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LONG-TERM RESEARCH AND DEVELOPMENT

T e c h n o l o g i c a l  b r e a k t h r o u g h s  c a n n o t  be p e n c i l e d  on t h e  c a l e n d a r  i n  a dva nc e .

The r a t e  o f  new t e c h n i c a l  d i s c o v e r y ,  w h i l e  h i g h l y  u n c e r t a i n ,  de pe nds  on a base  

j o f  knowledge a c q u i r e d  e a r l i e r .  In t h e  economi c  e n v i r o n m e n t  o f  1980,  p r o g r e s s  

i n  b a s i c  r e s e a r c h ,  which b u i l d s  t h e  t e c h n o l o g y  b a s e  t h a t  w i l l  u n d e r p i n  f u t u r e  

e n e r g y  de ve l opmen t  by Government  and i n d u s t r y ,  was b e i n g  s lowed as  c o s t  

i n c r e a s e s  due t o  i n f l a t i o n  grew f a s t e r  t h a n  f u n d i n g  i n c r e a s e s .

POLICY

T h i s  A d m i n i s t r a t i o n ' s  £ o l i c y  f rom t h e  s t a r t  was t o  r e i n v i g o r a t e  b a s i c  r e s e a r c h

and t o  t u r n  a round  t h e  d e c l i n e  in Fe d e r a l  r e s e a r c h  f u n d i n g  f o r  u n i v e r s i t i e s

t h a t  began i n  1968.  The p o l i c y  ha s been t o  c o n c e n t r a t e  on l o n g - t e r m  r e s e a r c h

i n  a r e a s  where  t h e  i n c e n t i v e s  f o r  and a v a i l a b i l i t y  o f  p r i v a t e  i n v e s t m e n t  a r e

s e v e r e l y  l i m i t e d  o r  n o n e x i s t e n t  ( d e s p i t e  o p p o r t u n i t i e s  f o r  i m p o r t a n t  g a i n s  i f

p rograms  r e a c h  i d e n t i f i a b l e  g o a l s  e v e n t u a l l y )  o r  where  t h e  Government  pos -
•

s e s s e s  un i q u e  f a c i l i t i e s  o r  c a p a b i l i t i e s  n o t  a v a i l a b l e  t o  t h e  p r i v a t e  s e c t o r .

Thus ,  t h e  Reagan A d m i n i s t r a t i o n ' s  p o l i c y  has  i n c l u d e d  s t r o n g  s u p p o r t  f o r  l o n g ­

t e r m f undame n t a l  r e s e a r c h  in t h e  n a t u r a l  and p h y s i c a l  s c i e n c e s ,  i n c l u d i n g  hi gh  

e n e r g y  and n u c l e a r  p h y s i c s ;  ma g n e t i c  f u s i o n  e n e r g y ;  b i o l o g i c a l  and e n v i r o n ­

ment a l  s c i e n c e ;  and b a s i c  e n e r g y  s c i e n c e s  r e s e a r c h  in  m a t e r i a l s ,  c h e m i c a l ,  and 

a p p l i e d  m a t h e m a t i c a l  s c i e n c e s ,  e n g i n e e r i n g  and g e o s c i e n c e s ,  and e n e r g y  b i o ­

s c i e n c e s .  I t  has  f o s t e r e d  expanded b a s i c  r e s e a r c h  un d e r  t h e  D e p a r t m e n t ' s  

e n e r g y  t e c h n o l o g y  p rograms  as  we l l  as  un d e r  i t s  b a s i c  r e s e a r c h  p r og r a ms .

The p o l i c y  e n c o u r a g e d  s u p p o r t i n g  t h o u s a n d s  o f  i n d i v i d u a l  p r o j e c t s  c a r r i e d  ou t  

by s c i e n t i s t s  f rom l a b o r a t o r i e s ,  u n i v e r s i t i e s ,  i n d u s t r y ,  and o t h e r  r e s e a r c h
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f a c i l i t i e s  t h r o u g h o u t  t h e  Un i t e d  S t a t e s .  I t s  e mpha s i s  on u p g r a d i n g  and 

e xpa nd i ng  t h e  ma j o r  f o r e f r o n t  r e s e a r c h  f a c i l i t i e s  a t  t h e  D e p a r t m e n t ' s  n i n e  

m a j o r  m u l t i p r o g r a m  and s i x t e e n  s i n g l e  p u r p o s e  l a b o r a t o r i e s ,  has  been t o  e n a b l e  

s c i e n t i s t s  t o  c o n t i n u e  t o  expand o u r  t e c h n i c a l  knowledge b a s e  i n  t h e  many 

a r e a s  o f  r e s e a r c h  p e r t a i n i n g  t o  e n e r g y  de ve l o p me n t  and u s e .

INITIATIVES AND ACCOMPLISHMENTS

The A d m i n i s t r a t i o n ' s  c o n t i n u e d  s u p p o r t  o f  high e n e r g y  p h y s i c s  made p o s s i b l e  

t h e  r e a l i z a t i o n  o f  Fermi N a t i o n a l  A c c e l e r a t o r  L a b o r a t o r y ' s  T e v a t r o n  p r o t o n -  

a n t i p r o t o n  col  1 i d e r - - t h e  on l y  h i gh  e n e r g y  p h y s i c s  a c c e l e r a t o r  t h a t  u s e s  s u p e r ­

c o n d u c t i n g  m a g n e t s .  In t h e  wor l d  o f  e l e m e n t a r y  p a r t i c l e  a c c e l e r a t o r s ,  e n e r g y  

e q u a t e s  w i t h  l e a d e r s h i p .  The T e v a t r o n  b r o u g h t  back t o  t h e  U n i t e d  S t a t e s  t h e  

l e a d e r s h i p  t h a t  comes w i t h  ha v i ng  t h e  w o r l d ' s  h i g h e s t  e n e r g y  a c c e l e r a t o r - - a  

p o s i t i o n  t h a t  had been t e m p o r a r i l y  l o s t  t o  t h e  Eur opeans  i n  t h e  1 9 7 0 ' s .

Complet ed  in  1983,  and upgraded  in 1985,  t h e  I l l i n o i s  f a c i l i t y  has  made p o s ­

s i b l e  new d i s c o v e r i e s  in p h y s i c s  t h a t  have  added immeasur ab l y  t o  t h e  body o f  

e v i d e n c e  s u p p o r t i n g  t h e  most  c u r r e n t  t h e o r i e s  d e s c r i b i n g  s u b a t o m i c  e l e m e n t a r y  

p a r t i c l e s  and t h e i r  i n t e r a c t i o n s ,  i n c l u d i n g  d e s c r i b i n g  t h e  c o n s t i t u e n t s  o f  t h e  

p r o t o n  and t h e  n e u t r o n .

The c o n t i n u i n g  commitment  t o  k e e p i ng  t h i s  c o u n t r y  i n  a p o s i t i o n  o f  t e c h n o l o g y  

l e a d e r s h i p  i s  c o n f i r m e d  in  t h e  P r e s i d e n t ' s  i n i t i a t i v e  t o  c o n s t r u c t  t h e  S u p e r ­

c o n d u c t i n g  Supe r  C o l l i d e r  (SSC),  a p r o t o n - p r o t o n  c o l l i d e r  w i t h  an e n e r g y  l e v e l  

20 t i m e s  h i g h e r  t h a n  t h a t  o f  t h e  T e v a t r o n .  The SSC r e p r e s e n t s  t h e  n e x t  g e n e r a ­

t i o n  o f  advanced  a c c e l e r a t o r s .  The t e c h n o l o g i c a l  s p i n - o f f s  f rom i t s  c o n s t r u c ­

t i o n  and o p e r a t i o n  a r e  e x p e c t e d  t o  make ma j o r  c o n t r i b u t i o n s  t o  t h e  economic  and 

t e c h n o l o g i c a l  c o m p e t i t i v e n e s s  o f  t h e  U n i t e d  S t a t e s .



C o n s t r u c t i o n  o f  t h e  C o n t i n u o u s  E l e c t r o n  Beam A c c e l e r a t o r  F a c i l i t y  (CEBAF) in 

V i r g i n i a  began in  1987.  CEBAF's c o m b i n a t i o n  o f  c o n t i n u o u s  beam, h i g h  c u r r e n t ,  

and h i g h  e n e r g y  w i l l  be u n i q u e  i n  t h e  wor l d  and w i l l  be  an i m p o r t a n t  e l e m e n t  f o r  

m a i n t a i n i n g  t h e  Un i t e d  S t a t e s  p o s i t i o n  o f  wor l d  l e a d e r s h i p  i n  b a s i c  n u c l e a r  

p h y s i c s  r e s e a r c h  i n t o  t h e  s t r u c t u r e  o f  t h e  component s  o f  an atom.

DOE s c i e n t i s t s  o b s e r v e d  t h e  b r i g h t e s t  s up e r n o v a  ( e x p l o d i n g  s t a r )  i n  t h e  l a s t  363 

y e a r s .  Supernova  1987,  s e v e r a l  hou r s  b e f o r e  i t s  v i s i b l e  l i g h t  r e a c h e d  t h e  e a r t h .  

A d e t e c t o r  d e s i g n e d  t o  d e t e c t  s u b m i c r o s c o p i c  p r o t o n  d e c a y ,  and l o c a t e d  de e p  in a 

s a l t  mine unde r  Lake E r i e ,  r e c o r d e d  a b u r s t  o f  n e u t r i n o s .  T h i s  was t h e  f i r s t  

t i me  t h a t  n e u t r i n o s  f rom o u t s i d e  ou r  s o l a r  s y s t e m  had been o b s e r v e d .  The o b s e r ­

v a t i o n  n o t  o n l y  p r o v i d e d  i n f o r m a t i o n  on t h e  s t a b i l i t y  and mass o f  n e u t r i n o s ,  bu t  

a l s o  p r o v i d e d  a key t o  t h e  dynamics  o f  t h e  g r e a t  e x p l o s i o n  which marked t h e  end 

o f  t h i s  s t a r ' s  l i f e .

Three  ma g n e t i c  f u s i o n  e n e r g y  d e v i c e s  which began o p e r a t i n g  i n  t h e  p e r i o d  1982-  

1985,  e n a b l e d  t h e  Un i t e d  S t a t e s  t o  be a t  t h e  c u t t i n g  edge  o f  r e s e a r c h  on f u s i o n  

e n e r g y ,  t h e  e n e r g y  s o u r c e  o f  t h e  sun and s t a r s .  They e s t a b l i s h e d  wor l d  r e c o r d s  

in  c o n f i n i n g  t h e  e n e r g y  p r o d u c i n g  p l a s ma ,  i n  t h e  e f f i c i e n c y  o f  u s i n g  m a g n e t i c  

f i e l d s  t o  c o n f i n e  t h e  p l a s ma ,  and in  i n d u c i n g  a s t e a d y  s t a t e  c u r r e n t  t o  f l o w  in 

t h e  p l a s ma .  C o n s e q u e n t l y ,  t h e  Un i t ed  S t a t e s  i s  r e a d y  t o  t a k e  t h e  n e x t  l o g i c a l  

ma j o r  e x p e r i m e n t a l  s t e p ,  an i g n i t i o n  e x p e r i m e n t ,  f o r  which t h e  A d m i n i s t r a t i o n  

began a r c h i t e c t - e n g i n e e r i n g  d e s i g n  in  1988.

For  t h e  l o n g e r ' - t e r m .  P r e s i d e n t  Reagan and Gene r a l  S e c r e t a r y  Gorbachev a t  t h e  

[Geneva Summit i n  1985 s p u r r e d  c r e a t i o n  o f  t h e  I n t e r n a t i o n a l  The r monuc l e a r  

Re a c t o r  (ITER) Concep t ua l  Des ign un d e r  t h e  a u s p i c e s  o f  t h e  I n t e r n a t i o n a l  Agency.  

T o g e t h e r ,  s c i e n t i s t s  and e n g i n e e r s  f rom t h e  U n i t e d  S t a t e s ,  t h e  European Com­



m u n i t y ,  J a p a n ,  and t h e  Union o f  S o v i e t  S o c i a l i s t  R e p u b l i c s  w i l l  f o r m u l a t e  a 

c o n c e p t  f o r  a d e v i c e  t o  r e s o l v e  r e s i d u a l  s c i e n t i f i c  q u e s t i o n s  and t o  d e m o n s t r a t e  

t h e  e n g i n e e r i n g  f e a s i b i l i t y  o f  m a g n e t i c  f u s i o n  e n e r g y .

P e l l e t  i n j e c t o r s  which mar ke d l y  improved t h e  a b i l i t y  t o  f u e l  and c o n t r o l  f u e l  

c ons umpt i on  in  p l a s ma s  were  c ompl e t ed  and t e s t e d  on Un i t e d  S t a t e s  d e v i c e s ,  and 

t h e n  chos en  by t h e  European Community and F r a n c e  f o r  use  i n  t h e  most  advanced  

f u s i o n  d e v i c e s .  The r e s u l t i n g  wor l d  l e a d e r s h i p  s t a t u s ,  i n  s p e c i a l  m a t e r i a l s  and 

i n  f u e l  r e c y c l i n g  and h a n d l i n g  as  we l l  as  i n  p e l l e t  i n j e c t i o n ,  i s  y i e l d i n g  t h e  

Un i t e d  S t a t e s  e x t r a  d i v i d e n d s  i n  t h e  form o f  a c c e s s  t o  t e c h n o l o g y  and f u s i o n  

s c i e n c e  a dva nc e s  a t t r i b u t a b l e  t o  t h e  us e  o v e r s e a s  o f  o u r  i n n o v a t i v e  d e v i c e s  and 

m a t e r i a l s .

In b i o l o g i c a l  and e n v iron m e n ta l  r e s e a r c h  t h e  A d m i n i s t r a t i o n  has  embraced p e r h a p s  

t h e  most  s i g n i f i c a n t  i n i t i a t i v e  e v e r  u n d e r t a k e n  in  t h e  a r e a  o f  human Qpnp t . i r c - -  

t he mapping o f  t h e  human genome.  The human genome i s  t h e  s e t  o f  g e n e t i c  

i n s t r u c t i o n s  t h a t  g o v e r n s  t h e  growth and f u n c t i o n  o f  t h e  c e l l s  t h a t  make up t h e  

human body.  D e s p i t e  a g e n e r a l  u n d e r s t a n d i n g  o f  how g e n e t i c  i n f o r m a t i o n  i s  

r e c o r d e d  and t r a n s m i t t e d ,  t h e  m o l e c u l a r  b a s i s  f o r  h e r e d i t a r y  d i s e a s e s  and c a n c e r  

r e ma i n s  a m y s t e r y  t h a t  may wel l  be s o l v e d  by t h e  genome p r o j e c t .  The t e c h n o l o g y  

b e i n g  d e v e l o p e d  t o  map t h e  human genome would a l s o  a l l o w  new a p p r o a c h e s  t o  s t u d y  

e n v i r o n m e n t a l  e f f e c t s  on humans and s t i m u l a t e  t h e  N a t i o n ' s  b i o t e c h n o l o g y  i n d u s ­

t r y  d u r i n g  t h e  coming d e c a d e s .

The A d m i n i s t r a t i o n  has  u n d e r t a k e n  a ma j o r  s c i e n t i f i c  i n i t i a t i v e  t o  g a t h e r  t h e  

b a s i c  s c i e n t i f i c  i n f o r m a t i o n  on r adon  g a s - -  i t s  o r i g i n s ,  movement ,  b e h a v i o r ,  

and e f f e c t s  on humans - -  t h a t  i s  needed  t o  e l i m i n a t e  i n d o o r  r a d o n  as  a p o t e n t i a l  

p u b l i c  h e a l t h  r i s k .  A new r e g i o n a l  m a r i ne  r e s e a r c h  program was c r e a t e d  t o  g a i n



an u n d e r s t a n d i n g  o f  t h e  i mpa c t s  o f  e n e r g y  r e l a t e d  p o l l u t a n t s  i n  t h e  N a t i o n ' s  

c o a s t a l  r e g i o n s ,  an a r e a  o f  r a p i d l y  e x p a n d i n g  e n e r g y  r e s o u r c e  e x p l o r a t i o n  and 

f a c i l i t i e s  d e v e l o p m e n t .  DOE r e s e a r c h e r s  were  a b l e  t o  a l l a y  c o n c e r n s  a round  t h e

wor l d  f o l l o w i n g  t h e  Chernobyl  n u c l e a r  r e a c t o r  a c c i d e n t ,  by c r e d i b l y  p r e d i c t i n g
"  ...

t h e  r a d i a t i o n  e x p o s u r e  o f  p e o p l e  i n  d i f f e r e n t  c o u n t r i e s ,  and t o  p r o j e c t  t h e  

e x p e c t e d  h e a l t h  c o n s e q u e n c e s .

Long t e r m  DOE r e s e a r c h  in n u c l e a r  w e d i c i n e j nas  p a i d  o f f  w i t h  c o m p l e t i o n  o f  t h e  

Donne r  6 0 0 - c r y s t a l  p o s i t r o n  e mi s s i o n  t omograph ( PET) . T h i s  l a t e s t  i n s t r u m e n t  

f o r  medi ca l  imaging i s  t w i c e  as  p r e c i s e  as  any o t h e r  c o m p u t e r i z e d  tomograph and 

i s  e s p e c i a l l y  u s e f u l  i n  s t u d y i n g  such b r a i n  d i s o r d e r s  as  A l z h e i m e r ' s  d i s e a s e .  

Th i s  new s ys t e m has  s i g n i f i c a n t  a d v a n t a g e s  f o r  s t u d y i n g  b l ood  f l o w  and m e t a ­

b o l i s m  in  t h e  h e a r t  and b r a i n ,  as  we l l  as  f o r  d e t e c t i n g  s mal l  t umor s  t h a t  c a nno t  

be found by c o m p u t e r i z e d  tomography (CT) s c a n s  o r  by m a g n e t i c  r e s o n a n c e  imaging 

(MRI).  New t e c h n i q u e s  have been d e v e l o p e d  t o  use  monoclona l  a n t i b o d i e s  l a b e l e d  

w i t h  r a d i o a c t i v e  i s o t o p e s  f o r  t h e  t r e a t m e n t  o f  s o l i d  t umor s .

A ma j o r  f a c i l i t y  f o r  b a s i c  e n e r g y  s c i e n c e s  which was c o mp l e t e d  and upgr ade d  

d u r i n g  t h e  Reagan A d m i n i s t r a t i o n  i s  t h e  Na t i o n a l  S y n c h r o t r o n  L i g h t  Sou r c e  i n  New 

York.  Charged e l e m e n t a r y  p a r t i c l e s  a c c e l e r a t e d  n e a r  t h e  s ne ed  o f  l i g h t  p r o d u c e 

an i n c r e d i b l y  b r i g h t  l i g h t  ( v i s i b l e ,  u l t r a v i o l e t ,  o r  x - r a v  l i o h t l  t h a t  has  

s p e c i a l  v a l u e  f o r  bo t h  r e s e a r c h  and p o t e n t i a l  i n d u s t r i a l  a p p l i c a t i o n s .  

R e s e a r c h e r s  f rom u n i v e r s i t i e s  and i n d u s t r y  t r a v e l  f rom a c r o s s  t h e  c o u n t r y  t o  

s t u d y  t o p i c s  as  v a r i e d  as b i o l o g y  and m e t a l l u r g y .  Work underway a t  t h e  L i gh t  

Sour ce  on x - r a v  1 i t h o g r a p h v - - a  l i k p l y method f o r  p r o du c i n g  t h e  n e x t  g e n e r a t i o n  

o f  comput e r  c h i p s - - i s  an e x c e l l e n t  example  o f  t h e  c o o p e r a t i o n  be t ween  government  

and t h e  p r i v a t e  s e c t o r .  T h e i r  common goa l  i s  t o  c a p i t a l i z e  on t h e  e xpa nd i ng  

f r o n t i e r s  o f  s c i e n c e  t o  s t r e n g t h e n  U n i t e d  S t a t e s  economic  c o m p e t i t i v e n e s s .  The



A d m i n i s t r a t i o n  has  a l s o  e n d o r s e d  t h e  d e s i g n  and c o n s t r u c t i o n  o f  t h e  n e x t  g e n e r a -
ACS A, f>s

t i o n  o f  f a c i l i t i e s - - u l t r a - h i g h - b r i g h t n e s s  mach i nes  i n  C a l i f o r n i a  and I l l i n o i s—- ---

t h a t  would become a v a i l a b l e  i n  1 9 9 0 ' s .
     --------

R e s e a r c h  i n  t h e  Un i t ed  S t a t e s  i n  combus t i on  s c i e n c e  has  been g r e a t l y  enhanced  by 

t h e  e s t a b l i s h m e n t  o f  t h e  Combust ion Re s e a r c h  F a c i l i t y  (CRF),  S a n d i a  N a t i o n a l  

L a b o r a t o r i e s / L i v e r m o r e  as  a p r e m i e r  r e s e a r c h  f a c i l i t y .  The f a c i l i t y  now h o s t s  

o v e r  500 v i s i t i n g  s c i e n t i s t s  each  y e a r  f rom Un i t e d  S t a t e s  i n d u s t r i e s ,  u n i v e r ­

s i t i e s ,  and N a t i o n a l  l a b o r a t o r i e s  as  we l l  as  f rom f o r e i g n  c o u n t r i e s .  I t  p r o ­

v i d e s  un i q u e  c ombus t i on  d i a g n o s t i c  e qu i pme n t  c o n s i s t i n g  o f  l a s e r s  and comput e r s  

w i t h  s u p p o r t i n g  combus t i on  mode l ing  s o f t w a r e .  The s t a f f  o f  t h e  CRF has  

e s t a b l i s h e d  a wo r l d - w i d e  r e p u t a t i o n  f o r  s c i e n t i f i c  e x c e l l e n c e  i n  a l l  a s p e c t s  o f  

c o mbus t i on  s c i e n c e .

In a d d i t i o n  t o  t h e s e  f a c i l i t i e s  o p e r a t e d  and m a i n t a i n e d  by t h e  F e d e r a l  g o v e r n -  

I ment ,  a v a r i e t y  o f  o t h e r  f a c i l i t i e s  were  c o n s t r u c t e d  a t  u n i v e r s i t i e s .  The 

A d m i n i s t r a t i o n  worked w i t h  t h e  Congr e s s  t o  s u c c e s s f u l l y  i n i t i a t e  26 such  p r o ­

j e c t s  i n  15 s t a t e s  s i n c e  1984,  a t  a t o t a l  c o s t  o f  $350 m i l l i o n .

The 1986 d i s c o v e r y  in  Europe o f  h i o h - t p mppr a t n r p  ci ipprc o n d u c t i n g  m a t e r i a l s was 

among t h e  most  s t a r t l i n g  and p r o mi s i n g  s c i e n t i f i c  a dva nc e s  i n  r e c e n t  d e c a d e s .  

DOE-suppor t ed  s c i e n t i s t s  have d e t e r m i n e d  t h e  e x a c t  a r r a n g e m e n t  o f  t h e  a toms and 

t h e  e l e c t r o n i c  s t r u c t u r e  in such m a t e r i a l s .  T h i s  i n f o r m a t i o n  has  p r o v i d e d  t h e  

b a s i s  f o r  u n d e r s t a n d i n g  a l l  o f  t h e  s u b s e q u e n t  e x p e r i m e n t s  c o n d u c t e d  and t h e o r i e s  

d e v e l o p e d  t o  u n d e r s t a n d  why t h e s e  compounds a r e  s u p e r c o n d u c t i n g  a t  such  h i gh  

t e m p e r a t u r e s .

Key t o  u n r a v e l i n g  t h e  complex a t omi c  s t r u c t u r e  were  DDE's u n i q u e  n e u t r o n  s o u r ces  

and s y n c h r o t r o n  r a d i a t i o n  f a c i l i t i e s .  An a d d i t i o n ,  t h e  P r e s i d e n t ' s



s u p e r c o n d u c t i v i t y  i n i t i a t i v e  o f  J u l y ,  1987,  e s t a b l i s h e d  t h r e e  " S u p e r c o n d u c t i v i t y  

R e s e a r c h  C e n t e r s "  a t  DOE l a b o r a t o r i e s  t o  overcome t h e  r e m a i n i n g  s c i e n t i f i c  and 

t e c h n i c a l  o b s t a c l e s  t o  p r a c t i c a l  a p p l i c a t i o n s  o f  t h e s e  m a t e r i a l s .

Long t e r m r e s e a r c h  Qt) j r e n e w a b le  e n e r g y  y i e l d e d  a number  o f  i m p o r t a n t  s u c c e s s e s ,  

among them s o l a r  p h o t o v o l t a i c s  i mprovement s d e m o n s t r a t i n g  g r e a t e r  t h a n  10 p e r ­

c e n t  e f f i c i e n c y  in  c o n v e r t i n g  s u n l i g h t  i n t o  e l e c t r i c i t y ,  a s i g n i f i c a n t  m i l e ­

s t o n e ;  and a 3 . 2  megawat t  wind t u r b i n e  i n  Oahu,  Hawai i ,  owned and now o p e r a t e d  

by Hawai i an  E l e c t r i c  I n d u s t r i e s .  The s e a r c h  f o r  u n d e r s t a n d i n g  t h e  r e c o v e r y  o f  

g e o t h e r ma l  e ne r gy  r e s u l t e d  in a r a d a r  i n s t r u m e n t  t h a t  l o c a t e s  met a l  unde rg r ound  

in ha r d  r o c k  f o r m a t i o n s .  Th i s  i n s t r u m e n t  can p r o v i d e  an a c c u r a t e  map o f  f l u i d  

b e a r i n g  f r a c t u r e s  s u r r o u n d i n g  a deep  o i l ,  g a s ,  o r  ge o t h e r ma l  w e l l .

S u p p o r t  f o r  b iomass  e n e r g y  d e m o n s t r a t e d  t h a t  c o n c e n t r a t e d  s u n l i g h t  may be more 

e f f i c i e n t  i n  d e s t r o y i n g  t o x i c  chemi ca l  wa s t e  t h a n  c o n v e n t i o n a l  i n c i n e r a t i o n.  I t  

a l s o  d e v e l o p e d  s h o r t - r o t a t i o n  t r e e s  grown s p e c i f i c a l l y  f o r  e n e r g y  p u r p o s e s ,  wi t h  

y i e l d s  f i v e  t i m e s  no r ma l .  These  h i g h - y i e l d i n g  h y b r i d  p o p l a r  t r e e s  a r e  now be i ng  

grown c o m m e r c i a l l y  by Crown Z e l l e r b a c h  and S c o t t  P a p e r .

The A d m i n i s t r a t i o n ' s  r e s e a r c h  in  t h e  a r e a  o f  con^e-rvat inn  has  a l s o  shown a 

s e r i e s  o f  s u c c e s s e s  d u r i n g  t h e  1 9 8 0 ' s .  They i n c l u d e  window c o a t i n g s  t h a t  s t o p  '

t h e  p o r t i o n  o f  t h e  s u n ' s  r a d i a t i o n  a s s o c i a t e d  w i t h  he a t .  Almost  10 p e r c e n t  o f  

a l l  r e s i d e n t i a l  windows s o l d  now have  t h e s e  c o a t i n g s .  A new s o l i d  s t a t e  b a l l a s t  

f o r  f l u o r e s c e n t  l i g h t i n g  t h a t  r e s u l t s  i n  a 25 p e r c e n t  i mprovement  i n  l i g h t i n g  

e f f i c i e n c y  i s  a l r e a d y  s a v i n g  e n e r g y .  Over  2 m i l l i o n  o f  t h e s e  new b a l l a s t s  have 

a l r e a d y  been s o l d .  And a new c l a s s  o f  c e r a m i c - m e t a l  compounds t h a t  can be used 

i n  t h e  h i g h  t e m p e r a t u r e  r e q u i r e d  f o r  h e a t  e n g i n e s  and h e a t  e x c h a n g e r s  has  been 

made a v a i l a b l e  f o r  use  by i n d u s t r y .



At t h e  c o r e  o f  t h e  DOE f o s s i l  e n e r g y  p r o g ram i s  l o n g - r a n g e  f u n d a me n t a l  r e s e a r c h  

t h a t  p r o v i d e s  new knowledge a b o u t  t h e  c hemi ca l  and p h y s i c a l  p r o p e r t i e s  o f  c o a l ,

o i l  and gas  and t h e  e n v i r o n m e n t s  i n  which t h e y  r e s i d e .  S i n c e  1980,  t h e  Ad m i n i s ­

t r a t i o n  has  p r o v i d e d  266 g r a n t s ,  t o t a l i n g  $ 4 4 . 2  m i l l i o n ,  t o  p r o f e s s o r - s t u d e n t  

r e s e a r c h  t eams  a t  more t h a n  100 c o l l e g e s  and u n i v e r s i t i e s  u n d e r  t h e  U n i v e r s i t y  

Coal Re s e a r c h  Program.  From t h e s e  f undame n t a l  s t u d i e s  a b e t t e r  u n d e r s t a n d i n g  o f  

coa l  s c i e n c e ,  r e a c t i o n  c h e m i s t r y ,  e n g i n e e r i n g  f u n d a m e n t a l s ,  e n v i r o n m e n t a l  

s c i e n c e  and o t h e r  r e l a t e d  i n f o r m a t i o n  has  emerged .  S e v e r a l  c o n c e p t s  now i n  more 

ma t u r e  e n g i n e e r i n g  de ve l opmen t  can t r a c e  t h e i r  r o o t s  t o  t h e  U n i v e r s i t y  Coal 

Re s e a r c h  Program i n c l u d i n g ,  f o r  exampl e ,  t h e  t w o - s t a g e  l i q u e f a c t i o n  p r o c e s s ,  

m i c r o b u b b l e  f l o t a t i o n  coa l  c l e a n i n g ,  and b a s i c  mode l i ng  c o n c e p t s  f o r  unde r g r ound  

coa l  g a s i f i c a t i o n .

P r o mi s i n g  new c o n c e p t s  f o r  u s i i f i ^ m i c r o b e ^ o  d e s u l f u r i z e  c o a l  o r  c o n v e r t  i t j n t o  ^  

imore u s a b l e  forms  a a t j ^ c r o b i a l  t e c h n o l o g i e ^ o r  t h e  e nha nce d  p r o d u c t i o n  o f  

c r u d e  o i l  have e v o l v e d  f rom f o s s i l  e n e r g y  b a s i c  r e s e a r c h  i n  t h e  1 9 8 0 ' s .  New V  V’— ---- —--------------------------------------   X
m a t e r i a l s  such as  e r o s i o n  and c o r r o s i o n  r e s i s t a n t  a l l o y s  and c o a t i n g s  and 

c e r a mi c  " w h i s k e r s "  ( f i l a m e n t - l i k e  s t r u c t u r e s  t h a t  can  be u s e d  in  f a b r i c a t i n g

c e r a mi c  c o m p o s i t e s )  f o r  use  i n  advanced  coa l  s ys t e ms  have  been  c r e a t e d .  Our

a b i l i t y  t o  meas u r e  f l ow p a r a m e t e r s  and c ombus t i on  c h a r a c t e r i s t i c s  i n  e n g i n e s  and 

b o i l e r s  has  been advanced by new d i a g n o s t i c  c o n c e p t s  u s i n g  f i b e r  o p t i c s ,  

i n f r a r e d  s p e c t r o s c o p y ,  and l a s e r  s p e c t r o s c o p y  and s c a t t e r i n g  t e c h n i q u e s .

For  t h e  f u t u r e ,  a ma j o r  new e f f o r t  has  been i n i t i a t e d  t o  b e t t e r  u n d e r s t a n d  t h e  

g e o l o g i c  "anatomy"  o f  an o i l  r e s e r v o i r - - i t s  s t r u c t u r e ,  g e o m e t r y ,  c o m p o s i t i o n  and 

o t h e r  key f a c t o r s - - t o  p r o v i d e  i n f o r m a t i o n  t h a t  can be t r a n s l a t e d  i n t o  improved 

o i l  r e c o v e r y .

To e n s u r e  t h a t  an a d e q u a t e  s u p p l y  o f  h i g h l y  s k i l l e d  new s c i e n t i s t s  and e n g i n e e r s
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a r e  a v a i l a b l e  t o  meet  c u r r e n t  and f u t u r e  e n e r g y  r e s e a r c h  n e e d s ,  t h e  A d m i n i s t r a ­

t i o n  ha s  s u p p o r t e d u n i v e r s i t y  r e s e a r c h  and s c i e n t i f i c  e d u c a t i o n . Fa r h  ma i n r  nnr  

R&D pr ogram was d i r e c t e d  t o  implement  new i n i t i a t i v e s  such a s  j o i n t  u n i v e r s i t y -  

l a b o r a t o r y  r e s e a r c h  programs  and s u p p o r t  o f  g r a d u a t e  r e s e a r c h  f e l l o w s h i p s  in 

i : :esearch a r e a s  o f  c r i t i c a l  i mp o r t a n c e  t o  t h e  DOE m i s s i o n .

The A d m i n i s t r a t i o n  e s t a b l i s h e d  a c o m p e t i t i o n  f o r  f i n a n c i a l  s u p p o r t  t o  e n a b l e  

u n i v e r s i t y  s c i e n t i s t s  s i n c e  1984 t o  p u r c h a s e o v e r  $25 m i l l i o n  o f  s t a t e - o f - t h e -  

a r t  r e s e a r c h  i n s t r u m e n t s e s s e n t i a l  t o  c o n t i n u e d  p r o g r e s s  i n  many s c i e n t i f i c  

f i e l d s .  I t  expanded  f i v e - f o l d  a p rogram t h a t  p r o v i d e s  e d u c a t i o n a l  i n s t i t u t i o n s  

w i t h  used  b u t  s t i l l  u s a b l e  l a b o r a t o r y  e qu i pme n t  d e c l a r e d  e x c e s s  t o  DOE n e e d s .  

Th i s  e n a b l e s  s mal l  c o l l e g e s ,  i n c l u d i n g  m i n o r i t y  s c h o o l s ,  t o  e q u i p  s c i e n t i f i c  

l a b o r a t o r i e s .

S i n c e  1984,  a h i g h - s c h o o l  ho n o r s  r e s e a r c h  p r ogram has  b r o u g h t  1 , 040  o f  t h e  ve r y  

b e s t  h i g h - s c h o o l  s c i e n c e  s t u d e n t s  f rom each  s t a t e ,  i n c l u d i n g  P u e r t o  Rico and t h e  

D i s t r i c t  o f  Col umbia ,  t o  DOE l a b o r a t o r i e s  f o r  h a nds - on  e x p e r i e n c e  a t  a l e v e l  o f  

s o p h i s t i c a t i o n  n o t  made a v a i l a b l e  t o  h i gh  s c hoo l  s t u d e n t s  b e f o r e .  At  t h e  

u n i v e r s i t y  l e v e l ,  more t ha n  2 , 000  f a c u l t y  member and s t u d e n t s  p e r  y e a r  have 

p a r t i c i p a t e d  i n  summer o r  y e a r - l o n g  r e s e a r c h  and t r a i n i n g  p r o j e c t s  i n  up t o  50 

d e p a r t m e n t a l  f a c i l i t i e s .  In 1987,  t h e  A d m i n i s t r a t i o n  e s t a b l i s h e d  S c i e n c e  

E d u c a t i o n  C e n t e r s  a t  f i v e  ma j o r  m u l t i p r o g r a m  l a b o r a t o r i e s  t o  s p o n s o r  s e v e r a l  new 

i n i t i a t i v e s ,  i n c l u d i n g  s e m e s t e r - l e n g t h  r e s e a r c h  a p p o i n t m e n t s  f o r  400 u n d e r ­

g r a d u a t e  s t u d e n t s  s e l e c t e d  n a t i o n a l l y .


