i n u e d  r e s e a r c h  and d e v e l o p m e n t  
and  t e c h n o l o g i c a l  k n o w - h o w .  W h e r e a s  in  the not  too d i s t a n t  p a s t  
i n d u s t r y  cou ld  s u r v i v e  by t a k i n g  o r  l e a v i n g  t e c h n i c a l  d e v e l o p m e n t s  
as  "it s a w  fi t ,  today  th i s  i s  no l o n g e r  the c a s e .  The r a p i d i t y  wi th  w h i c h  
i n d u s t r y  h a s  h a d  to m e e t  new c h a l l e n g e s  in bo th  p e a c e  and w a r  h a s  
g iven  r i s e  to a new r e l a t i o n s h i p  in w h i c h  r e s e a r c h  and d e v e l o p m e n t  
e x t e n d  t h r o u g h o u t  o u r  e n t i r e  i n d u s t r i a l  e f fo r t  and a r e  a c t u a l l y  a p a r t  
of i~. This combination of business initiative and aggressive research 
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a n d  d e v e l o p m e n t  h a s  b r o u g h t  a b o u t  t r e m e n d o u s  c h a n g e s  i n  o u r  s t a n d -  
a r d  of  l i v i n g  a n d  c a p a c i t y  to  p r o d u c e  e v e n  d u r i n g  t h e  l a s t  50  y e a r s .  
I n  t h i s  s a m e  c a p a c i t y  to  p r o d u c e  a n d  m e e t  c h a l l e n g e s  r e s i d e s  o u r  
f u t u r e  s e c u r i t y .  

T h a n k  y o u  v e r y  m u c h .  

Q U E S T I O N :  T h i s  b u d g e t  y o u  s p e a k  of  i n  r e s e a r c h  a n d  d e v e l o p -  
m e n t ,  i s  t h a t  d e t e r m i n e d  b y  the  a f f i l i a t e  r e s e a r c h  c e n t e r  o r  d o e s  t h e  
p a r e n t  c o m p a n y  d e t e r m i n e  t h a t ,  y o u r  J e r s e y  C o m p a n y  ? 

M R .  R E E V E S :  Y o u  m e a n  o u r  b u d g e t  ? 

Q U E S T I O N :  Y e s ,  y o u r  b u d g e t .  

MR. R E E V E S :  W e l l ,  w e  a r e ,  a s  I s a i d ,  a s e p a r a t e  c o m p a n y .  
W e  r e c e i v e  no  m o n e y  a t  a l l  f r o m  t h e  p a r e n t  c o m p a n y  f o r  r e s e a r c h .  
W e  h a v e  c o n t r a c t s  w i t h  t h e  v a r i o u s  a f f i l i a t e s  a n d  e a c h  of  t h o s e  c o n -  
t r a c t s  a r e  i n d i v i d u a l  c o n t r a c t s ,  w h e r e b y  t h e y  a g r e e  to  s u p p o r t  o u r  
r e s e a r c h  e f f o r t s  i n  v a r i o u s  f i e l d s  to  a c e r t a i n  a n ~ o u n t  e a c h  y e a r .  

N o w  t h e  b a s i s  f o r  t h e  c o n t r a c t s  v a r i e s ,  b u t  I w o u l d  s a y  i t  i s  
e s s e n t i a l l y  a s  i f  w e  w e r e  in  b u s i n e s s  f o r  o u r s e l v e s  b u t  r e s t r i c t e d  to  
t h e  J e r s e y  g r o u p  f o r  c u s t o m e r s .  O u r  a b i l i t y  t~ g e t  g o o d  c o n t r a c t s  
w i t h  t h e m  d e p e n d s  o n  o u r  a b i l i t y  to  g i v e  t h e m  s a t i s f a c t i o n  f r o m  y e a r  
to  y e a r .  B u t  t h e  b u d g e t s  t h e m s e i v e s  a r e  s e t  w i t h i n  o u r  o w n  c o m p a n y .  
T h e y  a r e  a n  a c c u m u l a t i o n  of the  v a r i o u s  r e s e a r c h  p r o j e c t s  a n d  t h e y  
a r e  l a r g e l y  d e t e r m i n e d  b y  t h e  n u m b e r  of  p e o p l e  t h a t  w e  h a v e .  W e  
h a v e  a n  o v e r a l l  b u d g e t  w h i c h  i s  s e t  b y  o u r  i d e a s  o f  w h a t  o u r  g r o w t h  
r a t e  o u g h t  to  b e  a n d  t h e n  t h a t  m o n e y  i s  d i s t r i b u t e d  to  t h e  v a r i o u s  
p r o j e c t s  o n  a s o r t  o f  a m e r i t  b a s i s .  

Q U E S T I O N :  Y o u  r e f e r r e d  to the  o i l  i n d u s t r y  a s  the  l i q u i d - e n e r g y  
b u s i n e s s  o r  p o r t a b l e  e n e r g y  b u s i n e s s .  C a n  y o u  t e l l  u s  w h a t  y o u  e x p e c t  
t h e  r e l a t i o n s  o f  y o u r  i n d u s t r y  w i l l  b e  w i t h  t he  a t o m i c  e n e r g y  b u s i n e s s  ? 

M R .  R E E V E S :  Y e s .  We h a v e  b e e n  v e r y  m u c h  i n t e r e s t e d  i n  
a t o m i c  e n e r g y .  We  u s e  i t  o u r s e l v e s  q u i t e  a b i t .  Of  c o u r s e ,  i t ' s  a 
v e r y  i n t e r e s t i n g  r e s e a r c h  t o o l  a n d  i t  h a s  h ~ e n  u s e d  a s  s u c h  f o r  s o m e  
t i m e  e m p l o y i n g  i s o t o p e s  to t a g  c h e m i c a l s  a n d  d e t e r m i n e  t he  c o u r s e  o f  
c h e m i c a l  r e a c t i o n s  a n d  to  s t u d y  s u c h  t h i n g s  a s  w e a r  i n  a u t o m o b i l e  
e n g i n e s .  W e  u s e  i t  i n  o i l  f i e l d s .  W e ' v e  p u t  t r a c e r s  i n t o  g a s  i n j e c t e d  
i n t o  an  o i l  f i e l d  to  f i n d  o u t  w h e r e  i-t g o e s ,  w h i c h  i s  v e r y  i m p o r t a n t  to  u s .  
So ,  a s  a r e s e a r c h  t o o l ,  a t o m i c  e n e r g y  i s  v e r y  i m p o r t a n t  to  u s .  
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We a l s o  h a v e  a n  i n t e r e s t  i n  i t  a s  a n  o p e r a t i n g  t o o l ,  to  t a k e  t h e  
p l a c e  of  a c a t a l y s t ,  f o r  e x a m p l e .  We  h a v e  a V a n  de  G r a a f f  a c c e l e r a -  
t o r  a t  H o u s t o n  t h a t  w e  a r e  u s i n g  to  s t u d y  h i g h  v e l o c i t y  e l e c t r o n s .  We  
h a v e  a c o b a l t  60 s o u r c e  a t  L i n d e n  in  a c a v e  a n d  t h a t  s o u r c e  i s  1-112 
t i m e s  t he  a c t i v i t y  o f  a l l  t h e  r e f i n e d  r a d i u m  i n  t h e  w o r l d .  We a r e  u s i n g  
i t  to  s t u d y  t he  e f f e c t  of  g a m m a  r a d i a t i o n  o n  v a r i o u s  t y p e s  o f  r e a c t i o n s .  

• We  a r e  a l s o  s t u d y i n g  n e u t r o n  r a d i a t i o n ,  p r i m a r i l y  a t  B r o o k h a v e n  a n d  
a f e w  o t h e r  n a t i o n a l  l a b o r a t o r i e s .  We t h i n k  t h a t  a t o m i c  e n e r g y  i s  g o i n g  
t o  p r o v i d e  u s  s o m e  d a y  w i t h  a n e w  t o o l  to  m a k e  b e t t e r  p e t r o l e u m  p r o d -  
u c t s .  

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

F u r t h e r m o r e ,  w e  ~h ink  t h a t  a t o m i c  e n e r g y  ~ o m m e r c i a l  p o w e r -  
p l a n t  i n s t a l l a t i o n s ,  a t  l e a s t  f o r  t he  n e x t  15 o r  20  y e a r s ,  a r e  g o i n g  to 
b e  i n  a r e a s  w h e r e  o t h e r  s o u r c e s  of  e n e r g y  a r e  e x p e n s i v e ,  a n d  t h o s e  
w i l l  t e n d  to be  t h e  l e s s  h i g h l y  d e v e l o p e d  a r e a s .  N o w ,  t h a t ' s  g o o d  f o r  
u s .  W e  t h i n k  t h a t ,  i f  y o u  c a n  p u t  a t o m i c  e n e r g y  i n  an  a r e a  t h a t  h a s  a 
l ow  s t a n d a r d  of  l i v i n g  a n d  c a n  g e t  t he  s t a n d a r d  of  l i v i n g  u p ,  p e o p l e  w i l l  
t h e n  w a n t  to  h a v e  r o a d s  a n d  d r i v e  a r o u n d  i n  c a r s ;  t h e y  w i l l  w a n t  to  
k e e p  t h e i r  h o u s e s  w a r m ,  a n d  s o  o n  a n d  s o  f o r t h .  So i t ' s  o u r  g e n e r a l  
v i e w  t h a t  t he  a t o m i c  e n e r g y  i n s t a l l a t i o n s  a r e  g o i n g  to i n c r e a s e  o u r  

b u s i n e s s  r a t h e r  t h a n  d e c r e a s e  i t .  

We  h a v e  h a d  t h a t  s a m e  e x p e r i e n c e  b e f o r e .  Y o u  m a y  b e  f a m i l i a r  
w i t h  t h e  f a c t  t h a t  t he  o i l  i n d u s t r y  i s  s p e n d i n g  a l o t  of  m o n e y  i n  S o u t h  
A m e r i c a  t r y i n g  to r a i s e  t h e  s t a n d a r d  o f  l i v i n g ,  a n d  t h e y  a r e  d o i n g  i t  
t h r o u g h  t h e  I n t e r n a t i o n a l  B a s i c  E c o n o m y  C o r p o r a t i o n .  We a r e  d o i n g  
i t  b e c a u s e  w e  k n o w  t h a t  t h e r e  i s  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  t h e  
s t a n d a r d  of  l i v i n g  a n d  t h e  d e m a n d  f o r  p e t r o l e u m  p r o d u c t s ,  a n d  w e  f e e l  
t h a t  i f  w e  c a n  g e t  the  s t a n d a r d  of  l i v i n g  u p  i n  S o u t h  A m e r i c a ,  o u r  m a r -  
k e t s  w i l l  i n c r e a s e .  I t ' s  a l o t  c h e a p e r  to  d e v e l o p  n e w  m a r k e t s  b y  g e t t i n g  

• t h e  s t a n d a r d  o f  l i v i n g  u p  t h a n  a l m o s t  a n y  o t h e r  w a y .  

I w o u l d  s a y  o u r  o v e r a l l  v i e w  on  a t o m i c  e n e r g y  i s  t h a t  w e  t h i n k  i t ' s  
g o i n g  to h e l p  u s  i n  r e s e a r c h  a n d  i t ' s  g o i n g  to h e l p  u s  i n  o p e r a t i o n s ,  a n d  
i t ' s  p r o b a b l y  g o i n g  to g e t  u s  n e w  b u s i n e s s  f o r  m a n y ,  m a n y y e a r s .  

26 



Q U E S T I O N :  W o u l d  y o u  t e l l  u s  " s o m e t h i n g  a b o u t  y o u r  u t i l i z a t i o n  
of  s p e c i a l i z e d  g r o u p s  to  a u g m e n t  y o u r  r e s e a r c h  p r o g r a m s  ? I a m  
t h i n k i n g  of  u n i v e r s i t i e s  a n d  s p e c i a l  c o m p a n i e s  t h a t  a r e  e x p e r t s  o r  
p a r t i c u l a r  s p e c i a l i s t s  i n  a p h a s e  o f  t h e i r  o v e r a l l  t e c h n o l o g y .  C o u l d  
y o u  g i v e  u s  a n  i n d i c a t i o n  of  h o w  m u c h  of  y o u r  r e s e a r c h  b u d g e t  i s  s p e n t  
i n  y o u r  h o u s e  a n d  h o w  m u c h  i s  c o n t r a c t e d  ou t  ? 

M R .  R E E V E S :  T h e  l a s t  p a r t  i s  q u i t e  easy. .  I w o u l d  s a y  t h a t  o n l y  
t 

o n e  o r  tw o  p e r c e n t  i s  c o n t r a c t e d  ou t .  T h a t ' s  b e c a u s e ,  w e  a r e  a l a r g e  
g r o u p  a n d  w e  h a v e  d e v e l o p e d  s p e c i a l i s t s  i n  v a r i o u s  f i e l d s  t h a t  a r e  o f  
p a r t i c u l a r  i n t e r e s t  to u s .  O n  t h e  o t h e r  h a n d ,  w e  do  r e c o g n i z e  t h a t  
t h e r e  a r e  s p e c i a l i s t s  w h o  a r e  m u c h  m o r e  a d e p t  in  s o m e  f i e l d s  t h a n  t h e  
p e o p l e  w e  h a v e  in  o u r  o w n  o r g a n i z a t i o n .  We m a k e  v e r y  l i b e r a l  u s e  of  
c o n s u l t a n t s .  F o r  e x a m p l e ,  w e  h a v e  s o m e  40 o r  50 c o n s u l t a n t s  w h o  a r e  
p r o f e s s o r s  a t  v a r i o u s  u n i v e r s i t i e s .  W e  e m p l o y  t h e m  on  a c o n t i n u i n g  
b a s i s  a n d  u s e  t h e m  a s  t h e  n e e d  o c c u r s .  

We  a l s o  do a c e r t a i n  a m o u n t  of  c o n t r a c t  w o r k .  W e  haste  w o r k  
c a r r i e d  o u t  a t  B a t t e l l e ,  a t  A r m o u r  I n s t i t u t e ,  a t  S o u t h w e s t  R e s e a r c h  
I n s t i t u t e ,  a n d  a t  o t h e r  p l a c e s ,  b e c a u s e  in  m a n y  c a s e s  t h e y  w i l l  h a v e  
f a c i l i t i e s  t h a t  a r e  a v a i l a b l e  f o r  r e s e a r c h  p r o g r a m s  w h e n  w e  d o n ' t  
h a v e  t h e  f a c i l i t i e s ,  a n d  i n  o r d e r  to  g e t  g o i n g  q u i c k l y  a n d  in  o r d e r  to  do  
the  w o r k  e c o n o m i c a l l y ,  w e  f i n d  i t  m u c h  m o r e  e f f e c t i v e  to  c o n t r a c t  i t  
ou t .  We  a r e  n o t  a t  a l l  p r o u d  a b o u t  t he  m a t t e r .  W e  t h i n k  t h a t  i f  w e  c a n  
g e t  i t  d o n e  c h e a p e r  b y  c o n t r a c t i n g  i t  o u t ,  t h a t ' s  w h a t  w e  o u g h t  to  do .  
O n  t h e  o t h e r  h a n d ,  w e  do  f i n d  t h a t ,  f o r  t h e  m o s t  p a r t ,  a n  u n d e r s t a n d i n g  
of  o u r  o w n  b u s i n e s s  i s  a n  i m p o r t a n t  p a r t  o f  d o i n g  a n  e f f e c t i v e  r e s e a r c h  
p r o g r a m ,  a n d  t h a t ' s  w h a t  w e  d o n ' t  u s u a l l y  f i n d  o n  t h e  o u t s i d e .  

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

M R .  R E E V E S :  I d o n ' t  t h i n k  t h a t  w e  h a v e  to  s i t  o n  t h i n g s  v e r y  l o n g  
a t  a l l .  I f  y o u  a n t i c i p a t e  f o r  e x a m p l e ,  t h a t  g a s o l i n e  i s  g ~ i n g  u p  i n  
o c t a n e  n u m b e r  f r o m  y e a r  to  y e a r ,  a b r e a k t h r o u g h  m i g h t  b e  i n  t h e  f o r m  
of  a p r o c e s s  t h a t  w o u l d  l e t  y o u  go to a m u c h  h i g h e r  o c t a n e  n u m b e r  w i t h  
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b e t t e r  y i e l d s  o r  a t  a l o w e r  c o s t .  Now,  s i n c e  g a s o l i n e  i s  m a d e  in  a 
g r e a t  m a n y  d i f f e r e n t  u n i t s ,  w h a t  y o u  c a n  do e a s i l y  i s  to s t a r t  p u t t i n g  
i n  t he  n e w  p r o c e s s .  W h e n  y o u  h a v e  o n l y  a f ew  u n i t s  i n  o p e r a t i o n ,  i t  
m a k e s  o n l y  a s m a l l  d i f f e r e n c e  in  t he  o v e r a l l  q u a l i t y  o f  t h e  g a s o l i n e .  
B u t  a s  y o u  i n s t a l l  n e w  u n i t s  e a c h  y e a r ,  y o u r  q u a l i t y  c o n t i n u a l l y  g o e s  
u p .  W h a t  h a p p e n s  t h e n  i s  t h a t ,  if  t he  a u t o m o b i l e  i n d u s t r y  r e c o g n i z e s  
t h e  f a c t  t h a t  we  do h a v e  p r o c e s s e s  w h i c h  a r e  c a p a b l e  of  c a r r y i n g  
o c t a n e  l e v e l s  to a c e r t a i n  p o i n t ,  i t  l a y s  i t s  p l a n s  a c c o r d i n g l y ,  t o o .  

W h a t  u s u a l l y  h a p p e n s  in  b o t h  i n d u s t r i e s  i s  t h a t  b r e a k t h r o u g h s  do  
n o t  r e s u l t  i n  r a d i c a l  c h a n g e s  in  t he  p r o d u c t  t h a t  t he  c u s t o m e r  b u y s .  
T h e y  r e s u l t  m o r e  in  a g r a d u a l  c h a n g e ,  e v e n  t h o u g h  t h e r e  a r e  r a d i c a l  
c h a n g e s  i n  w a y s  of  m a k i n g  p r o d u c t s  w h i c h  g r a d u a l l y  r e p l a c e  t h e  o l d e r  
p r o c e s s e s .  We w o u l d n ' t  h a v e  t h e  m o n e y  o u r s e l v e s  to  p u t  i n  a l l  n e w  
p l a n t s  to  m a k e ,  s a y ,  a r a d i c a l l y  d i f f e r e n t  g a s o l i n e  b e c a u s e  i f  we  t r i e d  
to  do  t h a t  i n  o n e  y e a r ,  w e  w o u l d  b e  b r o k e .  

Q U E S T I O N :  We h e a r  a l o t  t o d a y  a b o u t  t he  s h o r t a g e  of  e n g i n e e r s  
a n d  s c i e n t i s t s .  I w o n d e r e d  i f  t h e  o i l  i n d u s t r y  i s  b e i n g  a f f e c t e d  i n  i t s  
r e s e a r c h  a n d  d e v e l o p m e n t  a c t i v i t i e s  by  t he  i n a b i l i t y  a c t u a l l y  to  o b t a i n  
p e o p l e  w i t h  p r o p e r  b a c k g r o u n d  e d u c a t i o n  a n d  e x p e r i e n c e  ? Do y o u  
t h i n k  t h i s  i s  r e a l l y  s u p p r e s s i n g  a d v a n c e m e n t  o r  do  y o u  t h i n k ,  a s  s o m e  
p e o p l e  c o n t e n d ,  w e  a r e  s e t t i n g  o u r  s i g h t s  too  h i g h  a n d  d e m a n d i n g  t oo  
m u c h  e x p e r i e n c e  f r o m  o u r  p e o p l e ,  t h a t  we  c o u l d . d o  w i t h  l o w e r  q u a l i f i e d  
l e v e l s  of  i n d i v i d u a l s  ? 

M R .  R E E V E S :  Y e s ,  I a p p r e c i a t e  t h e r e  i s  a s h o r t a g e .  I h a v e n ' t  
b e e n  a s  c o n c e r n e d  a b o u t  i t  a s  a lo t  of  o t h e r  p e o p l e  h a v e .  In  t h e  f i r s t  
p l a c e ,  t h e  s h o r t a g e  i s  m o s t l y  w h e r e  a n e w  d i s c i p l i n e  g r o w s  q u i c k l y ,  
s u c h  a s  i n  e l e c t r o n i c s .  T h e r e  i s  q u i t e  a s h o r t a g e  i n  t h e  e l e c t r o n i c s  
f i e l d ,  b u t  t h a t ' s  m o s t l y  b e c a u s e  t h e r e  h a s  b e e n  s o  m u c h  a c t i v i  .ty a n d  
g r o w t h  i n  t h a t  p a r t i c u l a r  f i e l d .  P r i m a r i l y ,  i t  s e e m s  to  m e ,  t h a t  a s  
f a r  a s  t h e  o i l  i n d u s t r y  i s  c o n c e r n e d ,  o u r  g r o w t h  i s  d e t e r m i n e d  by  o u r  
o w n  a b i l i t y  to u s e  n e w  t e c h n o l o g y .  In  o t h e r  w o r d s ,  we  t h i n k  t h a t  w e  
c a n  e x p a n d  o u r  t e c h n i c a l  e f f o r t  b y  f i v e  o r  t e n  p e r c e n t  a y e a r ,  a n d  t h a t ' s  
w h a t  w e  a r e  t r y i n g  to do.  

N o w  i t  h a s  b e e n  o u r  g e n e r a l  e x p e r i e n c e  t h a t  p e o p l e  c e r t a i n l y  a r e  
g r a d u a t i n g ,  a n d  i f  y o u  go a b o u t  i t  p r o p e r l y ,  y o u  c a n  g e t  t h e m .  W h a t  
h a s  h a p p e n e d  to  u s ,  t h o u g h ,  i s  t h a t  i t  i n v o l v e s  a m o r e  i n t e n s i f i e d  r e -  
c r u i t i n g  e f f o r t  o v e r  w h a t  w e  u s e d  to  h a v e  to  u s e ,  a n d  f r o m  t h e  s t a n d ,  
p o i n t  t h a t  w e  h a v e  to t a k e  t i m e  o u t  to  r e c r u i t ,  o b v i o u s l y ,  w e  a r e  n o t  
d o i n g  t he  o t h e r  t h i n g s  t h a t  w e  w a n t  to  do .  B u t  s o  f a r  we  h a v e  f o u n d  
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t ha t  we  have  b e e n  ab le  to e m p l o y  the  peop le  tha t  we have  b u d g e t e d .  
I t ' s  o u r  a t t i t ude  tha t ,  if  we  n e e d ,  s ay ,  300 peop le ,  as  we do th i s  y e a r ,  
and m o r e  than  300 of the k ind  we a r e  a f t e r  a r e  g r a d u a t i n g ,  we wi l l  l e t  
s o m e b o d y  e l s e  w o r r y  about  the s h o r t a g e .  I t ' s  ou r  f e e l i n g  tha t  if you  
know wha t  t h e  p r o b l e m  i s  and  go about  it  p r o p e r l y ,  you  c a n  s o l v e  i t ,  
S o m e b o d y  i s  go ing  to get  s tuck  wi th  th is  dea l ,  but  the peop le  who a r e  
go ing  to get  s t u c k  a r e  the ones  who don ' t  r e a l i z e  wha t  the p r o b l e m  i s .  

Al l  in a l l ,  I wou ld  say  that ,  w h i l e  t h e r e  i s  u n d o u b t e d l y  a s h o r t a g e  
of t e c h n i c a l  g r a d u a t e s  today ,  the s i t u a t i o n  is  g r e a t l y  m a g n i f i e d  by spot  
s h o r t a g e s  in  s e l e c t e d  d i s c i p l i n e s  and tha t  o v e r a l l  the s i t u a t i o n  shou ld  
be  d e s c r i b e d  as  t igh t  r a t h e r  than s e r i o u s .  

QUESTION:  S i r ,  we r e a d  w h e r e  o t h e r  c o m p a n i e s  spend  t h r e e  o r  
f o u r  p e r c e n t  on r e s e a r c h .  I a p p r e c i a t e  the f ac t  tha t  you  have  a s e p a r a t e  
o r g a n i z a t i o n  f r o m  S t a n d a r d  o f  New J e r s e y ,  but cou ld  you give us  s o m e  
i d e a  of a c t u a l l y  wha t  you  a r e  s p e n d i n g  in r e s e a r c h  c o m p a r e d  wi th  s o m e  
of the o t h e r  l e a d i n g  oi l  c o m p a n i e s  ? 

M R ,  REEVES: We a r e  s p e n d i n g  a r o u n d  s e v e n  o r  e i g h t  t en ths  of a 
p e r c e n t .  I wou ld  s ay  tha t  we a r e  about  in  the m i d d l e  o f  the th ing .  
She l l ,  f o r  e x a m p l e ,  s p e n d s  a h i g h e r  p e r c e n t a g e  than  we do; m o s t  of the 
o t h e r s  s p e n d  a l i t t l e  b i t  l e s s .  

I th ink the th ing  you m u s t  r e m e m b e r  when  you  ta lk  about  p e r -  
c e n t a g e s  of s a l e s  i s  tha t  s a l e s  d o n ' t  r e a l l y  r e p r e s e n t  the n e e d  of a 
c o m p a n y  f o r  r e s e a r c h .  Take ,  l e t ' s  s ay ,  a S u p e r m a r k e t ,  f o r  e x a m p l e .  
T h e i r  t u r n o v e r  Js t r e m e n d o u s .  They  c o u l d n ' t  a f fo rd  a l a r g e  r e s e a r c h  
e f f o r t  e x p r e s s e d  as  p e r c e n t  on s a l e s  b e c a u s e  the n e e d  f o r  r e s e a r c h  i s  
m o r e  c o n n e c t e d w i t h  the va lue  a d d e d  by m a n u f a c t u r e ,  w h i c h  is  v e r y  
low in t h e i r  c a s e .  If you  e x p r e s s  r e s e a r c h  peop l e  as  p e r c e n t a g e  of 
to t a l  p e r s o n n e l  o r  va lue  a d d e d  by m a n u f a c t u r e ,  you  p r o b a b l y  have  a 
m u c h  b e t t e r  r e l a t i o n s h i p  fo r  i n d i c a t i n g  the n e e d  of an i n d u s t r y  f o r  r e -  
s e a r c h  w o r k .  

A lo t  of o u r  s a l e s  a r e  i n v o l v e d  in buy ing  and  s e l l i n g  c r u o e  oi l ,  and  
to tha t  e x t e n t ,  I s u p p o s e  ou r  s a l e s  don ' t  r e p r e s e n t  the s a m e  th ing  as  the 
s a l e s  of the c h e m i c a l  i n d u s t r y .  I have  t r i e d  to m a k e  c o m p a r i s o n s  on 
the b a s i s  of va lue  a d d e d  by  m a n u f a c t u r e ;  and the o i l  i n d u s t r y ,  the 
c h e m i c a l  i n d u s t r y ,  and m o s t  of the o t h e r s  a r e  v e r y  c l o s e  on tha t  b a s i s .  
I th ink  tha t  the  p e r c e n t a g e  of s a l e s  f i g u r e  is  a l l  r i g h t  if  you  a r e  c o m p a r -  
ing  c o m p a n i e s  w i t h i n  an i n d u s t r y  w h i c h  a r e  do ing  about  the  s a m e  k ind  
of th ing,  bu t  if you  t r y  to u s e  i t  to c o m p a r e  f r o m  one i n d u s t r y  to a n o t h e r ,  
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y o u  get  an  i d e a  f r o m  those  c o m p a r i s o n s  tha t  s o m e  indu@tr ies  a r e  
do ing  a Iot m o r e  r e s e a r c h  than o t h e r s ,  and it m a y  be a l m o s t  r e v e r s e d  
w h e n  you  get  r i g h t  down to i t .  

QUESTION: I w o n d e r  if you  wou ld  go back  and e l a b o r a t e  a l i t t l e  
b i t  on the r e m a r k  you  m a d e  c o n c e r n i n g  y o u r  p r o j e c t s  a r r a n g e m e n t  w h e n  
you  s h o w e d  the s i m p l i f i e d  o r g a n i z a t i o n  c h a r t .  I a m  w o n d e r i n g  f i r s t  how 
you  w o u l d  a d m i n i s t e r  the p r o j e c t  as  o p p o s e d  to your" r e g u l a r  o r g a n i z a -  
t ion l ine  and  then p e r h a p s  wha t  the d u r a t i o n  of the i n d i v i d u a l  p e r s o n n e l  
a s s i g n m e n t s  to t h e s e  would  be ? 

MR. R E E V E S :  Okay.  As  you m a y  r e m e m b e r ,  we  have  a n u m b e r  
of o p e r a t i n g  d i v i s i o n s .  Now those  o p e r a t i n g  d i v i s i o n s  s o m e t i m e s  do 
d i f f e r e n t  t y p e s  of w o r k  o r  s o m e t i m e s  they  a r e  j u s t  s e p a r a t e d  g e o g r a p h -  
i c a l l y .  F o r  e x a m p l e ,  the a f f i l i a t e d  Ba ton  Rouge  E s s o  R e s e a r c h  l a b o r a -  
t o r i e s  n o r m a l l y  do m o s t  of o u r  l a r g e  pi lo t  p lan t  w o r k .  The  v a r i o u s  
d e v e l o p m e n t  d i v i s i o n s  do only  s p e c i a l  e n g i n e e r i n g  w o r k .  They  do c h e m i -  
ca l  e n g i n e e r i n g  and e c o n o m i c  s t u d i e s .  Our  e n g i n e e r i n g  d i v i s i o n s  a r e  
p r i m a r i l y  in c o m m e r c i a l  p l a n t - d e s i g n  w o r k ,  and the P r o d u c t s  R e s e a r c h  
d i v i s i o n  w o r k s  on p r o d u c t s ,  and so f o r t h .  

When  we h a v e  a new p r o j e c t  that  r e q u i r e s  a lot  of d i f f e r e n t  b a c k -  
g r o u n d s ,  s u c h  as  a s tudy  of p r o d u c t  p e r f o r m a n c e ,  a s t u d y  of the p r o c -  
e s s  d e v e l o p m e n t ,  a n d . t h i n g s  of that  s o r t ,  we have  to get  a l l  of t h o s e  
d i f f e r e n t  g r o u p s  pu l l ing  t o g e t h e r  on the p r o j e c t .  We do it  th is  way :  

We a r e  d iv ided  in to  wha t  we c a l l  m a j o r  a r e a s  of r e s e a r c h ,  s u c h  
as  fue l s  p r o c e s s e s ,  p r o d u c t s ,  c h e m i c a l s ,  and so fo r t h ,  e a c h  of t h o s e  
in  c h a r g e  of a v i ce  p r e s i d e n t  of our  c o m p a n y  who has  wi th  h i m  a dep -  
u ty  c o o r d i n a t o r .  The v i ce  p r e s i d e n t  i s  both a d m i n i s t r a t i v e  h e a d  of 
c e r t a i n  of the d i v i s i o n s  and  the  c o o r d i n a t o r  of the w o r k  in a p a r t i c u l a r  
f i e l d ,  and i t  i s  h i s  r e s p o n s i b i l i t y  then  to c o o r d i n a t e  the p r o g r a m s ,  
e i t h e r  p e r s o n a l l y  o r  by a s s i g n m e n t  to o t h e r s  in the v a r i o u s  d e v e l o p -  
m e n t  d i v i s i o n s .  

I t ' s  not  as  tough as  i t  m a y  s e e m  b e c a u s e  a l l  of o u r  budge t s  a r e  
p r o g r a m  b u d g e t s ,  and the c o o r d i n a t o r  of fue l s  p r o c e s s e s ,  you  m i g h t  
s ay ,  ha s  a b lank  c h e c k  fo r  m a y b e  12 m i l l i o n  d o l l a r s  to do h i s  w o r k  
on f u e l s  p r o c e s s e s .  O u r  p r o g r a m  budge t s  add up in toto to the i n -  
d iv idua l  b u d g e t s  of the d i v i s i o n s .  I t  w o r k s  out  p r e t t y  e a s i l y  b e c a u s e ,  
if the d i v i s i o n  d o e s n ' t  do w o r k  f o r  one of the c o o r d i n a t o r s ,  i t  d o e s n ' t  
have  enough  a u t h o r i t y  to spend  the m o n e y  i t ' s  s u p p o s e d  to spend ,  
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I cou ld  put i t  th i s  way :  What  we  have  is  a who le  s e r i e s  of d iv i -  

s i o n s  w h i c h  a r e  r e s p o n s i b l e  f o r  c a r r y i n g  out  a d i f f e r e n t  type  of 
t e c h n i c a l  a c t i v i t y ,  and  they  a r e  a c t u a l l y  the w o r k i n g  g r o u p s  f o r  the  
c o o r d i n a t o r s  who c o n t r o l  the  type  of w o r k  done in  the v a r i o u s  f i e l d s .  
In sp i t e  of i t s  c o m p l i c a t i o n s ,  it  w o r k s  out  v e r y  w e l l .  

QUESTION: I g a t h e r e d  f r o m  m o s t  of y o u r  r e m a r k s  tha t  the  r e -  
s e a r c h  of y o u r  c o m p a n y  is  in the l ine  of a p p l i e d  r e s e a r c h  wi th  a s o m e -  
wha t  de f in i t e  o b j e c t i v e .  S o m e  s p e a k e r s  a r e  v e r y  m u c h  w o r r i e d  b e -  
c a u s e  of the s m a l l  a m o u n t  of funds  a v a i l a b l e  fo r  p u r e  r e s e a r c h .  Does  
y o u r  c o m p a n y  c o n t r i b u t e  to any  p u r e  r e s e a r c h  a g e n c i e s  o r  do you  a l l o w  
any  of that  type of r e s e a r c h  in  y o u r  c o m p a n y - - i n  o t h e r  w o r d s ,  a 
s c i e n t i s t  off by  h i m s e l f  w i th  a f r e e  hand  to c o m e  up wi th  w h a t e v e r  he  
can  f ind  ? 

MR. R E E V E S :  T h a t ' s  an  i n t e r e s t i n g  ques t ion .  I wou ld  l ike  to 
a n s w e r  i t  in  a n u m b e r  of w a y s .  In  the f i r s t  p l a c e ,  we  do s p o n s o r  a 
c e r t a i n  a m o u n t  of wha t  m i g h t  be c a l l e d  pu re  r e s e a r c h  at  u n i v e r s i t i e s ,  
but  I think you  have  to c o n s i d e r  tha t  when  you  a t t a c k  any  p r o b l e m ,  
w h e t h e r  i t  i s  an  app l i ed  p r o b l e m  of i m m e d i a t e  i m p o r t a n c e  o r  a l ong -  
r a n g e  p r o b l e m ,  you  ought  to be  s c i e n t i f i c  in y o u r  a p p r o a c h  to i t ,  and  
you  ought  to m a k e  b a s i c  s t u d i e s .  

F o r  e x a m p l e ,  if we w e r e  c o n c e r n e d  about  d e v e l o p i n g  an i s o m e r i z a -  
t ion  p r o c e s s  to m a k e  h i g h e r  qua l i ty  naph thas  o r  e v e n  in i m p r o v i n g  the  
p r e s e n t  p r o c e s s ,  we  cou ld  e a s i l y  get  o u r s e l v e s  into  a s tudy  of the 
t h e r m o d y n a m i c  p r o p e r t i e s  of the ind i i r idua l  i s o m e r s  i n v o l v e d  b e c a u s e  
we wou ld  n e e d  t h o s e  data  to c a l c u l a t e  the t h e r m o d y n a m i c  e q u i l i b r i a  
and the o c t a n e  n u m b e r  of the e q u i l i b r i u m  m i x t u r e s ,  to d e v e l o p  s u i t a b l e  
p r o c e s s e s  f o r  i s o m e r i z a t i o n .  

Tha t ,  I wou ld  say ,  i s  f u n d a m e n t a l  w o r k  of a v e r y  h igh o r d e r  and 
if i t  w e r e  done by  s o m e b o d y  who d idn ' t  have  any  p a r t i c u l a r  r e a s o n  f o r  
do ing  i t ,  i t  wou ld  be c a l l e d  b a s i c  r e s e a r c h .  

The poin t  I a m  t r y i n g  to m a k e  h e r e  is  tha t  I th ink t h e r e  h a s  b e e n  
a lot  of m i s u n d e r s t a n d i n g .  I th ink m o s t  i n d u s t r i a l  r e s e a r c h  o r g a n i z a -  
t i ons  t r y  to be s c i e n t i f i c  in t h e i r  a p p r o a c h  to a l l  of t h e i r  p r o b l e m s ,  
and  I th ink a g r e a t  dea l  of s c i e n t i f i c  w o r k  of a v e r y  h igh o r d e r  goes  on 
a l l  the t i m e  in i n d u s t r i a l  r e s e a r c h  o r g a n i z a t i o n s ,  w h e t h e r  i t  i s  c a l l e d  
a p p l i e d  o r  wha t  have  you.  
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W h a t  w e  a r e  c o n c e r n e d  a b o u t  i s  w h a t  w e  c a l l  l o n g - r a n g e  r e s e a r c h .  
In  o t h e r  w o r d s ,  w e  a r e  i n t e r e s t e d  i n  a g r o u p  t h a t  w i l l  do  r e s e a r c h  o n  
r e s e a r c h .  I m i g h t  e x p l a i n  i t  t h i s  w a y :  We  t h i n k  t h a t  o u r  r e l a t i o n s h i p  
to  the  O p e r a t i n g  c o m p a n y  i s  t h a t  w e  t a k e  a l o n g e r  r a n g e  p o i n t  o f  v i e w  
t h a n  t h e y  do  c o n c e r n i n g  t h e i r  p r o b l e m s ,  a n d  w e  t e n d  to b e  m u c h  m o r e  
c o n c e r n e d  w i t h  w h a t  t h e y  a r e  g o i n g  to h a v e  to  do  n e x t  y e a r .  T h e y  
d o n ' t  c a r e  s o  m u c h  a b o u t  t h a t  a s  l o n g  a s  t h e y  g e t  t h r o u g h  t h i s  y e a r .  
So w h a t  I t h i n k  o u r  i n d u s t r i a l  r e s e a r c h  o r g a n i z a t i o n  n e e d s  i s  a g r o u p  
t h a t  w i l l  l o o k  e v e n  f u r t h e r  a h e a d  a n d  m a k e  m o r e  s t u d i e s  o f  t h e  k i n d s  
o f  t h i n g s  w e  m i g h t  be  a b l e  to  do  in  f i e l d s  t h a t  w o u l d  b e  of  i n t e r e s t  to  
t h e  c o m p a n y  in  t h e  m o r e  d i s t a n t  f u t u r e .  We s u p p o r t  a f a i r  a m o u n t  o f  
w o r k  of  t h a t  s o r t  a n d  i t  a m o u n t s  to  a b o u t  10 p e r c e n t  of  o u r  t e c h n i c a l  
e f f o r t .  I w o u l d  s a y  t h a t  t h e  a v e r a g e  f o r  i n d u s t r i a l  r e s e a r c h  g e n e r a l l y  
i s  s o m e w h e r e  b e t w e e n  f i v e  a n d  t e n  p e r c e n t .  N o w  t h a t ' s  p r e t t y  h i g h  
w h e n  y o u  c o n s i d e r  t h a t  r e s e a r c h  i t s e l f  i s  o n l y  o n e  o r  two  p e r c e n t  o f  
t h e  t o t a l  i n d u s t r y .  I t h i n k  t h i s  i s  a v e r y  i n t e r e s t i n g  q u e s t i o n  a n d  a l o t  
o f  p e o p l e  w h o  h a v e  b e e n  t a l k i n g  a b o u t  t h i s  b u s i n e s s  of  u n c o m m i t t e d  r e -  
s e a r c h  a r e  j u s t  t a l k i n g  a b o u t  t h e  f a c t  t h a t  t h e y  d o n ' t  w a n t  a n y b o d y  to  
t e l l  t h e m  w h a t  to  do .  I t  i s  n o t  a q u e s t i o n  of  t h e  t y p e  of  w o r k  t h a t ' s  b e -  
i n g  d o n e  o r  t h e  o b j e c t i v e s .  I t  i s  s i m p l y  t h a t  t h e y  j u s t  d o n ' t  w a n t  to  b e  
t o l d  w h a t  t o  do .  

Q U E S T I O N :  M y  q u e s t i o n  h a s  to do  w i t h  t h e  w a y  i n  w h i c h  y o u  
a d v a n c e  y o u r  t e c h n i c a l  p e r s o n n e l  i n  y o u r  r e s e a r c h  a n d  d e v e l o p m e n t  
o r g a n i z a t i o n .  Do t h e y  go i n t o  a d m i n i s t r a t i o n  so  y o u  h a v e  a d u a l  l i n e  
f o r  s c i e n t i s t s  ? I a m  w o n d e r i n g  w h e t h e r  a m a n  c a n  b e  p u r e l y  t e c h n i c a l  
a n d  m o v e  u p  to  t h e  t o p  e x e c u t i v e  s a l a r y  s c a l e  o r  m u s t  h e  b e c o m e  a n  
a d m i n i s t r a t o r  a n d  t a k e  o n  a d m i n i s t r a t i v e  r e s p o n s i b i l i t y  ? 

MR. REEVES:  We do h a v e  t w o  m e t h o d s  o f  : a d v a n c e m e n t .  We  h a v e  
t i t l e s  k n o w n  a s  S e n i o r  R e s e a r c h  A s s o c i a t e  a n d  S e n i o r  E n g i n e e r i n g  A s s o -  
c i a t e ,  a d d  t h o s e  t i t l e s  we  c o n s i d e r  e q u i v a l e n t  to a n  A s s i s t a n t  D i r e c t o r  
a n d  A s s o c i a t e  D i r e c t o r  i n  o n e  of  o u r  m a j o r  d i v i s i o n s .  I t h i n k  i t  i s  
f a i r l y  o b v i o u s  t h a t  y o u  c a n ' t  e x p e c t  a p e r s o n  w h o  w a n t s  to  go  a l o n g  
p u r e l y  t e c h n i c a l  l i n e s ,  s a y ,  to  r e a c h  t h e  r e s p o n s i b i l i t y  l e v e l  o f  t he  
p r e s i d e n t  o f  t h e  c o m p a n y .  

We h a v e  i n  o u r  c o m p a n y ,  I w o u l d  s a y ,  a b o u t  2 p e r c e n t  o f  o u r  
t e c h n i c a l  p e o p l e  a t  a s a l a r y  l e v e l  a b o v e  w h a t  w e  w o u l d  e x p e c t  a n  i n -  
d i v i d u a l  r e s e a r c h e r  to r e a c h .  B u t  w e  do ,  o t h e r  t h a n  i n  t h a t  t o p  2 p e r -  
c e n t ,  t r y  to  m a k e  c e r t a i n  t h a t ,  i f  s o m e o n e  w a n t s  to  s p e n d  h i s  t i m e  
m a k i n g  t e c h n i c a l  c o n t r i b u t i o n s  to  o u r  o r g a n i z a t i o n ,  h e  i s  a d e q u a t e l y  
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r e w a r d e d  f o r  i t  b e c a u s e  we  a r e  a t e c h n i c a l  o r g a n i z a t i o n  and  t e c h n i c a l  
c o n t r i b u t i o n s  a r e  w h a t  we n e e d .  T h e r e f o r e ,  we t r y  to s e e  t h a t  t h o s e  
w h o  w a n t  to  a d v a n c e  a s  s c i e n t i s t s  a r e  g iven  the o p p o r t u n i t y  to do so  
and  t ha t  t h o s e  who w a n t  to fo l low m o r e  a d m i n i s t r a t i v e  l i n e s  of p r o g r e s s  
c a n  do tha t ,  too .  We h a v e  a l w a y s  t a k e n  the  p o s i t i o n  t ha t ,  f o r  a g i v e n  
a b i l i t y ,  w e  a r e  go ing  to g ive  e q u a l  r e c o g n i t i o n  in  t e r m s  of s a l a r y  and  
p r i v i l e g e s ,  and  w h a t  h a v e  y o u ,  b a s e d  on  the  c o n t r i b u t i o n s  of the  i n d i - .  
v i d u a l ,  w h e t h e r  i t  be  s c i e n t i f i c  w o r k  a lone  o r  ~vhether  i t  be  a d m i n i s -  
t r a t i v e  w o r k .  

QUESTION:  I a m  c u r i o u s  as  to the  p e r c e n t a g e  of e n e r g y  t h a t  y o u  
a r e  ab le  to ge t  ou t  of y o u r  d r o p  of p e t r o l e u m  o r  c r u d e  o i l  now and  a l s o  
w h a t  the  f u t u r e  h o l d s ,  how m u c h  a r e  you  go ing  to be  ab l e  to ge t  ? 

MR. R E E V E S :  Wel l ,  if  you  a r e  j u s t  t a l k i n g  a b o u t  c o m b u s t i o n  e n -  
e r g y  i t  d e p e n d s  on how i t  i s  u s e d .  If you  u s e  o i l  f o r  h o u s e h o l d  h e a t i n g ,  
f o r  e x a m p l e ,  you  w i l l  p r o b a b l y  r e c o v e r  abou t  85 p e r c e n t ;  i f  you  u s e  
i t  in  an  a u t o m o b i l e ,  y o u  w i l l  p r o b a b l y  r e c o v e r  n e a r e r  10 p e r c e n t .  If 
y o u  u s e  i t  in  a d i e s e l  e n g i n e ,  o p e r a t i n g  u n d e r  s t e a d y  l o a d  c o n d i t i o n s ,  
i t  m a y  be  25 p e r c e n t ;  on  a t r u c k  i t  m a y  d r o p  down to 20 p e r c e n t  b e -  
c a u s e  y o u  d o n ' t  ge t  the  s a m e  e f f i c i e n c y .  I s u p p o s e  i f  y o u  add  i t  a l l  up ,  
we  a r e  r e c o v e r i n g  t o d a y  abou t  a t h i r d  of the  e n e r g y  i n  p e t r o l e u m .  
M o s t  of  w h a t  i s  l o s t  g o e s  out  as  u n r e c o v e r e d  h e a t .  

T h a t ,  of c o u r s e ,  c r e a t e s  a p r o b l e m  fo r  u s  b e c a u s e  t h e  a u t o m o b i l e  
i n d u s t r y ,  f o r  e x a m p l e ,  i s  g e t t i n g  a c t i v e  t e c h n i c a l l y  and  h e r e  we  s i t  
s u p p l y i n g  t h e m  wi th  the  t ype  of  p r o d u c t s  t hey  s a y  t h e y  n e e d  t o d a y  and  
a r e  go ing  to n e e d  in  the  f u t u r e .  We a r e  i n s t a l l i n g  p l a n t s  t o d a y  w h i c h  
w i l l  h a v e  to r u n  10 o r  15 y e a r s  i f  we a r e  g o i n g  to ge t  o u r  m o n e y  b a c k ,  
a n d  y e t  we  a r e  f a c e d  w i t h  the  f a c t  t ha t  w h a t  we a r e  d o i n g  i s  s u p p l y i n g  
f u e l  f o r  e n g i n e s  t h a t  a r e  o n l y  10 o r  15 p e r c e n t  e f f i c i e n t .  I t  s e e m s  
f a i r l y  o b v i o u s  to u s  t ha t  s o m e t i m e  the  a u t o m o b i l e  i n d u s t r y  i s  g o i n g  to 
f i g u r e  ou t  how to do i t  b e t t e r ,  and  tha t ,  i f  i t  g e t s  an  e n g i n e  tha t  i s  
qu i t e  d i f f e r e n t  in  e f f i c i e n c y ,  i t  i s  p r o b a b l y  g o i n g  to be  an  e n g i n e  t h a t  
i s  qu i t e  d i f f e r e n t  in  fue l  r e q u i r e m e n t s ,  i t  c o u l d  be  t h a t  t h e ' p l a n t s  we  
i n s t a l l  t o d a y  a r e  no t  g o i n g  to be  any  good  to u s  in  f i ve  o r  t en  y e a r s .  
So i t  i s  a v e r y  i m p o r t a n t  t h i n g  to u s  to  u n d e r s t a n d  the  e f f i c i e n c y  w i th  
w h i c h  o u r  p r o d u c t s  a r e  u s e d  and  w h a t  the  p o s s i b i l i t i e s  a r e  f o r  t he  
f u t u r e .  

I w o u l d  s a y  t ha t  s o m e  day  y o u  a r e  p r o b a b l y  g o i n g  t o  ge t  f u e l  
e f f i c i e n c y  of  50 o r  60 p e r c e n t  r a t h e r  t han  the  p e r c e n t a g e  we  h a v e  t o d a y .  
B u t  I do th ink  you  h a v e  to r e m e m b e r  a n o t h e r  t h ing .  I t  i s  a l l  r i g h t  to 
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t a lk  about  c o n s e r v a t i o n  of n a t u r a l  r e s o u r c e s .  On the o t h e r  hand ,  
wha t  we a r e  l i v ing  in today  is  wha t  you  m i g h t  c a l l  a l u x u r y  e c o n o m y ,  
and if you  wan t  to w o r r y  only  about  c o n s e r v i n g  r e s o u r c e s ,  you  ought  
to go back  to a 30 o r  40 h o r s e p o w e r  eng ine  i n s t e a d  of a 300 h o r s e p o w e r  
eng ine  b e c a u s e  t h a t ' s  a l l  you r e a l l y  n e e d  to m o v e  a round .  What  peop le  
a r e  do ing  today  is  u s i n g  the r e s o u r c e s  of the c o u n t r y  the w a y  they  f e e l  
l ike  u s i n g  t h e m .  We f e e l ,  as  f a r  as  ou r  own b u s i n e s s  i s  c o n c e r n e d ,  
we  can  k e e p  on s u p p l y i n g  people  wi th  e n e r g y  j u s t a s  long as  t hey  want  
to pay f o r  it .  We don ' t  think tha t  the fac t  tha t  they  a r e  w a s t i n g  i t ,  so 
to speak ,  e i t h e r  by h a v i n g  low e f f i c i e n c i e s  o r  by u s i n g  h i g h e r  p o w e r e d  
c a r s  than they  n e e d ,  m e a n s  they  a r e  go ing  to r u n  t h e m s e l v e s  out  of 
r a w  m a t e r i a l s .  We jus t  don ' t  think t h a t ' s  so.  

QUESTION: I w o n d e r  if  I c an  r e l a t e  s o m e  th ings  and  s o m e  tha t  
m i g h t  have  m o r e  d i r e c t  a p p l i c a t i o n  to the m i l i t a r y .  In y o u r  r e s e a r c h ,  
do you  a t t e m p t  to a s s e s s  o r  ~age wha t  m i g h t  be the f u t u r e  type of 
t r a n s p o r t a t i o n  s y s t e m s ,  u s ing ,  say ,  l iqu id  e n e r g y ?  

MR. R E E V E S :  Yes .  Is  that  enough  of an a n s w e r  fo r  y o u ?  

QUESTION:  Y e s ,  s i r ,  i t  i s .  

MR. R E E V E S :  I think I know wha t  you a r e  ge t t i ng  at.  I th ink 
tha t  i t  i s  m o s t  i m p o r t a n t  that  the r e s e a r c h  g r o u p s  have  a c l e a r  u n d e r -  
s t a n d i n g  of wha t  the f u t u r e  r e q u i r e m e n t s  a r e  go ing  to be  fo r  w e a p o n s  
s y s t e m s  o r  t r a n s p o r t a t i o n  s y s t e m s ,  o r  wha t  have  you,  b e c a u s e  you  
c a n ' t  c a r r y  out an  e f f e c t i v e  r e s e a r c h  p r o g r a m  u n l e s s  you  h a v e  s o m e  
idea  of wha t  you  a r e  t r y i n g  to wind up with.  

MR. H E N K E L :  M r .  R e e v e s ,  you  h a v e  g iven  us  s o m e  v e r y  v a l u a b l e  
i n f o r m a t i o n .  On beha l f  of the C o l l e g e ,  I wan t  to thank you f o r  m a k i n g  
it  so i n t e r e s t i n g  and i n s t r u c t i v e .  

(9 Apr 1956--450)K/en 
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