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PREFACE 

On June 28 and 29, 
the United States E 
held a public meet1 
programs having imp 
The goal of the meeting was to , so l i c i t  public i n p u t  t o  aid the 
Agency i n  long-range planning.’ The meeting consisted of two parts: 

0 presentations of the various research programs by 

0 four discussion groups intent on obtaining feedback 

ERDA personnel ; and , 

relative t o  the material presented. 

The MITRE Corporation/METREK Division (under Contract No. EX-77-C- 
01-61 10) provided analytical, evaluative resources and prepared 
materials for presentation a t  this meeting. They also provided 
timely assessment of responses from the pub1 i c  meeting partici- 
pants.  

The proceedings of the presentations by ERDA personnel are contained 
i n  this one volume. 
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THE MITRE CORPORATION/ 
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vened pursuant t o  
I l i p s ,  chairmen, 

The meeting i n  the above 
not ice ,"  a t  8:30.AM., -Messrs,. 
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PROCEEDINGS 
: *  

name is  Jim Kane, oing t o  c h a i r  t h i s  

The meeting i s  an open publ ic  hear ing,  and we are going t o  

I ' l l  ask each 

yours elves before 

have quest ion and-answ 
4 

t o  ohe of the  microphones and i d e n t i  

you ask your questions.  

e n t i r e  proceedings are being' taped. You should know 

t h a t  ahead of 

come in t roduct ion  

speaker here  t h i s  requested r a t h e r  

n t h e  H i l l  s i nce  7:OO 

p r i v a t e l y  t h a t  it was a 

i n i s t r a t o r  of ERDA, 

> " 

1 
W 



F i r s t  of a l l ,  l e t  me j u s t  thank you a l l  f o r  coming. This 

pro jec t  t h a t  w e  are embarked on i s  t e r r i b l y  important t o  us,  and @e 

can use a l l  t he  he lp  we can g e t ,  both from ins ide  a 

agency . 
I might give you a l i t t l e  

t h a t  although ERDA ma 

such as whether or not t o  bui ld  high Btu gas p l an t s  

r eac to r s  it a l s o  has bas ic  research r e s p o n s i b i l i t y  i n  energy. 

t he  bas ic  research r e spons ib i l i t y  fo r  a l l  energy sources rests here. 

der  ” 

Indeed, 

We inhe r i t ed  a s u b s t a n t i a l  bas i c  research program from t h e  

cons t i tuent  agencies,  bu t  pr imari ly  from t h e  Atomic Energy CommisGion. 

Our people have worked over the  las t  two years  t o  reshape t h  

i n  a way t h a t  provides the  fundamental science underpinnings of our 

e n t i r e  range of pro jec ts .  

A l i t t l e  over a year  ago, w e  set f o r t h  a series of 

goals  for t he  agency. 

One of those was t o  make sure  t h a t  our bas ic  energy sciences 

program w a s  i n  f a c t ,  a sound one. 

Jim Kane runs,  which conducts much of. t h a t  operat ion and has t h a t  

t i t l e ,  bu t  a l s o  i n  t h e  supporting research funct ions 

our o ther  program o f f i c e s ,  a l l  of whom v i r t u a l l y  have some 

Not only i n  t h e  organizat ion t h a t  

research r e s p o n s i b i l i t i e s  and sponsor research i n  those areas. 

J i m  approached t h i s  very d i f f i c u l t  problem of shap 

bas i c  research program i n ,  I think,  a very good way and set u 

2 



6d 
projec t  with a coupleio i s t inguished  peop om outs ide  the  agency 

t o  spend a year  with us  and he lp  us understand how we could do 

be t te r .  They have i n  f ac  

One of t h e , r e s u l t s  of t h a t  p r  o i n t  out  t h a t  

products,  and one f o s s i l  energy research was one of our most 

i n  which the  fundamenta 

t h a t  we ought t o  be running--some c l a r i f i c a t i o n .  * -  

esearch base requires-in a kind of program 

It’s important 

becauee, you know a t  Seasttas w e l l ,  as, I 

t e r r i b l y  important. to t h e , J n i t e d  S ta t e s  

t h e  research base f o r , t h a t  program was 

er to. t h e  agency.> A s ign  

from t h e  Department of I 

The confluence those. two -0pservation 

need <to do t h e  be6 

energy research base. r ” .  

We thought one ,good way *to ge t  

t h a t  needs t o  be d ind of role a federa 

play was t o  b r h g  , i n  a publ ic  meeting, a 

is  morning; then t u r n  around 

ose of .you who have c 

re doing this for  

W 3 



together  our research program 

it ,  too. 

bu t  w e  hope you f ind  some i n t e r e s t  i n  

,_ 

Unfortunately, I have t o  back t o  t h e  H i l l ,  bu t  again 

thank you, and I hope you have a ' success fu l  meeting. 

(Applause. 1 

DR. W E :  
r !  ' 

We are going to  t o keep t h i s  on schedule,  so we have 'a  
_ ,  

couple of people with a clock down here t o  keep us  a l l  on t i m e .  

I ' m  going t o  repea t  a l o t  of t he  things Bob said.  He took a 

lo t  of my opening t a l k ,  b u t  I th ink  it 's probably important that  I 

repea t  some of the  things he s a i d  because i n  my few minutes of opening 

here ,  I would l i k e  t o  t e l l  you, again,  why you're here  prec ise ly ;  and 

what t h i s  meeting is  expected t o  cover and what, by implicat ion,  it is  

not expected t o  cover. So, some of this w i l l  be r e p e t i t i v e  of what 

Bob j u s t  s a i d ,  bu t  I think i t ' s  worth it t h a t  I go over it again. 

This is a mandate given t o  m e  by the  Administrator of ERDA 

t o  assess the--1 w i l l  have t o  be ca re fu l  t o  expla in  some of these  

words--the q u a l i t y  of the  Basic Energy Sciences Program. And now I 

have t o  expla in  very c a r e f u l l y  what I mean by "quality" and "Basic' 

Energy Sciences Program," because t h a t ' s  r e a l l y  why we're here 

Subsequent discussions with'Mr. F r i  and Dr .  Seamans, when h e  

was here ,  defined t h i s  i n  the  following way. 

I mean t h e  bas ic  re levant  sciences,  t he  appl ied sciences,  and t h e  kind 

of broadly appl icable  generic  sciences t h a t  p e r t a i n  t o  energy technolo- 

By "basic  energy sciences," 

g ies .  
4 



Today w e  are g t o  l i m i t  t h i s  t o  f o s s i l  energy but  t he  

So i t ' s  

Li 

c h a r t e r  they gave me  wasn't l imited t o  j u s t  f o s s i l  energy. 

i c  work, t he  appl ied science work and the  broadly re levant  

i s  not s p e c i f i c  t o  one p a r t i c u l a r  technology. generic  type work, wh 

e what D r .  Seamans and M r .  F r i  meant by 

ey d idn ' t  mean by "adequacy," t h e  usual  idea;  Is t h i s  

e of work o f ' h i  

, from t h e  view cy; Was the  research 

across  the  agency i by d i f f e r e n t  
< 

players  sometimes. Were these*p  king t o  each o ther?  Was the  

research program balanced? 

again today. 

This i s  a quest ion you w i l l  hear  again and 

A r e  there  p a r t s  t h a t ,  i n  Do w e  have a balanced program? 

your opinion, are receiving f a r  less emphasis than they should? A r e  

we doing too  many things i n  one area and not  enough i n  o thers?  

program rehens ive? Are ng g rea t  oppor tuni t ies  f o r  

research? That 's  r e a l l y  what they meant by ''adequacy." 

th ing  I'll ask y 

Is the  

So t h a t ' s  the  

, t h e  comprehen- 

t i ons  on 

would be an 

our own people, and our  own resources. To ask  an organizat ion t o  look 

a t  i t s e l f  c r i t i c a l l y  i s  kind of a r i s k  6s. So I thought it 

bes t  t o  use  ou t s ide r s ,  who M r .  F r i  t o ld  you about. They're not 
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full-t ime ERDA employees, and they are t h e  two gent1 

more of during t h i s  meeting, 

Rice University,  where he's a professor  of physics,  ngtime head of 

Bonner Laboratory there  and a man who has a t  l e  

ce with the  o i l  patch. 

The o ther  p a r t i c i p a  i s  Dr. Richard Kropschot, who i s  a 

commerce science fellow. 

Sect ion of t he  National Bureau of Standards a t  Boulder, 

He's Chief of the  Cryogenic Technology 

'I gave these  two people very broad guidance, j 

been t o l d  by Mr. F r i  and asked them t o  come back and te l  

thought 'needed doing . 
This was t h e i r  th ree  months progress repor t :  they found 

much they l i ked  about ERDA. 

re levant  t o  t h i s  a rea  I ' m  t a lk ing  about. 

They had two p r inc ipa l  observations 

One, they sensed there  was an unevenness i n  emphasis on 

appl ied sciences.  

Secondly, because of the  unique organizat ion of ERDA, t he  

v e r t i c a l  organizat ion of ERDA, i n  which one a s s i s t a n t  adminis t ra tor  i s  

given respons ib l i ty  f o r  a s p e c i f i c  technology they found what they 

thought was a neglect  of c rosscut t ing  technologies.  

i n t e r e s t  t o  many people across  the  agency, and y e t  no one 

f e l t  h i s  career  rose  or f e l l  on t h e i r  success. And these  had a 

tendency t o  drop through t h e  c racks  . 

Ones t h a t  were of 

That was t h e i r  preliminary repor t  t o  me. As  I say, they 

found much they l iked;  they found some things t h a t  concerned them. 
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My guidance t o  them a t  t h a t  time w a s  t o  concentrate  t h e i r  

e f f o r t s  on f o s s i l  energy r a t h e r  than the  e n t i r e  agency. 

people t o  t r y  t o  do t h e  e n t i r e  agency, of course,  would be fo l ly .  

The reason we  chose f o s s i l  energy was because the  agency has  given 

such enormous--well, the  country fo r  t h a t  matter-such enormously high 

p r i o r i t y  t o  coa l ,  i n  t he  na t ion ' s  fu tu re ,  and p a r t i c u l a r l y ,  the  

c r i t i c a l  shortage of l i qu id  f u e l s  t h a t  may occur. 

was chosen because, i n  our opinion, i t  was a high p r i o r i t y  top ic ,  

For two 

So f o s s i l  energy 

p a r t i c u l a r l y  the  aspect  of u t i l i z i n g  coal.  And, again,  I ' m  narrowing 

down here--I've t o l d  you already we're narrowing i n t o  one end of t h i s  

broad continuum what ERDA's respsns ib le  f o r  i n  research. 

ERDA's responsible  f o r  everything from bas i c  research t o  commercializa- 

t ion .  

Remember, 

I 've  to ld  you we're going t o  concentrate  on one end of t h a t  

'.spectrum today. 

energy and, s p e c i f i c a l l y ,  w e ' l l  t r y  t o  keep 

coa l  t o  l i qu ids  and coa l  t o  gas. 

Now, I r e a l i z e  with an 

And I ' m  saying'we're going t o  concentate on f o s s i l  

ighly focused on coa l ,  

dierrce of this '  qua l i t y ,  I don ' t  

want t o  'focus you too  narrowly. 

subjec t  , but  t he  general  -purpose of 

cormjaents on any 

i s  t o  focus as iarrowly 

s poss ib le  on the  top ics  I 've  mentioned. 

A l l  r i g h t .  The two of them came back i n  the  spr ing  and re- 

ported t h e  following: they had concern of t he  over- 

a l l  f o s s i l  energy rogram. P a r t i c u l a r  y were concerned about 
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a gap between the  bas ic  research program, which is  under my ju r i sd i c -  

t i o n ,  and the  applied science programs. 

about r e s p o n s i b i l i t i e s  i n  the  agency. 

f o r  the  bas ic  research f o r  t he  e n t i r e  agency. 

L e t  m e  explain a l i t t l e  b i t  

My organizat ion i s  responsible  

In  o the r  words, bas i c  

research r e l a t ed  t o  s o l a r ,  f i s s i o n ,  and fusion sources,  and f o s s i l  

energy, t he  whole gamut. 

I am not  responsible  f o r  the  applied science.  Th 

science is  l e f t  t o  each of the  a s s i s t a n t  adminis t ra tors ,  an 
1 f  

ec i s ion  on the  emphasis he gives  t o  the  appl ied science,  t h a t  leads to  

the  goals t h a t  he has defined f o r  h i s  p a r t i c u l a r  c u t  of technology. 

So they percctved what they thought t o  be a gap i n  between the  bas ic  

work and the  appl ied science.  

They a l s o  perceived what they thought and, again,  I w i l l  put 

t h i s  i n  q u a l i t a t i v e  terms because t h i s  i s  a supposi t ion on t h e i r  p a r t ,  

bu t  they a t  l e a s t  expressed concern over what they perceived t o  be a 

lack of novel applied science d i r ec t ed  toward concepts t h a t  would 

appreciably lower the  cos t  of converting coa l  t o  l i qu id  and gas. I 

guess kind of a s lang  way of saying t h a t  would be--well, maybe you'd 

want t o  c a l l  them high r i s k ,  high pay out  approaches. 

I don't  know what you'd p re fe r  t o  c a l l  it, but  a t  least I ' m  

t ry ing  t o  put i n  words the  opinions they gave t o  me. They reported 

these  opinions t o  me and of course,  the  f i r s t  thing w e  did was t a l k  t o  

the  people i n  f o s s i l  energy about t h i s .  And I want to emphasize t h i s  

again. This i s  not i n  any way an adversary hear ing today i n  which we 

are saying one approach is r i g h t ,  and another one i s  not  r i gh t .  
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~ We have had t h e  t o t a l  cooperation 'of the  f o s s i l  energy 

people i n  t h i s .  Rather than an adversary hear ing,  t h i s  i s  a construc- 

' t i v e  sess ion  i n  which we hope t o  s o l i c i t  opinions on how we can make 

our programs be t t e r .  

D r .  Kropschot and P h i l l i p s  reported t h e i r  opinions t o  me. 

We explained them t o  D r .  White, who i s  head of t he  f o s s i l  energy 

program, and I 've  been--by the  way, l e t  me d ig re s s  nute  here-- 

while we're wai t ing --three of 'the pa r t i c ipan t s  on t h i s  morning's 

program are up a t  .the H i l l  r i g h t  now. D r .  White i s  one of them, and 

we're going--because he is so important t o  t h i s  program, we're going 

t o  work him i n  as he comes and delay h i s  p a r t  of the  program. 

agenda t h i s  morning i s  ap t  t o  be a l i t t l e  

are th reesabsen t  par t iccpants ;  Chri 

Johnson. I think w e  have a s u b s t i t u t e  f o r  Harry Johnson because he is  

So our 

t 

. so e a r l y  on t h e  program, but  the  0th w e ' l l  t r y  t o  work around 

7 1  them. 

A l l  r i g h t .  We 'told 'our  'opinion t o  Dr .  +White, 'and this 

meeting resu l ted .  

and viewpoints 

I t ' s  an honest seeking of d i v e r s i t y  

We ask your help. 

Now, let  me tell you what i 

e n t i r e .  f o s s i l  energy program 

t o  make t h e i r  opinions' f e l t  subjec t  they' wish to. I t 's  

I 

9 '  
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an open hearing. 

s ions  of the  technology, commerci l i z a t i o n ,  andq demonstration program, 

But w e ' l l  t r y  t o  keep it away from s p e c i f i c  discus- 

e advanced technology .This  i s  not meant t o  be a review. On 

the  o ther  hand, i n  order  f o r  you t o  give us your opinion, you have t o  

understand the  program. o you're going t o  hear  a l o t  t h i s  morning 

about t he  e n t i r e  program, more as kground material, so t h a t  t he -  

format is a presenta t ion  of the  f o s s i l  energy program. Thenz a f t e r  

t h a t ,  a repor t  on the  research program, and a t i m e  f o r  a discussion 

and c r i t i c i sm.  

Now, although I ' m  going t o  be on the  s tand this ,morning,  I 

want t o  make one f i n a l  comment and t h a t  i s ,  from now on, I ' m  r e a l l y  a 

par t i c ipan t  i n  t h i s ;  my program i s  as much under s c r u t i  

program here  today, and I i n v i t e  your comments. I ' m  r e a l l y  more of a 

M r .  I n t e r locu to r  than I am running t h i s  thing from now on. 

I ' d  l i k e  t o ,  before I go any fu r the r ,  introduce Dr.. P h i l l i p s  

They're 

D r .  P h i l l i p s  i s  i n  the  brown s u i t ,  and 

and D r .  Kropschot, who have been responsible  for t h i s  review. 

s i t t i n g  i n  the  f ron t  row here. 

D r .  Kropschot i n  the  blue. 

Our f i r s t  speaker then on t h i s  morning's sess ion  w i l l  be a 

pinch h i t t e r  f o r  Harry Johnson, of ERDA's Planning Office.  

expla in  a l i t t l e  b i t  about what Harry does. 

L e t  me 

Harry is a planner,  the  

one who ou t l ines  the  missions,  the  programs, and advises  on t h e  budget 

f o r  t he  agency's energy programs. H i s  p lace i s  being taken by Bruce 

Robinson,, who w i l l  g ive you the  f i r s t  p resenta t ion  of t h e  morning. 
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DR. HILL: D r .  Kane? 

DR. KANE: Yes. 

DR. HILL: While he i s  s e t t i n g  up, would you descr ibe f o r  

funct ions t h a t  NSF RA", andnSF used t o  ca r ry  t h a t  are no 

longe'r c a r r i e d  by them and must be by ERDA? 

< DR. KANE: I don ' t  bel ieve I can r e a l l y  do tha t .  I ' m  not 

wel l  endugh acquainted. 

:, - Bruce, do you know any of those fuc t ions  t h a t  were trans- 

f e r r ed  i n  from NSF o r  terminated over i n  NSF and RA", which have 

been picked up by ERDA? 

DR. ROBINSON: The programs t h a t  come t o  mind are s o l a r ,  

geothermal, biomass . 
DR. HILL: There w a s  

DR. W E :  -- t he re  was a l o t  of coal.  Alex Mills then 

could perhaps address t h a t  one. 

DR. MILLS: . ' 

f e r r ed  t o  ERDA. 

f e r r ed  with no money, no  personnel, and they are now-coming i n  f o r  

We had 23 pro jec t s  from RA", which were t rans-  

I ' d  l i k e  t o  say, i n  a l l  frankness,  they were trans- 

renewal 

o it  i s  expected tha t  your shop w i l l  pick up 

ing NSF was doing? 

DR. MILLS: Coal; r i gh t .  

DR. ROBINSON: Well, my task ,  as I understand i t  t h i s  

morning, i s  t o  give you a b r i e f  overview of ERDA's programs and budget, 

11 



t o  give you some context f o r  the  more focus 

going t o  have during the  course of the day. 

give you a very abbreviated ind ica t ion  of how ERDA's programs are 

cons is ten t  with a s t r a t e g y  which der ives  l o g i c a l l y  f 

na t iona l  energy problems.- 

discussion you are 

So wh tend t o  do i s  

the  course of t h a t ,  t o  h i t  

h ighl ights  of the  programs nd then t o  give you a quick overview of 

ERDA and the ERDA budget t h a t  was submitted t o  the  Congress r ecen t ly  

f o r  f i s c a l  year 1978. 

I might say t h a t  a more de t a i l ed  discussion of the kind of 

top ics  I w i l l  be covering and r e l a t e d  top ics  w i l l  be i n c l  

ERDA Annual Plan, which is  due t o  come out i n  about two weeks and w i l l  

be ava i l ab le  from the  Technical Information Service i n  Oak Ridge a t  

t h a t  t i m e .  

Can I have the  f i r s t  s l i d e ,  please.  

(S l ide  1 )  

Of course,  the  major component of the  na t iona l  energy problem 

i s  the  f a c t  t h a t  our e n t i r e  economic i n f r a s t r u c t u r e  i s  dependent on 

o i l  and gas. 

t i o n  i n  1976 was i n  o i l  and na tu ra l  gas. 

A s  t h i s  s l i d e  ind ica t e s ,  about 75 percent  of the  consump- 

A s  you know, and as w e ' l l  see i n  a subsequent s l i d e  these 

are our l e a s t  p l e n t i f u l  resources ,  and our f i x  ' to  da t e  

ing. 

of our oi l .  

impor t- 

A s  indicated,  i n  1976, we imported something l i k e  40 percent 

.- 
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Our domestic r 

production required to 

temporary import fix be 

cannot support the kind of 

and we cannot depend on the 

similar worldwide oil problem 

t too far down the road 

Can I see the 

(Slide 2)  

vugraph . 

This slide projects a cumulative consumption worldwide. The 

upper band indicates estimates of world oil resources. 

bar is the halfway mark; a typical bell-shaped production curve. 

begin to level off production at the halfway mark. 

the world continues this present 8 percent growth, production will be 

leveling off in the late 1990s. 

will reach the leveling off point very early in the next century. So 

the import fix, even if we are willing to ignore problems of national 

security and balance of payments, is at best a temporary fix. 

The yellow 

You 

As you can see, if 

Even if there is no growth at all, we 

The next slide, please. 

(Slide 3)  

This is the result of a recent CIA report where they have 

we are projecting in the ' 9 0 s  would projected that the prob 

actually occur in the '80s. There is some disagreement as to exactly 

when it will occur, but there's no doubt that imports, at best, are a 

temporary fix. 

Could I have the next slide. 

(Slide 4) 

i 
L 

i 
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This i s  a s l i d e  the  var ious ene 

t o  the  United ca l ly .  The f i r s  

nergy resources.  is ,  we don ' t  ha 

The u n i t s  indicated mi l l i ons  of 

valent .  To put it i n  some perspect ive,  we are 

ke 13-1/2 b i l l i o n  b a r r e l s  of 

troluem resources as ind ica t  i n  the  lower left-hand 

il equivalent  pe 

s l i d e  would represent  about 30 years  of cur ren t  

ing the  e n t i r e  energy resources  indicated with t h a t  

can see  t h a t  a lack of energy resources  i s  not  a 

The real problem i s  t h a t  our i n f r a s t r u c t u r e  is complet 

o i l  and gas,  o r  very scarce  resources ,  and i t ' s  going t o  

ge t  away from t h a t  degendence. 

The resources a r e  scaled i n  order  of increasing a v a i l a b i l i t y  

and recoverabi l i ty ,  with gas and petroleum, the  most s c a r  

left-hand s ide ,  and the  v i r t u a l l y  i n f i n i t e  resources ,  s o l a r  and 

fusion,  on the  right-hand s ide.  

The a rea  of the  rec tangles  are roughly proport ional  

recoverable resource ava i lab le .  

By looking a t  t h i s  s l i d e ,  one can e a s i l y  see  

components, of any na t iona l  s t r a t e g y  t o  cope with the  energy problem, 

are. One, of course, i s  conservat ion,  t o  t r y  and save 

p a r t i c u l a r l y  the  scarce o i l  and na tu ra l  gas. 

enhancement of the  a v a i l a b i l i t y  of o i l  and na tu ra l  gas,  because our 

Second, t 
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economic infrastructure is so tightly tied to them, and (for that 

reason) there time constant associated with getting away 

from those res 1 
1 

' 

Finally, we must develop methods to switch- to the more 

1 resources. This incl es using them directly, for example, 

direct combusti provide direct substitutes 

oil and natural g our system is dependent on. Again, 

a good example with coal liquefaction*and coal gasifica- 

I 

I think this slide, displaying the domestic resources, 

actuaily prqvides a good bac for discussing the resource-related 

ERDA p+ograms. SO 1'11 pt;t discussing conservation. 

We'll pick those up on a subsequent slide. 

ng'the other points of any'national strategy, first, 

rces that we're so 

s. ERDA, indeed, has enhanced 

rams. You'll be hearing 

witching to the more 

ossil, let me just 

touch those. etails later today. 
. . .  

Our most plentiful 'fossil fuel 'is coal, the fifth box 

rray. As you can'see re a 'couple of centuries 

worth of coal; measuring'by current total energy consumption. 
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The coal program consists of development of technologies to permit 

direct combustion of coal, and the major problem there is being able 

to do it in an environmentally acceptable manner. That will be 

discussed in more detail today and on technologies for making direct 

substitutes for liquids and gas fuels from coal. 

The final fossil fuel on the slide is shale oil. Agaio, 

ERDA has a program here; and again, environmental and water resource 

constraints are a major problem which face the development and imple- 

mentation of that technology. 

today. 

You'll be hearing more about that 

Moving to the nonfossil resources on the slide, the first 

nonfossil resource is indicated the third box in the array, namely, 

geothermal. It is divided into two areas. The area at the bottom of 

the slide is hydrothermal geothermal. It is not a huge resource, but 

certainly very significant and it has a great regional significance in 

the West and the Southeast. 

undetermined upper limit is the geopressure resource which is a vast 

resource, principally in the Gulf state regions. 

The larger area on the slide with the 

ERDA has programs in the hydrothermal area. They include 

geothermal loan programs to try to remove some of the institutional 

barriers to the private sector picking up the!state of the art tech- 

nology and implementing it. 

ERDA has research programs that include test facilities to 

advance the state of the art, examination of the environmental problems 
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associated with geothermal, and very impor 

the resource. Ver little has actually been e in the past to 

assess just h 

tly, an attempt to assess 

uch geothermal energy is available in the United 

States. These are very approximate figures. 

Finally, there is a plan for desig of 50 megawatt demonstra- 

tion plants. 2 .  

The geopressured resources cannot be tapped with state of 

the art technology. There is a huge resource there, as indicated. In 

addition to the thermal energy, it has recently become clear.that 

there is a huge amount of methane, natural gas, dissolved in the 

geothermal brines. It has been estimated that energy in the methane 

may be about equal to that of the thermal energy in the geopressured 

area. 

ERDA, again, has a program to assess the extent of-that 

resource and, in fact, our first exploratory hole in the geopressured 

area began producing results about four weeks ago and, indeed, 

confirmed the fact that huge amounts of methane are dissolved in the 

brine, at least in the region of the test hole, e 

nfossil resource is uranium, and the extent of 

the resource, of se, depends on the available technology. The 

small box in the left-hand corner represents the amount of energy that 

covered with conventional light water reactors, which, of 

course, is an existing technofogy. 

ERDA's program is designed to insure that light water 

reactors which do exist and can have a very large, reasonably near-term 
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impact, can be implemented. 

the safeguards and waste disposal kind of problems. 

This involves programs aimed at solving 

The large box, represents the energy availabl 

if breeder technology is successfully developed. Breeder reactors 

are roughly 100 times more efficient than the converter 

hence the same uranium resource is greatly enlarged. 

I should have mentioned also that in support of the LWR 

program, there is, again, a resource assessment program to get a 

better measure of how much uranium is available in the United States. 

The largest single component of the breeder program is the 

liquid metal fast breeder reactor. 

cancelled a commercial demonstration program in that area. 

program has been diversifed to consider alternatives and assess which 

breeder technology is most compatible with current concerns about 

proliferation. 

The Carter Administration recently 

The 

The next, very large resource, is solar. The last two 

sources are essentially infinite resources. 

inexhaustible resources. 

They're renewable, 

The solar program, of course, consists of a variety of 

technologies. 

and cooling. 

The near-term technology in that area is solar heating 

The major component of that program is a demonstration 

program, to have several hundred highly visible demonstrations and to 

publicize the results of those demonstrations to remove institutional 

t 
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barriers which are setting back the growth of an industry in that 

area; and to make the results of'those demonstrations available to 

building owners, builders, and people in the financial community. 

They're already, of course, in -1977 demonstrations programs for solar 

heating. It's hoped by '79 to have demonstration programs in solar 

cooling. There are related programs for solar heating'applications in 

industry and -agriculture. . 

Solar energy is also potentially useful for generating 

electricity. There are several programs in-that area. There is 

direct solar thermal electric generation bhere the sun is essentially 

used to produce steam .to be used *in conventional turbines 'to generate 

electricity. 

ERDA has a test facili'ty, testing the components of such a 

system. A site has been selected for'a 10-megawatt facility. 

There is also a photoelectric program, where the sun's 1 

energy is converted directly into electricity. 

developed for space applications. 

hat. technology was 

It is now an expensive technology, 

The$major goal of that program is to get cost down by about a factor 

of about 50 to 100. The emphasis is on small applications-that have 

iome chance of being.cost-effective in the relatively near future 

The- major emphasis is on conventional silicon technology, although 

there are programs in gallium arsenide and other less conventioiial 

semiconductors , where there ' s hope that some cost breakthrough can 
occur 
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Those are the direct applications of solar. There are, of 

course, less direct applications. One would be wind. ERDA and NASA 

are now testing a wind facility in Ohio; a 100-kilowatt testTgenerator 

with about a 125-foot blade. 

underway. A 1.4-megawatt system is being designed. An init 

the Carter Administration in the wind area is to put greater emphasis 

on small systems which are compatible with decentralized applications 

There are two improved versions of that 

for industrial uses, small communities, and agricultural uses. 

Another indirect use of solar is an ocean thermal electric 
c 

application where one exploits the temperature difference between the 

surface and reasonably shallow waters in the Gulf region, 

present time the focus is on small scale testing of the critical 

components of that system, principally the heat exchangers. No heat 

engines have been operated in the past using such small temperature 

gradients. 

any kind of large-scale program could be considered. 

i 
At the 

The feasiblity of doing that has to be established before 

Finally, in the solar area there is a biomass program. 

There is already on the order of half a quad of biomass being used 

which is principally in the form of industrial waste. 

program does emphasize this kind of residual application, but also is 

exploring biomass, which is purposely grown in aquatic and terrestrial 

environments for the purpose of conversion to energy. 

The ERDA 
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The last resource,on the slide-is.-fusion, Deuterium is 

available-in huge-,quantities-in-the oceanst Fusion of.deuterium of 

coupe, gives of $he energy which drives the,sun--also the source of 

H-bomb energy. There are, parallel approaches being pursued-by ERDA. 

One, inertial confinement, where the reaction is confined to the 

necessary densities and temperatures by impingementiofc.-high density 

lasers, or beams-of particles, In parallel with that,program, there 

is a magnetic confinement program where magneticifields'are used to 

confine charged particles to obtain-the necessary densities arid 

temperatures to get a fusibn reaction with net anergy. + 

The fusion*program is a long-term program,-of course, and 

there is a plan of sequential events 'to arrive at both feasibility 

and, hopefully, in the 'distant future a demonstration-of that technology. 

've used the .estimated resources available in the United 

States to give at least some of the highlights of ERDA's programs on 

the production side of energyI t 

've demonstrated.the various components of any national 

strategy, namely; enhancing the avail 

which we are very dependent, gas and 

them from our very abundant resources 

thase -resources -on 

iding substitutes for 

a1 ; ' making greater 

the more abundant resources, like coa 

. cetera; and getting our economic infrastructure untied 'from 'the' scarce 

A-fossil resources and linked8 to inexhau ources ii .the long- 
. .  

' -tern. 
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The one component of the strategy which I didn't mention in 

-my discussions of resources was, of course, conservation, which can 

have a very important near-term effect and is cost-effective in many, 

many .area&. I -  

May I have the next slide, please. 

(Slide 5 )  

This slide indicates how we now'meet our energy needs 

in the various end-use sectors. Of course,' the transportation sector 

is virtually all oil. There is.litt1e hope that oil will be completely 

displaced in this sector by the end of the century. We do have an 

electric vehicle program which is aimed towards demonstrating elec- 

trical vehicles in the early '80s and providing the beginning of a 

viable industry in that area. 

displaced in the transportation areas, so conservation there is very 

important. 

But it's unlikely that oil will be 

The largest single component of ERDA's program, is research 

on heat engines; sterling cycle and gas turbine. There is related 

research on auxiliary systems like variable transmissions, drive 

train improvements, et cetera. 

In the residential and commercial areas, there is some hope 

that by the end of the century oil and natural gas could be more or 

less displaced entirely. There are research programs, in building 

design and community systems where waste heat from electric generation 

plants are used to provide a lot of the residential/commercial energy. 
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Other areas include, improvements in efficiency of consumer products 

and use of urban waste. 

residential/commercial bu 

These are some of the highlights of the 

ing area of ERDA'S program. 

In industry, again, there's a great deal of opportunity for 

There's hope that by the end of the century oil could be 
t 

ngs. 

completely displaced except for petrochemical use. One of ajor 

things there would be switching to coal, which is part of the fossil 

program. But in addition, in our conservation program, we have 

projects aimed towards the recovery of waste heat for low temperature 

applications, and cogeneration, where again, the waste heat from 

electrical generation plants can be used for process heat or direct 

heat uses in industry. 

Finally, there are changes in industrial process, especially 

for those processes used by the most energy-intensive industries. 

ERDA, again, has programs in all of these areas in cooperation with 

industry . 
Can I have the next slide, please. 

(Slide 6 )  

By looking at the resources available, and the kind of 

national problem we seem to have, I've just hit some of the highlights 

of our programs. I'd like to now hit some of the highlights of the 

budget that was submitted for FY '78 to the Congress. 

The total budget in the energy area is about $3 billion, and 
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explanatory, based on what I was saying before. 

cycle and safeguards refers to the kind of thing, I said was needed to 

support the LWR, namely, the safeguards, and waste disposal problems. 

The nuclear fuel 

The area marked "fission" is predominately breeder reactor 

research. And the others, I think, are pretty much self-explanatory. 

I should point out this is not the entire ERDA budget. 

People get confused thinking when they see the total ERDA budget it's 

an ERDA energy budget. 

The total ERDA budget is something like $6-1/2 b 

directly energy-related RDCD, is less than half of the total budget. 

The remainder of it breaks out roughly as follows. 

is for national security research, essentially weapons development. 

About $600 million is associated with basic research and' technology 

About $1.9 billion 

"development, which is not energy related; high energy phys 

nuclear physics, which isn't energy related; and biomedical research. 

About another half billion is related to uranium enrichment production. 

The latter is not research, but the actual production of enriched 

uranium for both domestic and international contracts. There is a 

remaining several hundred million that is associated with management-- 

program management, et cetera. 

The remaining 3 million is the energy budget, which is the 

principal topic of interest this morning. 

To put this present budget into some context with the past, 

and to give you some feeling for how we have evolved since ERDA was 
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May I have the  next. 

(S l ide  7) 

budget, ERDA's f i r s t  budget. 

Notice it is  not as wel l  balanced as our present  budget. 

F iss ion  breeder research c e r t a i n l y  was a very dominant area. Foss i l  

with a very l a rge  piece coming from the  Department of I n t e r i o r  
1 

i 

and is a f a i r l y  mature program. Solar ,  conservation, geothermal were 

r e l a t i v e l y  new fede ra l  R&D programs and had not r e a l l y  got ten  o f f  the  

ground a t  t h a t  t i m e .  

Can I have the  next vugraph. 
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s i d e ,  which does it by essential ly  the t i m e  frame in  which a technology 

that before ERDA 

t o  be principally t o  handie the lon 

recognition of the need for the Federa 

the other tech 

on gab and o i l ,  

make sure that 

OR. KANE: In my rather sloppy intro I don't believe 

cy, not just  the 



include the dissolved methane in the brine the reserves of natural 

t, a factor of 5 or more on the curve. Is 

DR. ROBINSON: That!s with no consideration of how much it 

would cost to get it out, right. 
~ 

DR. RAMSEY: Is there any indication of how much the cost 

will be to extract it? 

DR. ROBINSON: It's extraordinarily uncertain at the present 

the. Part of the ERDA effort is to make assessment of both the 

amount that's there, and how much it would cost to extract it. 

DR. RAMSEY: I see. 

DR. ROBINSON: Yes? 

DK. GREEN: 

This is a question for J h  Kane. 

Leon Green, General Atomic Company. 

I notice in the final 

program, the item that was called "the overview of research and 

industry" has fallen off. Is that your decision to sponsor any 

research in industry? 

DR. KANE: These parts are not meant to be just a review of 

what we are sponsoring. What we had intended was to get the viewpoint 

of industry, up and out, and we gave that up as a hopeless task~in 
0 '  

that we could not pick one individual who we thought would speak for 

all industry satisfactorily. 

my division, you mean basic research. 

of basic research in industry. 

growing fraction, but a small fraction of our research is in industry. 

So, let me give you a direct answer. By 

We sponsor a very small amount 

It is growing--it's a very rapidly 



There are, of course,  the  usual  problems of propr ie ta ry  aspects  the  

indus t ry  o f t e n  wishes t o  avoid. 

DR. GREEN:. Thank you very much. 

DR. KANE: 
< 

I f  there  are no fu r the r  quest ions,  now the  scene 

s h i f t s  t o  t h e  real meat of t h e  meeting. And the  f i r s t  speaker of the  

day w a s  meant t o  be Dr .  P h i l l i p  White, who is i n  charge of the  f o s s i l  

energy program f o r  ERDA. 

have every reason t o  bel ieve h e ' l l  be.here,  so what we're going t o  do 

is inve r t  the  program, and go ahead without him, and when he g e t s  

here  w e  w i l l  work him i n t o  the  schedule, because I think i t ' s  c r u c i a l  

t h a t  you hear  from D r .  White on t h i s  subject .  

i s  under d iscuss ion  f o r  much of the  day today. 

I t o l d  you already,  he ' s  a t  a hearing. I 

It 's h i s  program t h a t  

e f i r s t  speaker,  then, w i l l  be Dr .  Martin Neuworth, who is 
, ,  

going t o  d iscuss  one of the  th ree  major programs within the  coal R&D, 

s t he  coa l  conversion aspec 

Is D r ,  Neuworth here? 

DR. W E :  

promised, Dr.,Neuworth, t o  give i t t l e  extra t i m e  

s ince  t h i s  p a r t i c u l a r  t op ic  you're t a lk ing  ab 

very large importance to  

DR. NEUWORTH: Okay. 
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Good morning. I would like to attempt to answer three 

questions: What are the specific technical objectives in our coal 

conversion program (gasification and liquefaction)? Where do we 

stand and what are the research needs to improve our technology? 

Could I have the first slide. 

(Slide 1) 

I am going to talk about coal liquefaction. 

J 

We're actually 

solid solvent concerned with the production of three types of fuels: 

refined coal which can be burned without the use of fluegas scrubbers; 

'syncrude, which can be substituted in a petroleum refinery for the 

production of gasoline and fuel oil and chemical feed stock, and heavy 

boiler fuel, 

What I've shown are the essential chemical steps that one 

must perfect in converting coal to liquid fuels. Coal essentially is 

a hydrogen deficient substance with too much oxygen, nitrogen, and 

sulphur, and mineral matter, which all have to be reduced or elim- 

inated. We show the first step as the addition of hydrogen. This can 

be done by adding external hydrogen, or redistributing the hydrogen in 

the coal in which case you produce a hydrogen deficient species, char, 

and a relatively limited amount of liquid. 

Coal is a high molecular substance and therefore it must be 

hydrocracked to lower molecular species. 

oxygen, and nitrogen as hydrogen sulfide, water, and ammonia, This 

You must remove the sulphur, 

is in connection with environmental and stability considerations, as 
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well as compatibility with petroleum fuels. Finally, you have to 

separate the uncoverted coal and ash to produce a clean liquid fuel. 

New slide please. 

(Slide 2) 

I've shown a rather busy flow sheet there, but I can--do you 

have a pointer? 

VOICE: No, sir, I don't believe so. 

DR. NEUWORTH: Okay. I'll just walk you through this very 

In order to convert coal completely to a liquid quickly. 

you have to grind it. 

with a coal derived slurry solvent and pump the mixture into a pressure 

vessel where you preheat it to temperature of the order of 750 

degrees F. 

except for a small amount of unreactive material and mineral matter. 

Looking up at that upper box there, combine it 

\ 
At that point, essentially all the coal is dissolved 

Now, you have two alternatives. You can do the liquefaction 

thermally as it is shown in the lower box. This is the technology 

used in solvent refined coal, the so-called SRCI and SRCII versions; 

or you can convert it catalytically, which is the way we handle the 

H-coal or the synthoil technology. 

missing--&ere's a loop around. 

dissolver and cool it, separate the gaseous components and then let 

it down to atmospheric pressure where you effect the solids-liquid 

separation.' 

At that point--I guess we're 

You take the effluent from the 

The solids containing material can be a source of hydrogen 

by gasification, and then you separate the liquid products from the 
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solvent to produce your export liquzd products.and, finally, return 

the solvent back to the first part of the process. 
4 

Now, in the case of this dotted box under "solvent," this 

includes still another variation which was developed by Exxon where 

the solvent--it's a distillate material, is separately hydrogenated 

to supply additional hydrogen. 

produce a distillate fuel without the use of a catalyst. 

are three variations and they represent our most advanced technology, 

that is, H-coal, SRC,  and the EDS process. 

If you use that system, you can 

So these 

May I have the next slide, please. 

(Slide 3 )  

Now, I will just give you a brief status of these three 

processes. 

The SRC process has been operated in a 50-ton-a-day pilot 

plant for about 2-1/2 years. 

clean fuel. 

you can burn this material without a flue gas scrubber. 

handled, like coal and it was actually shipped in an open hopper 

It has produced at least 3000 tons of 

We burned it in a utility boiler. We demonstrated that 

It was 

car from Fort Lewis, Washington, to Albany, Georgia, which is across 

the country. It was handled as coal in terms of pulverizing it and 

transporting it into a boiler. 

difficulty. 

meet the current standards for a coal-fired boiler. 

It did burn with apparently little 

and SOx It requires no flue gas scrubbing and the NO 
X 

i 

Now, the SRC process, we feel, is a candidate for a demon- 

stration plant at thks point. 
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The H-coal and EDS processes are in earlier stages of 

development, 

nologies. 

We're building pilot plants to demonstrate these tech- 

In the case of EDS it's a 250 tons a day unit; and in the 

case of H-coal, it will be 300, to 600 tons a day. The intent there 

is to bypass the need for a demonstration plant, and if the pilot 

plants operate successfully, these will be scaled up directly 

commercial plants. 

Now, some of the problem areas that we see in scali 

coal liquefaction are shown on the next vugraph. 

(Slide 4) 

Oh, you're going too fast. 

VOICE: I'm sorry. 

DR. NEUWORTH: I will just walk through these quickly. The 

preheater scale-up deals with the question of the amount of heat flux 

that's being used without caking the slurry, 

is concerned with the question of three-phase flow. 

The dissolver scale-up 

Then we have the problem of pumping slurry, and the let-down 

valves. 

matter components. 

and by "dirty", I mean residues which contain unreacted coal and 

mineral matter. 

These are concerned with the handling of the abrasive mineral 

Then you have the distillation of dirty residues, 

Finally, the question of solid-liquid separation. The uses 

of filters and centrifuge appear to be unattractive from a cost-scale- 

up point of view, and we're looking at the use of other techniques 

like solvent deashing on a pilot plant scale as an alternative. 
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(S l ide  5 )  

In  the  case of the  process problems, i t ' s  developing a 

b e t t e r  understanding of the  primary l i que fac t ion  s t eps ,  so t h a t  you 

can design equipment t o  maximize the  chemistry of t he  conversion. 

Hydrogen s e l e c t i v i t i e s  a r e  concerned with the  f a c t  t h a t  hydrogen is a 

very expensive chemical, and i f  you use i t ,  you produce varying 

amounts of gas ,  which is a high consumer of hydrogen; and optimizing 

t h i s  s t e p  is  c r i t i c a l .  You have t o  remove the  oxygen compounds t o  

produce the  mater ia l  which is  s t a b l e  and compatible with petroleum- 

derived fue ls .  The ni t rogen compounds have t o  be reduced t o  a l e v e l  

so t h a t  on combustion the  product w i l l  meet n i t rogen  oxide s tandards 

f o r  f u e l  o i l .  

c a t a l y s t ,  t he  c a t a l y s t s  t h a t  have been used have simply been t rans-  

And f i n a l l y ,  i n  those processes where coa l  sees a 

f e r r ed  from the  petroleum indus t ry  and design of c a t a l y s t  which can 

cope with the  foul ing e f f e c t  of coa l ,  would permit s i g n i f i c a n t  improve- 

ment i n  the  technology. 

That i s  a quick look a t  l iquefac t ion .  

Now, moving on t o  our g a s i f i c a t i o n  program. The objec t ive  

there ,  of course, i s  t o  make syn the t i c  na tu ra l  gas by the  reac t ion  of 

carbon monoxide with hydrogen or the  d i r e c t  r eac t ion  of carbon with 

hydrogen . 
In  the  low Btu gas program, we're ,concerned with making 

synthes is  gas as a chemical feed s tock,  a f u e l  gas d i l u t e d  with 

ni t rogen,  which is  a s i g n i f i c a n t l y  cheaper f u e l  because a i r  i s  used i n  

place of oxygen. 
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Now, I have shown a typ ica l  flow sheet-- 

(S l ide  6) 

-- f o r  a f i r s t -genera t ion  o r  second-generation coal  gas i f ica-  
t i o n  process. 

Br ie f ly ,  s t a r t i n g  with coa l ,  we have the  coa l  preparat ions 

and pretreatment i n  t h e  case of caking coa l ,  and then the  g a s i f i c a t i o n  

s t e p  as you can s e e  i s  a minor p a r t  of the  ove ra l l  flow sheet.  

coa l  i s  reacted with steam and a i r  o r  obygen. 

supplying hea t  t o  compensate f o r  the  endothermic hea t  of r eac t ion  of 

carbon w i t h  steam. 

There 

The a i r  o r  oxygen 

The next series of blocks concern themselves with gas 

cleanup and f i n a l l y ,  going t o  the  lower series of blocks, t he  s h i f t  

conversion i s  needed t o  a d j u s t  the  carbon monoxide hydrogen r a t i o .  

Then you have the  s t e p s  of removing HpS and COz, and then t r a c e  

sulphur compound removal because of the  s e n s i t i v i t y  of the  methana- 

t i o n  ca t a lys t .  

with hydrogen t o  produce methane and water. 

drying s tep .  I t 's  p r e t t y  apparent from looking a t  t h a t  flow shee t ,  

i t ' s  q u i t e  a complex flow sheet.  The c a p i t a l  c o s t s  accordingly are 

very high, and the  operat ing cos t s  are a f f ec t ed  by the  f a c t  t h a t  60 

percent of your operat ing c o s t s  are the  recovery of c a p i t a l .  

In  the  methanation s t e p  you r eac t  carbon monoxide 

F ina l ly ,  you have a 

Now, as most of you know, the re  is commercially ready 

technology t o  ca r ry  out  t h i s  process. The most well-known technology 

is t h a t  of Lurgi and t h i s  i s  considered t o  be a candidate  f o r  a 

commercial syngas plant .  
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Now, the  Lurgi process,  although we consider it technica l ly  

v iab le ,  has a number of l imi ta t ions .  I d iscuss  some of these  i n  the  

next vygraph. 

(S l ide  7) 

Spec i f i ca l ly ,  the  Lurgi p re fe r s  r e l a t i v e l y  coarse  s i z e  coal.  

As some of you may know, when you mine coa l  i n  a modern mine, about 

30 percent of the  coa l  i s  f i n e  coa l ,  and the  Lurgi i s  incapable of 

handling t h i s .  

In  add i t ion  to  t h a t ,  the  feeding of coa l  i n t o  a pressure 

ves se l  i s  s t i l l  a technique which could be improved upon s i g n i f i -  

cant  l y  . 
Then w e  have the  problem of processing caking coa ls ,  which 

requi res  pretreatment with the  l o s s  of carbon. 

maximum s i z e  ves se l  one can bui ld  t o  convert  coa l  and t h i s  requi res  a 

g r e a t  many vessels t o  produce a commercial amount of syngas. 

t he re ' s  c o s t  of an oxygen plant .  

Then you have the  

Then 

Some second,generation processes 

use a i r  i n  place of oxygen i n  a two-step system so t h a t  t he  r e s u l t i n g  

methane is  not d i l u t e d  by ni t rogen.  

cos t ,  because many processes produce by-product tar  and water contami- 

nated with phenols and f i n e  coal.  

You have a very l a rge  cleanup 

Fina l ly ,  i n  t h e  primary gas coming out  of the  g a s i f i e r ,  the  

lower the  methane content ,  t he  more methanation one has to  ca r ry  out  

t o  produce the  f in i shed  product with a higher  c a p i t a l  and operat ing 

cost .  

i 
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Finally, there is the high cost of the gas cleanup. 

May I have the next slide. 

(Slide 8) 

Now, in our second-generation pilot plant program, what we 

have attempted to do is take care of all or most of the limitations 

of the first-generation t nology. 

summary of the pilot plant program. 

What I've shown here is a 

We show five pilot plants. 

Under reactor type, we've shown the fluid bed or entrained bed, which 

are designed to handle fine coal, the coal types that one can use in 

these processes. 

The pressures are up to 1000 pounds. The reason fo 

like to deliver the methane to the pipeline at 1000 

The through-put ranges from 25 to 120 tons per day. 

The first two processes, the C02 acceptor and the HYGAS 

process, have essentially completed their technical programs and 

these are considered to be candidates for either a demonstration 

plant or a commercial plant. The HYGAS plant is seriously being 

considered for a demonstration plant. 

The other three programs are essentially in early stages of 

their operation. 

Now, in order to effect a significant change in the capital 

cost, one has to completely change the flow sheet, and there are two 

programs now concerned with that, and I've shown a schematic of the 

first one. 

(Slide 9) 
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This is the.so-called catalyzed gasification, which involves 

treating the coal with a catalyst like potassium carbonate. 

increases the rate of the gasification reaction so there is no need 

for any oxygen or air. 

produced in the primary step, which is an exothermic reaction, the 

reaction is thermally neutral and you are able to convert the coal to 

about 40 percent methane per pass. 

This 

And since a significant amount of methane is 

- 

Now, this eliminates the need for a great many steps in the 

gasification process, namely, the methanation step, and the water-gas 

shift. By using a catalyst like potassium carbonate, all tar'and all 

organic materials are eliminated, so that there is a considerable 

reduction in the whole cleanup system. You substitute the cryogenic 

separation of methane for the need for an oxygen plant, and this 

appears to offer a sizable reduction in capital and operating costs. 

There is one other process which involves the direct reaction 
f 

of hydrogen and coal, but I just didn't feel there would be t h e  

enough to go into any detail. 

Finally, I would just like to complete the discussion by 

mentioning in our low Btu gasification program we're not concerned so 

much with the gasification reactor system. But since low Btu gas can 

neither be stored nor transported for any distance, the projects were 

concerned with coupling the gasification step with the end user, and 

we're using state of the art gasifiers. 
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We have th ree  programs i n  t h a t  area. One of them i s  a so- 

c a l l e d  g a s i f i e r  i n  industry program, which involves the  s u b s t i t u t i o n  

Btu gas f o r  methane i n  those indus t r i e s  which were c u r t a i l e d  

supply of methane; a low Btu gas combined 

e r  production, which ap 

s f o r  making e l e c t r i c i t y  from coal.  

t o  o f f e r  one of the  

a hydrogen from coal  p ro j  , which is  concerned 

with producing chemical hydrogen, a very c r i t i c a l  ingredient  i n  both 

g a s i f i c a t i o n  and l i que fac t ion  

r th?  

DR ZUCKER: My nam Ridge . 
Do you see any need f o r  a deeper understanding of any of 

i n  these  processes before the  engineering 

problems and some of the  process problems can be solved? 

t i ons  t h a t  a r e  

ical  and using 

technologies t h a t  have been ed i n  the  

r the  f a c t  t h a t  coa l  has these  

e t o  improving 

f u t u r e  scale-up of these  technologies. 
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DR. ZUCKER: Do you have a p r i o r i t y  f o r  some as opposed to  

o thers?  
b 

DR. NEUWORTH: Well, I thought I highl ighted what I con- 

s idered  t o  be some of t he  key problems i n  a l l  t h i s  technology. 

should explain t h a t  my r e s p o n s i b i l i t y  is  f o r  p i l o t  p lan t  scale-up of 

technologies which have been brought t o  a l eve l  t h a t  you can j u s t i f y  

t h a t  scale-up. 

ena t h a t  you are speaking to. 

I 

I th ink  Alex M i l l s  is more concerned with the  phenom- 

MR. SHANNON: My name i s  Robert Shannon. 

You do not  address the  SRC f a c i l i t y  operat ions which is 

cu r ren t ly  i n  operat ion on coal.  Do you intend t o  cover t h a t ;  and i f  

so, w i l l  t h i s  be p a r t  of the  demo p lan t?  

DR. NEUWORTH: Well, I t r i e d  t o  expla in  t h a t  I had or igin-  

a l l y  thought I have seven minutes on l iquefact ion.  The SRC-2 process 

which you are r e f e r r i n g  t o  is  e s s e n t i a l l y  a thermal l i que fac t ion  

involving recyc le  of the  s l u r r y  e f f l u e n t  from the  d isso lvers .  So, i n  

e f f e c t ,  you have increased the  mineral  mat ter  l e v e l ,  and you've 

increased the  residence time. 

which is now a d i s t i l l a t e  f u e l  producer t o  the  H-coal and Exxon 

The r e l a t ionsh ip  of t h a t  process,  

process,  w i l l  determine whether there  i s  any i n t e r e s t  i n  pursuing 

tha t .  I th ink  the  f a c t  t h a t  the  process operates  i s  not enough. As 

you might have mentioned i f  you are f ami l i a r  with the  technology, you 

pay q u i t e  a p r i ce  f o r  prac t ic ing  t h i s  process,  namely, i n  reducing 

t h e  through-put by a f a c t o r  of 3 through the  l i que fac t ion  uni t .  

* 

Its 
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an area, t h a t  I d idn ' t  intend t o  exclude, I j u s t  f e l t  t h a t  there  

wasn't enough t i m e  t o  n t o   detail about a l l  'the technology. 

You mentioned d i s g i l l a t e  as primari ly  t o  
. .  

MR. S p O N :  

produce a No. 4 t o  No. 6 f u e l  f o r  power. 

DR. NEUWORTH: I f e e l  i t ' s  a. d i s t i l l a t e  f u e l  producer and, 

therefore ,  it must compete with the  EDS process and H-coal process,  

a l l  of which are d i s t i l l a t e  f u e l  prpducers. 

how it compares with those,  and u n t i l  it 

j u s t  can ' t  make t h a t  comparison. 

no in-house technology t o  speak of. 

It must s tand or f a l l  i n  

un f o r  a few months , we 

We have We have no biasJin-ERDA. 

We're j u s t  , technical  bankers, I 

th ink ,  i s  a good way o f ,desc r ib ing  US. 

DR. BARON: I'm Tom Baron, She l l  O i l  Company. . -  

Would you care to ,quo te  your latest  estimate on the  c o s t  of 

syn the t i c  n a t u r a l  gas? 

I DR. NEUWORTH: e t h a n e ?  

1 

we have a speaker who is g o i n g , t o  

.cover  t h i s  topic .  t 's  a b ig  number. 

DR.-KANE: There w i l l  be_a,speech 

D r .  Baron. 

DR. BARON: Thank you very much. - 

' DR. W E :  . White has not  y e t  a r r ived;  i s - t h a t  co r rec t ?  

It's been,suggested t h a t  we t ake  a brea some. coffee ,  and,  

await Dr. White's a r r i v a l .  I '  

w 

i 
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t, 
< -  (Short recess .) 

DR. W E :  Before we g e t  on t o  t h e  next speaker who W g l l  

d i scuss  the  research needs i n  another aspect  of coa l  u t i l i z a t i o n ,  I 

would l i k e  t o  have D r .  P h i l l i p s  come up and give you a b r i e f  discus- 

s i o n  of a subjec t  t h a t  I know you are a l l  i n t e r e s t e d  in.  

you know, t h i s  i s  a g r e a t  meeting. We're hear ing l o t s  of t a l k s f  bu t  

we asked you t o  come here ,  and how are we going t o  g e t  your reac t ion  

factored i n t o  t h i s  meeting. 

Bluntly,  

Dr .  P h i l l i p s  i s  going t o  d iscuss  t h a t  f o r  a minute. 

DR. PHILLIPS: Jim Kane says the  purpose of t h i s  meeting i s  

t o  ge t  t he  feedback from you, t h e  a t tendees ,  represent ing  t h e  American 

pub l i c  . 
Our purpose i n  having the  meeting i s  t o  g e t  your feedback, 

and t o  provide f o r  t h a t  we want t o  break you up i n t o  a set of smaller 

groups t h a t  would meet tomorrow afternoon, fo r  those of you t h a t  want 

t o  do tha t .  

know, i s  t h a t  with a group of t h i s  s i z e ,  only one of us can speak a t  

a t i m e  and g e t  a message across.  While on the  o the r  hand, i f  we can 

breakup i n t o  groups, l i k e  10 t o  20, then each member of t h a t  group 

perhaps can say something and ge t  some of h i s  ideas  across.  

The reason f o r  breaking up i n t o  s m a l l  groups, as you 

To provide f o r  t h a t ,  we're doing two things so t h a t  we can 

s o r t - o f  organize you a l i t t l e  b i t  and t r y  t o  g e t  some balance wi th in  

the  sub-discussion groups. 

t h i s  meeting) has handed out  a form and i f  you would p l ease  check ' 

The MITRE Corporation ( t h e  monitor of 

bd 
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that off it will help us in forming up some discussion groups tomorrow 

afternoon. 

If you turn one oftthose in, that means to me that you want 

to attend tomorrow afternoon's informal discussion groups. 

To arrange for the administration of those groups, there 

will be at least one ERDA person with each group and at least one 

person from The MITRE Corporation, our contractor, for each of these 

groups., 

You're probably also concerned about what will be the for- 

mat of anything that comes out of this meeting. 

report from-this meeting, anything that we can come up with in the 

way of a consensus or a spirit, 

ERDA wants a summary 

set of recommendations that you 

might believe in. 

hopefully to possibly-influence the . ,  budget cycle that will be under 

study at that time. 

We want that,by early Augus 

that you're hearing at th 

d should be out 

sometime in September. 

DR. FREEDMAN: Welcome. 
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My r e s p o n s i b i l i t i e s  a s ' t h e  Ass is tan t  Di rec tor  f o r  Combus- 

t i o n  and Advanced Power Development wi th in  the  Coal Conversion and 

U t i l i z a t i o n  Division of Foss i l  Energy include administering the  

f luidized-bed combustion b o i l e r  program, the  coal-oi l  : s l u r r y  program, 

severa l  o ther  d i r e c t  coa l  combustion programs, and the  advanced power 

program which cons i s t s  of gas turb ine  p r o j e c t s  designated t o  i n d i r e c t l y  

u t i l i z e  the  products from coal  combustion v i a  closed-cycle turb ines  or 

designed f o r  d i r e c t  u t i l i z a t i o n  of low Btu gas and l i qu ids  made from 

coal  v i a  t he  open-cycle turbine,  

- (S l ide  1) 

During preparat ion of t h i s  meeting, s ince  audience needs 

were l e f t  undefined, it seemed des i r ab le  t o  me t o  provide a l i t t l e  

introductory background information. 

There is  an i n t e r e s t  i n  coa l  pr imar i ly  because of i t s  

abundance and the  d i v e r s i t y  of appl ica t ions  t o  which it may be put. 

Coal i s  not  a new energy source such as nuclear  was 30 years  ago when 

t h a t  program began. 

development, it should be remembered t h a t  coa l  has been used as a f u e l  

For those people' doing research i n  the ' f ie ld  of 

f o r  centur ies .  Ou 

i n  a manner t h a t  i s  environmentally acceptable.  

r i n c i p a l  goal i s  t o  use it more e f f i c i e n t l y  and 

I t e l l  people t h a t  . , 
. , . I n  con t r a s t  our d iv i s ion  i s  concerned with engines 

I am r e f e r r i n g  t o  the  t h a t  burn coal-based fue l .  tu rb ines  of 
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today which, when modified with low-Btu combustors, meet present 

utility requirements. 

A primary question is: Can we make improved engines (tur- 

bines) so that the entire system from coal pile to busbar is more 

attractive than that would exist without the development? 

(Slide 2) 

Here is a rough sketch that depicts utilization of coal 

in an energy conversion process for production of clean and economical 

heat or power. 

cerned with utilization of heat and power and the minimization of 

airborne effluents while making the ash and solid waste products as 

environmentally benign as is practical. 

We have coal to be used as a resource. We are’con- 

Fluidized-beds are of real interest as coal combustors 

both from an economical and environmental viewpoint: 

material in the combustor bed-can be ‘an SO 2 sorbent, such as limestone 

the inert 

or dolomite, which calcines from the heat of combustion, picks up SO 2 

in a sulfate form, and thereby reduces the SO2 emissions obviating the 

need for a scrubber. Consequently, the economic incentive and the 

operational advantages are achieved. 

The gas turbines within the Advanced Power Program, which 

are operating on low Btu gas to provide utility power, are of interest 

because of relatively attractive economics and the ease of meeting 

emission standards through the utilization of the low Btu gas. This 
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may enable use to produce power with even lower SO2, particulates, and 

NO emission levels than projected. 
X 

We have a program for coal-oil mixture combustion which 

is aimed at applications within the industrial and 

Historically the use of coal-oil mixtures is not a 

fact, back in the 1920s the Cunard lines powered a 

utility sectors. 

new technology. In 

few ships with it 

and later, the battle ship or heavy cruiser USS Guam operated on a 

coal-oil mixture as an experiment in reducing the cost of oil 

coal-oil mixture program is not a new science breakthrough; it is an 

economic practicality. 

Primary areas of concern on the high temperature gas 

turbines involve the aerodynamic cooling mechanisms. 

been a subject of research for at least 30 years. 

This topic has 

The gas turbine 

performance has been continuing to increase and we believe that 

further advancements are possible. 

ments have to be coupled with new combustor development to burn low 

Btu gas. 

These aerodynamic/cooling refine- 

The liquid fuels from coal are of a structure other than 

conventional petroleum based fuels. 

aromatic rings rather than molecular chains with a lower hydrogen 

content and a correspondingly higher carbon content which contributes 

to the difficulty of burning these fuels in gas turbine combustors. 

Thus, there is concern over the utilization of these carbonaceous 

The molecules are comprised of 

fuels in a practical, low emission combustor. 
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KHD and other new technologies will be covered by Mike 

Raring and other speakers immediately following be. 

e history and status of the technologies that we are 

g--fluidized-be combustors, for example, have 

cts incinerators for some time. Fluidized-beds 

were first used in the Winkler gasifier 50 to 55 years ago. Following ._ 
ffort, high octane gas was made for World War I1 in cat 

ng f luidized-be .- . 
means of contacting - 

* components to be reacted. As 

s burning off the c 

were built in 

, these catal 

a fluidized-bea to handle difficult fuels of widely varying properties, 
. I  

the fluidized-bed evolved as a coal combustor able to handle the wide 

variation of coal qualities and it also evolved as a reactor vessel 

into which to introduce limestone, dolomite, or other SO sorbents for 
2 

SO suppression. 

.laboratory scale and are presently operating pilot plants to obtain 

data for supporting demonstration plant operation at the industrial 

scale. 

ERDA and others have proven SO2 suppression at the 2 

For fluidized-beds the heat transfer and fluid mechanics are 
/ 

two-phased and should be a good problem for universities to work on. 
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However, for about 25 years the flu ion research 

community has bee 

for cat cracking and other reactor operations. 

phenomena in fluidized-beds 

Researchers tend to 

ng drawn out effort in bubble formation, 

her separate art., 

1s and blade cooling technologies 

have been developed mai 

into commercial engines the commercial 

aircraft engines, they utility applications. 

ered down 

. *- 
s been some progress 

particulates to re 

10 microns to 

particles of around 10 microns and up, but this  2 to 10 or 2 to 8 

LJ 67 



micron size is a beautiful grey zone that inertial collections can 

hardly touch and other mechanisms for cleaning them up seem to be 

quite expensive. 

Aga'in, if the resulting system is too expensive or-requires 

too much of its own energy for its own operation, then the resulting 

complete powerplant would not have an economic advantage over existing 

state of the art conventional steam plants that are used as a baseline 

comparison. 

(Slide 4) 

One of the items was a list of unsolved problems or research 

needs for which basic economics have to be brought into perspective. 

Many of the gasification/liquefaction units have little trouble 

feeding coal into high-pressure vessels because they dry it first 

using large amounts of air-in terms of power and pressure drop-for 

conveyance. 

of raw material, coal, and limestone that go through mandate that the 

cost of conveyance be kept at a minimal value both in the cost of the 

equipment and energy to power that equipment. 

However, in a utility operation the enormous quantities 

The difficulty is that when coal is mined, it comes out 

of the mine with-the distribution of sizes, including a lot of fines, 

and that plus both inherent moisture in the coal while it is in the 

ground as well as moisture that would naturally accumulate during 

transportation and storage present sizing and moisture problems in 

feeding the coal. 

68 



br 
W 

COAL UTlLlZATlON 

_- 
UNSOLVED PROBLEMS 

FEEDING WET COAL WITH FINES 
- RELIABILITY - COST 

SORBENT UTILIZATION & REGENERATION 
, - REDUCE MATERIAL OUANTITIES - COST 

11 MIXTURE ST 
- RELlABlLlTY - COST 

SlON RESISTANT HIGH TEMPERATURE MATERIALS 
04 ATTACK AT 1G50" F 

- COST EFFECTIVENESS 

0 LOW NO,, HIGH ( COMBUSTION bF' AROMATIC FUEL 

F HOT, HIGH PRESSURE GAS 
- IGOO F, 6-10 ATM. - PARTICULATES, Na2SO4 

TWO-PHASE, SOLIDS-GAS, FLUID MECHANICS 
IN COMPLEX EQUIPMENT 



For sorbent utilization, limestone and dolomite are used to 

absorb the SOp, forming a dry granular solid that sets up with the ash 

and the coal as low-grade cement. A contractor to the EPA, who was 

conducting sorbent leaching column work, experienced a problem with 

the columns setting up solid thereby blocking all water throughput. 

So, we believe that we have a once-through disposal technique that is 

both economical and environmentally acceptable. 

look at the enormous quantities of limestone and sulfated limestone 

that come out of a fluidized-bed combustor operation, it appears that 

However, when you 

the amount of limestone from quarries that will be required compared 

to the amount of disposal area required is undesirable. 

So, we are concerned as to whether or not we can practically 

regenerate the limestone or sulfated limestone into lime again for 

reuse in the process. 

We have to be very much concerned as to the fuel that 

we use for regeneration. People have made prototype regenerators that 

are natural gas fired, but that is premium fuel and we would prefer 

having to use direct coal combustion products. There is concern also 

during the limestone regeneration process that the SO2’or H2S given 

off (depending whether it is an oxidizing or reducing atmosphere) may 

have to be passed on to another plant. 

be economical and dispose of the sulfur in an environmentally accept- 

able manner as we have seen in that first diagram where the solid 

waste product had to be acceptable. 

This regeneration plant has to 
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The capital cost of equipment is of concern again (as 

in any utility operation) where coal-oil mixtures are concerned. 

Coal-oil mixtures are feasible, however the only question is: What is 

the cost of the preparation of the mixture, and the reliability of 

operation with a mixture because, whenever you have coal, you have 

ash. That is the way it comes from the ground. That's the reason for 

its low price. It h been de-ashed yet and the fate of this ash 

11 it' compromise boiler reliability? he boiler is of concern. 

wn-rating? 

e mixture? 

And what are the prospects of the 

il, make a mixture, put various 

tabilize it so that it will not settle out and 

remain in a pumpa o m ,  but the cost of surfactants adds to the. 

cost of the product when we are concerned with making stable mixtures. 

(Slide 5 )  

This slide is presented to review the roles of technology 

development and implementation. 

There are different roles. Government has to have RDGD 

in industry, where the big equipment is built, so that resultant 

projects will proceed to low-cost reliable products which can be 

rapidly implemented. When we look at the energy picture and the 

urgency to switch over to coal, we really cannot afford an extra 

10 years for industry to learn from the national laboratories and 

research communities. 
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There is a support role in the scientific communities 

falling between basic and applied research which includes the dissemina- 

tion of information and cross-fertilization of technologies. 

in point is that of the boiler manufacturer learning about fluidized- 

bed combustion from the cat cracker and incinerator industries. 

A case 

. (Slide 6) 

I assume that someone else on the Program Agenda will 

discuss the Energy Research Centers that were previously part of the 

rior. They have 

g and processing. 

high-powered scien 

I used to refer 

roblems such as 

they (sorbentsj exist, when, and to which phases they may go, and the 

nature of their pore structure--these research problem areas, for 

example, are appropriate for the Laboratories. 

The universities have their traditional basic knowledge, 

new ideas, and the training of the next generatiolp of engineers and 

scientists.*This is an important role because we have to have new 
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people coming into development areas who can identify the real prob- 

lems and can utilize real elements in providing solutions to these 

problems . 
Industry plays an important role serving an implementor. 

Next . 
(Slide 7) 

Okay. Whenever I have a meeting of this nature and identify 

usually inundated in about 6 weeks with 

point that Dr. Mills's 

the novel new ideas 

a list of researc 

research proposal 

group is for expl 

usually are worke ic feasibility 

has been proven, t'group gets t projects for determina- 

tion of engineeri this level. Following that level 

is the Demonstrat r demonstration of a project in an 

actual commercial 

So we are concerned about competition for the research 

budget, and those are some thoughts that I had about research expanding 

to fill the available budget. 

I did a doctor's thesis once, and it was explained to me 

that every thesis has to uncover more problems than it solves. 

I think I h.ad one more slide for wrap-up. 

(Slide 8) 
I 

Yes. In "Researcher Horizons," in the near-term, you 

can't do much in five years, All you can do is improve what you have 
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and make evolutionary improvements on existing technology. 

mid-term we can get some new processes going and apply what's already 

in the basic research inventory now. 

in the long-term, which is after the.year 2000 anyway, we have 0ppor.r 

tunities for revolutionary improvements and ideas that we haven' t 

In the 

And then, the way I see it, 

worked on yet. 

Thank you. 

DR. K h E :  

Dr. Baron. 

DR. BARON: 

frightens us most is 

able transportation. 

in the technical and 

Are there questions? Yes, sir. 

As a potential large-scale user of coal, what 

the problem of transportation; assured and reli- 

Where in the Government are studies being made 

legal aspects of assured continuous supplies? 

DR. FREEDMAN: Has anyone given the overall fossil-energy 

organization? 

DR. KANE: 

DR. FREEDMAN: Okay. In the Office of Fossil Energy there 

No, Dr. White has not yet given it. 

is an Office of Program Planning Analysis, which has an Office of 

Long-Range Plans -- if that's the correct name -- or Strategic Plans. 
I forget -- one name or the other, headed by Martin Adams. 
the group that does the overall total systems analysis. 

That is 

\ 

I look at a utility plant as a system, not as a collection 

of components. He looks at the entire coal process, which includes 

i 
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mining, limitations on new equipment for mines, the five-year lead 

time for drag lines, how(,long it takes to open a deep mine, the 

transportation limitations and potential bottlen 

economic .advantages of newer competing modes. 
6 9  as as the 

You have rails, slurry pipelines, barges -- how do they 
compete with each other? 

Then the utilization aspects, be it conversion to liquid 

or gas, or utilization directly, as coal; and then the interaction 

with the waste disposal. 

So it's Martin Adams, in either strategic plans or long- 

range planning in the Office of Program Planning and Analysis, in 

- 5  

Fossil Energy. I-trust that answers the question. 

DR. KANE: Could you come to the microphone and give your . 
name, please. 

MR. CROSS: I'.m Jim Cross. I'm from ERDA also. 

Would.you care.to say anything about possible utilization 

of coal in heating of private homes? 

DR.,FREEDMAN: Right now L .  something like 1 percent; an 

But it's less than 1-112 whether it's .8 or 1.1, I don't know* 

've seen the. number - Of in domestic appli- 
cations. CEQ had a study done on'coal for residential/ commercial 

9 applications. 
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Their conclusion was that the difficulties associated 

with coal -- handling it, getting rid of ash -- as well as the 
environmental problems -- because when you burn, if you burn in a 
small residential combuster, you would not have a reasonably high 

stack for dispersion, and the sulfur emissions were serious problems 

and that for ordinary economic reasons they did not see the residen- 

tial coal market expanding. 

Now there are some people who in the last winter wanted 

coal because they couldn't get natural gas and they considered coal 

as readily available. That's more a people problem than a national 

energy problem; and we would be assisting those people in finding out 

what domestic coal furnaces are now available. The home stoker has 

gone up from about 25 units a year to about 300 units a year being 

sold. 

But when you turn that in terms of quads, it's negligible. 

The British Solid Fuel Advisory Service have a collection of brochures 

showing the extremely attractive architect-designed home fireplaces 

that include both hot-water heating for baseboard heating and some 

of them also include stoves and combined heaters', to use coal. 

We would make this information Available to people in an 

information dissemination mode, but I do not see us doing anything 

in R&D. 
6 

li 
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DR. NEUWORTH: You should tell them about that smokeless 

fuel they're talking about, which doesn't have a counterpart in the 

U.S. 

DR. FREEDMAN: We don't have the smokeless fuel here yet, 

and I think it might be ironic if we wound up importing coal. 

(Laughter) . 
But using coal in a residential application is more 

difficulr than using wood. 

put up with a lot of inconveniences and a lot of emissions that I do 

not think we'd put up with today. 

People who used it 30 and 50 years ago 

MR. CROSS: -Does that mean you don't have any programs 

for domestic fuel? 1 -  

DR. FREEDMAN: We'have no"program on domestic use. We're 

trying to put together an information-dissemination program, so that 

we'll just provide information for those people who are interested. 

The chairqan ha6 a question. 

DR. FREEDMAN: Go ahead. . 

DR. W: Neuworth point that solvent-refined 

coal was-shipped 

boilers. Is' the 

pulverized and fed ihto at least large industrial 

ny luck at all in doing this in domestic-size? 

DR. NEUWORTH: I ,don't think so. 

DR. KANE: None. "None" was-the answer. 

DR. NEUWORTH: We'll be very happy if we can get some of the 

industry to use it, I think.. That would be quite an accomplishment. 
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DR. KANE: Any f u r t h e r  ques t ions? .  

MR. BORIS: Boris,  IGT. 

J u s t  t o  comment i n  t h i s  regard,  g e t t i n g  coa l  i n t o  the  home i s  

You can accomplish it by shipping the  coa l  d i r e c t l y ,  as a 

You can a l s o  gas i fy  the  coa l  and burn it as a gas i n  the  form 

a problem. 

so l id .  

t h a t  you're a l ready equipped t o  use. 

may be a more acceptable  solut ion.  

I th ink  t h a t ,  i n  the  long term, + 7  

DR. FREEDMAN: I would stress: Direc t  combustion is  used as 

a s o l i d  not  gas from coal  or a l i q u i d  from coal.  

DR. KANE: Yes. 

DR. REYNOLDS: Lou Reynolds, Stanford. 

The programs you're working on now seem t o  m e  t o  be the  

long-term programs of an e a r l i e r  era. 

from the  bas i c  research t h a t  was done some t i m e  ago. 

And you are benef i t ing  them 

With t h i s  i n  mind, can you t e l l  us a l i t t l e  b i t  about how 

your people are guiding the  bas ic  research t h a t ' s  going on today? -- 
t o  be sure  t h a t  it w i l l  be useful .  

DR. FREEDMAN: That ' s  a d i f f i c u l t  question. L e t ' s  see. 

The bas ic  research r e a l l y  winds up being communicated t o  I 
t he  p i lo t -p lan t  and possibly the  demonstration-plant peo#le i f  i t  

might a f f e c t  components -- by the  program managers who handle the  

con t r ac t s  f o r  the  bas ic  research -- and I'll c a l l  it the  exploratory 
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research -- where i t  may be of value to  a p a r t i c u l a r  program I ' l l  

have somebody from D r .  Mills's group o r  occasional ly  from D r .  Kane's 

group come and say, "Hey, Steve,  t h i s  may be of i n t e r e s t  t o  you." 0 

It 's  t h i s  information broker,  i n  the  terms of the  research 

manager wi th in  the  Government, who plays a key r o l e  in making su re  

t h a t  t he  use r s  of h i s  oduct are aware of it. 

And the  formal r epor t s  as they ge t  bound i n t o  ove ra l l  

doeuments a r e  d i s t r ibu ted .  

b a s i s  of saying "Here's something t h a t  may be of i n t e r e s t  t o  you -- I 
th ink  it  f i t s  i n  -- t h a t  has a key role.'' 

t h a t  way. 

But i t ' s  usua l ly  a personal one-to-one 

I th ink  i t ' s  always been 

I th ink  you missed Dr. Reynold's question. 

A r e se rvo i r  of bas t c  research accomplishments, based on an e a r l i e r  

genera t ion ' s  e f f o r t s ,  has not  been u t i l i z e d .  

Is' t he re  'a mechanism wi th in  ERDA to guarantee a c e r t a i n  

budget level, or whatever 

being used? 

to ensure the input to reflect what is - 

DR, FREEDMAN: Well; between D r .  M 

ch, and D r .  Kans, i n  Divis ion of Physical  Research, t h e i r  

budgets -- I r e a l l y  can' peak from the  adminis t ta tor ' s  l e v e l  as to  

cred t h e i r  budgets are But t he re  i s  'every ind ica t ion  t h a t  i t ' s  

intended to continue, and the  r a t e  of growth is the  only thing t h a t ' s  

r e a l l y  something of concern. 
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We have these organiza t iona l  areas, t o  support the  research 

and nur ture  it through its infancy, so t h a t  it w i l l  be ava i l ab le  i n  

10 or 15 years  when we need it. 

Bi l J ,  a m  I on the  top ic?  

DR. REYNOLDS: What I ' m  cur ious about: f o r  example, 
.- 

I think you sa id ,  "There's been 25 years  of research i n  f lu id i zed  

bubbles, and i t ' s  been on s ing le  bubbles; and it hasn ' t  been very 

re levant  t o  US." A l l  r i gh t?  

Now I'm asking you, what are you doing t o  t e l l  the  research 

community now, t h a t  you th ink  w i l l  be re levant  t o  you i n  15 o r  20 

years? 

What you've to ld  us ,  I th ink ,  is you're l i s t e n i n g  t o  

what's going on i n  research now. 

you're l i s t en ing .  

And i f  i t ' s  usefu l  to  you now, 

I ' m  asking you t o  look ahead a b i t  more. Looking down 

the  road, what are you doing t o  t e l l  the  research people t o  do now 

t h a t  w i l l  g ive you some i n t e r e s t i n g  r e s u l t s ?  

DR. FREEDMAN: Well, t h e r e  are two kinds of areas. There's 

one area; i t ' s  c a l l e d  "new ideas ,"  and I c a n ' t  t e l l  the  research 

people what new ideas  t o  come up with. 

t he  f l u i d i z a t i o n  o r  before  the  cat-cracker people decided to apply 

Winkler's f l u i d i z a t i o n ,  t h e r e  w a s  nobody around t o  t e l l  them what 

t he  next thing,  t h a t  w e  don ' t  know about today, w i l l  be discovered i n  

the  future .  

Before Winkler came up with 
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With the  exc ion of Arthur Clarke and Herman Kahn and the  

f u t u r o l o g i s t s  who may ge t  involved i n  t h a t  -- a l l  t h a t  I can do, 

r e a l l y ,  i s  descr ibe  the  technology as I see it 15 years from now. 

cher has t o  do h i s  thing,  

could r e a l l y  t e l l  what t o  do, I wo n t h a t  f i e l d ,  not 

i n  

(Laughter) 

DR. KANE: There was a gentleman here  t h a t  had a question. 

Where was it? Yes sir. 

DR. HOLLOWAY: Holloway, from Exxon. 

More s p e c i f i c a l l y  t o  t h i s  bas ic  research question. What 

are you doing t o  fund bas i c  research i n  un ive r s i t i e s .  How does your 

l e v e l  compare with t h a t  of o ther  mission-oriented agencies and with 

the  National Science Foundation? 

DR. FREEDMAN: Do you want t o  answer t h a t  one?--because 

you have a l l  t he  cha r t s  with the  pies.  

a whole bunch of 

budget breakdowns and p i e  cha r t s  as t o  how much goes where. 
J 

DR. KANE: I be l ieve  both D r .  H i l l  and D r .  Holloway's 

w i l l  f ace  them t h i s  afternoon, 

tomorrow i n  my pa r t  of it. 
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Let me pursue B i l l  Reynolds's quest ion a l i t t l e  b i t  fu r the r ,  

Steve, and not  look t o  the  fu tu re  but today. 

We have a bunch of unsolved problems here. A l l  of the  

problems are divided i n  terms of the  app l i ca t ion  you need. 

Now who i n  ERDA, you o r  Kane, i s  responsible  f o r  saying 

what is the  s c i e n t i f i c  research t h a t  should be undertaken t o  solve 

these  problems? These things are not defined i n  terms of the  science 

t h a t  unde r l i e  the  problems, i n  the  areas of research t h a t  should be 

supported. 

Is there  anyone i n  ERDA who has t h a t  r e spons ib i l i t y?  

DR. KANE: As f a r  as the  bas ic  research,  I have i t ;  and 

as f a r  as the  more appl ied,  Alex H i l l s  has tha t .  

our .turn about how we do i t  and how we t a l k  t o  each o ther  about 

And w e ' l l  t a l k  i n  

t h a t  problem. That ' s  subsequent ta lks .  

A good poin t ,  again. I think you're a l l  asking d i f f e r e n t  

aspects  of kind of the  same question. We deserve t o  be asked those 

questions.  So don' t  forge t  them when our t i m e  comes. 

Yes? 

Paul Scot t .  

MR. SCOTT: I j u s t  had one add i t iona l  comment t o  he lp  

t o  answer Steve 's  quest ion on the  guidance t h a t  we g e t  from the  p i lo t -  

p lan t  people i n  terms of doing research. 

I th ink  one of the  most valuable  things we ge t ,  both from 

t h e  energy cen te r s  and from the  people a t  headquarters,  i s  review of 
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t he  proposals t h a t  we receive from un ive r s i t i e s .  And we look 

a t  how our p i lo t -p lan t  people and how our f i e l d  people view these 

proposals;  and t h i s  helps  us keep our course s t ra i  

So t h i s  i s  another kind of guidance on an ad hoc pa r t i cu la r -  

event basis .  

VOICE: J i m .  

DR.'KANE: GO on* 

Again I say t h i s  as I preface each of these ta lks .  D r .  

White has not  y e t  a r r ived ,  so w e ' l l  go on t o  the  f i n a l  one of the  

th ree  technology presenta  ons f o r  t h i s  morning. 

Mike Raring is  going t o  t a l k  about the  magnetohydrody- 

r 
. I  

^ I  

namics program. 

MR. RARING: I hope you nd I ' m  s u b s t i t u t i n g  

f o r  B i l l  Jackson who w i l l  r e t u r n  tom ploscow where he has 

spent  the  p a s t  week. He de l ivered  a f i v e  Tesla superconducting 

magnet t o  the  U 

MHD cooperative' program. 

ch will be use e j o i n t  U s k o v i e t  magnet t o  the  U-25 f a c i l i t y  ch will be use e j o i n t  U s k o v i e t  

MHD cooperative' program. 

I w i l l  a t t e m p t  t o  exp la i  i n  MHD: what 

t he  purpose is ;  

t ry ing  t o  accomplish t h a t  work 

equired; how we're 

cordance with p r i o r i -  

$ 
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If there is time, we have a film on the U-25 pilot plant in 

Moscow which I know Dr. Jackson and Mr. Licarrdi, the Deputy Director, 

would like you to see: 

However, if we put that on now, there will be little or no time t 

outline the program. So, if anyone would like to see the film an 

don't have time now, I would suggest that we may be able to show it 

during the lunch hour: 

it makes an excellent introduction to MHD. 

it is interesting. 

After that introduction, let me say that MHD is somewh 

different from most of the programs in Fossil Energy. 

specific power conversion mission. 

turbine development project. 

power systems work, development requires strict engineering and 

economic disciplines. We've got to identify engineering problems in 

the correct environment, that is, with realistic electromagnetic, 

fluid dynamic, electrochemical and thermal stresses. Then we've got 

to work to solve those problems through development of designs which 

get to the root of the difficulties. 

It has a 

It's an advanced Electromagnetic 

As in a11 And it has a clear purpose. 

And we've got to avoid being 

sidetracked into non-productive research, no matter how well qualified 

the available resources or how alluring the path. Engineering goals 

cannot be met when efforts are fragmented in peripheral research. 

The design concept we're following is different from the 

Our systems which have been considered for military applications. 

work is directed predominantly to the coal-fired, open cycle system 
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i n  which coa l  is  burned i n  a combustor t o  produce a high temperature, 

potassium seeded plasma. 

through the  channel where it i n t e r a c t s  with a high s t r eng th  magnetic 

f i e l d  t o  generate  e l e c t r i c i t y .  The plasma i s  analogous t o  the  roeor 

of a conventional e l e c t r i c  generator.  

The high conduct ivi ty  f l u i d  is passed 

The f i r s t  s l i d e  (Fig. 1 )  summarizes the  objec t ives  of t h e :  

MHD program. The e s s e n t i a l  ob jec t ive  i s  to  achieve an ove ra l l  

e f f i c i ency  of 50% or more i n  a combined cycle  MHD-Steam commercial 

power plant .  

conducted by NASA under ERDA and National Science Foundation Sponsor- 

ship. 

I n d u s t r i a l  developers and manufacturers of heavy e l e c t r i c a l  generat ing 

equipment were represented. 

conversion systems, based upon coa l  f i r i n g ,  and found t h a t  open cycle  

MHD looked about t he  b e s t  from both e f f i c i ency  and c o s t  of e l e c t r i c i t y  

standpoints.  

power t o  e x i s t i n g  g r ids  a t  competit ive costs .  

You are probably aware of t he  ECAS s tud ie s  which were 

The s tud ie s  were made by both NASA and i n d u s t r i a l  ana lys t s .  

These s tud ie s  compared advanced power 

Of course, coal-f i red MHD p lan t s  w i l l  have t o  supply AC 

They w i l l  need t o  meet 

appl icable  environmental standards.  I n  t h i s  resp  , MHD possesses 

an i n t r i n s i c  advantage: 

used t o  "seed" t h e  plasma. 

can be drained o f f  a t  a downstream s t a t i o n  i n  the  gas path and the  

potassium can be converted back t o  carbonate f o r  reuse. 

s u l f u r  i s  captured by the  potassium which is 

The potassium su lpha te ,  which is  formed, 

This advan- 

tage means t h a t  MHD could burn high sulphur coa l  with minimal 

c a p i t a l  c o s t  penal ty  i n  s t ack  gas scrubbing equipment. 
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The next f igu re  (Fig. 2) 

t y p i c a l  MHD-steam system. 

represents  a schematic of a 

The combustor i s  a t  t he  l e f t  i n  t h i s  f igure.  Work on 

combustor development i s  being pursued pr imari ly  a t  the  Pi t tsburgh 

Energy Research Center (PERC). Current design envisages two s tages .  

The f i r s t  s t age  i s  a cyclone combustor i n  which 80 o r  85% of the  ash 

is  r e j ec t ed  as molten s lag .  Combustion condi t ions are maintained on 

the  substoichimetr ic  s ide ,  which minimizes NO, formation. 

i s  completed i n  a second s t age  combustor t o  produce a plasma a t  

Combustion 

around 4800" F . 
The plasma flows down through the  channel where it i n t e r a c t s  

with the  magnetic f i e l d  t o  produce an e l e c t r i c  f i e l d .  

charges are co l l ec t ed  by e lec t rodes  placed on the  w a l l s  p a r a l l e l  t o  

E l e c t r i c  

t he  magnetic f i e l d  d i rec t ion .  This D.C. cur ren t  is inverted t o  A.C. 

and conditioned t o  s u i t  t he  u t i l i t y  gr id .  The hot  gases then flow 

through the  d i f f u s  a rad ian t  b o i l e r  where thermal energy is  

t r ans fe r r ed  t o  b o i l e r  d water. The cooler  gases,  s t i l l  around 

ove next i n t o  the  regenerat ive a i r  hea te r  where 

s l a g  are drained o f f .  na l ly ,  t h e  cooled gases,  a t  around 2000°F, 

enter the  bottoming 

ha rac t e r  of the  generator.  

This component has no precursor i n  power conversion machinery. There 

are no moving pa r t s .  The stresses a r e - e n t i r e l y  d i f f e r e n t  than the  

high temperature mechanical and corrosion condi t ions encountered i n  
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L J  

gas turbines or steam generators. The problems .are electrochemical, 

electromagnetic, and thermal. Heat fluxes are high. Development 

work must take into account these combined environmental conditions. 

ss conditions must be 

esign variables - whether material, geometric, thermal, or 
istically simulated in the evaluation 

i 

electrical. 

wer equipment development like this, as the history of 

gine, steam turbine, and gas turbine development shows, work 
\ 

progresses through clear1 marked stages. After rudimentary proof - 
principle is achieve 

to show that t concept works; comercia1 feasibility 

demonstration phase. The final 

commercial demonstr 

first, or engineering feasibility demonstration phase as shown in 

this slide (Fi . 3)- We are developing components for engineering 

feasibility testing at the 50 megawatt thermal level. 

designated as the Component 

CDIF, is being c a. After,we pass this 

program hurdle, we advance to a rcial feasibi ty demonstra- 

tion pilot plant. We have d t as the Engin 

A test facility, 

or ETF for sh 

ot' plant. - abou ermal. Design s 

tion of the power train will, of course, be derived from the CDIF 

experience. 

w 
I 
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-. > The MHD program i s  organized i n  accordance with these 

$ reali t ies . Work is c l a s s i f  ied i n  accordance with a Work Breakdown 
5 

Struc ture  designat ion t o  i d e n t i f y  where it f i t s  i n  t h e  t o t a l  e f f o r t .  

hese i d e n t i f i c a t i o n s  spa 1 a c t i v i t i e s  from bas ic  design support 

research,  a n a l y t i c a l  s tud  engineering evaluat ions t o  resolve 

bas i s  component design is  , then on t o  major engineering tests t o  

v a l i d a t e  the  development work and f i n a l l y  i n t o  commercial demonstra- 

t ion .  This s l i d e  (Fig. 4) n t i f  ies the  bas ic  development require- 

ments and a c t i v i t i e s  by Work Breakd n S t ruc ture  designation. 

I 

he next s l i d e  (F  tes the  s h i f t  i n  program emphasis, by 

work breakdown s t r u c t u r  work moves through the  successive 

phases. 

To i l l u s t r a t e  port  research and 

engineering work w e  are doing - i t  has been necessary t o  e s t a b l i s h  

e l e c t r i c a l ,  thermal, physical ,  and chemical proper t ies  of coal  s l ags ,  

electrode materials, i n su la to r s ,  and o the r  materials of design 

i n t e r e s t ,  under condi t ion l y  representa t ive  of the  MHD 

eed recovery experimental work has been 

f t he  thermal and fluidynamic condi t ions 

under which seed and s l a g  condens 

ga t ing  bas ic  MHD 

phenomena t o  provide a bas is  f o r  b e t t e r  a n a l y t i c a l  understanding 

of generator  performance. MIT i s  studying combustion k i n e t i c s ,  

w 
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evaluating electrode and insulator materials under simulated channel 

design conditions, and so forth. 

This slide (Fig. 6) shows the general course of component 

development. The left hand column of boxes represent the more 

significant component development efforts. The University of Tenne 

Space Institute, at the top, is at present upgrading their facilit 

Dr. Dicks, who directs the work for UTSI, has been active in MtfD w 

for a number of years. The AVCO-Everett Research Laboratories, ne 

in line in this Figure, are doing the bulk of the channel developme 

work which will determine the design of the first CDIF test channel 

PERC is responsible for development of the first coal combustor which 

will be tested, in tandem with an AVCO channel, in the CDIF. They 

r d  

are basing their development work on a five MW thermal experimental 

model of the projected CDIF design. Westinghouse is using bench test 

facilities to evaluate electrode designs. 

small channel facility which can provide test environments more 

nearly duplicating power generating duty conditions. 

They are also upgrading a 

The Reynolds effort has been aimed toward advanced electrode 

engineering development and to the evaluation testing of more conven- 

tional designs. The USSR U-02 facility has provided valuable test 

experience on ceramic electrode designs under channel operating 

conditions. 

The next column in Fig. 6 represents major test facilities, 

where designs developed by the first column activities, can be tested 
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at a larger scale and under more stringent engineering conditions. 

The first box here is the Arnold Engineering and Development Center 

in Tallahoma, Tennessee. 

plan to perform important tests to first, investigate power extraction 

- ' t  

They have a 250MWt facility in which we 

in a large channel under re 

This, we hope, will be foll 

y high magnetic field conditions. 

extended duration testing of 

selected designs which prove -to- be superior in the smaller scale 

development rig tests. Both ctivities are important to scale-up 

considerations, that is, in s aling first to the CDIF but mostly from 

the CDIF to the ETF scale. 

The CDIF is shown in this figure as the middle box. The 

U-25 facility, in the USSR, is available to the program as a part 

of the joint agreement. 

important test requirements. 

tests will be conducted in the by-pass loop, for which a super- 

conducting magnet, which I mentioned before, has been provided by 

the U.S. 

designs in large sizes - equivalent to the ETF size. 

This facility will be used to meet two 

First, high magnetic field strength 

And next, the facility will be used to test selected U.S. 

This next slide (Fig. 7) indicates the flow of activities. 

The top left hand box represents MHD power trains for CDIF testing. 

This includes the combustor, channel, inverter, and so forth. 

Related combustion activity, represented by the next box, is intended 

to look ahead to advanced coal combustor designs which would lay the 

ground work for an advanced CDIF test train. These activities are 
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intended a l s o  t o  support  

of-plant systems - t he  rad ian t  b o i l e r ,  a i r  hea te r ,  and seed recovery 

systems. 

ment i n t o  high B f i e l d  regime. 

work from a 2 t o  3 Tesla range t o  the  5-6 Tesla range. 

The cha r t  a l s o  shows ex t rapola t ion  of the  power t r a i n  develop- 

This involves extension of experimental 

Our i n i t i a l  

e f f o r t s  here  w i l l  probably take advantage of the  U-25 by-pas8 loop. 

This, I be l ieve ,  vers the  s a l i e n t  f ea tu re s  of our program. 

A s  you see, we are attempting t o  keep our e f f o r t s  focused on a f i rm 

objec t ive ,  namely, development of a sound design f o r  t he  ETF combined 

MHD-steam p i l o t  p lan t  t o  prov commercial f e a s i b i l i t y .  The next 

s l i d e  (Fig. 8) simply repea ts  t he  l a s t  one except i n  g r e a t e r  d e t a i l .  

This f igu re  ( F G .  9) i s  an ar t is t ' s  drawing of the  CDIF f a c i l i t y  'in 

Butte - we're w e l l  i n t o  construct ion.  Next is a p i c t u r e  of the  

superconducting magnet which was de l ivered  t o  t h e  U-25B s i te  (Fig. 

, 

10). It was designed and b u i l t  by Argonne. 

VOICE: I want t o  ask a very obvious question. Why is  i t  

t h a t  our very bes t  device goes t o  Russia? 

@ MR. RARING: I ' d  l i k e  t o  de fe r  t h a t  quest ion t o  M r .  Liccardi ,  

t he  Deputy Director .  

MR. LICCARDI: The only e x i s t i n g  f a c i l i t y  i n  the  world 

today of a s i z e  t h a t  can accommodate t h e  present  magnet is located i n  

t h e  Soviet Union. 

t h a t  we w i l l  ge t  a l l  t he  da t a  from t h e  operat ion of the  U-25B f a c i l i t y  

The quid pro quo t h a t  we have with the  Soviets  is 

with the  loan of t h i s  magnet. There i s  no magnet f ab r i ca t ion  technology 

Lid 
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Ld 
t r ans fe r ,  i f  t h a t  is your concern, because, as you a l l  know,.technology 

t r a n s f e r  comes primari ly  from t h e  know-how i n  t h e  f ab r i ca t ion  of equip- 

ment, t h a t  i s  f ab r i ca t ion  techniques. This is a scaled uni t .  We f e e l  

t h a t  we w i l l  not be i n  a pos i t ion  t o  g e t  t h a t  da t a  from a l a rge  s c a l e  

MHD f a c i l i t y  f o r  about another two years. So t h i s  w i l l  h e l p n s  

immensely i n  designing our channels and fu tu re  MHD power systems. 

VOICE: Good answer. 

DR. KANE: Dr. Green. 

DR. GREEN: I have a quest ion regarding the  e f f i c i ency  

w i t h  which t h e  thermal energy is  converted i n t o  e l e c t r i c a l  energy 

i n  our  MHD duct. 

MR. RARING: The enthalpy ex t r ac t ion  genera l ly  considered 

as necessary t o  commercial success is t y p i c a l l y  15% minimum. 

ing t h i s  i n  a s m a l l  channel with a high sur face  t o  volume r a t i o  i s  

very d i f f i c u l t .  

under condi t ions which simulated combustion gas chemistry, d id  achieve 

14% OR two successive tests, shock tube tests. 

plasma phys ic i s t s ,  a t  least, t he  experiment i s  r e l a t i v e l y  independent 

Achiev- 

However, a recent  test a t  AVCO on a d i sk  generator  

In  the  view of some 

of the  configurat ion - i t ' s  a plasma experiment and t h e  r e s u l t s  are 

appl icable  t o  a la rge  l i n e a r  channel. 

any experimental evidence t o  show t h a t  15% or more is impossible i n  

a l a rge  l i n e a r  channel. 

MR. LICCARDI: 

So, there  has not  ye t  been 

We do have what we c a l l  a high-performance 
I 

demonstration experiment t h a t  w i l l  be done a t  the  Arnold Engineqring 
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e a sho r t  dLration 15 t o  20 second 

and t h i s  w i l l  al low us t o  go t o  s teady s ta t  

t ion and turb ine  ef  f i c i e  That's 'about a year 
r I *  

o r  more away. 
1 

I .  
M R b  RARING: That's the  purpose of t h a t  test ,  as I mentioned 

e x t r a c t  ion and 

ing i s  a g rea t  example of the  best- la id  

e n ice  log ica l  order  we l a i d  i t  out  i n ,  

so you can con t r a s t  t h i s  with what's happening here. 

t he  o v e r a l l  p i c t u r e  of the  f o s s i l  energy 

of t a l k ,  i t ' s  d i f f i c  

por t ions  i n  context.  

t h e l e s s  they were necessary en t  comments 6; 



Now, you s t i l l  haven't had Dr .  White's ta lk .  I ' m  s t i l l  

desperately hoping t h a t  h e ' l l  make it, because I think he ' s  an essen- 

t i a l  ingredient  t o  t h i s  meeting. 

We have one more t a l k  t h a t  was supposed t o  give you the  

background on the  meeting today, and I think i t ' s  equal1 

t o  the  technology, and t h a t  is the  probable c o s t s  of synthe t ic  fue ls .  

Now, you understand t h a t  the  purpose of t h i s  me  

how much research, what kind of research, ought we t o  hav 

c e r t a i n l y  one of t he  dr iv ing  forces  t o  do more or  less r 

the  s ta te  of what you already have. So the next t a l k  is by Dr. Chris 

Knudsen, and he  w i l l  d i scuss  the  subjec t  of estimates of synthe t ic  

f u e l  cos t s  from f a i r l y  well-known processes. This is  another t a l k  

which is  supposed t o  put i n  context t h e  quest ion,  "What research,  how 

much, and what kind should we  do?" 

So, it.'s a l l  backward today. I ' m  so r ry ,  bu t  we couldn't  

avoid it. Is Chris here,  so he can go i n t o  t h i s  aspect  of it. If 

he 's  not ,  we're i n  real trouble.  

See, Chris too i s  up a t  the  H i l l  today. 

We do have a pinch-hi t ter  fo r  D r .  White, who could give h i s  

t a l k  from t h e  s l i d e s  and so on. 

Leroy Furlong. Leroy, I h a t e  t o  do t h i s  t o  you a t  the  

last  minute. I hear  somewhere t h a t  you can -- i f  we've l o s t  him, 

we're i n  real trouble.  

L e t  m e  t e l l  you what t he  top ic  of t he  H i l l  is  today, 
I .  

because it  r e a l l y  i s  a ser ious  one. It has something d i r e c t l y  t o  do 
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with t h i s  me t ing .  L a s t  week there  wa an enormous fu ro r  i n  th  

ome est imates  of a v a i l a b i l i t y  of f o s s i l  energy as a 

funct ion of p r i ce ,  e x i s t i n g  sources--natural gas ,  predominantly. The 

ich p r a c t i c a l l y  everyone i n  f o s s i l  energy has 

been occupied more o r  less continuously,  t h a t ' s  the  one t h a t  has,  

today, D r .  White, M r .  F r i ,  Chris Knudsen, and Harry Johnson up there .  

y ' r e  not here. 

t e rna t ive ,  except t o  our f i r s t  speaker 

ex, could w e  do t h  

up j u s t  a minute and t e l l  you the  why and 

the  reasons 

he r  hold o f f .  The 

v i ce  on what w e  ought 

He*'s d i r e c t o r  of nd Exploratory 
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Rather than describe what Alex does, I'll let him describe 

it. 

move it forward now. 

This is the talk that was to have been given this afternoon-we'll 

Alex, sorry to do this to you on such short notice. 

DR. MILLS: Thank you. 

(Slide 1) 

I'd like to begin with the first vugraph, which lists 

objectives of the division. 

seen the overall distribution of divisions, that we are one of the 

divisions, budgetarily one of the smaller divisions, but naturally we 

think one of the most important divisions in fossil energy. 

Materials and Exploratory Research Division has these objectives. 

These bullets are not quite equally distributed, but the point is 

that we are to serve in concept as the central research management 

for all program areas of fossil energy. 

I need to tell you, since you ha 

The 

And I hope, incidentally, Gerry, that while you stressed 

coal, I would believe that our discussions today should cover all 

fossil energy, so that oil shale is also a candidate. 

function that we have is to insure that we lay the foundation for 

innovative technology, which is an aspect we haven't heard in our 

discussions so much today. 

And a chief 

To do that, we ought to develop a technology for processes 

we have listed; gasification, liquefaction, and also refining and 

chemicals. 

reliability and efficiency of synthetic fuel plants through materials 

We want, on the other hand, also to improve the operational' 

i d  
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and components research. So this is a little different from the 

chemical kind of processing. 

niques for combustion and direct utilization. 

And we want to develop advanced tech- 

(Slide 2) 

The next slide lists some special concerns for university 

programs. These are listed as the objectives to locate and use the 

talents of university 

manner--give them the 

that we've recognized 

people, and I hope we use them in a constructive 

opportunity to come 'forward. 

of great significance is that we have 

One of 

cations channel. 

cating with the public at large, and also with special groups, and we 

think that the universities is one segment of our United States 

We have had great difficulties, I think, communi- 

community that can communicate what the realities are. 

And, of course, the last, and in some ways we would 

think the most important of these, is to assure an adequate manpower 

base. This was mentioned once before. 

(Slide 3)  

The next slide deals with the distribution of funds. And 

you see under "Advanced Research and Supporting Technology," in 

1977 some 7.7 percent and 6.1 percent in the '78 budget. 

Division of Materials and Exploratory Research is a major part of 

that, but not all. 

So this gives a distribution of the various divisions that I mentioned 

earlier, and which will appear in Dr. White's talk. 

The 

There is a planning function within that budget. 
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FOSSIL ENERGY BUDGET ESTIMATES 
DISTRIBUTION OF FUNDS 

ADVANCED RESEARCH 
AND SUPfORTING 

TECHNOLOGY 

PETROLEUM AND 
NATURAL GAS 

OIL SHALE 

CI 
CI 
lb 

CONVERSION 

BUDGET AUTHORITY 
(DOLLARS IN MILLIONS) 

INCREASE - FY 77 FY 78 QECREASE 
COAL CONVERSION $150.3 $233.3 S +83.0 
COAL UTILIZATION 74.4 79.1 + 4.7 
ADVANCED RESEARCH AND 

SUPPORTING TECH 40.3 +3.2 
125.9 + 25.6 

MAGNETOHYDRODYNAMICS * 

(MHO) 40.0 50.5 + I 0 5  
PETROLEUM AND NATURAL 

GAS 43.2 76.7 + 33.5 
O I L  SHALE AND 

IN SITU TECHNOLOGY 31.0 41.5 t10.5 
MODIFICATIONS AT ERC'S 6.9 9.6 +2.7 

TOTAL ~ 4 8 3 . 2  $656.9 W73.7 1.4% 
1 .ti% 
- 

PERCENTAGE DISTRIBUTION 
OF FOSSIL ENERGY BUDGET 
ESTIMATES IN FY 1977 AND 
FY 1978 SHOWN AS FOLLOWS: 

FY 1977% 
FY 1978% 
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(S l ide  4) 

The next vugraph--and I want t o  go over some of these 

t o  ge t  t o  the  end few, which I think a r e  &ore s igni f icant - re la ted  t o ,  

t h e  share  of funds f o r  t h i s  p a r t i c u l a r  d iv i s ion  i n  percentage, and 

I ' m  no doubt somewhat self-serving t o  i l l u s t r a t e  it t h i s  way. 

It shows a diminution. To bring it  i n t o  focus,  our 

budgeting has been e s s e n t i a l l y  constant ,  constant  p lus  8 percent,  

over t h i s  period of t i m e .  

development of power p l an t s  

a t  t he  same time I w i l l  make the  point  t h a t  the  research a c t i v i t i e s  

The reason it has t h i s  form i s  t h a t  the  

d large-scale  a c t i v i t y  has gone up, bu t  

yed e s s e n t i a l l y  constant.  

(S l ide  5 )  

The next vugraph comments on two things,  programwise and 

where w e  do work. You see  t h a t  $31.6 mi l l i on  f o r  t h i s  d iv i s ion  i s  i n  

the  coa l  a rea ,  There i s  some add i t iona l  research a c t i v i t i e s  i n  o i l  

ter  bar depicts the fact that our act i -  

v i t i e s  are divided i n t o  three  pa r t s :  d i r e c t  u t i l i z a t i o n ,  materials 

and components, and processes. bar  graph represents  the  

r e l a t i v e  funding. And theylire w n  i n t o  subgroups. A t  the  

r i g h t  i l l u s t r a t e s  what organ s used t o  ca r ry  out  the  a c t i -  

v i t i e s ,  and you see indus t ry ,  $10 mil l ion ;  u n i v e r s i t i e s ,  $8.6; energy 

research cen te r s ,  $7.7, na t iona l  l abs ,  $3.4. So, a t  the  l e f t  is the  

general  th ings  we're doing, and a t  t he  r i g h t  where we're doing t h i s .  
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~~ 

MATER I ALS S6.00 

REFINING S4.50 

GASES S5.00 

L l  QU IDS S6.90 
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/OTHER 
S1.3 

NAT LABS 
s3.4 

ERCS 
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JNl VE RSlTlE 
S8.6 

IN DUST RY 
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We can d iscuss  somewhat more our a c t i v i t i e s  r e l a t i v e  t o  , t he  univer- 

s i t ies  o r  r e l a t i v e  t o  industry.  

(S l ide  6 )  

The next s l i d e  comments on the  a c t i v i t i e s  i n  terms of i' 

how we're organized: processes with D r .  Podal l ,  power and mater ia l s  

and components, D r .  Frankel; and I j u s t  want t o  comment t h a t  we 

regard our un ive r s i ty  programs s i g n i f i c a n t l y  enough t h a t  these are 

organized under Paul Scot t ,  who is here.  Their a c t i v i t i e s  ac tua l ly  

are across  the  board. 

Now, i f  I may tu rn  t o  the  next vugraph. 

(S l ide  7) 

This dep ic t s ,  as mentioned, the  un ive r s i ty  programs 

1 where these are d i s t r ibu ted ,  and you ' l l  no t i ce  t h a t  t he re ' s  wide 

geographical d i s t r ibu t ion .  

f i s c a l  year  t o  have about 150 pro jec t s  a t  un ive r s i t i e s .  I thought 

t h a t  w e  could add t o  t h i s  p a r t i c u l a r  map where the  energy research 

cen te r s  a re ,  and we're doing work a t  f i v e  centers ,  t he  na t iona l  labs ,  

about seven, and, of course,  industry,  a number of locat ions.  

We expect a t  the  end of the  cur ren t  

So, from a viewpoint of geographical d i s t r i b u t i o n ,  we 

have come a long way i n  de l ibe ra t e ly  involving a d i v e r s i t y  of groups, 

seeking t a l e n t ,  of course,  t o  ca r ry  out  the  programs i n  research,  

p a r t i c u l a r l y  on coa l ,  but  on fos s i l - - a l l  f o s s i l  energies.  

(S l ide  8) 
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MATERIALS AND EXPLORATORY RESEARCH 

FY/76 PROPOSAL/CONTRACT SUMMARY 

- BENEFSCATION 
- COMBUSTION - ENERGY TRANSFER 
- SUPPORT STUDIES 

,- 

I.' 

. .  

."i 

123 . 

37 
230 
119 
509 
- 

IND - 
15 
13 * -  

.2 

15 . 
3 . "  

1 
2 - 
3 
54 
- 

. "  

11. 

,. . 

UNlV . - 
~- 24 

20 
2 

4 
r 2  

2 
12 

7 
73 

- GOV'T 
11 
11 
9 

10 
2 

> 4 -  
2 '  
2 

55 

TOTAL - 
50 
44 
13 

29 
7 

7 
18 
2 

12 
182 



The next &graph comments on how we get suggestions 

for research. And I must say we come to a sort of an issue as to 

whether we ought to be a reactive group in ERDA or one which does 

more positive planning. 

described here, we took the trouble in '76, the last complete year, 

From a reactive point of view, which is 

to list where we were getting proposals. These are unsolicited 

proposals from the national labs, et cetera. And, at the b'ottom, 

where the contracts or projects are. So we have, at the end of '76, 

some 54 with industry, 73.with universities, 55 with government 

labs--about 200 projects'. 

The plan of work which we do is then balanced in part by 

the projects which are proposed from various institutions-univer- 

sities and others--but more importantly, I believe, our activities 

are fashioned on a consideration of what the needs are, and then by 

reacting to unsolicited proposals on the one hand, to issue either 

requests for proposals or so-called PERDAs, and we have three PERDAs 

out at the present time, one for novel, innovative research on 

refining, on coal gasification, on liquefaction. 

So we go to the community with a discussion'of needs 

and the PERDA has got more latitude in it than a request for proposal 

in the sense that it's not as well defined except as to objectives. 

So we have unsolicited proposals on the one hand, we have our concern 

for what is needed, and I'm going to come to that later. 

some discussion today, of course, on how the power plant or larger 

There was 
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s c a l e  a c t i v i t i e s  are descr ibing t h e i r  needs i n  terms of 

which they have . 
(S l ide  9 )  - 

Next vugraph. I would say today t h a t  i f  you want 

t o  l ea rn  about what we're doing i n  the  Divison of Materials and 

Exploratory Research, there  a r e  th ree  sources. 

book, copies of which have been ava i l ab le ,  which descr ibes  a l l  f o s s i l  

energy a c t i v i t i e s .  

F i r s t  i s  the  gold 

The second is  an annual r epor t  which is  ava i lab le ,  and , :  

a new one i s  t o  come out  i n  the  middle of July.  

And the  t h i r d  i s  t o  look a t  what we would ca l l  our f a c t  

We have a book t h a t  each pro jec t  has a p a r t i c u l a r  one-page sheet .  

80 on, so I w i l l  

n the  average, $200,000 

(S l ide  10) 
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MATERIALS AND EXPLORATORY RESEARCH 

MAJOR RESEARCH AREAS 

RESEARCH AREA/MAJOR PROJECTS 

0 MORE ECONOMICAL SYNFUEL PROCESSES 

- CATALYTIC'GASIFICATION (EXXON) 
- METHAN OL-TO-G ASOLIN E (MO BI  1) 

FLASH HYDROPYROLYSIS (GULF, IGT, SUNOIL, BNL) - 
- COAL STRUCTURE/REACTION MECHAWISMS 

NEW CATALYSTS FOR COAL LlQUlFACTlON 
2 REFINING OF COAL AND SHALE OILS 
- 

0 RELIABLE MATERIALS AND COMPONENTS 
- 
- COAL GASIFICATION (MPC, ANL, ORNL, NBS) 

FIRESIDE CORROSION (COMB. ENG., BATTELLE, G.E., 

- VALVES FOR COAL GASIFICATION (CONSOL. CONTROLS, 
EX X ON, W ESTlN G H OUSE) 

FAIRCHILD, MERC) - FAILURE ANALYSIS - TECHNOLOGY TRANSFER - NEWSLETTER 

0 IMPROVED DIRECT UTILIZATION OF COAL - BENEFlClATlON (SRC, PERC, AMES, PERC) 
- COMBUSTION PROCESSES (MRI, GFERC, MERC) 

0 EXPLORATORY RESEARCH AT UNIVERSITIES 

c. 

. CONTRACT VALUE 
(MILLIONS) 

55.4 

} 14.6 

7.6 

5.8 

24.5 

NUMBER OF 
CONTRACTORS 

107 

29 

7 

39 

(INCLUDED ABOVE) 
77 



.. c .  
MATERIALS AND EXPLORATORY RESEARCH 

MAJOR PROJECTS , 

COAL TO METHANOL, 
METHANOL TO GASOLINE 

I. 

0 CATALYTIC GASIFICATION 
P 
h) 
v) 

0 FLASH HYD 

BASIC APPLIED RESEARCH 

0 REFINING OIL FROM SHALE & COAL 

i ;  

P I  

- METHANOL AS A FUEL 
- CRUDE METHANOL TO HIGH OCTANE GASOLINE AT LOWER COST AND 

LLUTION EFFECTS 

ASIFICATION OF COAL USING POTASSIUM CARBONATE AS 
CATALYST - ELIMINATES OXYGEN PLANT, SHIFT AYD METHANATION 

- HYDROPYROLYSIS OF COAL IN SECONDS TO MORE-AROMATIC LIQUIDS 
AND FUEL GAS WITH SIGNIFICANT POTENTIAL TO REDUCE INVESTMENT 

- RELATIONSHIP OF COAL CHARACTERISTICS TO L - KNOWLEDGE OF KEY STEPS AND INTER 
- CRITICAL CATALYTIC EFFECTS OF COAL MINERALS; ESSENTIAL 

CHARACTERISTICS OF CO-MO CATALYSTS 

- APPLICATION OF PETROLEUM TECHNOLOGY AND SEARCH FOR IMPROVED 
CATALYSTS FOR COAL AND SHALE OILS 



MATERIALS AND EXPLORATORY RESEARCH 

MAJOR PROJECTS (CONT'D) 

COAL BENEFlClATlON 

0 MATERIALS 

0 VALVES 

UNIVERSITY 

c 

- BENCH SCALE OXYOESULFURIZATION HAS SHOWN RELATIVELY SIMPLE 
AND INEXPENSIVE PROCESS TO REMOVE ALL INORGANIC AND 40% OF 
ORGANIC SULFUR 

-. COAL GASIFICATION - DATA BASE ESTABLISHED FOR ALLOYS AND 
CERAMICS ABLE TO WITHSTAND GASIFICATION CONDITIONS 

INCLUOING NEWSLETTER 

SYNTHETIC FUELS, FLUID BED COMBUSTION, HIGH TEMPERATURE COAL 
C OM BUSTI 0 N 

- FAILURE ANALYSIS SYSTEM ESTABLISHED, TECHNOLOGY TRANSFER 

- FIRESIDE CORROSION PROGRAM FOR MATERIALS FOR COMBUSTION OF 

- INITIATE0 PROGRAM FOR IMPROVED CERAMICS AND ALLOYS 

- DEVELOPMENT OF IMPROVED VALVES FOR FEEDING COAL AND WITH- 
DRAWING CHAR CAPABLE OF RELIABLE OPERATION, COLD OR HOT 

- IN ADDITION TO THEIR CONTRIBUTIONS TO THE ABOVE, ABOUT 1,000 
STUDENTS AND FACULTY RECElVE TRAINING IN FOSSIL FUEL SCIENCE 
AND ENGINEERING 

c 
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Now, I'm somewhat i n  the  dilemma of t ry ing  t o  t e l l  you 

a t  job  we are doing, on the  one hand, 

I he things t h a t  need t o  be done. 

l i k e  t o  poin t  out  t h a t ,  e spec ia l ly  i n  the  las t  couple years ,  

surge of funding and i n t e r e s t  on the  p a r t  of the  technica l  

So on t h e  great-job a c t i v i t y ,  

1 -i , 

communities a t ' va r ious  loca t ions ,  t h a t  we have uncovered what we 

th ink  a rb  some promising a c t i v i t i e s  f o r  p ro jec t s  which we'd l i k e  t o  

th ink  of as kind of third-generation a c t i v i t i e s .  

* ;  ~ 

>. 

L c 

I 
I 
I 

* '  . 

And, t o  give you some sense of r e a l i t y ,  I 've  l i s t e d  here  
' J  i 

o a l  t o  methanol, and then t o  gasoline.  The point  

being here  i s  t h a t  we'd l i k e  t o  think,  f i r s t  of a l l ,  t h a t  methanol i s  

coa l ,  and t h a t  w e  should not be lacked i n t o  the  

a t  gaso l ine  is our only t r anspor t a t ion  fue l .  

he  people from t h e  roleum indus t ry  see 

t h e  need t o  br ing  some added c o s t s  i n t o  t h i s ,  because there  are g r e a t  

problems i n  d i s t r i b u t i o n ,  the  quest ion of 

methanol is  an . 
doing work on the  

t i b n  cont ro l .  SO 

oppor tuni t ies  there .  

rt relates t o  

the  Mobil people, i t  has been d i  

transformed i n t o  high-octane gasol ine,  

l ead ,  i n  almost quan t i t a t ive  fashion. And t h i s  gives  another option, 
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from coal to high-octane gasoline, which we think, first of all, is 

much superior to the SASOL process--the only process in the world 

being used, which is in South Africa. 

I would like to comment that, interestingly enough, this 

is achieved by a novel concept of a catalyst which acts as a molecular 

sieve, which only lets gasoline molecules get out. 

there is that you have a very select product of high qualit 

And a key feature 

Catalytic gasification, the second item in the slide, 

has already been mentioned by Martin Neuworth, and the fact 

eliminates the oxygen plant, shift and methanation steps. We think 

that inherently this is the right direction to go, how to do gasifica- 

tion at a lower temperature and, of course, more rapidly. 

Flash hydropyrolysis, the third activity, refers to the 

fact that in a second or even less, if coal is pyrolyzed you get a 

significantly different product distribution, and in some instances 

relatively high aromatic products. 

The third is basic applied research, I find myself trying 

to use some term, such as basic applied research which refers to an 

investigation of an applied research, but looking somewhat more into 

the scientific or chemistry and engineering of it. 

the relationship between coal characteristics and its behavior to 

liquefaction. 

things are being found. 

We need to know 

And I might mention already some very interesting 

L 

L' 

. 
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For example, i t ' s  been discovered t h a t  

coa l ,  which you h a r d  about earlier, i s  examined, a f t e r  i t ' s  been 

procetised under hydrogen pressures  f o r  long periods of time, t he  

darned s ' tuff  has less hydrogen i n  it than there  i s  i n  coal.  

we have a few dilemmas t h a t  we're discovering. 

t h a t  solvent-ref ined 'coal  goes most of the  way'to dissolved ' l iquid i n  

So t h a t  

I t 's  been discovered 

I. t h e  f i r s t  minute or'two, and then you bea t  it t o  death fo r  'the rest 

o f  the  time. So t h a t  there  i s  a b e l i e f  t h a t  by understanding some of 

t he  mechanisms of t he  chemistry t h a t  t h i s  w i l l  provide th  

people to  have ideas  t o  make s i g n i f i c a n t  *improvements. 

The second p a r t ,  which is 'ment  

c a t a l y t i c  e f f e c t s .  ',It is  being diskovered t h a t  t he  minerals are 

highly a c t i v e  as f a r  as c a t a l y s t s  

of ob jec t  when t h i s  i s r c a l l e d  k ^thermal r eac t ion  when i n  f a c t  i t ' s  

been discovered t h a t  t he  minerals a r e -ac t ive .  

case that the minerals  as found in coal  

re 'concerned therefore  1 s o r t  

I 

And su re ly ,  i t ' s  the  

t h a t  it ought' t o  be possible  t o  improve t h i s  s i t u a t i o n  

by Vtudying t h i s  i n  some d e t a i l .  

, 6 f  o i l - f r o m  shale .  I have l i s t e  

appl ica t ion  of pe h 

s o r t  of as a base case and thetu on 

The next and las t  group of t h e  i ius- 

trate some of the  i n t e r e s t i n g  things t h a t  I think are happening, coa l  

. W  I 
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benefication turns out to be a device which is sort of not synthetic 

fuel, but has great opportunities. 

Research Center recently it's been discovered that by a relatively 

simple process of heating coal under pressure with air and water that 

And at the Pittsburgh Energy 

all the pyrite can be converted to sulfuric acid, and as much as 40 

percent of the organic sulfur also. 

sulfur that's interesting. And so this looks like it might.be a way 

to bring into compliance a very high percentage of eastern coals and 

It's this news about the organic 

is certainly, I think, an exciting possibility. 

As far as materials are concerned-- 

DR. BARON: What is the cost of this? 

DR. MILLS: We have an engineering study. It's a good 

question and obviously must be attractive. 

We have two numbers. One is very low, and one is very 

high. One is $7, and the other is $27 a ton. 

Materials research we regard as a very serious part of 

activities. 

from materials of construction, both alloys and ceramics, obviously, 

no matter how good the process is, it's not worthwhile. So we have a 

very substantial program OR materials research applicable to coal 

gasification which we can elaborate on. 

analysis system, so that when failures occur these are looked into 

systematically. And the question of technology transfer that came up 

If the plants don't run because they have difficulties 

We have installed a failure- 
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earlier, 

wide circulation. 

he information is disseminated in a newsletter which has 

”.  

We have fireside corrosion activities in three parts: 

synthetic, fuels, fluidized bed combustion, and high-temperature coal. 

ust to add one thing about the univer- 

the 1000 students and faculty that we 

culty members can go to 

alve program. 

ity, in addit 

now have in active progr 

nters or othe 

program similar t in past years practi 

have, for example, about 10 faculty members at Pittsburgh, and about 

the same number 

we have unde 

important slide, the most important consideration. 

.As far as criteria are concerned, I think we need to 

define our objectives more accurately--the objectives, I am saying, 

of ERDA. What are the objectives? We need to define these much more 
/ 

accurately than we have in the past. 
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MATERIALS AND EXPLORATORY RESEARCH 

RESEARCH MANAGMENT ISSUES 

0 DEFINE OBJECTIVES 
0 CRITERIA FOR SELECTION 

SIZE OF BUDGET 

INTERACTION WITH OTHER DIVISIONS/AAS 
0 ORGANIZE - CENTRAL/MISSION 

PLAN N I N G/TE C H N 0 L 0 G Y TR ANSF E R 
IMPROVE QUALITY 

0 TRAINING FUNCTION 
WHERE - ERC/NL/UNIV./IND. 

0 FUNDING SECTOR - PRIVATE/GOV'T AGENCIES 

c c 



The second item there, how do we set criteria for selection 

of projects. 

problem. 

You make your selection on criteria based on objectives. 

Now every company or research group has that kind of a 

In general, of course, it ought to fall from the objectives. 

I think something surely has to do with the fact that 

an assessment has to be made of the part that fossil fuels will play 

in the next'50 years. So that's one basis for considering what the 

importance of fossil energy,activities are, technology and research. 

So what part will fossil energy play in the next 50, 75 years. 

The other is an assessment of what the needs are. Obviously, 

if the situation is well in hand, that's different from s 

kind of activity which is ve 

some sort of 'a priority n balance relative to-sh 

long range, and I might object, if I may, 

who had a triangle that said we all know t 

concentrated on the near term, and if I personally can take issue 

with that and 

much undetermined. There needs to be 

, medium, and 
one of the early speakers 

nd where the need is 

ink the long-term , 
the long-term ars from now. 

support and how 

previously name rting Technology. In 

some ways I liked that, because it made you think there were two 

ght mention, was 
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object ives .  You must he lp  g e t  the  p l an t s ,  t he  power p l an t s  and the  

syn the t i c  f u e l s  p l an t s  t h a t  a r e  being b u i l t  operat ing,  but  then the  

o the r  p a r t ,  you must de l ibe ra t e ly  decide what you a r e  going t o  do 

about advanced research. And, of course,  t he re  i s  another concern, 

as t o  the  s p l i t  between bas i c  and appl ied research. 

What is  it ,  i f  i t ' s  long-term, o r  bas i c ,  what g e t s  i n t o  

one p a r t i c u l a r  group? 

choose one o r  t he  other.  

O r  i s  it the  f a c t  t h a t  t he  organizat ion should 

Well, obviously i t ' s  a concern of ,having 

both. 

Another f ea tu re  t h a t  i s  of importance i n  t h i s  c r i t e r i a  

i s  qua l i t y ;  the  qua l i t y  of research. J i m  Kane mentioned earlier 

t h a t  t h i s  was a key issue.  

I do have a couple more things.  

I j u s t  want t o  touch b r i e f l y  on t h i s ,  and 

I f  I may have t h a t  back, p lease ,  Gerry. I know you have 

a piranha p i t  here. 

The s i z e  of t he  budget, whether i t ' s  organized a l l  i n  . 
c e n t r a l  o r  mission-oriented, the  i n t e r a c t i o n  with o ther  d iv i s ions ,  

t h e  q u a l i t y  I j u s t  mentioned, where research should be done, t he  

balance; obviously i t ' s  not going t o  be one o r  the  other.  ~ The 

t r a i n i n g  funct ion,  and the  las t  i t e m  there-- t ra ining of people a t  

u n i v e r s i t i e s  o r ' o t h e r  loca t ions ,  t o  what degree should t h a t  e n t e r  

i n t o  judgment about funding the  s e l e c t i o n  of pro jec ts .  b 

hi 
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And, f i n a l l y ,  t he  quest ion is  open. What should the  

government do, and what is  it not proper f o r  the  government t o  

The next s l i d e  says something about fu tu re  research,  

e s t i o n  I want t o  raise i s  the  need f o r  major improvements. 

need? And then, can research do it? And the  last  i s ,  

we l l ,  okay, i f  you decide t h a t ,  what i s  the  s t r a t egy?  

And I have the  next s l i de .  

(S l ide  12) 

We haven't  heard from Chris Knudsen, but  I have here  * .  

some economics t h a t  Frank .Fer re l1  and o thers  have l i s t e d ,  and the  

s khat with the  50,000-barrel-a-day p l an t ,  which cos t s  a 

b i l l i o n  d o l l a r s ,  t h a t  using these  c a p i t a l  charges plus  coa l  and the  

operat ing cost, t h a t  the  s e l l i n g  p r i c e  f o r  10 percent r e t u r n  on 

investment a f t e r  taxes, I say i t s  $5 a mil l ion  Btu or  $31 a barre l .  

And, D r .  Baron, you asked about p r i ces  earlier. I ' d  say I th ink  t h a t  

if you've got a b i l l i o n  d o l l a r s  of c a p i t a l  

ar l ier  t h i s  p 

ow i f  I have you 

ss of bi l l ion-do conclusion is 

n t s  are operated,  l i c  then, the  corpora- 

ced a t  now t h r e  what t he  Arabs are 
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charging. 

something about major improvements?" 

Everyone is then going to say, "Well, why aren't we doing 

So, I have a concern that this puts emphasis on new 

processes. 

(Slide 13) 

ecide we need to do 

is it theoretically possible, just like thermodynamics. 

to that? 

Can you go 

And the first equation here says that if coal was reacted 
- .  

with water, you should get methane and CO quantitatively with no 2 

energy loss. 

And so this is what the research scientists should strive 

to do. Therefore, it is pos 

should do a trade, an-equal trade, with no energy loss. 

Convert c-al.to methane, and you 

(Slide 14) 

The next slide which we have here 

situation, if you take a coal molecule of bituminous coal and would- 

have a chemical scis 

and it's not necessa 

pressure, or we, doing it at several thousa 

to cut this apart, 

L 

ounds, So it should 

be possible to accom 

Now, the last slide which-- 

(Slide 15) 
x 
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MATERIALS AND EXPLORATORY RESEARCH 

SPECIFIC RESEARCH NEEDS 

IDEAS FOR INVENTIVE RESEARCH 

0 CHEMICAL AND ENGINEERING KNOWLEDGE OF COAL, OIL SHALE, LIQUEFACTION, GASIFICATION, 
REFINING, AND COMBUSTION 

e RESEARCH ON ESSENTIAL CATALYST PROPERTIES AND REACTION MECHANISMS 
TO PROVIDE ACTIVE' STABLE AND SELECTIVE CATALYSTS 

w 
lb 
0 * COAL BENEFlClATlON - CHEMICAL PROCESSES FOR REMOVAL OF Sand N; 

UNDERSTANDING OF STRUCTURE AND REACTIVITY OF COAL 

e COMBUSTION - KNOWLEDGE OF COAL COMBUSTION, ADEQUATE DATA BASE 
FOR FLUID BED COMBUSTION, SCIENTIFIC FACTS OF SO REMOVAL 

2 

* MATERIALS - EXPANDED DATA BASE, FAILURE ANALYSIS - CORROSION/EROSION RESISTANT ALLOYS - CERAMICS FOR SLAGGING GASIFIER, POWER 

0 COMPONENTS -SOLIDS FEEDING IN AND OUT OF PRESSURE VESSELS 
-SEPARATION OF SOLIDS FROM GASES AND LIQWIDS 
-INSTRUMENTATION OF CRITICAL PROCESS ELEMENTS 

* POLLUTION CONTROL IN ALL OF ABOVE c- c 



--lists specific research needs. You can read them. 

I begin by emphasizing that the first 

research. 

for ideas for inventive 

, '  

We need--and I'm repeating some a1 and engineering 

knowledge of coal. There's a etter catalysts 

spoke of something from 

Freedman about the opportunities in combu ecause after 

all people decide, you know, not a bad thing to do with coal is to 

burn it. 

a base, to have improved 

nd, of course, pollution 

Well, Jerry, I thi 

realize, I heard the dinger go off a long t So this is the 



Do you have a comme about those general  p r ices?  This 

i s  not  a long economic evaluat ion w e ' l l  hear  from Chris. 

t he  s i m p l i s t i c  viewpoint about these  numbers. 

I j u s t  give 

DR. BARON: I ' m  a l i t t l e  astonished. Not c r i t i c a l .  

a l i t t l e  surpr ised.  I wou have thought more f o r  coa l  li 

t i o n ,  $ZO-plus, say. And the  30 f igu re  j u s t  shocks me  a l i t t l e  b i t .  

But I d idn ' t  see the  breakdown, you know, what you assume f o r  coa l  

pr ices .  ~t went too f 

. .  

'DR. MILLS: 

DR. BARON: 

This is a l l  equity.  

I c e r t a i n l y  w i l l  agree with you t h a t  coa l  

l i que fac t ion  i s  very much more c o s t l y  a t  t h i s  po in t  than the  imported 

p r i c e  of Arab o i l  o r  something l i k e  tha t .  

DR. MILLS: That ' s  t he  main poin t ,  I think.  

Thank you. 

DRo HOLLOWAY? 

DR. HOLLOWAY: I wonder i f  you'd put  t h a t  economic s l i d e  

(12) back on. I ' d  l i k e  t o  ask a quest ion o r  two about it. 

The f i r s t  question, I 'll go ahead, you showed two c o s t s ,  

one a t  50,000 b a r r e l s  a day, and the  o ther  a t  100,000 ba r re l s .  

t he  f i r s t  one-- 

And 

DR. MILLS: Can I comment on tha t ?  I ' m  s o r r y  i n  a sense 

t h a t  i d i d n ' t  c ross  o f f  the  100,000 b a r r e l s  o r  expla in  it. 

put on as what I would say a s e n s i t i v i t y  ana lys i s .  

This was 

It s a i d  i f  you 

would take  the  same plan t  and be ab le  t o  put twice as much through 
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it, how would this$help you. And the answer i s  YOU would go from $31 

. .  
, I  

down to $21 a barrel. . ,  
9 

DR. HOLLOWAY: 11, that answers my first question, why. 

capital charges are,just half,for a plant.twice as big. What is 

this thing called - -  "manufacturing cost" t 

ing cost? 

s separate from operat- 
" I 

< 

DR. MILLS: That's merely a summation, and,if you'd had 

an opportunity t o  examine the table you'd have realized.that the 

first threecare added up to $3.34 per million Btu-or;$20 per barrel. 

DR. HOLLOWAY: I-just had one other comment. You cam- 
* 

pared it with Arab prices. You shouldn't comparehit with prices in 

the Persian Gulf. You should compare i with price delivered to the 

United States an nverted into usable product, comparable to what- 

you get from this. ,.I 

DR. MILLS: Thank you. 

DR. NELSON: Norton Nelson, Institute of Environmental 

Medicine, New York University Medical 

My question is a rather general one, and perhaps is as 

Kane as to you. 

As the - <  descriptions of, technolog 

discussion of exploratory research proceed 

are, obvious1 

sorts in the plant and operational unit and 6ource.o . L  

and, finally, to consumers and to disposal problems. My question 

health menaces and will require c 
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comes down to this:' What mechanism is there now for following 

through the identification of decision points as to when health- 

pelated research or environmental research needs 60 be done to 

determine the acceptability of these various technologies? 

Is that done by you? Is it done through Jim Liverman's 

group? And when finally the decision is made, who monitors it? 

Where do the funds come from? 

DR. KANE: 1-think I will defer answering that question 

and let our environmental man, who is on the program later, speak to 

that one. Is that all right? 

DR. NELSON: That's tomorrow. 

DR. KANE: Yes. Because I might not be able to answer 

it well enough if I tried to answer it off the cuff. 

DR. NELSON: I would be interested in hearing your point 

of view. 

(Laughter.) 

In other words, if you depend fully on them-- 

DR. KANE: I think that--I'm a proprietor of thk basic 

research business, and my empire is exclusively defined as physical 

research only. So I am not concerned--the two people that would be 

concerned are Jim Liverman and the fossil energy people. And so 

let's have Alex try it first, and then--Jim Liverman is the person' 

who can do it tomorrow. 
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DR. MILLS: Yes. I t 's  a very pe r t inen t  question. F i r s t  

of a l l ,  Dr.- White has one of the  d iv i s ions  s p e c i f i c a l l y  concerned 

with the  environmenta Singer as head, so t h i s  

focuses a t t e n t i o n  wi th in  f o s s i l  energy on the  environmental s i t ua -  

But much f u r t h e r  than t h a t ,  we have f o r  each of the  p ro jec t s ,  

t o  a g r e a t e r  o r  less degree, experimentation s p e c i f i c a l l y  designed 

from. an environmental viewpoint. 

This begins with i d e n t i f i c a t i o n ' o f  the  products i n  d e t a i l ,  

with spec ia l  a t t e n t i o n  t6 those t h a t  are of environmental concern. 

So t h a t  each of t he  p i l o t  p l an t s ,  fo r  example, has a por t ion  of the  

budget and a por t ion  of t h e  a c t i v i t i e s  s p e c i f i c a l l y  designed f o r  

providing information as t o '  what 'products are of e 

concern. And, of course,  from an ove ra l l  viewpoint, each of t he  

p i l o t  p l an t s  has had t o  have an environmental impact statement and 

h a d - t a  conform with f ede ra l  

' From a research v i e  

t h e  u l t ima te  importance of t h  

have thought -as t o  t h e  relevanc 

which doesn ' t  make tars, t o  1 

hzgh and low 

But I th ink  the  mai 

p ro jec t s  ail having' an 

t h e  add i t i ana l -  p a r t  i s  that 'w 

group as t o  i den t i fy ing  f u t u r  

ironmental compon 

Bd 
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So, t h a t ' s  the  view, a t  least as I see  it. 

DR. NELSON: What I ' m  r e a l l y  concerned about,  I guess, 9 

maybe i t  w i l l  develop during the  course of the  day and tomorrow, what 

s o r t  of pa r t i c ipa to ry  techniques one has t o  judge accep tab i l i t y ,  a t  

t he  same t i m e  you a r e  judging f e a s i b i l i t y .  

important t h a t  once a p i l o t  p lan t  i s  b u i l t  t h a t  it comply with 

ex i s t ing  standards.  But t h a t ' s  not my question. My question was: 

How do you iden t i fy ,  i n  e f f e c t ,  accep tab i l i t y ,  which i n  some cases  

could be a major complement i n  f e a s i b i l i t y .  

I th ink ,  of course, 

DR. W E :  I understand your quest ion pe r fec t ly ,  and 

I think any answer I would be a p t  t o  give would be dangerously wrong. 

I ' d  p re fe r  t o  have the  pro who is going t o  t a l k  tomorrow on t h a t  

p rec i se  subjec t  answer the  question. 

Are there  any fu r the r  quest ions? 

VOICE: From t h e  meetings las t  week I heard some comments. 

t h a t  seemed t o  imply t h a t  r e f in ing  of sha le  o i l s  and coa l  o i l s  were 

not i n  the  o f f i c i a l  ERDA,mission, and ye t  t h i s  morning I ' ve  seen 

where you have described r ecen t ly  some bas ic  research p ro jec t  i n  the  

a rea  of re f in ing .  

Could you please c l a r i f y  f o r  me the  o f f i c i a l  ERDA r o l e  

i n  the  a rea  of r e f in ing  of these fue l s?  

DR. MILLS: It is i n  the  mission. We have p ro jec t s  on 

coa l  r e f in ing  a t  Universal O i l  Products, a t  A i r  Products, and Chevron. 

There is  d iscuss ion  of what we should do and what t he  petroleum 
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industry should do, so that is a valid ivity, and"we would like to 

think that the things that we are supporting have 'to do with research 

aspects .of unsolved problems. 

.r: VOICE: 

demo& t r at ion-pl ant leve 1 ? 

So then, would there be any'applied research at the 

DR. 'MILLS: Ultimately, yes, but it's at the research 

and .lab development'stage at the present time, plus catalyst work 

which.Uould have an implication, especially how to keep catalysts 

active. 

DR. KANE: We'll take one more question, and Dr. White 

is finally here. We will put him on. 

Let's take the gentleman there in the gray suit. 

DR. KELLER: Bruce Keller of Oak Ridge. 

In terms of research now going on, Dr. Mills, and in 

terms of developing new economic processes, can yo'u look in your 

crystal ball and -say ,which research areas look like they may improve 

the economics and give better processes' for the future? 

DR. MILLS: My salary doesn't pr 

L '  

t we decide why'do th 

much from an investment viewpoint? 

pressure,.too low a throughput, too much hydrogen consumption. 

They are too complex, too high a 

So 

each time we have a new activity, we loo the viewpoint, 

can it simplify the process? Can it have less hydrogen consumption, 
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be more se l ec t ive?  

gas i f i ca t ion ,  on the  one hand, f l a s h  hydropyrolysis,  and some of t h e  

o thers ,  are ones we hope; bu t  the  research business,  as you know, i s  

t h a t  you hope you have t en  good candidates and one winner. 

Now obviously the  ones t h a t  I l i s t e d ,  the  c a t a l y t i c  

DR. W E :  Thank you, Alex. 

DR. KANE: I'm del ighted  t o  be ab le  t o  introduce a t  t h i s  

t h e  D r .  P h i l l i p  White, who is the  Ass is tan t  Administrator f o r  F o s s i l  

Energy, and who is going t o  d iscuss  the  goals  and o the r  aspec ts ,  as 

he chooses, of the  fossil-energy program. 
- 

DR. WHITE: Thank you, Jim. 

L e t  m e  apologize f o r  a r r i v i n g  a t  t h i s  hour f o r  an 8:30 

meeting, bu t  a f t e r  spending four  hours i n  a hear ing under the  tele- 

v i s i o n  l i g h t s ,  i t ' s  n ice  t o  g e t  i n  here  where i t ' s  cool  and take o f f  

my jacket .  

i a l s o  want t o  express my personal welcome, and thank 

you f o r  your he lp  i n  tack l ing  t h i s  very d i f f i c u l t  subjec t .  

I ' m  going t o  run through the  same s o r t  of b r i e f i n g  t h a t  

we've given our budget committees i n  Congress, which is as good a job  

as we can do of summarizing our  t o t a l  f o s s i l  energy program. . 
And i f  we could have the  f i r s t  sl ide-- 

(S l ide  1) 

Here is  the  d i s t r i b u t i o n  of our Foss i l  Energy pie ,  which 

i n  t h i s  F i s c a l  Year, t o t a l e d  as you see i n  t he  f i r s t  column on the  
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COAL UTILIZATION 
ADVANCED RESEARCH AND 

OEMONSTRATION PLANTS 
SUPPORTING TECHNOLOGY 

MAGNETOHYDRODYNAMICS 
(MHO) 

GAS 
IL SHALE AND 
IN SITU TECHNOLOGY 

PETROLEUM AND NATURAL 

MODIFICATIONS AT ERC'S ' 

TOTAL 

. ELUDGET AUTHORITY 
(DOLLARS IN MILLIONS) 

F Y  77 
$150.3 

74.4 

37.1 
100.3 

40.0 

- F Y  78 
$233.3 

79.1 

40.3 
125.9 

50.5 

- 
INCREASE 
D EC R E AS E 

+ 4. 

+3.2 
+ 25.6 

+10.5 

43.2 76.7 + 33.5 

31.0 - 41.5 +10.5 
6.9 9.6 +2.7 

$483.2 $656.9 $+173.7 

P E RC EN TAG E D IST R I BUT I ON 
OF FOSSIL ENERGY BUDGET 
ESTtMATES IN FY 1977 AND 
FY 1978 SHOWN AS FOLLOWS: 

FY 1977% 
FY 1978% 

. 



left, some 483 million dollars, approved for '78. 

count some actions by Congress this last week, this 656 million 

dollars. 

am not real sure of that 'till I see all the report language. 

is of that order of magnitude. 

This does not 

I think what they did, netted out, we hope, positive, but I 

But it 

Most of those funds are for coal because, of course, the 

demonstration plants are all, at this point, on coal processing. 

Since MHD is also a coal process, in reality well over 

three-quarters of the work of fossil is directed to coal. 

tion much of the advanced research and supporting technology, as 

previously described by Alex, is coal-related. 

In addi- 

So really, only the shale and petroleum and natural gas 

parts are not coal-related, and the work in these areas constitutes 

some 20 percent of our budget. 

Of course, the reason for this budget-split is twofold. 

First, it is a reflection of the considerable private sector work 

J 

done in oil and gas and, to some degree, in shale. Second, our 

domestic coal resource is so large and thus so important in terms of 

national interest, it's clear that we need to know more about it. 

The next slide which shows where the work is done, is 

a matter of some interest to this group. 

(Slide 2) 

--We do have a breakdown by each sector, but I don't 

have that detail here this morning. This is not changing much. 
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FOSSIL ENERGY BUDGET ESTIMATES 
BREAKDOWN OF FUNDS BY W&D AGENCY 

BUDGET AUTHORITY (5OLLARS IN MILLIONS) 

FY 1977 TOTAL) FY 1978 TOTAL) 

ENERGY RESEARCH CENTERS S 47.0 (9.7) $ 60.9 (9 -3 1 

(5.2) 

(4.0) 

(80.1) 

. 
NATIONAL LABOR AT OR1 ES 35.2 (7.3) 34.0 

UNlVERSlTl ES 18.2 (3.8) 26.1 

375.9 (77.8) 526.3 INDUSTRY , 

r 
GENERAL PLAN7 AND EQUIPMENT, . ~ 

VI 
P 

CONSTRUCTiON, OSHA AND 
- ENVIRONM AT ENERGY 

ESEARCH TERS 6.9 9.6 - 
$656.9 

, -  

OTAL - $4832 



Almost a l l  of t h i s  work is done outs ide  with industry,  r e f l e c t i n g  

very l a rge  cost-shared con t r ac t s  with the  p i l o t  p l an t s  and demonstra- 

t i o n  p l an t s  pa r t i cu la r ly .  But the  o ther ,  the  in-house work, a t  the  

energy research cen te r s ,  accounts f o r  about 50 percent more, almost 

twice as much a year as the  na t iona l  labora tor ies .  This was, I 

think,  an e a r l y  f igu re  on na t iona l  labs.  That i s  l i k e l y  t o  change. 

The u n i v e r s i t i e s ,  account for about 4 percent i n  both 

years. This was our es t imate  a t  the  time we put the  budget together.  

One of the  things we are doing i n  ERDA Foss i l  Energy i s  t o  t r y  t o  

increase  the  work done out  i n  the  f i e l d .  

We,expect t o  do a l o t  more i n  the  f i e l d  as w e  go through 

the  r e s t  of the  year and FY '78. Therefore, I think these  numbers on 

how much i s  done i n  the  na t iona l  labs  and energy research centers  are 

q u i t e  l i k e l y  t o  grow. Now, l e t ' s  look a t  some of the  d e t a i l s .  We'll 

t a l k  about coa l  conversion f i r s t  . 
(S l ide  3) 

Here are th ree  bas ic  subprograms: l i que fac t ion  of coa l ,  

g a s i f i c a t i o n  t o  produce high Btu o r  p ipe l ine  q u a l i t y  gas ,  and t h e  

g a s i f i c a t i o n  t o  produce low Btu o r  f u e l  gas f o r  use i n  indus t ry ,  the  

s o r t  of gas w e  got  out  of the  o ld  coa l  town g a s i f i e r s  many, many 

years ago. 

Funding f o r  each type of g a s i f i c a t i o n  i s  about the  same 

and t h e  t o t a l  f o r  g a s i f i c a t i o n  exceeds t h a t  f o r  l iquefac t ion .  

Lid 
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COAL CONVERSfON 
BUDGET AUTHORITY (DOLLARS IIN MfLLiONS) 

STEAM IRON ~ I L O T  PLANTS 
P 
VI 
w 

d INITIATE DONOR 

ISSUES/PROBLEMS 

@ EXTENT OF FUTURE DEVELOPMENT WORK 1N HIGH BTU GASIFICATION 



I 

There are some pertinent accomplishments. For example, 

the H-coal pilot plant is under? construction. 

H-coal is a process developed by the Hydrocarbon Research 

Corporation, who teamed up with a number of companies to help support 

that contract, which is cost-s 

The other pilot plants, which a year ago were in the 

construction stage, have all st 

Homer City, Pennsylvania; Synthane a 

a process which IGT is developing in Chicago. 

We are still struggling to finish retrofitting the Cresap, 

facility for advanced technology testing in liquids. 

What do we see for ' 7 8 1  We see a continuation of some 

of these projects--and the operation of the fluidized bed gasifier, 

under development at Westinghouse. 

coal facility, we will probably choose a contractor shortly. 

plant will a'im at the production of hydrogen for industrial use. 

We expect to start the Donor Solvent process developed 

With respect to the hydrogen-from- 

This 

by Exxon Company. 

ments will certainly take place in '78. 

The pilot plant design and long lead item procure- 

We also expect to build the low Btu gasification plant 

at Powerton, in Illinois, in which low Btu gas will be fed to a 

gas/steam combined cycle. 

efficiency for electricity power generation. 

This gives promise of an increased 
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What are our problems? The two listed here probably 

One is the utilizing of our existing pilot give us the most concern. 

facility. 

parallel than we really need, and spending too much*of the taxpayer's 

money this way. 

each of those pilot plants was justified for somewhat different 

purposes, and at the time seemed to be the correct thing to do. 

But as we bring in new processes we want to use the old 

We've been criticized for having more facilities in 

I think it's a somewhat valid criticism, although 

facilities, shut them down when appropriate and put in something new. 

It may be just a change of the gasifier, t much of the supporting 

system can be used and have a great deal of money and a great deal of 

t ime . 
Then, there is the whole question of how much more ERDA/ 

FE work to do on high Btu gasification. 

all right, we now have a process 

demonstrating it can be done? Second generation processes, there are 

At what point should we say, 

-line, maybe a commercial plant, 

ts being piloted. There is labor ry work on third 

generation processes. Is it now time to end the Federal Government's 

role and say, private industry, you take it from here? 

process improvements earch, that is your 

logical sophical question which 

If there are 

we haven't really resolved. 

The other par of the coal prog is utilization, as 

you see in the next slide. 

w 
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(Slide 4) 

Here is a much smaller program. There are two major 

parts: 'advanced power systems and direct combustion. 

Coal utilization involves hooking up either a gasifier 

or a fluidized bed combustor to a.turbine combination. In either 

case, the two major problems are (1) the control of the system, 

because it is a system that has to be very carefully integrated, and 

(2) the cleanup of the gas after it leaves the gasification or 

combustion zone, because turbine blades and vanes are very sensitive 

to corrosion and erosion. 

The question then is how far do you clean up the gas 

and how much can you improve the blade technology in order to make 

them more resistent? And that is the thrust of the matter. 

Now as far as the accomplishments, we did issue a coal- 

This is a sort of quick and dirty way to conserve oil slurry PON. 

petroleum by replacing part of it with coal in the form of a coal/oil 

slurry. 

industrial installations with minimal retrofitting and, if so, will 

they meet air pollution standards. 

The point now is to see if these slurries can be fired in 

It is a way to use coal without much retrofitting. 

We have awarded a number of contracts for small atmospheric 

fluidized bed combustors to burn high sulfur coal mixed with lime- 

stone so that the sulfur oxides are absorbed in the bed rather than 

by scrubbing stack gas. Some of these units are available in the 
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COAL UTILIZATION 
BUDGET AUTHORITY (DOLLARS fN MIL 

FY 1977 FY 1978 CHANGE (%l 

POWER SYSTEMS $22.5 $25.7 +14.2 
$51.9 + 2.9 

7 977 ACCOMPLISH M E NTS 
4 0 COMPLETED 10 ST OF COAL-OIL SLURRY IN A 

a MULTIPLE CONTRACTS AWARDED ON INDUSTRIAL AND INSTITUTIONAL APPLICATIONS OF AFB COMBUSTION 
MPONENT AND 

OJECT IN RIVESVILLE, W. VA. 
N OF COAL-OIL' MIX"1URES IN EXISTING BOILERS 

IZED-BED COMBINED CYCLE PILOT PLANT 
AL APPLICATIONS - -- E- 

I SS U E S/C HA N G E S 

6 FEASIBILITY OF COMBINED CYCLE 
0 FLUIDIZED BED COMBUSTION, STACK GAS SCRUBBING, COAL BENEFICATION TRADE-OFFS 



country today, and we're t ry ing  t o  simply push them and demon- 

s t ra te  them because they can be applied t o  d i f f e r e n t  indus t r ies .  

We have had a number of j o i n t  cont rac ts  t o  introduce these. 

To ge t  higher  thermal e f f i c i ency ,  t h e  temperature a t  
- t  

t h e  i n l e t  t o  t he  turbine must be r a i sed  seve ra l  hundred degrees. 

This necess i t a t e s  developing techniques t o  cool those blades and 

vanes. The e f f i c i ency  of a gas turbine combination i s  much b e t t e r  i f  

you can raise the  temperature. By r a i s i n g  it  from 1600 t o  2400, one 

can achieve more eff ic iency.  

on, and much of t h a t  advanced power system budget fo r  '78 i s  going t o  

be devoted t o  t h a t  s o r t  of work on turbines .  

So, there  i s  a good dea l  of work going 

We have a big f lu id i zed  bed u n i t  i n  Rivesvi l le  operat ing 

i n  an ac tua l  u t i l i t y .  

i n  t he  f i r s t  l i n e ,  bu t  a number of awards on coal-oi l  mixtures i n  

ex i s t ing  boi le rs .  

We have not only t h a t  test  we mentioned 

We plan next year t o  bui ld  what we c a l l  a CTIU,  a 

component test  and in t eg ra t ion  u n i t ,  designed t o  be ab le  t o  change 

things back and f o r t h ,  t o  be the  s o r t  of workhouse f o r  developing 

both pressurized and atmospheric f lu id i zed  bed work. 

w i l l  be a t  t he  atmospheric one a t  Morgantown, and the  o ther  w i l l  

be a pressurized one a t  Argonne. 

One of these  
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Flexibility must be built into a study of atmospheric 

fluidized bed combustion Flexibility was the main thrust behind 

creation of CTIU at Argonne. A similar kind of work'for pressurized 

fluidized bed combustion i s  ongoing at combustion engineering in 

Windsor, Connecticut. And we're doing the same thing on taking 

data on the small fluidized bed as I mentioned for this year. 

Next year we hope to actually start some fabrication of a full, 
j .  

ed fluidized bed combustion system, and even the long lead 

ents of a prototype turbine. 

An issue in this case is the feasibility of this combined 

combined cycle is not being pr 

the world except London .and Germany, and that one doesn't 

tic& on coal today 

work very well. 

There is a real problem of feasibility. Th 



ADVANCED RESEARCH AND SUPPORTING TECHNOLOGY 
MATERIALS AND EXPLORATORY RESEARCH 

BUDGET AUTHORITY (DQLLARS IN MILLIONS) 
FY 1977 FY 1978 CHANGES (%) 

$29.3 $31.9 +8.9 

1977 CCOMPLISHMENTS 

G9 DEVELOPED SIGNIFICANTLY LOWER COST, ENVIRONMENTALLY ACCEPTABLE PROCESS TO MAKE GASOLINE 

49 COMPLETED PROCESS RESEARCH ON NOVEL, SIGNIFICANTLY CHEAPER CATALYTIC COAL GASIFICATION 

&9 CORROSION STUDY ON CONSTRUCTION ALLOYS UNDER COAL GASIFICATION CONDITIONS 

FROM COAL 

PROCESS 

MADE SIGNIFICANT PROGRESS IN DETERMINING RELIABLE MATERIALS AND VALVES FOR COAL 
CONVERSION PLANTS 

P 
QI 
0 

8 INITIATED STARTER GRANT PROGRAM TO STIMULATE FOSSIL ENERGY RESEARCH AT UNIVERSITIES 

1978 CHANGES 

Q NEW EMPHASIS 'ON EXPLORATORY RESEARCH TO REDUCE COST OF PRODUCIN 

0 COMPLETE L A B  DEVELOPMENT OF PROMISING PROCESSES FOR SCALE UP OF FOSSiI; TECHNOLOGIES 

SYNTHETIC FUELS FROM 
COAL 

ISSUES/PROBLEMS 

8 RELlABLE MATERIALS AND COMPONENTS FOR COAL CONVERSION 
8 ACHIEVEMENT OF MAJOR PROCESS IMPROVEMENTS 

c 



--The budget here  i s  about $31 mil l ion  f o r  '78, not 

enough t o  keep pace with in f l a t ion .  

l i t t l e  more.money, and I th ink  w e ' l l  make it go. 

probably covered t h a t  p 

t h i s  meeting. I don ' t  t 

time on it o the r  than t 

We are t ry ing  t o  ge t  them a 

I think he ' s  

t t y  w e l l  because it i s  r e a l l y  a subjec t  of 

nk it i s  necessary for'uie 

give a p i c tu re  of where i t  is i n  the  t o t a l  

s i z e  of t he  budget. 

The next one-- 

(S l ide  6 )  

--is q u i t e  t he  contrary,  a much bigger  one. We have 

spectrum of p l an t  s i z e s  f o r  f u e l  gas demonstrations and appl icat ions.  
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D E M  0 N STRATI0 N PLANTS 
BUDGET AUTHORITY (DOLLARS IN MILLIONS) 

FY 1077 FY 1978 CHANGE (%I 
OPE RAT I NG EXPENSES S 53.0 s 50.9 - 4.0 
PLANT AND CAPITAL EQUIPMENT 47.3 75.0 + 58.6 

S100.3 S 125.9 + 25.5 
- - - 

1977 ACCOMPLISHMENTS 

Q RE-EVALUATED CLEAN BOILER FUEL PROGRAM 
Q INITIATED CONCEPTUAL DESIGN OF HIGH-BTU SYNTHETIC PIPELINE GAS DEMONSTRATION PLANT 

1 0 INITIATED CONCEPTUAL DESlGN OF INDUSTRIAL LOW-BTU FUEL GAS DEMONSTRATION PLANT 
' Q INITIATED CONCEPTUAL DESIGNS FOR SMALL INDUSTRIAL LOW-BTU FUEL GAS DEMONSTRATION PLANT 

1978 CHANGES 

Q BEGIN CONSTRUCTION OF HIGH-BTU SYNTHETIC PIPELINE GAS DEMONSTRATION PLANT AND LOW-BTU 
FUEL GAS DEMONSTRATION PLANT 

QD START DESIGN FOR DIRECT COMBUSTION DEMONSTRATION PLANT 
@ START DESIGN FOR SOLVENT REFINED COAL DEMONSTRATION PLANT 

lSSUES/PROBLEMS 

d COST SHARING FOR MAXIMUM INDUSTRY PARTICIPATION 
Q OPTIMUM PROJECT MIX TO MAXIMIZE PROGRAM 8ENEFIT.S 
Q RELATIONSHIP TO ALTERNATIVE FUELS DEMONSTR~TION PROGR +- 



In  ' 78  w e ' l l  c r t a i n l y  begin the  f i r s t  s tages  of cons truc- 

t i o n  on both these  

p lan t  f o r  t he  f lu id i zed  bed d i r e c t  combustion and, we hope, on 

so lvent  re f ined  coal .  

l a n t s ,  and we w i l l  s t a r t  design on a demonstration 

I d i d n ' t  mention, l iquefac t ion .  We have a major p i l o t  

p l an t  on so lvent  r e f ined  coa l  a t  Takoma, Washington, which has run 

a s t  year  we made 3000 'tons of solvent  re f ined  

p l e  of weeks ago, we ted  burning it a 

evera l  years  . 
< +  

This is the  f i r s t  t i m e  

i k e  coa l  except i t  is  

very f i r a b l e .  It rn s very s t icky.  'It has 

n ice  if it w i l l  burn 

and w e  seem t o  be 

o a l  f o r  power genera- 

advanced power 

ne takes  coa l ,  

onduct ivi ty .  The 
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MAGNETOHYDRODVNAMDCS (MHD) 
BUDGET AUTHORITY (DOLLARS IN MILLIONS) 

FY '1 977 FY 1978 CHANGES (%I 
$40.0 $50.5 +26.2 

1977 ACCOMPLISHMENTS 

8 INITIATED CONSTRUCTION OF CDlF TEST BUILDING 
0 IN'ITIATED DEVELOPMENT OF FIRST CDlF GENERATOR CHANNEL 

0 INITIATED MHD SUPERCONDUCTING MAGNET FOR CDlF 
8 INITIATED ETF SYSTEMS ENGINEERING AND CONCEPTUAL DESIGN 

1 

8 DELIVERED BY-PASS SUPERCONDUCTING MAGNET FOR SOVIET U-25 FACILITY 

< 

1978 CHANGES 

Q INITIATE DEVELOPMENT OF 2ND CDlF POWER TRAIN 
0 INITIATE HIGH PERFORMANCE GENERATOR CHANNEL TESTING AT AEDC 
@ INCREASE iSYSTEMS AND DESIGN ANALYSIS TO SUPPORT AND GUIDE COMPONENTS' DEVELOPMENT AND 

I NT E G RAT1 ON 
d DELIVER MHD GENERATOR FOR TESTING IN SOVIET U-25 FACILITY 

I SSUES/PROBLEMS 

o COMBUSTOR AND CHANNEL PERFORMANCE 
0 SEED/SLAG MANAGEMENT 

G 



surrounding part of.the channel produces a current in the electrodes. 

The overall efficiency will probably be somewhat over 50 percent with 

a possibility of attaining 60 percent. 

The,Russians are doing a lot of MHD work. You may have 

seen an announcement in the paper in the last few days about our 

shipping them a super-conducting magnet. 

to Moscow in the first C5A ever -to go to Moscow. 

That magnet was just flown 

It refueled in the 

air twice on the way over. 

our joint project produced some useful results. 

That made a great story, and we hope that 

We have 'started to build the buildings at Butte, Montana, 

on this and we're:building a generator channel for it. 

this coming along next year in a program which I believe Congress has 

now raised, and it's for '78, from 50 million up to about 65 or 70, 

if my advanced'information is correct. 

We see all 

There isha lot of MHD work going on in a number of places, 

not only at Butte, but also at Avco Laboratories at Everett, Massa- 

chusetts, at the University of Tennessee, 

around the country. 

that magnet over-in Moscow but also a generator working on a slip 

stream of the U25 magnet. 

Eventually, we' 11 not only have that channel, 

* r  The problems here are still very much technical ones. 

MHD is a very tough technology.to develop, requiring very high 

temperitures. Materials problems "are troublespme. Other difficulties 
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include air preheating; seed recovery/regeneration developing optimum 

combustion to minimize nitrogen oxides, and components problems. 

The Soviets were delighted when they got the channel 

to run for 250 hours; but in the case of a utility, that is not very 

long. 

there is going to be success. 

One must recover the seed and recycle it out of the slag.5f 

Petroleum and natural gas--the next slide-- 

(Slide 8) 

--is about a $75.million program, a6 we saw earlier. 

Here we work almost entirely in the oil side of what we refer to as 

enhanced oil recovery, getting at the oil which is left in the ground 

by conventional production and water flooding through one of three 

major techniques-waming it up, either with fire or with steam; 

lowering its viscosity with carbon dioxide, and finally, washing it 

out with a detergent just like you wash a dirty greasy spot out of 

clothes . 
8 

Managing this 5,000 or 10,000 feet underground though, 

is a little tricky, and we have a lot of pilot tests going on with 

industry. 

talked about adding another one. 

The number is steadily increasing; and just yesterday we 

We have had some criticism from the Office of Management 

and Budget on this because of Fhe large private sector activity ia 

this area. Sometimes we've gotten into these piograms, we just sort 
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of respond to targets of opportunity. 

and if we think it looks good, we go ahead. 

Some company makes a proposal, ' 

OMB asked us if we had a systematic plan. For the first 

time, we sat down and tried to work out exactly what the total 

program should be, and just what types of formations should be 

tested, and how many tests should be' involved; 

last year. 

and now we have that in-house, now we're doing the same thing for 

c >  

? 

That is what we did 

We found all of us le with a wh 

gas . 
In the case of gas, we're looking at not what is left 

in the ground, but at -some gas reserves that normally aren't con- 

sidered gas reserves when one hears about 10 years or 20 years of 

natural gas. In that case they're talking about conventional gas 

that flows out by itself. But in the Devonian shale, the western 

tight sands of the Mesa Verde formation in Colorado, and in the coal 

seams in the East, there is a lot of natural gas. It has usually 

just been stripped out and wasted for a safety measure, and now we're 

going after it as a resource. Using those unconventional resources 

gives us about 50 years of gas, and if you believe Wall Street 

Journal headlines about 1000 years of gas. 

that could be, and that is in that geopressured zone in the Gulf 

where there is a lot of salty water saturated with methane. 

There's only one place 

Maybe it 

is there and maybe we can get it out. We don't know what it will 
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cost, -but it po-sn 

importance. 

ially coul be a very large resource of great 

r .  So we are .working on that. 

I think you probably had a chance to read what we did 

pretty much as far as nominal improvements 

bit of drilling research here as well, trying to improve drilling 

speed, and reduce 'eome of the 'instrumentation to reduce the so-called 

doh-hole time. 

some is work leaning very heavily on Sandia and other national labs 

where there is this type of technology developed as an offshoot of 

the nuclear program and its need to drill for nuclear shots in 

Nevada.. For that reason, they have developedr a lot 'of drilling 

We are doing a little 

, 
Some of this work is cooperative with ind 

technology. 

continue much the same way for '78. 

We are particularly'pointing at 'that last bullet under '78, the 

acceleration of Easterd gas, where we are trying to beef up testing 

of Devonian Shale. 

but there are a lot of them. We' 

fracture them, knd if we can'hprov 

valuable. They have the attract 

the East where we need the gas.' 

The wells are shallow,"and not 

Our problems here are the ementation. , 

We don't have good 'resource data 

increase our general knowledge of that field. 
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Another one i n  t h i s  same d iv i s ion  is--on the  sl ide-- 

(S l ide  9 )  

--the o i l  sha l e  and the  underground coa l  g a s i f i c a t  

These two may not seem t o  f i t  together ,  bu t  i n  o i l  sha l e  w e  

working exc lus ive ly  on what i s  r e fe r r ed  t o  as i n  s i t u  r e t o r  

where we  r e t o r t  underground r a t h e r  than mining of sha le ,  b r  

up and r e t o r t i n g  it. 

technology, we've handled them i n  the  same organizat ion.  

r a t h e r  modest area. 

And because they both involve the  same s o r t  of 

Bu 

They are increasing s i g n i f i c a n t l y  f o r  next year ,  

bu t  are s t i l l ,  a minor p a r t  of the program. 

We have had a number of con t r ac t s  under negot ia t ion  now 

f o r  i n  s i t u  r e t o r t i n g  of shale--shared con t r ac t s  with industry.  

t h e  f i r s t  t i m e  we completed a test  a t  Rock Springs,  Wyoming of what 

For 

we  c a l l  t r u e  i n  s i t u .  We d idn ' t  do any mining. We j u s t  s tuck a 

s h a f t  down, set i n  some explosives ,  d id  some rubbl iz ing t h a t  way and 

then set o f f  a f i r e ,  and co l l ec t ed  o i l  out  of an adjacent  w e l l .  

worked, bu t  not very w e l l .  

It 

The Antrim sha le  i n  Michigan i s  a d i f f e r e n t  s o r t  of pro jec t .  

Here's an odd type of sha le ,  which doesn ' t  produce o i l ,  b u t  which w e  

can gas i fy .  

have now joined them t o  t r y  t o  improve t h a t  technology. 

Dow Chemical has done a l o t  of work i n  t h i s  f i e l d .  We 

Moving t o  i n  s i t u  coa l  g a s i f i c a t i o n  t o  the  so-called linked- 

v e r t i c a l  w e l l ,  i n  which severa l  wells aye f i r s t  l inked by combustion 

and then by gas i f i ca t ion .  We burn some of t he  coa l  with a l o t  of 
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OIL SHALE AND IN SITU TECH NO LOGY 
BUDGET AUTHORITY (DQLLARS IN MILLIONS) .. - 

FY 1977 FY 1978 

$22.8 ' $28.9 26.8 
IN SITU COAL GASIFICATION $ 8.2 $1 2.6 53.7 

1977 ACCOMPLIS 

0 COMPLETED 
Q COMPLETED DIRE 
0 INITIATED MICHI 

HARING CONTRACTS FOR SEVERAL IN SITU RETORTING EXP 
MBUSTION SHALE-OIL PRODUCTION TEST AT ROCK SPRl 

TRIM SHALE GASIFICATION PROJECT 
Q COMPLETED LINKED VERTICAL-WELLS PROCESS (LVW) TEST 
Q INITIATED FIELD GASIFICATION TESTS ON PACKED-BED PROCESS 
8 STARTED FIELDING FIR COMBUSTION TEST ON DIRECTIONAL 
d DESIGNED STEEPLY-DIP G-BED (SDB) PROJECT WITH INDUSTR 

1978 CHANGES 

0 COMPLETE DESIGN 
Q BEGIN HANNA IV L FIELD TEST 
Q CONDUCT THE FIRST STEAMlOXYGEN IN SFTU GASIFICATION TEST AT HOE CREEK 2 
8 START SDB FIELD TEST PROGRAM 

A MULTI-TON OIL SHALE GASIFICATION FACILITY 

@ ENVIRONMENTAL IMPACTS AND ACCEPTABILITY 
0 FUTURE OF IN SITU VS ABOVE GROUND SHALE OIL PRODUCTION 
8 DEVELOPING ACCEPTABLE ECONOMIC INCENTIVES FOR OIL SHALE 
8 MARKETS FOR IN SITU COAL GASIFICATION PRODUCTS 



steam present  and have a typ ica l  water g a s i f i c a t i o n  react&an of t h a t  

coa l  and can take a good 175 Btu gas out  of the  o ther  w e l l s .  We d id  

t h i s  i n  Wyoming very successful ly  las t  year producing a good q u a l i t y  

gas, a very even composition, which is one of t he  t r i cks .  

We have some o ther  approaches t o  d r i l l i n g  the  w e l l s  and 

t o  f i t t i n g  o ther  formations a l i t t l e  b e t t e r ,  and t h a t  i s  one of the  

things we hope t o  look a t ,  including s teeply  dipping beds. 

t o  keep on doing t h i s  same s o r t  of thing next year. 

We expect-  

Now both of these p ro jec t s  have t r i c k y  environmen_tal 

problems, which we are t ry ing  t o  address. We know t h a t  they are 

p o t e n t i a l l y  there ,  but  i n  cases l i k e  t h i s  where you've got  t o  do 

the  work i n  the  f i e l d ,  t he re ' s  no way t o  know the  ex ten t  of the  

problem, u n t i l  you g e t  out  there  and t r y  it. 

Groundwater i s  one problem. I f  t he re  are underground 

aqu i f e r s ,  you r e t o r t  the  sha le  which is leachable,  and t h a t  leaching 

can ge t  i n t o  the  aquifer.  . 

I f  you do e i t h e r  of these,  and a l o t  of i t ,  you obviously 

have a subsidence problem, and the  ground l e v e l  begins t o  drop above 

your r e to r t ed  formation, and t h a t  i s  not acceptable i n  most locat ions.  

How bad i s  it? What we can do t o  cont ro l  i t ?  These are the  things 

we s t i l l  have t o  learn.  I ' m  su re  i n  the  discussions t h i s  afternoon 

and tomorrow, w e ' l l  have a chance t o  explore what some of those 

areas are. 
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This gives you a sort of general picture of the total . -  
program; where the emphases are; and some problems, as I see them. 

I'm not sure that question that Alex said he didn't , 

I .  

I might offer -- toss in a few things as we get through. 
Thank you very much. 

(Applause). 

DR. KANE: He has a car waiting, but he will answer a 

few questions. 

MR. LODEL: In the demonstration plants program ERDA 

had been considering three categories for low Btu fuel gas. 

industrial category, I believe, is going ahead. 

sort out from your plans whether in fact you plan to go ahead with 

the utility category? ' 

The 

I wasn't able to 

DR. WHITE: I'm waiting until I get the language of 

the conference report on the appropriations to be able to answer 

that question. I asked it myself yesterday, and I couldn't get 

an answer. 

we've got money, but maybe we've got language that says, don't do it, 

or maybe we've got language that says, do it. I don't know. 

just hanging in that balance right now. And if we are told not to do 

it, we will have to drop that project. It is too early to answer, I'm 

sorry. 

I think we have -- I know we have authorization, maybe 
. 

It is 

Within a few days, we should know. I just haven't been 

informed. 
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DR. W E :  Thank you very much, B i l l .  

DR. WHITE: Okay. I ' l l  be back right af ter  

DR. KAME: Very good. He's been on the g r i l l  since 7:OO 
. a  

this  morning, enjoy your lunch. 
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DR. U N E :  S'vq decided t o ,  w i t b  your forbearance, juggle  

t h e  program one more t i m e .  

t o  t a l k  t o  you 

And we have another gentleman here  who i s  

!O : 
on t h e  g r i l l  f o r  a long t i m e .  t h i s  morning, and he'd l i k e  t h  ge t  out 

of h e r e  8 0 ,  I th ink  I ' l l  impose on you, and we ' l l  have a t a l k  now by 

Chris '  Knudsen. 

DR. KNUDSEN: Thank you very much. 

about the cos t  of var ious proe- 

cesses  t h a t  we are d nd development on i n  ERDA. Copies 

ho r t  t a l k  so t h a t  you can ge t  on 

with your l,uncheon plans. 

with me a l l  morning, and I asked permission 

t o  go ahead and g ive  

me, and I promised t o  take 

has been sweating it out  with 

and t h a t ' s  the  most important 

th ing  t o  me a t  t h i s  moment. 



CURRENT AFE ECONOMIC ESTIMATES 
PROCESS COST ESTIMATES 

DETAILED 
($20-50 X 10") 

0 EFI N IT W E  
($2-5% 10") 

PRELIMINARY 
($2-5% 10') 

ORDER OF 
M A G  NlTU DE 
($2-5 X 10') 

STUDY 
($2-5 x 1041 

LABORATORY 
(BENCH) 

MORTGAGE 
MODEL 

USBM 
PEG 

J 
W 

USBM 
PEG 

ORNL 
FLUOR 

PARSONS 
BRAUN 

MORTGAGE 
MODEL 

PDU COALCON 
KELLOGG 

ORNL 
BRAUN 

AMOCO 
PA R SO" s BADGER 

M 0 RT*G A G E 
MODEL 

USBM 
PEG 

'CONOCO 
ICGG 

PI LOT 

MORTGAGE 
:MODEL 

DEMON-. 
STRATtON 

~~ 

COMMER- 
CIAL 

c 
SASOL BRAUN 



of both the engineering effort that is put into it, and the data 

available . 
Hardware development level is indicated vertically on the 

As shown, data quality ranges between laboratory and commer- slide. 

cial. 

indicated by order of magnitude. 

Horizontally, the cost levels of various types of estimates are 

For example, a study design might 

cost $20,000 to $5 00 of engineering effort, a preliminary study 

$200,000 to $500,0 

detailed study $20 

estimate needed for, actual construction of a project where detailed 

a definitive study $2 to $5 million, and a 

$50 million. The detailed study is the type of 

mechanical drawings are needed. 

The order of magnitude type of estimate or "Mortgage Model'' 

has been developed within ERDA based on past information. We have 

made correlations of gasification, liquefaction, enhanced oil recovery 

and other processes based on R&D experience. These correlations allow 

us to make a crude estimate of the cost of a proposed process develop- 

ment unit (PDU) or pilot plant 

(Slide 2) 

detailed cost estlm 

estimate, of course, is the design 

require the same 

that the site spe 6 .  For example, a 

s done in any cost 

n, with the exception 



PRELIMINARY ($0.2-0.5 X 10') DEFINITIVE ($2-5 X IO') 

0 PRODUCT SPECS 

0 FEED SPECS 

e DESIGN ASSUMPTIONS 

4' Y a PROCESS DESCRIPTION 
P 
4 

a UTILITY SPECS 

e GENERAL SITE 

e DO 

e DO 

e DO 

0 DO 

0 DO 

DETAILED ($20-50 X 10') 

0 HYPOTHETICAL SfTE 

0 

0 

0 

0 

0 

0 

DO 

DO 

DO 

DO 

DO 

ACTUAL SITE 
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de ta i l ed  design, including de ta i l ed  mechanical drawings, requi res  

s p e c i f i c a t i o n  of an ac tua l  s i te  with core  d r i l l i n g s  t o  determine 

f ounda t ion des  ign  . 
( S l i d e  3) 

The next phase of a process es t imate  i s  the design i t s e l f .  

Differences in estimate accuracy a r e  most obvious from considerat ion 

of the  varying e f f o r t s  expanded i n  t h i s  s tep .  

In  a prel iminary design, the  e f f o r t  ends with an equipment 

l i s t ,  but i n  a d e f i n i t i v e  design, piping and instrumentat ion spec i f i -  

ca t ions  a r e  prepared. This addi t iona l  information requi res  a g r e a t  

dea l  more engineering e f f o r t  t o  develop. A de ta i l ed  est imate  includes 

the  l a t t e r  plus  de t a i l ed  engineering drawings and plans which may 

r equ i r e  hundreds of  thousands on man-hours. Process p l an t s  contain 

piping and instrumentat ion t h a t  may represent  40 percent of the  

c a p i t a l  investment, so t h a t  p repara t ion  of P&I diagrams, f o r  example, 

s i g n i f i c a n t l y  improves es t imate  accuracy, 

For preliminary estimates, c o s t  curves,  experience f a c t o r s ,  and r u l e s  

of thumb a r e  used; whereas e est imate ,  a more de t a i l ed  

es t imat ing  procedure is r equ i r e  

indexes, and pro jec te  

de t a i l ed  study, one seeks vendo 

t i o n s ,  and look i n to  ac tua l  lab 

cri 
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PROCESS DESIGN 

PRELIMINARY ($0.2-0.5~ 10") DEFlNlTtVE ($2-5 X j O e )  

E 

0 DO ' 

0 ENERGY BALANCE 0 DO 

0 OPERATING CONDITIONS 0 DO 

0 PLOT PLAN 0 DO 

0 ENVIRONMENTAL ASSESSMENT 0 

* .  
ii 

P'. 

7, i M A J O  ED 0 A L  UIPMENT WED 
I-r 

0 EQUIPMENT LIST 0 EQUIPMENT LIST A N D  

0 PIPING. SPECS 

0 PROCESS RELATED 
STRUCTURAL SPECS 3 

\ 

DETAI.LED ($20-50 X10') 

0 DO 

0 DO 

0 DO 

0 00 

0 DO 

0 ENVIRONMENTAL I M P A C T  
s STATEMENT 

0 .  DO 

0 "  DO ' 

0 .  DO " 

0 COMPLETE STRUCTURAL 
' DRAWINGS 

0 DETAILED ENGINEERING 
DRAWINGS 

o PLANT ELEVATION 
DRAWINGS 

0 PROCUREMENT A N D  - CONSTRUCTION PLAN 
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A vendor b id  i s  usual ly  much more accurate  than a quote and 

may r equ i r e  payment f o r  the  engineering time required t o  make it. 

Actual labor  c o s t s  and product ivi ty  extremely important 

f a c t o r s  which are genera l ly  overlooked. 

craftsmen and u 

have a l a r g e  e f f e c t  on the  f i n a l  cos t  of a plant .  

T 

r u l e s  vary i n  d i f f e r e  

P ro jec t  cont ingencies  and process contingencies can be 

assigned t o  account f o r  the  inaccuracies  brought about by the  esti- 

mating process and the  uncer ta in ty  of the  ava i l ab le  da t a ,  respec- 

t i v e l y  - the  hor izonta l  and v e r t  

These cont ingencies  r equ i r e  anal  

determine and w e  have v i s i t e d  companies l i k e  I f ,  and Mobil 

t o  begin developing them. es a r e  therefore  a r e f l e c t i o n  of 

what we have learned because w e  are not a l a r g e  cons t ruc t ion  o r  

operat ing company. We are m e n t ,  and we 

are r e ly ing  on ava i l ab le  i n d u s t r i a l  information. 

the  f i r s t  s l i de .  

g experience t o  

The p ro jec t  cont in  

be typ ica l ly  g r e a t e r  t 

mate l e v e l ,  a 15 t o  20 perce 

15 t o  20 percent  p 

d e f i n i t i v e  estimat level, a 10 t o  15 perce 

indicated.  F ina l ly ,  f o r  the  de t a i l ed  type 

contingency would be appropriate.  

ass ign  t o  a study estimate 

j e c t  contingency might be-app 

17 8 



Note t h a t  the pro jec t  contingency r e f l e c t s  only t h  

t a i n t y  of construct ing a given design f o r  a given c o s t  and i n  e f f e c t  

assumes known technology. Therefore, even f o r  a de ta i l ed  estimate 

la te  i n  the  ac tua l  construct ion period the  p ro jec t  continge 

s t i l l  typ ica l ly  about f i v e  percent t o  account f o r  the  b i l l s  y e t  ‘ to  

a r r i v e ,  l abor  and mater ia l  problems i n  completing construct ion,  and 

poss ib le  s t a r t -up  problems. 

% -  

Turning t o  the  process contingency, some experience 

ind ica t e s  t h a t  an est imate  based on labora tory  da t a  r equ i r e s  a 

contingency of  approximately 100 percent t o  account for addi t iona l  

equipment later found t o  be necessary during the  PDU, p i l o t  p lan t  

and demonstration development s tages  leading t o  commercialization. 

Perhaps a 25 t o  5 0  percent contingency i s  appropriate  f o r  the  PDU 

s t age ,  only a 15 t o  25 percent  contingency a t  the p i l o t  p l an t  s tage ,  

about 10 t o  15 percent a t  the demonstration s tage ,  and as l i t t l e  as 

5 percent  a t  the commercial state. 

Applicat ion of the  contingencies i s  made a s  follows. The 

process contingency i s  added as a percentage on the  on-site process 

equipment, whereas the  p ro jec t  contingency i s  appl ied t o  t o t a l  

investment, including o f f - s i t e s  and the  process contingency. 

cau t ion  t h a t  these types of  add-on contingencies should be used with 

care, as they a r e  meant f o r  guidance. 

I would 

(S l ide  5 )  

17 9 
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L e t  m e  t a l k  now about some recent  c o s t  estimates. This ’ 

i , 

c 

s l i d e  shows es t imates  f o r  var ious g a s i f i c a t i o n  processes using western 

subbituminous coa l  t o  produce 250 mil l ion  standard cubic f e e t  per day 

of SNG. 

t he  investments, operat ing c o s t s ,  and s u l t i n g  p r i ces  of the  HYGA 

BI-GAS, CO 

f igu res  f o r  Lurgi  g a s i f i c a t i o n  technology. 

can be p lo t t ed  as s t r a i g h t  l i nes  to  a c lose  approximation. 

, .  
This r epor t  was published i n  October 1976, and it examines 

Acceptor and Synthane processes compared with s imi la r  2 

Note t h a t  constant  p r i ces  

One sees t h a t  the HYGAS steam-oxygen case seems t o  be the  

most a t t r a c t i v e  process a t  approximately $4.25 per  mi l l i on  BTU. 

Lurgi i s  p lo t t ed  a t  about $5.50 per  mi l l i on  BTU. 

I want t o  caut ion t h a t  these are est imates  of process a t  

varying l e v e l s  of  development and t h a t  w e  w i l l  continue t o  review 

them. Conditions o the r  than those assumed i n  the  Braun study a f f e c t  

t h e  r e s u l t s  and some f e e l  thaf- the HYGAS Steam/Iron and the  Synthane 

cases  could be c a s t  i n  a more favorable  l i g h t  by a new bas is .  L e t  m e  

po in t  o u t ,  however, t h a t  although a 15 percent p ro jec t  contingency 

was included i n  a l l  of the  Braun es t imates ,  no process contingencies 

were appl ied t o  r e f l e c t  the  varying technical  information ava i l ab le  

f o r  the  processes. 

processes have d a t a  of PDU o r  p i l o t  p lan t  qua l i ty .  

process contingencies accordingly,  one would f ind t h a t  a l l  of the  

es t imates  would change pos i t ions  on the  p l o t  i n  a d i f f e r e n t  manner. 

Lurgi,  of course,  would have the  lowest process contingency of about 

Lurgi da t a  i s  commercial q u a l i t y  while the  o ther  

I f  one appl ies  

L 
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f i v e  percent. As a r e s u l t  of t h i s ,  new p l o t  would show much less 

e advantage f o r  t he  newer proc 

We do not have a compara 

t h i s  t i m e ,  although we have made c 

Exxon Donor Solvent and Solv 

accounting b a s i s  was used - 

ses compared with Lurgi. 

e c i a t i o n  rate, and so 

t h a t  are a funct ion of t he  

r e s u l t  of having d i f f e r e n t  firms produce the bas i c  designs. 

now planning t o  v i s i t  S t e r  

d i f f e rences  i n  des 

o n s i s t e n t  basis.  

We are 

Un t i l  we have co 

on a cons i s t en t  b a s i s ,  we 

However, on a p r  , l i que fac t ion  processes are 

indicated t o  produc 

f u e l  o i l  product ma 

u t i l i t y  basis .  They are 

with f u e l  cos t s  added. 

The ba r s  i nd ica t e  c a p i t a l ,  operation, and maintenance, and f u e l  c o s t s  

181 
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. 

components, respec t ive ly .  

a range of fue 

The f u e l  cos t  component i s  s lan ted  t o  show 

a cos t  f o r  No. 6 f u e l  o i l  of $2.12 t o  $2.86, t he  cos t  

n a t u r a l  gas whic 

t o  24 m i l l s  per  

d ,  both esti- 

c o s t s ,  bu t  the  f u e l  cos t  is less. 

Low Btu gas on s i te ,  requi res  add i t iona l  c a p i t a l  and oper- 

a t i n g  and maintenance c o s t s ,  but  again the  f u e l  i s  the  cheaper high 

W 
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sulfur coal. Solid SRC, without flue gas desulfurization, is assumed 

to cost $3 to 

of elec without flue gas desulfurization, uses 

high sulfur coal and is very competitive with low sulfur coal. High 

sulfur coal in fluid bed combustion is also a 

as is the cas 

at ive al erns ive 

application. 

flue gas desulfurization adds about 10 mills per kilowatt hour. Solid 

SRC adds quite a bit. Clean coal adds the least of the three. 

For liquid fuel plants, the retrofit of $3 to $5 per million 

a small saving results. 

al, replacing No. 6 

d cost. Finally, 

ff site adds about 10 mills. 

slide was a study done a year ago 

the of new industrial boilers. As you see for h 

sulfur coal, and low sulfur fuel oil, there is.not a lot to choose from 

on the basis of overall cost. &e plot makes the point, however, that 
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c a p i t a l  and operat ing c o s t s  can be minimized by us,.ig low su fu r  fue l  

o i l ,  which may not be ava i l ab le  i n  the  f u t u r e  a t  cur ren t  c o s t  l eve ls .  

Otherwise, l a r g e  c a p i t a l  and operat ing c o s t s  are incurred i n  order  t o  

u t i l i z e  coal.  

That i s  a l l  I planned t o  say. 

(Applause. 

Thank you f o r  your a t ten t ion .  

DR. W E :  Any questions? , i !  i 

VOICE: Those l a s t  four s l i d e s ,  are they ava i lab le?  

DR. KANE: They are i n  the  handout. 

VOICE: Very good. 

DR. KANE: Yes. 

DR. BARON (Shell):. 

I thought t h a t  the  f igu res  you showed were very r e a l i s t i c  

and so were your contingency f ac to r s .  

i n  the  be l ievable  -range. 

a r e  deal ing with not  a f r e e  market s i t u a t i o n ,  but  with a monopoly 

s i t u a t i o n  i n  which the  OPEC count r ies  ac t ing  as a monopolist have a 

problem of s e t t i n g  t h e i r  pr ices .  

And the  numbers you showed are 

The point  t h a t  I want t o  make i s  t h a t  w e  

In  a s i t u a t i o n  normally, when a monopoly i s  permitted t o  

a c t ,  they set  t h e i r  p r i ces  somewhere between the  f l o o r  and the  

c e i l i n g ,  the  f l o o r  being whatever competit ive source t h e r e  may be t o  

compete with t h e i r  product. 

can ge t  away with,  without a revolu t ion  of some kind. 

may be due t o  economic causes,  d i s r u p t i o n  of soc ie ty ,  o r  other.  

And the  c e i l i n g  being the  m a x i m u m  they 

The revolu t ion  
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The major point I want to make here is that in our case, 

the floor will be set by the prices you have sho 

as much as $30 a barrel, on the order of $5 per million Btus, some- 

thing like that. 

ay, minimum $20, 

But interestingly enough, the ceiling which normally would 

be the ceiling, which the OPEC countries have chosen, even after you 

allow for importation and everything, is more like about $14, $15 a 

barrel. 

below the floor. 

make the point of terrible danger, and that any government action 

that would arbitrarily and unnecessarily widen the gap between the 

ceiling and the floor, will contribute to increased instability. 

So we have a fantastic situation, in which the ceiling is 

I'm using this poetic way of expressing myse'lf to 

Thank you. 

DR. KANE: Further questions or comments? 

. If not, Dr. Phillips has an announcement, then we will let 

you go. 

DR. PHILLIPS: Well, the 

we can all be back in an hour and seven minutes, namely, at 1 : 4 5 ,  

please, for the afternoon session. 

I point out to all of you that there are restaurant facili- 

ties available, both in this Quality Inn and across the street at the 

Hyatt Regency. 

Would you please fill in the forms if you wish to participate 

in tomorrow afternoon's smaller discussion groups . 
185 
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(Whereup, a t  12:38, the meeting was recessed, to  reconvene 

a t  1:45 p.m., th i s  same day.) 
I - - - - _ - -  
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AFTERNOON S E S S I O N  

NE: I have a couple of  announcement 

w e  commence. 

Let m e  remind a l l  of you t h a t  wish t o  p a r t i  

smaller d iscuss ion  groups tomorr 

i n d i c a t e  t h a t ;  and i t  would be he lpfu l  i f  you would f i l l  out one of  

those c h e c k l i s t s  t h a t  T 

rnoon, w e  do request t h a t  you 

Because of  the  unce r t a in t i e s  i n  f o s s i l  energy research 

t somewhat out  of  order i n  our  program t h i s  morning, 

e now have the  opportuni ty  t o  ge t 'back  i n t o  the agenda 

as i t  was w r i t t e n  up. ~ SO 

the  t a l k  on Overview of  ERDA Research, agency-wide. 

followed by the  t a l k  

hav'e a l ready  done ' the  

proceed on through t 

That w i l l  be 

ins ;  the  t a l k  by Holzer and Zucker; w e  

lex H i l l s ,  and then we w i l l  

Richard Kropschot--Overview: ERDA 

DR. KROPSCHOT: I would j u s t  l i k e  t o  spend a few minutes - 

'day and a h a l f ,  i n  

f a c t  t h a t  what we 
* -  

t giving 'you an overview of  

r k ' t h a t  Dr. P 
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Lid 

working on, and the reason for this meeting; and address what we are 

trying to do in soliciting your help in getting feedback to provide 

input into the planning session and the planning activities for the 

research in ERDA. 

The Energy Reorganization Act of 1974 assigned to the 

Administrator of ERDA the central responsibility for policy planning, 

coordination suport and management of research, development, and 

demonstration for all the energy eources. (Slide 1) In addition, 

there are other elements of the Act but it is this legislative issue 

that we are trying to respond to today. 

meeting, we would like to discuss the energy-related research in the 

near, mid, and long-term program. 

For the remainder of our 

We must recognize that the definition of "research" means 

different things to different people and we have great difficulty in 

obtaining a consistent definition. (Slide 2) However, research 

(Basic, Applied, Technology Base) as defined in ERDA IAD 0800-5 can 

and must be one of the Agency missions and should be justified as 

such. 

In our definition, we include the basic research developed 

from the fundamental sciences and the broadly-applicable technologies. 

What we do not include are the programs which respond to 

the pilot and demonstration plants. 

grams can and do overlap into the research. 

but the definition is many times only a problem in semantics. 

And, again, part 

The boundary is fuzzy, 

i i 
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Using t h i s  d e f i n i t i o n ,  the  ERDA-side program i n  research 

( F o s s i l  only being a p a r t  of i t )  i s  $400 mil€ ion  annually. 

excluded the  High Energy and Nuclear Physics program and the  Environ- 

We have . 
a f e t y  Research from our inventory. The f o s s i l  research 

component i s  about $40 mi l l i on  annually and managed by four  d i f f e r e n t  

Ass i s t an t  Administrators ( B E ,  ASGA, AC and U S ) .  

About a year ago, 

morning, t h e  Administrator 

developed a group of manag 

e Basic Energ 

1s. One of these  goa ls  was t o  

Agency and they assigned t o  D r .  Kane the  r 

q u a l i t y  o f  t h a t  Program. 

Kane i n  h i s  ques t  f o r  an 

have been a s s i s t i n g  D r .  

The Federal 

see emerging, is  out  

Reorganization key elements which justify 

Federal  involv 

s t rong  research pro- 

gram. Where are the  needs f o r  r 

do w e  have the  resources  and can 

asked each of  t h e  speakers no t  o 

but  t o  point  out  new oppor tuni t ies .  Do w e  have an i n f r a s t r u c t u r e  i n  

p lace  t o  take  advantage o f  opportuni ty  i n  an adequate way and can we 

provide the  leadersh ip  t o  complete the  job. 

li 191 
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Sl ide  5 i s  our schedule f o r  the  meeting. We have completed 

the  Introductory Session. 

noon, w e  w i l l  present  t o  you the  F o s s i l  Energy Research Program and 

the  research opportuni t ies .  

respond t o  these oppor tuni t ies ,  w e  must  provide adequate resources 

( Industry,  Mul t id i sc ip l inary  l abora to r i e s  and Univers i t ies )  

For the  rest of the  time through tomorrow 

We must recognize t h a t  i n  order  t o  

I n  our handout, w e  addressed severa l  i s sues  and questions 

(S l ide  6 )  t h a t  we have developed i n  concert  with groups of people 

wi th in  t h e  Agency. 

mining the  na ture  of t he  research program; the  q u a l i t y  and adequacy 

of t h e  new research,  the  balance,  e tc .  

They are the  key i s sues  and are asked when deter-  

Is the  balance between 

r e se ar c h 

input  t o  

no log  ie s 

and the  demonstration program cor rec t?  

make these  decis ions? 

How can w e  use your 

As  D r .  Kane mentioned, the  i s sue  of crosscut t ing  tech- 

needs ser ious  consideration. D r .  P h i l l i p s  and I f e l t  t h a t  

t h e r e  were seve ra l  areas (S l ide  7 )  t h a t  dea l  with the  broad-based 

d i sc ip l ines :  materials, combustion, instrumentation, nondestruct ive 

t e s t i n g  and so on, t h a t  have impact on more than one technology and 

are f a l l i n g  through the  cracks. 

The feedback seminars t h a t  we planned tomorrow af ternoon 

are (hopeful ly)  designed t o  g e t  your input. We w i l l  d iv ide  up i n t o  

smaller  groups of 10 t o  15 each and, with the  a id  of the  s t a f f  from 

The MITRE Corporation, provide a mechanism f o r  obtaining your input. 

19 4 
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To ask f o r  input from you with t h i s  l imi ted  information is 

perhaps un fa i r ,  d i f f i c u l t  or maybe impossible. 

of you) are working i n  the  f i e l d  of f o s s i l  energy and know a l o t  

about the  ERDA program. 

knowledge. Also, I would l i k e  t o  c a l l  your a t t e n t i o n  t o  the  f a c t  

t h a t  the  dec is ion  making process of Foss i l  Research i s  being done 

during each budget cycle. 

But many of you (most 

So we're s t a r t i n g  a t  a p r e t t y  high l e v e l  of 

We're asking f o r  your he lp  i n  providing 

input  t o  t h a t  

(No 

DR. 

The 

dec is ion  process. 

response . ) 
PHILLIPS:, We w i l l  then proceed with our program. 

next speech w i l l  be a top ic  i n  f o s s i l  energy d i v i s i o n  

I 

research,  o i l ,  gas and sha le  technology presented by J. Wade' Watkins. 

MR. WATKINS: Thank you. Ladies and gentlemen, I had the  

same problem Dick Kropschot mentioned i n  t ry ing  t o  ca tegor ize  research. 

I n  30-odd years ,  and some of them have been, indeed, espe- 
\ 

c i a l l y  recent  ones. 

R&D, i t ' s  never been clear i n  my mind, the  l i n e  of demarcation 

between bas i c  or fundamental research,  appl ied research,  engineering 

development, e t  cetera. 

In  30-plus years  of being involved i n  government 

I th ink  o the r  people have the  same d i f f i c u l t y .  

I n  preparing t h i s  presenta t ion  -- 
(Laughter. 

-- I assumed t h a t  I was t o  focus pr imari ly  on bas i c  research 

as compared with our e n t i r e  program, which i s  what I had planned, and 

19 8 



t he re fo re ,  I am not  going t o  go i n t o  d e t a i l  about our cost-shared 

s t r y  f o r  f i e l d  demonstrations,or s imi l a r  in-house 

f our other  a c t i v i t i e s ,  but  more the  ove ra l l  

compared with what we think may be bas ic  research. 

t t h a t  t he re ' s  an attractive young lady 

. ,  

I ' d  l i k e  t o  point  

i n  the  back of the room who has a l imited number of copies,  hard , 

copies ,  of the  vugraphs I w i l l  present ,  which a l so  includes vugraphs 

I w i l l  not use, because I ' m  not going t o  touch i n  de t a i1 ,on  our 

applied programs. 

1 

. *  

I n  t ry ing  ck up what we have i n  basic  research, I took 

a l l  of our headquarter 's  eont rac ts  and went through those categori-  

c a l l y  myself and sa id ,  w e l l ,  t h i s  e i t h e r  is o r  i s  not basic  research, 

which ignored such a c t i v i t i e s  as cost-shared industry cont rac ts ,  

support resea odeling, environment ompliance, l i k e  

hings t h a t  j u s t  by no 

r t o  be basic  research. , 

gy Research Centers and National Lab- 

o r a t o r i e s  and sa id ,  "Look, please t e l l  me what you think you're doing 

s bas ic  research.'' 

And t h a t  reinforced- onfusion no end, because I had some 

of the  National Lab d i r ec to r s  come back and say,  well 

not doing anything f o r  you t h a t ' s  bas ic  research. It 's a l l  applied 

had one,ERC d i r e c t o r  say, everything we're 

doing 'is bas ic  research. 
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I knew t h i s  couldn ' t  be ' r i gh t ,  so I r a t h e r  ca t egor i ca l ly  

excised some of t he  things t h a t  had been i n  there ,  and then f i n a l l y  

came up with a t o t a l ,  which I am not prepared t o  defend when I show 

it t o  you later. 

magnitude, bu t  it could be 25 percent more o r  less o r  something l i k e  

I can assure  you i t ' s  not off  by an order  of 

t h a t  . 
Okay. May I have the  f i r s t  s l i d e ,  please. 

(S l ide  1) 

You probably have seen t h i s  already. It i d e n t i f i e s  where 

w e  are, the  Division of O i l ,  Gas and Shale Technology, one of seven 

d iv i s ions  under Ph i l  White. 

Next one. 

(S l ide  2) 

This is our d iv i s ion  organization. We have two a s s i s t a n t  

d i r e c t o r s ,  J e r r y  Hamm, for o i l  and gas,  with 3 branches, Charles 

Perry,  i n  petroleum s t imula t ion  o r ,  b e t t e r  known as  enhanced o i l  

recovery, Don Ward, gas s t imula t ion  o r  enhanced gas recovery and Don 

Guier, d r i l l i n g  and o f f shore  technology. 

On the  o ther  s ide ,  Larry Burman, fo r  i n  s i t u  technology, 

with two branches. J e r r y  Ramsay, sha le  conversion, and Paul Wieber, 

underground coa l  gas i f i ca t ion .  Okay. 

(S l ide  3) 

Objectives. I'll l e t  you read the  objec t ives ,  and poin t  

out  t h a t  under implementation we do put a very heavy emphasis on 
i 
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rapid technology t r ans fe r .  We have an 

annual symposium on enhanced o i l  and gas recovery, and per iodic  ones 

on such sub jec t s  as underground coal g a s i f i c a t i o n  and oi l -shale  

re  t o r t  ing . 

We do t h i s  through symposia. 

, 

I t ' s  a l s o  done through qua r t e r ly  g r e s s  r e p o r t s  on a l l  

of our con t r ac t s  which have a very wide d i s  u t ion ,  and it i s  done 

through technica l  and s c i e n t i f i c  publ icat ions and presentat ions.  

(S l ide  4) 

Our research t a r g e t s  are some 290 b i l l i o n  b a r r e l s  of normal 

g r a v i t y  o i l ,  more than 100 b i l l i o n  b a r r e l s  of heavy o i l ,  a t  least 30 

b i l l i o n  b a r r e l s  of bitumen i n  tar-sand depos i t s ,  p r i n c i p a l l y  ident i -  

f i e d  i n  the  state of Utah; more than 600 t r i l l i o n  cubic f e e t  of 

na tu ra l  gas i n  low permeabi l i ty  formations i n  the  Rocky Mountain 

bas ins ,  and an unquantified but s i zab le  amount i n  s imi l a r  depos i t s  i n  

e a s t e r n  sha le s ,  coa l  seams and geopressured aqui fe rs .  

In  our con t r ac t s  we have been shooting f o r  a t  least 50 per- 

cent  funding from industry and a c t u a l l y  have exceeded tha t .  

Our goals  a r e  t o  add t o  proved reserves  by 1985, 3 b i l l i o n  

b a r r e l s  of  o i l  and 10 t r i l l i o n  f e e t  of na tu ra l  gas ,  a s  a r e s u l t  of 

our program, and t o  increase d a i l y  production by an increment of 

800,000 b a r r e l s  of o i l  and 3 b i l l i o n  cubic f e e t  of na tu ra l  gas. 

(S l ide  5 )  

I n  i n  s i t u  technology the  resources are tremendous, and 
I 

please remember, I ' m  t a lk ing  about resources  and not  reserves.  1.8 
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e RESOURCE TARGETS 
ION BARRELS OF NORMA 

ION BARRELS OF BITUMEN 
LION CUBIC FEET OF NATURAL GAS 

RAVITY OIL . 
107 BltLlON BARRELS OF HEAVY OIL 

D I N DUST R Y PART IC I PAT I ON 
0 h) ASOUT 50 PERCENT 
.a 

EXPECTED ADDlTIONS TO RESERVES BY 1985 
LION BARRELS OF OIL 
LLION'CUBIC FEET OF NATURAL GA 

D INCREASED PRODUCTION BY 1985 
800 THOUSAND BARRELS OF OIL PER DAY 

3 BILLION CUBIC FEET OF NATURAL GAS PER DAY 

* PROVED DOMESTIC RESERVES AT END OF 1975 
32.7 BILLION BARRELS OF CRUDE OIL 

228.2 TRILLION CUBIC FEET OF NATURAL GAS 



IN SITU TECHNQLOGY 

e RESOURCE TARGETS 
I 1.8 TRILLION BARRELS OF OIL EQUIVALENT FROM OIL SHALE 

1.8 TRILLION TONS OF COAL AMENABLE TO UCG 

Q EXPECTED INDUSTRY PARTKIPATION 

UP TO 50 PERCENT 

e EXPECTED PRODUCTION BY 1985 

150 THOUSAND BPD EQUIVALENT FROM OIL SHALE 

50 THOUSAND BPD EQUIVALENT FROM UCG 



equivalent  from coal  formations 

underground coa l  g a s i f i c a t i o n  and t h a t  a t  t 

considered t o  be economically minable. 

we. f e e l  should be amenable t o  

esent  time are not 

Here, again,  w e  are sh  r cen t ,  a t  least ,  
f -  

from indus t ry ,  and we of o i l  per day 

from o i l  sha l e  by 198 t from underground 

( S l i d e  6 

-This  is simply the  loca t ion  of the 

Laborator ies  and the Energy Research Centers,  s t a r t i n g  with 

ouse programs a t  the 

L 

I "  

t he  E R C ' s ,  Morgantown, West Virg in ia ,  B a r t l e s v i l l e ,  Oklahoma, Laramie, 

Wyoming, t he  na t iona l  l abora to r i e s ,  Oak Ridge, Argonne, Los Alamos, , 

Sandia, Lawrence Berkeley, Lawrence Livermore, and we do .- have ; a small  

con t r ac t  with Mounds which- i s  -not' o n - t h e  map. 

f 

3 "  

1 

- 1 -.- 

evada, which also is not on 

I 

on t h i s  l i n e  i s  i d e n t i f i e d  as nonnuclear f rac tur ing .  
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ERDA DIVISION OF OIL, GAS, AND SHALE TECHhfOLOGY 

R&D PROGRAM FUNDING’ 

c 

($ IN MILLIONS) 

re 
0 
lD , ”  

OIL & GAS TECHNOLOGY 

FLUID INJECTION 

NON-NUCLEAR FRACTURING 

EXPLORATION, DRILLING, 
OCS, RIO BLANC0 TSTG 

ING & UTlLlZATION 

IN SITU TECHNOLOGY 

OIL  SHALE 

SUPPORTING RESEARCH 

TOTAL ’ 

FY 1976 

(43.2) 

25.7 

13.5 

2.2 

1.8 

(21.1) 

13.7 

6.1 

1.3 

64.3 

IBUDGET AUTHORITY 

3REVISED PRESIDENTIAL BUDGET 

 ACT PL 94 - 373 

- 
TQ 

(8.9) 

4.6 

3.1 

.7 

.5 

(4.0) 

2.0 

1.7 

.3 

12.9 

FY .19772 

(42.9) 

23.8 

14.9 

2.4 

1.8 

(30.5) 

21.0 

8.2 

1.3 

73.4 

FY 19783 

(71.1) 

46.1 

220 

1.6 

1.4 

(39.0) 

, 28.0 

11.0 

- 4 

710.1 

7 6 .  o 

4FY 78 SUPPORTING RESEARCH INCLUDED IN OIL SHALE 



e 

Okay. J 

(Slide 8) 

In ERDA, fossil energy has 7.6 percent of the funding in 

FY '77, and 8.3 percent in FY '78, as the President's budget went to 

the Congress. 

(Slide 9 )  

Our division's share in '77 was 15.4 percent and in '78, 17 

percent , again based on the President's initial budget. 

(Slide 10) 

Personnel wise, Fossil Energy has four percent of the - 

total. We have nine percent of the Fossil Energy share. 

(Slide 11) 

In FY '77, we were putting $24 million into enhanced oil 

recovery, $21 million into oil-shale technology, 8.2 million into 

underground coal gasification, $15 million into enhanced gas recovery, 

$3 million in supporting research, and $2.4 million into drilling and 

offshore technology. 

National Labs $14 million, Energy Research Centers about $20 million, 

universities $1.6 million and supporting research, other government 

agencies, $3.5 million. 

And this is going to industry-$35 million, 

(Slide 12) 

Now, this is my rackup on what we are doing in basic 
e 

research which, as I said, may or may not be right and may be open to - 

quest ion. 
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$3.1NI OTHER G O V 7  
AGEN Cl  ES 

DR! L U N G  $3.5M 

& 

$2.4M 
$73.4M 

\ 
$73.4M EXPLORATION 

BY TECHNOLOGY BY RECIPIENT 
 OPERATING EXPENSES ONLY 



.... ... .. .,.. " .. " .  . . _ _ _  ..-~- ~~~ ~ -. . . . . . .  , .  

OGST BASIC RESEARCH 
FY 1977 

$68.5M \ 

N L'S 

v I 
UNIVERSITIES 

APPLl EDAND INDUSTRY AND 
DEVELOPMENT OTHER AGENCIES 

c BY CLASSIFICATION (7 



PLES OF PRESE POTENTILL 
OGST BASIC RE 

OIL 

SHALE CHARACTER EZATEON 

I DENT1 FICATtON 

AND BEHAVIOR 

IOR OF EOR CHEMICALS 

ROCK ME .’. 

SURFACE CHEMISTRY 

THERMODYNAMIC PROPERTIES OF FLUIDS 
I 

R EACTIQN K I N ETICS 

*ENVIRONMENTAL QUALITY AND REACTIONS 



I to t a l ed  it up as 4.9, say $5 mil l ion ,  ou t  of a t o t a l  

budget of $71  mi l l ion ,  which leaves 68.5 i n  nonbasic research. 

t h i s  amount, the  Energy Research Centers ge t  $1.1 mi l l ion ,  National 

Of 

Labs about $1 mi l l ion ,  u n i v e r s i t i e s  $2.3 mil l ion ,  and industry and 

o the r  agencies a h a l f - m i l l i o n  do l l a r s .  

(S l ides  13-23) 

Now, I s t a r t e d  t o  prepare two vugraphs here,  showing what 

w e  are doing a t  present  i n  bas ic  research and what t he  needs might be 

i n  o i l ,  gas ,  and sha le  technology for  add i t iona l  bas i c  research. And 

as I t r i e d  t o  w r i t e  t h i s  down, it occurred t o  me t h a t  I cannot 

d i f f e r e n t i a t e  t he  two. Possibly our immediate needs, i f  not our 

long-range needs, a r e  simply more of what w e  are doing i n  some 

areas  . 
But l e t  me run through these  r a t h e r  rapidly.  One th ing  i s  

oi l -shale  cha rac t e r i za t ion  and behavior. 

going i n  t h i s  area. O i l  i d e n t i f i c a t i o n ,  we have one a t  the  Bart les-  

We have seve ra l  p ro j ec t s  

v i l l e  Center. 

chemicals. 

National Laboratories and in-house a t  Energy Research Centers. 

Proper t ies  and behavior of enhanced o i l  recovery 

Here again,  w e  have severa l  p ro j ec t s  a t  u n i v e r s i t i e s ,  

Enhanced o i l  recovery t r ace r s ,  one p ro jec t  a t  Oak Ridge. 

This i s  t o  follow the  subsurface flow of i n j ec t ed  f lu ids .  

Rock mechanics, appl icable  t o  v i r t u a l l y  everything we're 

doing, because everything we're doing i s  i n  s i t u  o r  underground, and 
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GY RESEARCH PROGRAM 

ETROLEU ATURAL GAS 

STIMULATIO 

.CHARACTERE2 

*QUALITY OF CRUDE OILS AND PRODUCTS 

F PETROLEUM AND NATURAL GAS PRODUCTION 
e' E XT R ACT1 0 HEAVY OIL AND OlL FROM TAR SANDS 

h) 

ION OF PETROLEUM RESIDUES AND BITUMEN-tt KE MATERIAL 

0 IDENTIFfCATI 
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FOSSIL ENERGY RESEARCH PROGRAM 
IN SITU TECHNOLOGY 

o IN SITU RETORTING 

- PROCESS DEVELOPMENT 

- SUPPORTING RESEARCH 

e CHARACTERISTICS OF OIL SHALES 

h, w e OIL SHALE: NEW PROCESS TECHNOLOGY 
Q) 

4) MAINTENANCE OF ANVIL POINTS FOR 'OBSERVATION OF RE- 
SEARCH BY DEVELOPMENT ENGINEERING, INC. 

a ENVIRONMENTAL PROBLEMS ASSOCIATED WITH OIL SHALE 
PROCESSING AND UCG 

a UNDERGROUND COAL GASIFICATION 

- PROCESS DEVELOPMENT 

- SUPPORTING RESEARCH 

a IN SITU SHALE GASIFICATION (EASTERN AND WESTERN SHALES) 

c c 



EOR FIELD TEST CONTRACTS SU MARY 

MfCELtAR-POLYMER 

IMPROVED WATERFLOU 

THERMAL RECOVERY 

TOTAL 

6 35.6 

4 1.5 

3 9.0 

t N D USTR Y 

57.5 . 

5.7 

16.4 

24.0 

103.6 

ERDA 
TOTAL PERCENT 

83.1 I 30 

7.2 20 

25.4 ' 35 

34. 5 30 

150.2 I 36 



h) 
. N  

0 

c 

PROGRAM 

MICE1 LAR.POLYYER FLOODING 

C02 FLOODING 

IMPROVE0 WATERFLOODING 

THERMAL RECOVERY 

EOR FIELD TEST CONTRACTS 

TOTAL FUNOING 
(MILLIONSI 

11.1 
8.8 
4.2 
5.0 
1.0 

44.0 

1.2 
1.4 
2.6 

3.9 

1.6 
14.8 

1.3 
8.8 
8.7. 
1.2 
8.2 
1.3 

GOVERNMENT 
CONTRIBUTION 

5.4 
1.4 
2.2 

, 2.5 
1.5 

14.0 

1.2 

1.0 
a5 

1.2 

2.2 
5.6 

2.5 
0.7 
2.0 
3.1 
1.7 
0.5 

PERFORMER 

CITIESSERVICE. INC. 
PHILLlrSPETHOLEUM CO. 
PENN GRAOE CHUDE OIL CO. 
GARY OPERATING CO. 
CITY OF LONG BEACH 
MARATHON OIL CO. 

GUYAN OIL CO. 
COLUMBIA GAS THANSMISSIOM CfYRP. 
PENNZOIL CO. 
SHELL OIL COMPANY 

KEWAMEE OIL CO. 

SHELL OIL CO. 
CITY OF LONG BEACH 

HUSKY OIL CO. 
CARMEL ENERGY CO. 
GETTY OIL EO. 
CITIES SERVICE. INC. 
CHANSLOR WESTERN CO. 
OIL DEVELOf'MENT CO. OF TEXAS 

LOCATION 

EL DORAOO, KS 
BURBANK FIELO. OK . 
BRADFORO FIELO.PA 
BELL CREEK FlEL0,MT 
WlLl lNGTDN F IELO. CA 
ROBINSON FIEL0.IL 

GRlFFlTHS FIELO. WV 
GRANNY'S CREEK FIELD. WV 
HOCK CREEK FIELO. WV 
WEEKSISLANO FIEL0.LA 

STANLEY STRINGER 

EAST COALINGA FIELD, EA 
WILMINGTON FIELO. EA 

PARIS VALLEY FIELD. CA 
CARLYLE FIELD, KS 
CAT CANYON FIELD, CA 
BELLEVUE FIELD. LA 
MIDWAY SUNSET FIELO. CA 
WILLOW ORAW FIELO, WY 

FIELO. OK 

STATUS 

UNDER IMJECTION 
POLYMER INJECTION 
ORlLLlNG COMPLETE 
PlLOT DEMONSTRATION UNOERWAY 
INJECTION WELL IESTING 
SITE PREPARATIUM UNOERWAV 

BEGINNING INJECTION 
INJECTING C02 
INJECTING WAlER 
INITIAL DEVELOPMENT 

PROOUCING TERTIARY OIL 

UNDER INIECTION 
ORtLLlNG INJECTION WELLS 

INJECTING AIR 
INJECTING GAS A N 0  STEAM 
CYCLIC STEAM STIMULATION 
INJECTION TESTS 
INJECTING STEAM 
UNDER INJECTION 



. - -  _ _  - - -  - -  

POTENTIAL F ENHANCED IL RECOVERY AND LOCATIONS 
OF SELECTED ERDA FIELD TEST CONTRACTS 

CRUDE OIL IN SANOSTONE AND CARBONATE 
LITHOLOGIES POTENTIALLY RECOVERABLE 
BY ENHANCED METHODS 

H - HIGH, GREATER THAN 7 BILLION BARAELS 
M - MEDIUM, BETWEEN 1 A N 0  7 BtLLlON BARRELS 
L - LOW, LESS THAN 1 BILLION BARAELS 
BLANK - NEGLIGIBtE 

I W  - IMPROVE0 WATERFLOODING 
TR - THERMAL RECOVERY (IN SITU 

COMBUSTION A N 0  STEAM 
FLOODING) 



. .  . .  . . _ _  _ _  . . ~ . . .  

MASSIVE HYDRAULIC 
FRACTURING 

CHEMICAL EXPLOSIVE 
FRACTURING 

EGR COST-SHARING 

6 

3 

i 
I PROJECTS 

1 
I I 

I TOTAL I 10 

c 

CONTRACTS’ SUMMARY 

($ IN MILLIONS) 

ERDA 

12.5 

2.4 

.6 

15.5 

INDUSTRY 

16.2 

2.3 

.2 

18.7 

TOTAL 

28.7 

4.7 

.8 

34.2 

ERDA 
PERCENT 

43 

51 

75 

45 

(f 



Q 

CURRENT MAJOR EG CONTRACTS 
! 

PROGRAM . 

MASSIVE HYDRAULIC FRACTURING 

CHEMICAL EXPLOSIVE FRACTURING 

DEVIATE0 WELL TESTS 

TOTAL F UNDING 
fMILLf OMS) 

4.3 

4.8 " 

- 7.6 

6.6 
2 4  ' 

, <  

4.7 

GOVERNMENT 
COWTRlt3UTlOM 

2.0 
2.1 

2.5 
2.2 

2.6 
1.1 

2-4 I 
.6 

PER F 0 AM E R 

CEA. IWC. 
COLUMBIA GAS SYSTEM, INC. 

COLUMBIA GAS SYSTEM, I C .  
GAS PRODUCING ENTERPRISe. INC. 

MOBIL OIL CORP. 
PACIFIC TRANSMISSION SUPPLY 60. 

PETROLEUM TECHNOLOGY CORP. 

PETROLEUM TECHNOLOGY COAP. 
PETROLEUM TECHNOLOGY CORP. 

COtJSOlIOATEO GAS SUPPLY CORP. 

LOCATION 

A I 0  BLANC0 CO, CO 
LINCOLW co, wv 

P 

011, M, VA, KY 
NATURAL BUTTES, UT 

UIYTAH BASIN, UT. 
SAW0 RIDGE, UT 

1. PERRY. LESLIE. I LETCHER COS., KY 
2. SUTTON co., TX 

JACKSON co., wv 

3. L I C O L W  CO., WW 

STATUS 

FINAL TEST NOV 76 
3 WELLS ORILLEO; 3 OF S 
STIMULATIONS COMPLETI 
DRlLLfWG SELECTION 
2 WELLS STIMULATED; IO 
REMAINING 
DRILLING SPRING 77 
ORlLLlWG O M  76 

STIMULATIOW WOV 76 

ORILL SITE SELECTION 



. . . . . .. .~ . ,  , ..., i i  . . . . 

c 

POTENTIAL AREAS FOR GAS STIMULATION AND LOCATIONS 
OF ERDA CONTRACTS 

GAS PROOUCING ENTEAPRISES 
NATURAL BUTTES, UT 

NOTES: 0 SHAOEO AREAS INOICATE 
TIGHT GAS FORMATIONS 
WHICH ARE PRIMARY AREAS 
FOR GAS STIMULATION 

FRACTURING 

FRACTURING 

0 AHF-AOVANCEO HYORAULIC 

0 CEF-CHEMICAL EXPLOSIVE 

o OW-DEVIATED WELL TEST 



~~ . . . . _. . . . . .  , .. -. . . . . .. . . ~~ ~. . ~ ~ ... . . .- . . . . . . . 

c 

CURRENT DRILLING, EXPLORATION & 
3 .  h 

CHNOLOG PROJECTS 

h) 
h) 
VI 

PROGRAM 

DRlLLlNG & 
EXPLORATIO 

OFFStIORE ' 

TECHNOLOGY 

TOTAL FUNDING 
(MILLIONS) * 

4.00 

2.07 

.45 

.27 

.075 

GOVERNMENT 
CONTRIBUTION 

200 

.99 

.4 5 

.27 

,075 

.35 
* I  

& 

PERFORMER 

TELECO, INC. 

GENERAL ELECTRIC 

SANDIA LAB 

.TERRATEK, INC. 

GURC 

SANOIA LAB 

LOCATION 

MIDDLETOWN, CT 

HOUSTON, TX 

ALBUQUERQUE, fVM 

SALT LAKE CITY, UT 

HOUSTON, TX 

ALBUQUERQUE, NM 

STATUS . 

INSTRUMENT DESIGN IN  
FIELD TESTS 

RESEARCH CONDUCTED 

RESEARCH CONDUCTED 

BIT AND ROCK SIZE 
DETERMINED 

FINAL REPORT PENDING 

FINAL TRANSMITTER 
TESTING 

/ 
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CURRENT MAJOR OIL SHALE PROJECTS 

WITH INDUSTRY 

+ MAJOR PROJECTS 

ANTRIM SHALE 

TRUE IN SITU 

SOLUTION MINING 

VERTICAL MOD I F I  E D 
IN SITU 

HORIZONTAL MODIFIED 

ABLE OVERBURREN 
D ISTU R BAN C E 

IN SITU.WlTH NOTICE- 

PERFORMER 

DOW 

TALLEY-FRAC 

EQUITY 

OCCIDENTAL 

GEOKINETICS 

L oc ATION 

MIDLAND, M1 

ROCK SPRINGS, WY 

STATUS 

RIO BLANC0 COUNTY, CO 

DEBEQUE, CO 

UINTAN COUNTY, UT 

4 YEAR CONTRACT 
AWARDED 

CONTRACT UNDER 
NEGOTI ATlON 

4 YEAR CONTRACT 
AWARRE D 

CONTRACT UNDER 
NEGOTIATION 

CONTRACT UNDER 
NEGOTIATION 
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DIPPING & DRY BEDS 
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all of our technologie 

usually through fracturing. 

Surface chemistry, very basic, particularly to our enhanced 

oil-recovery program. 

Thermodynamic properties of fluids applies primarily to 

econdarily to enhanced gas recovery. 

Reaction kinetics is important in underground coal gasif ita- 

' Oil shale in situ retorting and gasification and thermal 

methods of enhanced oil recovery. 

And, of course, environmental qua 

reactions part of which includes the enviro 

guished from environment-compl iance activities . 

reactions, the 
k 

rather rapid rackup,. ladies and gentleme 

I've stayed within my g time, to allow.tike for a 

DR. PHILLIPS: Thank you. 

This talk is open for comments and discussion. Yes. 

your name, please. 

orge R. Hill. 

Do you have any work going on in safet 

shore drilling, preventing oil spills? 

-1s that in-your -bailiwick-at all? 

Preventing oil spil 

of and cleanup of contamination of oil spills is considered to be a 

2 2 9 .  
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province of the Coast Guard. 

from which you might be able to identify the source of an oil spill 

upon water from knowing the -- 

We are doing work on oil identification 

MR. HILL: -- depending upon a technique development to 
prevent it? 

MR. WATKINS: Right. In safety, our work is only peri- 

pheral and it's very largely done in cooperation with our division of 

ESP, environmental and socioeconomic programs and in Dr. Liverman's 

shop. 

and stimulation operations, yes. 

But we are becoming more interested in safety'in our production 

DR. PHILLIPS: Dr. Holloway. 

DR. HOLLOWAY: Holloway, from Exxon. What limits the amount 

of basic research you do in universities? 

it possible it's too small by an order of magnitude? 

And a related question, is 

MR. WATKINS: In answer to your question, the only thing 

that limits it is the amount of supporting research that we feel we 

need to be viable with our applied research programs. 

need more. I wouldn't say by an order of magnitude. 

is that in the properties of mycellar and polymer chemicals, for 

example, we probably have all going on that is necessary to support 

Perhaps we do 

My own opinion 

our program. 

Conversely, in the area of carbon dioxide and some of the 

other things, perhaps we don't have enough. 

prevent our program being higher. 

So, there is nothing to 

If fact, .it has been increasing 

6.i 
2 30 



year by year and,very possibly.it should be quite a bit higher than 

it is at present* 

DR. PHILLIPS: If I might take the Chairman's prerogative -- 
HR. 'WATKINS: ,Surely. 

DR. PHILLIPS: I note there is nothing here on this list, 

sir, about instrumentation. 

It would seem to me that in the in situ world that.your 

group lives in, instrumentation for knowing what is going on down 

there must be very important. 

MR./WATKINS: Oh; it is.. It'is, indeed, 

DR. #PHILLIPS: 

MR. WATKINS: Yes. We have a very appreciable instrumenta- 

Can you say something about that? 

tion,effort being conducted primarily at Sandia Laboratories. This is 

instrumentation to determine what is happening in our in situ oil- 

shale*retorting tests and in our underground coal gasification, as 

well as being applicable to enhanced gas'recovery, where we are doing 

massive-hydraulic fracturing and/or chemical-explosive fracturing. 

This is an appreciable effort. I don't know how much of it was 

racked up into the basic-research category that I came up with or the 

total figures, but part of it is instrument development and part of 

it,-cof course, is-instrumentation for support of the project. 

are very cognizant 

But we 

\ 
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MS. FOX: Phy l l i s  Fox. You s t a t e d  t h a t  your a c t i v i t i e s  

were confined s t r i c t l y  t o  i n  s i t u .  Are there  any a c t i v i t i e s  a t  a l l  

i n  the  area of surface r e t o r t i n g  of o i l  sha le?  

MR. WATKINS: A t  present ,  no Phy l l i s ,  except where our 

supporting, bas ic  research and environmental research might' be 

appl icable  t o  above-ground, as w e l l  as under-ground processing. 

There i s ,  c e r t a i n l y ,  some overlap there.  

going t o  happen i n  FY ' 7 9 .  

t h e  budget f o r  research on advanced above-ground r e t o r t i n g  processes,  

bu t  from here  t o  OMB t o  t he  Congress i s  a long hard road, you know. 

Now, we don't  know what i s  

We are t ry ing  t o  g e t  an i n i t i a t i v e  i n t o  

DR. PHILLIPS: I f  there  are no o the r  quest ions,  we thank 

you, M r .  Watkins, and proceed with the  meeting. 

I w i l l  c a l l  next f o r  Fred Holzer and h i s  t a l k  on I n  S i t u  

Research . 
MR. HOLZER: My purpose here  is  t o  descr ibe t o  you very 

b r i e f l y  the  kind of i n  s i t u  research being done a t  t he  na t iona l  

l abora to r i e s ,  t o  t he  bes t  of my a b i l i t y .  But I r e a l l y  can ' t  do t h a t  

without a l s o  t a lk ing  a t  some length about the  work being done a t  t he  

energy research centers .  

Much of the  work t h a t  I w i l l  descr ibe i s  i n t e r d i s c i p l i n a r y  

i n  na ture ,  with l ab  and f i e l d  work - both t h e o r e t i c a l  and computa- 

t i o n a l  - and much of it has a l s o  been done by industry.  

Most of the  work t h a t  I w i l l  descr ibe is being done a t  t he  

Los Alamos S c i e n t i f i c  Laboratory, the  Lawrence Livermore Laboratory, 
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Sandia Laboratory a t  Albuquerque, the Laramie Energy Research Center, 

and the Morgantown Energy Research Center. 

those o r  others ,  please forg 

And i f  I 1 igh t ing 

L e t  me  s t a r t  with my own 

the  study of underground p 

ther  a gas o r  a 

t o  coal gas i f ica t ion  and shale  o i l  from o i l  shale,  although I would 

l i k e  t o  point out t ha t  i n  s i t u  methods can have much wider application 

than that .  For instance, a very ac t ive  indus t r ia l  process is now 

being carr ied out i n  uranium leaching i n  s i t u  and recovery of o i l  

from t a r  sands and heavy o i l ;  some tar sand work has s t a r t ed  a t  

Laramie . 
The motivation for  t h i s  work is  shown on the next vugraph. 

(Vugraph #2) 

Aside from the tempting t a rge t s  of very large resources 

are the  poten t ia l  advantages o f  being cheaper and quicker with less 

environmental impact, and last,’ but perhaps not l e a s t ,  the  potent ia l  

for  recovering those kind of resources which seem very d i f f i c u l t ,  

i f  not impossible, t o  a t tack  by conventional techniques a t  t h i s  

t i m e .  I am primarily re fer r ing  t o  the deep, low-grade resouces. 

I would l i k e  t o  concentrate on two examples. 

(Vugraph #3) 
/ 
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IN SITU RESEARCH IN COAL AND O I L  SHALE 

DEF I N I TI ON 

THE STUDY OF UNDERGROUND PROCESSING METHODS 
IN WHICH CHEMICAL REACTIONS ARE INITIATED AND 

SUSTAINED IN A PREPARED VOLUME OF COAL OR SHALE, 

LEADING TD THE PRODUCTION OF A GAS (OF USEFUL 

ENERGY CONTENT) OR LIQUID PETROLEUM FROM THE 

ORIGINAL SOLIDS, 
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MOTIVATION 

I. 

2. 

3. 

4 .  

- 5. 

POTENTIALLY AN ALTERNATIVE I ,  TO MINES AND 

SURFACE PLANTS, 

POTENTIALLY CHEAPER, BY ELIMINATING OR 

-DRASTICALLY DECRE I N G  THE AMOUNT OF 

E PLANTS 

ARE REQUIRED. 

.. 

POTENTIALLY LESS ENVIRONMENTAL CONSEQUENCE. 

POTENTIAL. FOR MAKING DEEPfR DEPOSITS, LOWER 
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IN SITU OIL SHALE RETORTING 

1' GAS 
AIR 8 DILUENT GAS 
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This f i r s t  one i s - t h e  so-called Godified i n  s i t u  r e t o r t i n g  

of o i l  shale. 

percent of t he  volume t o  be r e to r t ed  and 

10-20 percent 

It requi res  the  physical r oval of about 10 t o  20 

r e d i s t r i b u t i o n  of t h i s  

void between the  p a r t i c l e s  a f t e r  

80-90 percent o f .  the  rock. 

Beyond t h a t ,  t h e  concept envisions a vertical r e t o r t  s i m -  

i l a r  t o  what migh e ca r r i ed  out'on the  surface,  with a i r  in j ec t ion  

a t  t he  top  and gas and o i l  recovery from the  bottom. 

I might j u s t  point out t h a t  the  amount of low Btu gas 

involved i n  i n  s i t u  r e t o r t i n g  of sha le  i s  a very l a rge  amount; i f  i t s  

Btu value can be kept steady and high enough, t he  gas can be u t i l i z e d  

t o  generate e l e c t r i c i t y  a t  the  mine. 

.The second example -- 

s i t u  g a s i f i c a t  of coa l ,  primarily of f l a t -  

ly ing  beds. Here again the re  are a numbe of versions; some f o r  

instance,  dea l  with s t eep ly  dipping beds. 

I ' m  going t o  primarily t a l k  he method i n  which a low 

permeability channe 

wells, and the  coa 

Laboratory and the  Laramie Engineering Research Center. 

f i c a t i o n  is a very much older  subjec t ,  f i r s t  suggested i n  the last 

Coal gasi- 
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century,  and i n  1931 it was s t a r t e d  on a research bas is  i n  the  

Soviet  "Union. 

a commercia€ bas i s ,  t s t a r t i f i g  . i n .  t he  la te  :'.SOs'br-early '60s and i s  

s t i l l  operat ing th ree  f a i r l y  s i zab le  projectB i n  'in s i t u  underground 

The Soviet  Union~'has,. inTfact ,  put ' t h i s  technology on 

coa l  gas i f i ca t ion .  

I n  t h i s  country,, while there  has 3 been: sporadic  e f f o r t  fol-  

lowing World-War 11, probably,only i n  t h e  las t  s i x  or , seven  years has 

any s i zab le  e f f o r t  taken place. 

(Vugraph # 5 )  

The b a r r i e r s  t o  t h i s :  type of work, of course,  .are many. 

The primary one, perhaps, is t h a t  up-to-now, with +r resource and 

reserve  a v a i l a b i l i t y ,  there  has been no overr iding need f o r  i t . '  
1 

i f f i c u l t .  -It is d i f f i c u l t  - t o  adju-dt knobs and 
" I  

ses underground. - 
Of course,  a l l  of these  things,  as you may have guessed 

and I am su re  know, add up t o  higher  cos ts .  

I would l i k e  t o  guide you through a few of t he  items here  

t o  show you the  s t a t u s  of these  se l ec t ed  technologies and ind ica t e  

t h e  need f o r  f u t u r e  work. 

(Vugraph #6) 

This vugraph shows the  major research top ics  w e  be l ieve  

need t o  be addressed. 

developing these  technologies.  

A good number of them &re being addressed i n  
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BARR I ERS 

1, 

* 2, 

3, 

UP TO NOW LITTLE NEED IN THE U,s,# AND VERY 

LITTLE EXPERIENCE WITH UNDERGROUND CHEMICAL 

~ 

ENGINEERING, 

METHODS FOR DEPOSIT PREPARATION ARE STILL IN 
EARLY STAGES OF DEVELOPMENT, AND MUST BE IN- 

VESTIGATED ON A LARGE SCALE IN THE FIELD, 

REMOTE MEASUREMENT AND CONTROL OF THE REACTION 

PROCESS IS NEEDED, 

MANY OF THE RELEVANT PROPERTIES OF COAL AND 

OIL SHALE ARE ONLY NOW BEING DETERM~NED, 

i 
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MAJOR RESEARCH AREAS & TOPICS 

, 
ORATORY EXPERIMENTAL RESEARCH 

0 REACTIONS, KINETICS,  ANALYSIS 

0 LAB-SCALE RETORTING 

~ABORATORY CALCULATIONAL RESEARCY 
e BED/DEPOS IT PREPARATION 

PROCESS MODEL 

I .  

FIELD EXPERIMENTATION 

0 DEPOSIT CHARACTERIZATION 

e DEPOSIT PREPARATlON 

0 

0 PROCESS EVALUATION 

W . 
i 
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I ' d  l i k e  t o  add one word t o  those brought out  by some dis-  

cussion, p a r t i c u l a r l y  the  environmental aspects .  

f i rmly be l i eve  t h a t  research  i n  the  environmental aspec ts  has t o  go 

hand i n  glove with,  and a t  the same t i m e  as, research i n  the  bas i c  

tec.hnology. 

t i ve .  

I personal ly  q u i t e  

I th ink  doing one without the o the r  is not  very produc- 

(Vugraph #7) 

This vugraph, then, shows some of  the  coa l  r eac t ions ,  both 

coa l  and char,  wi th  a i r ,  oxygen, steam, i n  the  var ious temperature 

regimes of g a s i f i c a t i o n ,  pyrolysis  and drying, t h a t  go on when a 

temperature wave, which now i s  f a i r l y  broad, moves through a coa l  

deposi t .  

A very similar graph shown on the  next  vugraph holds t r u e  

f o r  o i l  shale.  

(Vugraph # 8 )  

Again, point ing out the very c lose  r e l a t i o n  between these  

two sub jec t s ,  I might point  out  t h a t  the reac t ions  i n  sha le  are con- 

s iderably  more complex than the  ones t h a t  we're dea l ing  with i n  coal.  

Not only do you have t o  dea l  with the decomposition of kerogen i n  o i l  

sha le ,  but  subsequently, you have t o  dea l  with the  reac t ions  of the  

carbonate ma te r i a l  l e f t  behind i n  the  rock which makes up most of the  

shale.  The r eac t ions  of carbonates with water vapor, carbon dioxide,  

and carbon monoxide, p a r t i c u l a r l y  i n  the  presence of  very f i n e l y  

divided s i l i c a ,  i s  something t h a t  i s  not  a t  a l l  well-undersood. 
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The 10dTon and 150-Ton 011 Shale Retorts 
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. 

This vugraph i c  of a c e n t r a l  

r o l e  t h a t  I bel ieve,  we w i l l  see these  r a t h e r  complex computer- 

based models take  on i n  t h e  near future .  ’ 

J u s t  t o  give you some idea of what 

Lawrence Livermore Labora- 

_ *  .~ . 

r e t o r t i n g  and takes  

perature compositions, 
I 

t, and not  only y i e l d  and rate 

and composition 

wi th in  a r e t o r t  during t 

This p a r t i c u l a r  

added to and developed, and 

(Vugraph P13) 

--depicts t he  need f o r  f 

of model. 

.Just t o  give you an example of t he  kind of output t h a t  

a model l i k e  t h a t  can produce, t h i s  next graph shows the  temperature 

f r o n t  as it is  ca lcu la ted  t o  ex!st a f t e r  passing some 40 meters 

downward i n t o  an i n  s i t u  r e t o r t  f o r  two r a t h e r  d i s t i n c t  p a r t i c l e  

s i z e s  d i f f e r i n g  by an order  of magnitude. 
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RETORTING - EXPERIVEYTAL APPROACH 
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I think you can see that the smaller.particle size distri- 

bution undergoes considerably different reactions,and reaction rates 
/ 

than the larger ones. 

In practice, of course, depending on how one prepares 

is a separate topic in itself, one might find 

an average or the situation peaked towards one or the others. 

I 
I've mentioned that an hportant, and I believe vital, 

.component in this kiad of business is field experimentation. 

et me take you very quickly through the status of'some 

of these field activities. 

Here I show you a plan view of isotherms as a function 

e is the most successful underground 
, *  

coal gasification experiment conductdd to date, the one by the 

Laramie Energy Research Center near 

e done in the way 

sothems, starting 

pper left-hand 

of a-model; these are model 

you can see th ry straight. It's 

determined by the initial permeability distribution of the material, 

,and it is a credit to the instrumentation developed primarily by. the 

Sandia Laboratories to even elucidate where that channel was. 
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Ld ESTIMATED TEMPERATURE PROFILE FOR AN IN SITU RETORT WIMtAIR INpLir 
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W 
(Vugraph 

W 

17) 

I n  t h i s  vugraph I attempt t o  l i s t  some of  the instrumenta- 

t i o n  tha t  has been employed a t  Hanna, as w e l l  as a t  o the r  sites. 

' Instrumentat io  
. *  

emperaturea pressu gas composition , 

seismic, as w e l l  a systems, are used. 

-.. It i s  e spec ia l ly  those l a t te r  ones t h a t  I personal ly  f e e l  

need t o  be developed and pushed very 

obvious u t i l i t y  i n  these  experiments, 

p repara t ion  which e n t a i l s  the  science of  rock mechanics, both i n  the  

fragmentation aspect  and the s t a b i l i t y  and subsidence aspect.  

is  a g r e a t  dea l  more t o  be done i n  f i e l d  instrumentat ion and f i e l d  

experimentation. 

There 
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We really have not had a good oil shale fie 

although there have been one or two industrial experiments. 

information from those experiments is not available. 

But the 

In the coal gasification area, even though things look 

exceedingly promising, much work needs to be done in trying to tailor 

a linkage between two wells, rather than let nature dictate what .~ this 

linkage looks like, and work is proceeding on high explosive develop- 

ment, including shaped charge development. In order to upgrade gas 

energy content, gasification with steam and oxygen, instead of just 

air, seems a very promising and certainly indicated approach. 

I 

Thank you very much. 

(Applause) 

DR. PHILLIPS: Thank you, Fred. 

DR. PHILLIPS: The Floor is open for comments and discus- 

sion. Yes, Dr. Smith? 

DR. SMITH: Roland Smith, General Electric. You and 

the previous speaker both mentioned the work I believe Sandia is 

doing on instrumentation. How much of this instrumentation is 

applicable to, say, a commercial operation, as. opposed to development 

operations, and how do you anticipate getting that information 

transferred to industrial use? 

MR. HOLZER: I believe a good bit of that is applicable 

to commercial operation. 

experimdntal type of instruments. 

Clearly, one would not want to go with the 

I personally believe that one must 
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go with the most re l iab le  ones, which, a t  the present time, are 
1 ' C  

es, although emplacement of suf f ic lent  thermocouples 

which, a f t er  a l l ,  only measure the s i tuation and temperature a t  any 
,. 

> ,  * -  * . ,  

one specific point,  has its obvious l imitat ions.  

increase the flow. rat 

does not jus t  inc 

DR. PHILLIPS: Yes. 

es a lack of 
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DR. NELSON: That being the case, I would anticipate ' .  

that the kind of problems are whether the carcinogens to be formed in 

the various cracking'will vary in accordance with the temperatures. 

Is there an orderly postured program to characteri 

these components? In other words, are you exploiting this present 

pilot stage to get that additional information? 

MR. HOLZER: Yes, I think there definitely is. Whether 

it is of the same order in all experiments, I can't really tell 

you; I suspect it probably is not. 

organic materials, things like phenols, and so on, are being analyzed 

and, in fact, the next experiment that the Laramie Research Center is 

carrying out at Hanna is specifically slanted towards the e 

mental monitoring. 

But I do know that analysis for 

n- 

I know the Lawrence Livennore Laboratory in'their 

coal gasification experiment near Gillette, Wyoming, has monitored 

phenols and particularly their transport in the groundwater system 

around the experimental site. 

DR. NELSON: These are not carcinogenic, per se. 

MR. HOLZER: You're correct. 

DR. PHILLIPS: I would like to return to the first question 

on instrumentation. 

of one of the predecessor organizations of ERDA, AEC, know.that out 

of AEC - in fact, the high energy physics program and nuclear physics 
program - came a line of instrumentation called KEMAC, and many factor- 
ies across the nation and the world use that type of instrumentation. 

I think that those of you that know the history 
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I am su re  you have a of NIM and KEMAC 

t a l  D r .  Nelso 

So t h i s  is a sample of the  crossc 

came out  of t he  f i e l d  t h a t  can c e r t a i n l y  help o the r  f i e l d s ,  as 

technology t h a t  

A r e  t he re  o ther  comments o r  quest ions? 

MR. HOLZER: One more question, I think. . 

Ms. FOX: Phy l l i s  Fox. Phi l  

some .of t he  pro 

groundwater i n t o  aban 

assoc ia ted  with the  in t rus ion  of 

you have any 

ogram i n  t h e  a rea  of i d e n t i f  

s i n  i n  s i t u  r e t o r t  c 

t h e  impacts of these 

both.on t h e  short-term and long-term? 

must r e a l i z e  t h a t  t he re  are very, very 

o r  organic,  as wel l  

t he  AEC previously,  have a very long h i s t o r y  of not walking away from 

those kinds of 6 '  h i l a r  experimental 

i 
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MS, FOX: Have you thought about and an t i c ipa t ed  what types 

of  cont ro l  technology might u t i l i z e d  i f  a problem i s  i d  

of which s i g n i f i c a n t  environmental impact could be expected? . 

MR. HOLZER: 

Perhaps, t h e r e  is an expert  who i s  w i l l i n g  t o  do t h a t  f o r  

I ' m  a very poor person t o  answer t h a t  question, 

Phyl l i s .  

me . 
MR. HAYNES: B i l l  Hayne o t  r e a l l y  an expert .  I 

think,  Phy l l i s ,  w e  are t ry ing  t o  a n t i c i p a t e  these problems. The 

simulated i n  s i t u  r e t o r t s ,  the  b ig  ones t h a t  he showed the  p i c tu re s  

of. W e  are taking the spent ma te r i a l  from tha t ,  soaking 

water, and t ry ing  t o  see what kind of th ings  we woul 

you have t o  see  what the  problem is, a n t i c i p a t e  i t ,  

go a t  the control .  

And, t r u e ,  i t ' s  kind of hard t o  do it down underground, but we're 

t r y i n g  t o  do i t  on a - what s h a l l  I say, r a t h e r  a large-small sca le?  

MR. HOLZER: I th ink  the  important thing i s  not  t o  l e t  the  

- 

But you have t o  see i f  you can a n t i c i p a t e  t h i s .  

oppor tuni t ies  f o r  t h i s  type of monitoring and eva lua t ion  and e a r l y  

de t ec t ion  of p o t e n t i a l  problems s l i p  pas t  us. 

I personal ly  be l i eve  t h a t ' s  exceedingly important. 

as I say, I ' v e  always taken the  pos i t i bn  t h a t  technology and environ- 

mental research are two very c lose ly  r e l a t e d  aspec ts  and need t o  be 

done concurrently.  

And, 

DR. PHILLIPS: I th ink  t h a t ' s  c e r t a i n l y  r igh t .  We a l l  

agree on tha t .  I f  i t  weren't f o r  environmental quest ions,  we  would 
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a l l  s t i l l  be burning coa l  and a l l z c i t i e s  would look l i k e  P i t t sburgh  

used t o  look when I was a young man. 

t h a t  way nowI 

Thank gorxiness i t  doesn ' t  look 

I be l i eve  we must proceed then with our program. The next 

t a l k ,  again on National Laboratory research,  i s  by Alex Zucker. 

DR. ZUCKER: Coal, gas ,  a n d . o i l  are time-tested energy 

resources.  

mount multi-mill ion d o l l a r  research programs , i n  technologies where so 

The answer is  very simple: 

Why, one may ask, should itxnow suddenly'be necessary t o  

i s  known, so-much experience e x i s t s ?  

circumstances have changed.and created conditions which r equ i r e  

ac t ion ,  and moreover the  f o s s i l  energy resource is c r u c i a l  t o  the  

f u t u r e  of  t he  nation. 

a f f e c t  our  wayrof l i f e  f o r  genCrations. 

What we do about it i n  the  next decade w i l l  

We def ine  fou r  Foss i l  Energy 

. 1) Eas i ly  recoverable o i l  andxgas w i l l  be exhausted within 

the  next-few decades, This means t h a t  we have t o  produce t ransporta-  

b'le fue l i f rom 0 th  ources,  t h a t  we have t o  e x t r a c t  o i l  and gas from 

le formations,  and - t h a t  w e  have t o  develop a l t e r n a t e  

W e  have t o  do something 

are many opt ions open to..us; only a few 

.can-be developed t o  mature technologies because t h e - c o s t s  are so high 

i n  terms of c a p i t a l  investment and tecfinical  s k i l l .  We can not do 

:everything. 

W 
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3) 

t h e  economy, and f i n a l l y  on the  w e l l  being of each us ,  i s  profound 

and d i f f i c u l t  t o  a l te r  with any shor t  t i m e  constant.  

can not  c o s t  too much. 

The energy industry is  enormous, and i t s  impact on 

What w e  do 

4) The enormity of t he  energy industry r e f l e c t s  not ,; 

only on t h e  economy, bu t  a l s o  on t h a t  v a s t  and i n t r i c a t e  system i n  

which w e  l i v e ,  t h a t  cu r ren t ly  goes by the  name of environment, 

s a fe ty ,  and hea l th .  A small de l e t e r ious  e f f e c t ,  t o l e rab le  i n  an 

industry of modest s i z e ,  can become ruinous when examined i n  the.& 

context  of b i l l i o n s  of tons. Doubts i n  t h i s  area can, and should, 

slow things down u n t i l  the  answers are c lear .  What w e  do can not 

harm US. 

From my vantage point  t he  s i t u a t i o n  c a l l s  f o r  a research 

e f f o r t  of proportions commensurate with the  industry:  

a )  we depend on research t o  provide da t a ,  systematiza- 

t i ons ,  and ideas  which w i l l  enable us  t o  develop 

a l t e r n a t i v e s  t o  o i l  and gas a t  a p r i ce  t h a t  w i l l  not  be 

ruinous t o  t h e  economic welfare  of our c i t i z e n s ;  

w e  depend on research t o  explore,  by laboratory sca l e  

research,  by mathematical modelling, by s c i e n t i f i c  

ana lys i s ,  t h e  pleni tude of opt ions,  and t o  narrow these  

t o  a promising few; 

w e  depend on research t o  inform us  of those de l e t e r ious  

b) 

c )  

consequences of energy indus t r i e s  t h a t  we now perceive 
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only dimly, and thus avoid costly and time-consuming 

1 

6 

,, paths that lead nowhere. 

E National Laboratories are large multiprogram research 

institutions that have some characteristics which make them useful 

and productive partners in a field like fossil energy research. 

sess a rich tradition First, National Laboratories p t i  . 

of successful research. Reactors, accelerators, fusion devices, 

fuel cycles, and weapons, all f fer concrete evidence that National 

ies can produce concrete resul The vast panoply of 

apers shows 'that multif c research, from 

from neutrino p bodies in chromatin, 

has found fertile soil there. Much knowledge relevant to fossil 

sts in these Laboratories, and in many cases, for example 

aqueous chemistry, or ~ envir6nrnental research, the 

s lead the world 

a1 Laboratories conduct their research 

in ltidisciplinary framework where organic hemists might work 

along with atomic physicists s with microbiolo- 

s the scientist to 

le at the same time the 

disposal equipment 

Furthermore, the 

Laboratory enviro nt provides stimu exchanges of ideas that 

not infrequently lead to important discoveries. 

i 
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Third, i n  many National Laboratories research i s  ca r r i ed  

out  alongside mission-funded technica l  development. This assures  a 

cross f e r t i l i z a t i o n  whereby r e a l - l i f e  development problems are known 

t o  the  s c i e n t i s t  who may be doing long-range research and a f f e c t  h i s  

l i n e  of work, while,  conversely, i t  serves as a conduit  of  the  newest 

s c i e n t i f i c  information through the  s c i e n t i s t  t o  the  engineer who 

might be having problems with h i s  process. 

I ' l l  i l l u s t r a t e  the  t h e s i s  set f o r t h  previously - namely 

t h a t  research  i s  indispensable t o  the  u t i l i z a t i o n  of f o s s i l  energy 

under the  new ground r u l e s ,  and t h a t  National Laborator ies  can and 

are making important cont r ibu t ions  toward the  s o l u t i o n  of f o s s i l  

energy problems . I' 11 mention some representa t ive  examples, not  

t h e i r  importance, and relate them t o  the  o v e r a l l  f o s s i l  energy 

program. 

Laborator ies ,  through the knowledge and experience of t h e i r  s t a f f s ,  

It i s  worth point ing out t h a t  i n  many ins tances  National 

have been ab le  t o  provide quick f i x e s  f o r  acute  problems, cont ra ry  t o  

the  popular b e l i e f  t h a t  the  payoff i n  s c i e n t i f i c  research i s  decades 

away . 
Sl ide  1. Sandia accomplishments i n  materials research: 

a)  extend d r i l l  l i f e  by a f a c t o r  of f ive ;  b) 
a l t e r i n g  310 s t a i n l e s s  steel a l l o y  increases  
s u l f i d a t i o n  res i s tance ;  c )  developed T i B 2  
coa t ing  resistant t o  e ros ion  and corrosion. 

Argonne has drawn on i t s  high energy physics 
expe r t i s e  t o  bu i ld  superconducting magnet fo r  
MHD development. 

S l i d e  2. 
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Sl ide  3. Oak Ridge: microprobe a n d y s e s  
of organic s u l  f u r  d i s tr ibu t  i on  

Solvent re f ined  c o a l ’ p i l o t  p l an t  has pipe- 

probe ana lys i s  a t  ORNL diagnoses the  t rouble  and 

S l i d e  4. 
plugging problem. X-ray d i f f r a c t i o n  and m I 

~ “ i  

plague s y n t h a n e ~ g a s i f i e r  
s c i e n t i s t s  diagnose the 

gh-chrome stainless steel, 
and f i x  the  proble 

The Argonne Biomedical and Environmental Research 
Program concerned with coal.shows the  breaqth of  
the  problem. 
program elements are ca r r i ed  out  a t  Brookhaven, 

S l i d e  6. 

Parallel e f f o r t s  with d i f f e r e n t  

Ridge, Los Alamos, Battelle North- 

may enable us t o  break l inkages a t  low tempera- 
ture  and pressure. 
methyl-like bonds can be broken a t  4OOOC with 
v i t r i n i t e  as the  hydrogen donor. 

Oak Ridge chemists show t h a t  

F o s s i l  energy r e sea rc  

or ien ted  achievers.  Research i n  f o s s i l  energy is e s s e n t i a l  i f  the  

goa ls  set out  earlier are t o  be achieved a t  a p r i c e  t h a t  i s  within 

our means. L e t  m e  i l l u s t r a t e .  

a HYGAS coa l  g 

S l ide  8 shows a conceptual design of 

i e e  (220 f e e t  t a l l ) ,  the  

e complex i n t e r n a l  s t ruc ture .  
. .  

ava or high tempera- 

t u r e  service. .  Engineers l i k e  t o  design equipment f o r  s e rv i ce  a t  
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SANDIA LABORATORIES 
RESEARCH ACCOMPLISHMENTS 

MATERIALS RESEARCH 

DRILLING 
USE OF A HIGH TEMPERATURE, HIGH STRENGTH BRAZING 

” TECHNI~QUE HAS EXTENDED THE LIFE OF THE GE COMPAX 
DRILL BIT BY A FACTOR OF 5, 

SULFIDIZATION RES I STANCE 
ADDITION OF 2% TI OR 32 AL TO 310 SS SIGNIFICANTLY 
INCREASES RESISTANCE TO SULFUR ATTACK WITHOUT 

CHANGING PROCESSABILITY, 

EROSION 
A VERY HARD T I B ~  COATING HAS BEEN DEVELOPED THAT IS 

VERY RESISTANT TO EROSION AND CORROSION, 

1. Sandia accomplishments in materials research: a) 
extend drill life by a factor of five; b) altering 
310 stainless steei alloy increases sulfidation 
resistance; c) developed TiB coating resistant to 
erosion and corrosion. 2 

/ 
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SLIDE 12 is not available. 
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O R N L  
MICROPROBE ANALYSES OF ORGANIC SULFUR I N  MACERALS OF 

FIVE HIGH-VOLATILE BITUMINOUS COALS 

COAL NAF'IE 
LOCAT I ON 
(STATE) 

HAZARD NO, 7 

NO, 9 COAL 

DEAN SEAM 

NO, 5 
BLOCK SEAM 

,-- 
NO, 6 

1 L L I N O  I S 

EAST KENTUCKY 

WEST KENTUCKY 

TENNESSEE 

W ,  V I R G I N I A  

I L L I N O I S  

EXINITE 

600 

1925 

1250 

600 

1000 

MACERAL GROUP 
SULFUR CONTENT 

VITRINITE 
- 

330 

810 

800 

330 

680 

3. O a k  Ridge: microprobe analyses show variation of 
organic sulfur distribution in  coals. c 

INERTINITE 

200 

250 

300 

270 

300 



0 . 1 a  1 

0 z 
0 

t- z 
3 
0 u 

0.2% 0; 

0.0 
0.10 7- 0.30 

t' t 

02 O.so( 

f 
L 

0.70 
O2 2 8  

K = k8olhIte [AI, SI4 Ol0 (OH)8] 

. P = pyrrhotite (FeS) 

I = coke 
N.I. = not indexed 

0 = quam (S102) I 
I 

K 

P 

X-RAY DIFFRACTION DATA FROM SRC COKE SAMPLE 
4. Solvent refined c o a l  p i l o t  plant has pipe-plugging problem. X-ray diffraction 

and microprobe analysis at ORNL diagnoses the trouble and suggests a cure. 
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SLIDE 5 is not available. 
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W 

Air 

Water  

Land 

RiO- 
edical 

BIOMEDICAL AND ENVIRONMENTAL RESEARCH PROGRAMS 
CONCERNED WITH COAL 

(W. K. Sinclair - - Associate Laboratory Director for 

* .  

Biomedical and Environmental Research) 
In ve s t iua tor Divis ion Proaraffi 

1. Multlsta te AtpoSpheric Power 
Production Pollution Study 

2. Stack Pollutant Characterization 

3. 

Study 

Effects of FOSSL! me1 Effluents in  
Aquatic Ecosystems (Non-nuclear 
portion of Great  Lakes Program) 

4. Effects of Fossil Fuel Effluents on 
Land Utilization 

5 .  Land Reclamation af ter  Strip Mining 
(revegetation, 

6. Fossil Fuel Effluent 
Toxicology in Animals 

7. Projects in Basic Biomedical 
Research 

I 
I 
I 
I 

Frenz en 
Cunning ham 

Cunningham 

Edging ton 
Harrison 
Sharma 

Miller 

Carter 
Cameron 

Noxris 

0' Connor 

Assessment 
end 

Policy 

8 . -Biomedical and Social-Cos ts- 
of Energy Production 

9. Regional Studies Program 
(National Coal Assessment) 

' I* 

10. Environmental Policy Analysis 

for Coal Power Generation 

for Eastern U. S . Strip Mining 
Sites 

Environ - 
mental 
Control 

echnology 

Grahn 

Hoover 

Leppert 

Sather 

Johnson 

R E 3  
CEN 
CEN 

RER 
EES 
EIS 
RER 

EES 
EIS 

BIM 

BIM 

BIM 

EES, EIS 
BIM 

OEP 
EES, cE3 
CHM 
EES 

BIM - Biomedical Research 
CEN - Chemical Engineering 
CHM- Chemistry 
EES - Energy and -Environmental Systems 

EIS - Environmental Impact Studies 
OEP - Office of Environmental Policy 
RER - Radiological and Environmental 

6. The Argonne Biomedical and Environmentd Research Program concerned 
with c o a l  shows the breadth of the problem. 
afferent program elements are carried out at Brookhaven, Berkeley, 
Oak Ridge, Los Alamos, Battelle Northwest, and Livermore. 

Parallel efforts with 

W 
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- *  
ORNL- DWG 76 - 454 34 

RAW GAS TL- 
DIAMETER: 24 ft ID 
HEIGHT: 220 ft OVERALL 
WALL THICKNESS: 7 '/2 in. 
WEIGHT: (700 tons (METAL 
REFRACTORIES: (070 tons 

NLTS PER PLANT 

. _  . "  

LASH SLURRY 
L .  

0. Dry Ash Gasifier. 
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I 1 

Ni BASE PRECIPITATION 
ALLOYS 

NI BASE SOLID / 
SOLUTION ALLOYS 

800 1000 . 1200 1400 i600 1800 
TEMPERATURE ( O F )  

(20 YEAR SERVICE) 

A COMPARISON OF THE STRESS RUPTURE PROPERTIES AS A FUNCTION OF TIME 
AND TEMPERATURE FOR CANDIDATE CONSTRUCTION MATERIALS FOR COAL 
CONVERSION SYSTEMS 

From: The American Iron and Steel Institute Nuclear Steel Making Task Group - May 1975 
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stresses*between 10 and 50 k temperatures can 

induce larger thermal st Id be better. It 

1. 

plain why coal converters are lined with refractories that 
8 

restrict the designer's freedom 

be me'ial can only be in the Goo1 n bear no stresses. . 

difficult to weld, 

d in coal conver- 

I .  

il 
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a t  lower l e v e l s  of e f f o r t ,  as reserves,  i n  case of t he  unexpected. 

collapse of a f ron t  runner. 

We have already seen the  general problem i n  material 

research: 

And not only f o r  coa l  conversion, but a l s o  f o r  MHD, and f o r  f lu id ized  

develop metals and r e f r a c t o r i e s  t h a t  can take the  heat! 

bed coa l  combustion. 

S l ide  10. Key development i ssues  i n  fluid.ized-bed . 
combustion. Note important materials and 
chemical problems t h a t  have t o  be so lve  

We now tu rn  t o  the p o s s i b i l i t y  of lowering the temperature 

and pressure of coal converters, o r  more generally impacting on the  

e n t i r e  coa l  conversion process. It is the t h e s i s  of t h i s  paper t h a t  
/ 

fundamental understanding of the  coa l  conversion process i s  a neces- 

s a ry  and perhaps a s u f f i c i e n t  condition t o  advance our cause i n  t h i s  

instance. An example of t h i s  kind of research i s  contained i n  a l i s t  

of p ro jec t s  cur ren t ly  ca r r i ed  out a t  Brookhaven: 

0 

0 

desu l fu r i za t ion  of hot combustion gases; 

k i n e t i c s  of reac t ions  between gases and carbonaceous 
materials ; 

r eac t ion  mechanisms i n  the t r ans fe r  of hydrogen between 
coa l  and solvent (SRC) 

0 

0 ’ chemical r e a c t i v i t y  of carbonaceous material a t  high 
temperatures. 

Then, of course, t he re  is  the whole panoply of quest 

t he  words coal s t r u c t u r e  and cons t i t uen t s ,  c a t a l y s i s  

hkogeneous) , process instrumentation, modeling, etc.  ’ 
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c KEY' DEVELOPMENT ISSUES IN FLUIDIZED-BED COMBUSTION c 
ATMOSPHERIC 
FBC SYSTEMS 

PRESSURIZED 
FBC SYSTEMS. 

**** BOILER TUBE COR 

**## ** ANI) 

**** 

*+*.IC TURBINE BLADE CORROSION, 
EROSION AND DEPOSITION 

*# *** 5, COAL, SORBENT AND ASH 
IDS HANDLING 

** **** 
SORBENT UTILI-ZATION 

' IMPROVEMENT 

NOTE: No, OF STARS INDICATES 
IMPORTANCE OF ISSUE 

RELATIVE 

10. Key development issues in fluidized-bed combustion. Note important 
materials and chemical problems that have to be solved. 



Another 1 i s t . f rom Sandia dea ls  with MHD-related research: 

0 p a r t i c l e  behavior; ’*  

0 heat  and mass t r ans fe r ;  

0 seed in t e rac t ions  and condensation. 

There are l ists  of research areas  on an even deeper 

l e v e l  t h a t  bear on many questions i n  f o s s i l  energy. A par t ia l  l i s t  

from Lawrence Berkeley Laboratory includes research i n  fluid-dynamics,  

thermodynamics, chemical forces ,  c a t a l y s i s  of hydrocarbon reac t ions  

by metal sur faces ,  e t c .  ,< * 

We maintain t h a t  t h e  economic u t i l i z a t i o n  of f o s s i l  energy, 

i n  a way t h a t  i s  s a f e  and environmentally prudent, i s  an incomplete 

technology. 

an expanded far-flung research e f f o r t .  

s tand ready, and are capable, t o  con t r ibu te  t o  such a program. 

National Laboratories have the  s t a f f ,  t he  equipment, 

To br ing it  on stream i n  the  next two decades d a l l s  f o r  

The National Laborator ies  

and the  management with a proven performance record i n  the  bas ic  and 

appl ied sciences,  i n  engineering, and i n  synthesizing t h e  r e s u l t s  of 

many d i s c i p l i n e s  toward s p e c i f i c  goals. 

s c i e n t i f i c  s t rength ,  i n  a system t h a t  encourages mul t id i sc ip l ina ry  

By v i r t u e  of e x i s t i n g  

research,  and by t h e i r  deep involvement and commitment t o  the  f o s s i l  

energy technologies,  the  National Laboratories can: 

needed by the  developing technologies;  explore t h e  underlying physical  

sciences;  provide quick responses t o  c r i t i c a l  problems; work effec- 

t i v e l y  i n  t h e  complex area  t h a t  spans science and engineering; 

provide da t a  
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perform v i t a l l y  needed enviroment, hea l th  and sa fe ty  research;  and 

may uncover new phenomena which would revolu t ion ize  the  whole energy 

p ic ture .  

~ 

1 r They can do t h i s  i n  par tnersh ip  with industry,  w i th .un ive r s i t i e s ,  

and wi th  the  Energy Research Centers. 

consider  t h e  time scale .  

f o r  example, would be t o  provide data-needed by the  developing 

technologies  and t o  provide quick responses t o  c r i t i c a l  problems. 

Others must be c a r r i e d  out  i n  an order ly  fash ion  over a long time 

period,  avoiding i f  poss ib le  rap id  f luc tua t ions  i n  d i r e c t i o n  and 

funding. 

v i t a l l y  needed environment, hea l th  and sa fe ty  research,  f a l l  i n t o  

t h i s  category. 

research  i n  the  physical ,  environmental and hea l th  sciences,  the  

development o f  f o s s i l  energy technologies w i l l  soon gr ind t o  a h a l t  

€or  a lack  of knowledge. 

t h a t  .spans science and engineering, we  can even meet milestones;  

but t he re  i s  no guarantee t h a t  w e ' l l  phenomena which 

would-zevolut ionize, the whole energy p i c t u r e  in a year o r  a decade. 

A l l  we have t o  go .on i s  past  precedent +:when ab le  s c i e n t i s t s  work 

It i s ' a l s o  necessary t o  

Some things the  Laboratories.must do f a s t :  

I B 

Exploring the underlying physical  sciences and perforbing 

It might be necessary t o  say here, t h a t  without 

Working e f f e c t i v e l y  i n  the complex-area 
I 

deepen our  understanding of i ta tural  phenomena, u se fu l  

things emerge, sometimes i n  the  most unexpected ways. 

reason t o  be l i eve  t h a t  t h i s  w i l l  not happen i n  the  case of f o s s i l  

There is no 

I 
energy . 
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I ?  Thank you. ' 

DR..PHILLIPS: Thank you, Alex. 

We are open f o r  comments and discussion. 

. _ _  MR. BORIS: I ' m  Mr.  Bor i s ,*former ly  with a b o i l e r  manufac- 

t u r i n g  organization. I th ink  my remarks bear more on t h a t  than-on my 
t .  present  employer. 7 .  

8 .  

' Your opt ions seem t o - l a c k  a f ee l ing  f o r  the  problems . 

t h a t  the people who have t o  put the  hardware in to  the  f i e l d  ind'make 

i t  -work ,look at. 

problems -. and I mention t h i s  only because i t ' s  r e p r e s e n t a t i  

family of  these.  The so lu t ions  t h a t  you've indicated includ 

development of  materials and the  development o f  processes t h a t  can 

work under less demanding circumstances. 

You r e fe r r ed ,  during your t a l k ,  t o  t he  HYGAS 

I would submit t h a t  given these as problems, a t h i r d  

opt ion,  which was not  mentioned, is the  one t h a t  w i l l  probably be 

taken i n  most of  the  cases ,  and t h a t  w i l l  be t o  modify the  design t o  

use today's materials and today's developed processes,  t o  put t h i s  

hardware i n t o  the  f i e l d  and make it work i n  the  near term. 

To seek o ther  options i s  going t o  put us i n t o  the  f a r  

term. To develop newmater ia ls-- i f  you wish t o  develop a new steel ,  

as a n  example of t h i s - -wi l l  r equ i r e  very l eng thy ' t e s t ing ;  and t o  g e t  

b o i l e r  code approval i s  not  an easy thing; nor  i s  i t  inexpensive. 

b 
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f, therefore ,  f e e  of opt ion is  not going 

t o  be too  viable .  

per iod of t h e ;  ben 

The development of a new process takes  a long' 

le  PDU p i l o t  p l an t s  being examples of these. 

I would ' l i k e  t o  suggest '  t h a t  fu r the r  thought and a t t e n t i o n  

be given t o  what 'must 'be  'done by those charged with the  r e spons ib i l i t y  

of moving technology ahead. Along thes l ines  of wha t takes  t o  move 

technology ahead, I be l ieve '  a 

h a l t  was mentioned. 

nk about technology moving t o  a . 
I th ink  technology tends t o  s top  moving ahead when' i t  

encounters a f reghlatory t h i  

The R&D peopl 

only take  them so f a r  u n t i l  

ou t  of t he  way so t h a t  

ave t r i e d  hard t o  develop these  new processes but  can 

Government i s i s  not t o t a l l y  

environment. 

and not  25 years from now. 
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'b, 

I q u i t e  agree t h a t  the most l i k e l y  th ing  t o  happen is  the  scenario 

you suggest. 

But the quest ion is  not :  Do we develop a HYGAS process? 

Rather i t  is: 

I f  we do t h a t  a t  $6 or $8, i s  t h a t  a ser ious  contr ibut ion? 

t h a t  a t  $3, t h a t ' s  a d i f f e r e n t  matter. 

A t  what p r i ce  are we going t o  supply a mi l l i on  BtuP 

I f  w e  do 

So it i s  not  simply a matter of whether technology can 

do something. 

do something a t  a pr ice .  

t he  pr ice ,  a time-tested mechanism i s  t o  t r y  t o  understand the 

problem on a deeper l e v e l  and see i f  i t  can not be solved by 

understanding. 

th ink  i t  i s  worth trying. 

It i s  pr imari ly  a quest ion of whether teohno1ogy:can 

My point  i s  t h a t  i f  you want t o  lower 

There i s  no guarantee t h a t  it w i l l  be solved, 

MR. LEE: Lee of IGT. You're s tepping too c lose  t o  

HYGAS so I have t o  say something. 

I be l ieve  your comment--I have nothing aga ins t  research. 

I ' m  a l l  i n  favor  of t ha t .  A l l  of us look f o r  b e t t e r  materials. But 

I t h ink  your p i c t u r e  i s  d i s t o r t e d  i n  t h a t  you show a s i t u a t i o n  

wherein you expect a metal t h a t  takes simultaneously 1900 degrees, 

whatever i t  is, and 1200 p s i  pressure,  when i n  f a c t  the  HYGAS reac to r  

and the  many o the r  r eac to r s  operates  with standard,  conventional, 

buy-it-by-the-ton q u a n t i t i e s  r e f r a c t o r y  f o r  l i n i n g ,  and the  metal i s  

standard carbon steel s h e l l ,  and the re  are a l l  the  stresses taken on . 

t h e  pressure  ves se l ,  which only takes  pressure  but no t  temperature. 

) 
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. 
DR ZUCkER: I know that. 

HR. LEE: I returned recently from visiting South Africa, 

seeing 3000-degree molten slag gasifiers operating under pressure. 

Now, obviously the part holding pressure doesn't have to see 3000- 

degrees simultaneously. 

We've also seen coal gasification plants in operation, 

producing products, using conventional techniques, using conventional 

operators and technical key personnel like ourselves. 

That doesn't say we shouldn't develop new materials, 

but to paint a picture as if nothing is going to wor 

start from scratch, developing new material--I think that's throwing 

the R&D picture out of focus. 

Ire going to 

I 

So I'd lik t o  suggest that, fine, 

let's do R&D work; let's find better material; let's find better 

technology; let's understand kinetics better--I'm all in favor of 

that. But don't paint the picture as if coal converting is not a 

technology with today's material and today's manpower. 
' 

I 

DR. ZUCKER: At what price? 

MR. LEE: The prices are well establ h the market 

If you read the design reports--they're not'$6; they're not 'price. 

ke it from the end-use point, from coal to your 

there are reports that ark available--I'd be 

happy to .give it to yo 

power. ~ 
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DR. PHILLIPS: This i s  a very profound point.  However-- 

and it is  c e r t a i n l y  t o t a l l y  germane t o  our considerat ion of ERDA's 

research e f f o r t s  i n  f o s s i l  energy, but  t h i s  i s  not  a group meeting of 

economists or people of t h a t  s o r t ,  and i n  p a r t i c u l a r  w e  are not 

discussing d e t a i l s  of demonstration p l an t s  and p i l o t  plants .  
i/ 

L e t  m e  remind you t o  refocus your a t t e n t i o n  upon the  

d e f i n i t i o n ,  a t  t h i s  meeting, of  research-- 
\[ 

MR. LEE: 

DR. PHILLIPS: 

He r a i sed  the  cos t  picture .  

Yeah. Well, I th ink  t h a t  i s  a very impor- 

t a n t  po in t ,  because t h i s  morning w e  heard two speakers--that they 

consider a number l i k e  30 plus  d o l l a r s  a b a r r e l  as the  present  state 

of t h e  a r t  f o r  making synthe t ic  o i l s  from coal. 

d i f f e r e n t  opinion on your p a r t ,  I th ink  t h a t  w e  a l l  would l i k e  t o  

know about it. 

Now, i f  t h e r e  i s  a 

However, I do not th ink  t h i s  forum i s  the  place t o  d iscuss  

i t ,  but  r a t h e r ,  i f  you would send us i n  some supporting material and 

whatnot, then we w i l l  d i s t r i b u t e  it i n  our f i n a l  report .  

DR. ZUCKER: 

I do not wish t o  s i n g l e  out  HYGAS as a p a r t i c u l a r  target-- 

L e t  m e  j u s t  make one point.  

nor d i d  I say, i n  fac t - tha t  the pressures  and the  stresses are a l l  

appl ied a t  1900 degrees. I - merely put the s l i d e  on the  screen t o  

show what kinds of environments, what kinds of temperatures, what 

kinds of pressures  one has t o  dea l  with. And the  ob jec t  of research,  
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which you agre 

work i n  areas where we can do things a t  lower t 

pressures ,  and perhaps lower cos ts .  

with,  is  t o  t r y  t o  ameliorate  t h a t  s i t u a t i o n ,  and t o  

tu re s ,  a t  lower 

. 

That 's  r e a l l y  a l l  I want t o  say. 

DR. PHILLIPS: Are there  0 th  comments o r  questions? 
MR. ZMOLA: 

I ' m  not' c e r t a i n  t h a t  t h i s  o 

Paul Zmola, Combustion Engineering. 

n ' t  be ru led  out  of order  

also, bu t  I f e e l  t h a t  I have t o  ask. 

comment on how some of t he  technology t h a t ' s  being 'developed would be 

e f f e c t i v e l y  t r ans fe r r ed  t o  t h e  p r i v a t e  sec tor .  

I th ink  he can take  a * r a t h e r  broad 

t o  poin t  out  t h a t  I th ink  most of us e re s t ed  i n  how 

i t u a t i o n  of g ing a good,' rap id  f i x  on problems we 

g e t  in to .  And usua l ly  it j u s t  cannot b 

t o  t a l k  abou t ' s c  

r c i a l i z a t i o n  or demonstration. 

DR. ZUCKER: I can comment on t h a t  s t a r t i n g  from ou 

U 
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This i s  not so here. The t r a n s f e r  of technology and t h e  

cooperation between the  na t iona l  labora tor ies  and the  ERCs is now 

p r e t t y  good, and ge t t i ng  b e t t e r .  The t r a n s f e r  of technology between 

the  laborator ies--(I  don ' t  know about the  ERCs, but  maybe Dr .  Wender 

w i l l  speak t o  that)--and industry is  complicated. 

I t ' s  complicated by the  pa ten t  question. And i n  some 

cases ,  t he  t r a n s f e r  of technology is  complicated simply because we 

have worked toge ther  only fo r  a few years. 

accomplished. There is i n t e r e s t  i n  t h e  laboratories--in fact , .  

enthusiasm i n  t h e  laboratories--for t ry ing  t o  do t h i s  kind of thing. 

I be l ieve  i t  can be -~ - 

I suggest there  i s  a l s o  a measure of c a p a b i l i t y  t o  do it, 

DR. WENDER: Wender, Pi t tsburgh Energy. 

Addressing t h e  las t  quest ion of course,  t h e  quest ion 

I 

of c o s t  shar ing has come up as one way of technology t r ans fe r .  

Another way, of course,  i s  t h a t  t he  energy research centers ,  i n  

con t r a s t  t o  t he  na t iona l  l abora to r i e s ,  are completely open; and as 

such, the  synthane process,  t he  g a s i f i c a t i o n ,  l i que fac t ion  processes,  

combustion things are open f o r  inspect ion,  fo r  complete questioning 

outs ide  of meetings and t r ans fe r s .  

t r ans  f e r  t h a t  way . 
So t he re  i s  a very good technology 

DR. PHILLIPS: I think i t ' s  perhaps a l s o  important t o  

point  out ,  D r .  Wender, is  it not  t r u e  t h a t  t h e  ERCs t r a d i t i o n a l l y  

have had a s i g n i f i c a n t  measure of t h e i r  support supplied by industry,  

not exclusive government support? Is t h a t  co r rec t ,  s i r ?  
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L d  
r' 

DR. WENDER: Yes. 

DR. ZUCKER: There i s  the  precedent i n  nuclear  energy; 

w e  have been a b l e  t o  make it work. There is r e a l l y  no good reason, 

except our own s t u p i d i t y ,  i f  

DR. PHILLIPS: Othe 

MR. CAEJONICO: Dome 

r would j u s t  po in t  

, , >  

to  She 'publ ic .  I've been the  

roblem having people 

~m su re  Alex would t o t  

Gentlemen, you're a 

way. 

ladies--come v i s i t  us. 

DR. PHILLIPS: 

I think i t ' s  a good 

15-minute co f fee  break. Let ' l  

4 ~ 0 0 .  

' (Recess) ' 

DR. PHILLIPS: I WOI 

t o  order ,  please. ~ 

th ink  t h a t  we are, 

behind our schedule, consider j  

Capi ta l  ' H i l l  today. 

I want t o  t ake  t h i s  

our p lan  f o r  tomorrow af ternoc 
ced 

re do not  succeed i n  f o s s i l  energy. - 
- questions o r  comments? 

Lic Canonico, Oak Ridge National Labs. 

u t  t h a t  t h e  l abora to r i e s ,  too,  are open 

e a number of  years and 1 have never 

came i n  f o r  technica l  exchange i n  any 

l l y  support t h a t  posi t ion.  

1 in&ted. 

, 

Any t i m e  you want--and 

well . 
time, r i g h t  now, t o  take about a 

come back a t  about 20 minutes of 

F 

Ld l i k e  t o  c a l l  t h e  meeting back 

remarkably, a small  amount o f '  t i m e  

ig t h e  unplanned a c t i v i t i e s  over on 

bpportunity to  say again t o  you what 

i is. We hope t h a t  w e  can g e t  together  
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c, 

as many small groups of you as possible to discuss with us the 

questions that we want you to respond to if possible. 

I believe that each of you have a sheet that is called 

"The Purposes and Requested Responses of the Meeting." 

have one, it's available on the table up at the door. 

that--the last page, I believe-& a list of questions. I There's 

about seven questions, that all have to do with the basic question 

that the administrator asked Dr. Kane to address and he in turn asked 

If you do not 

Attached to 
i t  

, 

Kropschot and I to examine, which we now in turn are throwing the 

ball to you. 

I believe that is all. Let's proceed, then, with our pro- 

gram. We have three more speakers for this afternoon. 

Representing the energy research centers, research over- 

view by Irving Wender. 

DR. WENDER: The handout, available up front, contains . 

more vugraphs than I will show. 

I read some time ago that the head of GAO said that environ- 

mental effects will become more important than economics. I'd like 

you to think about that statement in terms of a word that I've heard 

a lot today, and that is "costs." 

that someone comes up with, that works beautifully -- but no one 
I can imagine a very cheap process . 

wants to furnish a site for it, and its environmental effects will, 

of course, be too much for anybody to accept. 

keep this idea in mind. 

It is important to 

Ivi 
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I I have not r e a l l y  l i s t e d  research oppor tuni t ies  on my 

vugraphs . However, there  afe fdur  pages of research oppor tuni t ies  

l i s t e d  a t  the end of the handout. 

One-of them, t o  'bring it t o  your a t t e n t i o n ,  i s  t o  determine 

t h e  hea l th  e f f e c t  

dards are properly set. Alth 

people are avoiding it. Fort  

program i n  this '  area. 

f 'SO2 and p a r t i c u l a t e s ,  and t o  ask i f  SO2 stan- 

t h i s  problem must be solved, most 

e l y ,  EPBI has '  i n s t i t u t e d  a research 

I, i n  p a r t i c u  , have never had u l t y  i n  def in ing  

bas i c  research. I've been happy with my d e f i n i t i o n  -- perhaps as ? 

happy as i f  I ' m  i n  my r i g h t  mind. 

(Laughter . 
Basic research me .has always cdnjured u p  the  p i c tu re  of 

a fe l low who's doin 

v e r i f y  an hypothesi  t he  experimen he analyzes the  

me phenomenon o r  t o  

ment based on deductions, 

a1 i n  h i s  mind. 

11, knd what Dr .  

earch Centers ( t h e  ERCs) 

l i e d  research he pas t  

they d id  more bas i c  research. 
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(Slide 1) 

Those yellow dots on that map indicate the locations of the 

five Energy Research Centers. I'll start in Pennsylvania 

Pittsburgh Energy Research Center, called PERC; and the o 

in West Virginia is Morgantown and that's called MERC. 
,' 

Tften in Oklahoma you see Bartlesville. 

And the ERC in Laramie, where the pink color indicates 

That's call 

I- 

deposits of subbituminous coal, is called LERC. 

Finally, we go up north and, the acronym is somewhat funny, 

that's called GFERC for the Grand Forks Energy Research Center. 

(Laughter . 
The Energy Research Centers are situated in region 

would lead one to believe that they are there because the re 

there. That's only partially true. For instance, the Grand Forks 

Energy Research Center is in North Dakota. 

lignite is there. However, the ERCs are national and international 

in scope. 

I guess, because the 

For instance, if you look at Texas you'll find a long band 

of lignite. It turns out that the personnel in Grand Forks are 

consulting with the utility people who are buildingla whole series of 

lignite-fired plants in Texas. The Grand Forks Energy Research 

Center is working with the people in Texas because, among other 

reasons, Texas lignite presents a very bad alkali ash problem; FGERC 

has excellent experience and know-how in this area. 
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The Director  of the  Grand,Forks Energy Research Center 

re turned r ecen t ly  from a t r i p  to  Bulgaria and Rumania, helping them 

with some of t h e i r  problems with low rank coals .  

Director  has j u s t  re turned from Greece and Hungary, i n  connection 

And t h e  LERC 

with problems r e l a t ed  t o  subbituminous coa l  and o i l  shale ,  

The B a r t l e s v i l l e  Energy Research Center is near t h e  center  

of our o i l  f i e l d s .  But i f  you look a t  t h e i r  a c t i v i t i e s ,  they cover 

t h e  whole United States;oil f i e l d s  a l l  over t h e  country and even i n  

t h e  Gulf of Mexico. 

V i s i to r s  t o  t h e  Energy Research Center i n  P i t t sburgh  -- 
who number i n  t h e  thousands by the  way -- come from every state i n  

the  Union and from a l l  over t h e  world. 

and i n t e r n a t i o n a l  i n  scope. 

So t he  ERCs are t r u l y  na t iona l  

They a l s o  serve as regional  centers .  

(S l ide  2) 

The Energy Research Centers have been i n  ex is tence  f o r  50 

years o r  so and one is  some 60 years old. 

they've had, as you see, minimal and q u i t e  inadequate funding support. 

The coa l  budget i n  1970, fo r  ins tance ,  f o r  a l l  of t he  Energy Research 

Centers p lus  the  Off ice  'of Coal Research w a s  $20 mill ion.  

As t i m e  has gone on, 

In  1949 coa l  l iquefac t ion  p l an t s  were a c t u a l l y  b u i l t ,  as 

most of you know, i n  t h e  town of Louisiana, i n  the  state of Missouri. 

Both 8 coal  hydrogenation p lan t  and a Fischer-Tropsch p lan t  were 

b u i l t  there.  
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The coal hydrogenation plant was operated from 1949 to 

1953, producing several million gallons of gasoline. This was used 

to run a train from Louisiana, Missouri, to St. Louis, which is about 

a distance of 200 miles. 

with these synthetic fuels from coal to demonstrate the usefulness of 

these fuels in current engines. 

The military ran some of their vehicles 

They also ran a Fischer-Tropsch plant. Here they only 

produced some 40,000 gailons of liquid product. 

started up later than the coal hydrogenation plant. 

This plant was 

Then in 1953, someone came along with a big pair of,.scissors 

and cut these plants at the root, and they all died because of a glut 

of gas and oil. Hindsight is always better, of course, but it would 

have been of immense value to this country if those plants had been 

allowed to continue. 

demands and times changed and technology improved. 

I'm sure they would have been modified as 
0 

e 

The second point is the one referred to by Dr. Phillips. 

With diminishing support from the government, we were forced to turn 

to industry and other government agencies. 

successful in this endeavor. 

level with, at times, as much as half of an Energy Research Center's 

budget coming from outside sources. 

Fortunately, we were 

We continued at a very low funding 

And we could have had more 

outside support but, for various reasons, the people in Washington 

insisted that everything done at the ERCs be related to fossil 

energy. So that we had to turn down quite a few industrial contracts. 
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I t ' s  an i n t e r e s t i n g  s i d e l i g h t  t h a t  the P i t t sburgh  Energy 

Research Center was the  labora tory  which, because of i t s  background 

i n  high pressure  technology and because of the  equipment it had, 

performed e ros ion  and corrosion t e s t i n g  of t he  valves  and piping f o r  

Admiral Rickover's nuclear  submarines. That 's  s o r t  of an odd turn- 

around . 
(S l ide  3) 

am of the  Department of I n t e r i o r  -- as you 

of t he  I n t e r i o r  -- know, the  Bureau of Mines i s  i n  t 

kept us a t  a low funding leve l ;  but i t  was a low l e v e l  over a long 

period of time. 

Centers'managed t o  do a l o t  of good work 

very Useful and t imely f ind ings  with r e  

t ions. 

Under t h i s  set of  circumstances the  Energy Research 

and it r e su l t ed  i n  some 

t i n d u s t r i a l  applica- 

We invented the so-called Benfield process f o r  the  cleanup 

of gas-from o i l  or from coal. '11 talk about t h i s  later. There are 

t s  -- i n  many count r ies ,  

t i n  Red China now. A l l  

a t  is now c a l l e d  the  

1 t o  high Btu gas. 

PERC a l s o  patented the process f o r  the  two-stage combustion 

of coa l  with low NOx emissions. 
f 

And then ERDA came along. D r .  Neuworth, f o r  instance,  t o l d  

you t h i s  morning t h a t  c a t a l y t i c  g a s i f i c a t i o n  i s  a third-generation 
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procese in the se it ‘doesn‘t need a water-gas shift reaction 

and practically n A’very promi simple and direct 

gasification process was invented by the Pittsburgh ‘Energy Research 

Center. This HYDRANE ( hydrogasification) involve s the 

non-catalytic treatment of coal bout 1000’C. The 

product is ess 

reaction is neede quired. I think 

that a procesi development unit for this process should be built 

shortly. Its simplicity and high efficiency will make for a cheaper, 

processes when 

government. 
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I v i s i t e d  Japan about two years  ago, a t  t h e i r  i nv i t a t ion .  

They used t o  mine about 60-odd mi l l i on  tons of coa l  a year. 

down t o  about 18. 

Unfortunately,  they p r a c t i c a l l y  ended work on coa l  i n  t h e i r  research 

i n s t i t u t e s  and t h e i r  coa l  laborator ies .  

them up again,  but  it is  an extremely hard th ing  t o  do 

remaining is  sca t t e red  and has go t t en  a b i t  old. 

l esson  t o  a l l  of us. 

They are 

The r e s u l t  i s , a  99 percent dependence on o i l .  

They are now t ry ing  

And t h a t  i 

(S l ide  4) 

A s  t o  the  ERC missions,  I th ink  t h i s  has been covered so I 

We do the  things shown on the  vugraph. won't spend much time on it. 

I n  the  rest of  the  time, I w i l l  t r y  t o  t e l l  you some of the  things 

t h a t  c l a r i f y  and enhance t h i s  s l i de .  
I 

(S l ide  5 )  
0 

Remember t h a t  the Energy Research Centers are comprised of 

about 825 people who are a l l  federa l  employees. The National Labs, 

as you know, a r e  government owned and cont rac tor  operated. The ERCs 

have a d i f f e r e n t  s o r t  of  outlook and a d i f f e r e n t  mission, and one of 

our missions i s  t o  make the government a good buyer. 

F o s s i l  Energy headquarters o f t e n  asks the  ERCs t o  go out 
, 

and look a t  a p lan t  and then write a repor t .  

the  fo re f ron t  of  technology t o  be ab le  t o  do t h i s .  

be a t  the fo re f ron t  of  technology i s  t o  be doing something t h a t  i s  

c lose  t o  the  c u t t i n g  edge. 

The ERCs have t o  be a t  

The only way t o  

And t h a t  i s  one of the  important things 
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MISSIONS OF THE ERCs (CON'T) 

PERFORM WORK IN FOSSIL ENERGY TECHNOLOGY AREAS 

PROVIDE MEANS TO: 

MAKE GOVERNMENT A GOOD BUYER. 

TRANSFER TECHNOLOGY TO INDUSTRY. 
\ 

UNDERSTAND AMQ RESOLVE ENWRONMENTAL / ISSUES. 

SUPPORT HEADQUARTERS PLANMING/I~PLEnrlIEaal'FATIO~. 

MANAGE PROJECTS IN THE FIELD. 

INTERACT WITH I~rauSfRv/ACADERlnlC/PUBLIC/OTHER 
GOVERNMENT AGENCIES J 
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t he  Energy Research Centers have t o  do t o  make the  g 

buyer. 
. *  

Regarding the  t r ans f  

r r e l a t ionsh ips  with indus t ry  over the  years  have been 

ehow o r  o ther ,  indus t ry  has n considered the  , 

hdve a c t u a l l y  sen t  

~ people who worked a t  our l ab  

v i s i t o r s  from industry.  Our ave been used by industry.  

have had any number of 

that , ' s  our b i  Don't.put pink and yellow 

on it ,  because when we see t h a t  gray cover we.know-we can 
-, 

depend on it." 

e back t o  envi r  

Energy Research 

h t  say,  between 

e la  t-ionships with 

t agencies. Research 
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I (S l ide  6) 
~ 

About our so-called s t r a t e g y ,  I th ink  t h a t  t he  f i r s t  one 

l i s t e d  i s  very important: 

exper t i se .  What do I mean by t h a t ?  Well, t he  people t h a t  w e  employ 

come from t h e  coa l  industry;  they come from t h e  o i l  industry;  they 

come from t h e  chemical industry;  and they come d i r e c t l y  out  of 

school. 

pressure technology, i n  coa l  and petroleum desu l fu r i za t ion ,  i n  t h e  

t o  maintain a proper mix of in-house 

We have a mix of people who have a l o t  of experience i n  high 

bas i c  chemical science-; and w e  have a mix of chemical engineers ,  

mechanical engineers ,  chemists, some phys ic i s t s ,  and a f a i r  number of 

mathematicians. This i s  the  bas i c  mix of personnel t h a t  w e  look fo r ,  

and i t ' s  been very successful .  

Maintaining the  balance between in-house and out-of-house 

research is  a cons tan t ly  ongoing thing. We're working t h a t  out  now. 

W e  i d e n t i f y  and def ine  promising areas of research -- as does every- 

body, I guess. 

We do research which includes s p e c i a l  know-how -- and I'll 

enlarge on t h a t  -- and i n  high-risk a reas ,  which are by d e f i n i t i o n  

areas t h a t  government people should be in .  

I guess now i s  about as good a time,as any t o  d iscuss  

environmental impacts stemming from f o s s i l  energy research. We take  

t h i s  area, o f  course,  extremely se r ious ly ,  as does everybody i n  t h i s  

room. In our Energy Research Centers f o r  ins tance ,  t h e  process 

people  are responsible  for t he  environmental consequences and hea l th  
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e f f e c t s  of  t h e i r  process from the t h e  they a r e  i n i t i a t e d .  

same t h e ,  a t  PERC, w e  have another group, c a l l e d  the  Environment and 

Conservation Division, which looks over the  shoulders of the  process 

people, t o  make su re  t h a t  they are car ry ing  out  t h e i r  environmental 

du t ies .  I t ' s  too  easy t o  ignore environmental and sa fe ty  problems 

when you a r e  t ry ing  t o  g e t  a process on stream. 

t h a t  you say you're a l l  f o r  the  environment, when something comes 

along t h a t ,  i n  your research and development, you j u s t  want t o  g e t  

done as soon as possible ,  the  a t t i t u d e  is: 

t h a t  later," and the  problem manages t o  g e t  swept  hnder the rug. 

we have an overseeing group who go around and t a l k  t o  the  process 

people; i n  s eve ra l  cases,  they've iden t i f i ed  p o t e n t i a l l y  harmful 

environmental problems and pointed them out early i n  the  game. 

be l ieve  t h i s  overseeing group i s  absolu te ly  necessary. 

A t  the  

I n  s p i t e  of the  f a c t  

"Well, I ' l l  take care of 

But 

We 

( S l i d e  7 )  

I th ink  t h i s  j u s t  gives  you a f l avor  of what an Energy 

Research Center is. It by no means gives  you the  type of f a c i l i t i e s  

i n  t h e  Centers. Fred Holzer of the  National Laborator ies  t o l d  you 

t h i s  morning a l l  about Laramie; i t  was a good t a l k ,  so I'll omit 

t ha t .  

c 

But we do have high-pressure/high-temperature continuous 

process u n i t s ,  up t o  a ton a day. We're bui lding a process develop- 

ment u n i t  f o r  coal l i que fac t ion  t h a t  w i l l  process up t o  10 tons of 

coa l  per day. 

Lid 
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We have l a r g e  combustors, one of which i s  a 500 pound per 

hour combustor, the  l a r g e s t  y o u ' l l  f ind outs ide  of a u t i l i t y .  I t ' s  

an experimental un i t .  

We have pressurized g a s i f i e r s ,  and the  rest you can read 

from the  s l i de .  

The l a s t  l i n e  on the  s l i d e  mentions some$ t h a t ' s  very 

important. The Energy Research Cepters monit p e r f o m  large- 

s c a l e  f i e l d  tests, e spec ia l ly  and Bar t l e sv i l l e .  

There are huge amounts of Devonian 

Pennsylvania, ntucky and cont iguous ' s ta tes .  

required t o  obtain gas from t h i s  shale.  I don't  know what percentage 

of work a t  the  ERCs i s  a c t u a l l y  c a r r i e d  out i n  the  f i e l d ,  but it i s  

large.  A t  P i t t sburgh ,  w e  have a 75 ton per day coa l  g a s i f i c a t i o n  

p i l o t  p l an t  and a supporting proces6,develogment un i t .  

advantages of having such u n i t s  near 

r a t h e r  bas i c  problems 

t h a t  you go back t o  a labora tory  and 

put  someone on t h i s  r i g h t  away. 

have t o  start p r e t t y  f a r  back t o  so lve  the  problem. 

always f ind  out  t h a t  you know less than you th ink  you did. 

One of the  

problems t h a t  co 

1 w i l l  have to 

Occasionally, the  researcher  w i l l  

I n  science,  you 

( S l i d e  8) 

L e t  m e  i l l u s t r a t e  t h i s .  Dr. Mills mentioned the  oxy- 

desu l fu r i za t ion  of coal.  

how the  ERCs do things.  

I br ing  t h i s  up t o  g ive  you some idea as t o  

That process involves,  as somebody s a i d  
I 

1 
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today a t  t h e  break, the  bas i c  elements: ea r th ,  a i r ,  f i r e  and water. 

The oxydesulfur izat ion process. involves t r e a t i n g  coa l  with water and 

a i r ,  and you g e t  o u t =  of t he  inorganic su l fu r .  

c leaning only g e t s  ou t  about ha l f  of t he  inorganic  su l fu r .  

Ordinary coa l  

In  

addi t ion ,  the  process may remove up t o  40 percent of t he  organic 

su l fur .  

Now, where d id  t h a t  process come from? Well, i f  you j u s t  

read your l i t e r a t u r e  a b i t ,  your organic chemistry, or i n  f a c t  any 

chemistry, you w i l l  f i nd  t h a t  t h e  f r e e  energies  of formation of very 

s t a b l e  molecules, l i k e  COP, CO, NO, water, SOp, e tc .  are very favor- 

ab le ,  and the re  i s  a tendency fo r  these  small  molecules t o  form i n  

what i s  c a l l e d  an ex t rus ion  react ion.  So w e  s a id ,  let 's  take  dibenzo- 

thiophene a s  a model compound. I f  you could oxid ize  t h a t  t o  a 
r' 

sulfone,  ( t h e  s u l f u r  atom i n  dibenzothiophene has two oxygens on i t ) ,  

SO should extrude very eas i ly .  And so w e  t r e a t e d  dibenzothiophene 2 

sulfone with a l k a l i  and got a quan t i t a t ive  y i e ld  of 1-phenylphenol. 

In  o the r  words, a l l  t h e  s u l f u r  was removed by t h i s  treatment.  

We went from t h i s  t o  coal.  Now I don't  know i f  t h a t ' s  

bas ic  research or not ,  because the  extrusion r eac t ion  was known and 

t h i s  is an ex t rus ion  t o  coal.  It was an app l i ca t ion  of bas i c  research 

t o  t h e  removal of s u l f u r  from coal.  

The second one on t h e  s l i d e  was on t h e  s o l u b i l i z a t i o n  of 

coal.  

coa l ,  bu t  we did t h i s  by reduct ive ly  a lky la t ing  coal .  

Nobody has been ab le  t o  r e a l l y  measure the  molecular weight of 

I won't explain 
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what t h a t  is ,  except t h a t  it simply adds a long hydrocarbon 

we added a he 

found t h a t  when we  d id ,  coa l  became solub 

hexane. 

o a l ;  'for i n s t  
I 

benzene, and even i n  

And then we were ab le  t o  determine the  molecular weight of 
t 4  

Another example i s  the  COSTEAM react ion.  We s a i d  

resea 

hydrogen gas -- your job  is  t o  go i n t o  the  laboratory'  and f 

y hydrogenates coa l  with expensive 

7 

nat ing  coa l  using some o ther  (p re fe ra  aper)  gas. And 

il you've found it. 

And h e  chme back 

arbon monoxide, i n  t h e  presence 

ocess ,  which is a 

coals.  The Aus t ra l ians ,  who 

are a l s o  very i n t e r e s t e d  i n  

t first, we 

tu rns  out  t h a t  t h e  a l k  i n  t h e  low rank coa l  i s  a ca ta lys t .  Sodium 

formate is undoub 

from sodium forma 

The hot  carbo 

with some 400 p lan t s  

r eac t ion  ' t h a t ' s  i n  a l l  the  

up, Copis released.  The Benfield process a l s o  
W 
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removes hydrogen su l f ide .  

bas ic  r eac t ion  and i s  a good example of bas ic  appl ied research. 

This process c e r t a i n l y  stemmed from a 

D r .  Mills funded t h i s  l a s t  example on t h e  s l i d e ,  dea l ing  

with s u p e r c r i t i c a l  gas ex t rac t ion .  

have developed t o  treat coa l  with a low-boiling solvent  ab0 

c r i t i c a l  temperature. 

of low-boiling material. 

of residue. 

That 's  something t h a t  t he  B r i t i s h  

In t h i s  manner, they g e t  out  20 t o  30 'percent  

But t h e i r  process r e s u l t s  i n  a l a rge  amount 

You know t h a t  one of t h e  big problems i n  t h e  l i que fac t ion  of 

coal  i s  so l ids - l iqu id  separat ion.  

mass after most of t he  o i l  has been removed and t r e a t e d  it with 

We have taken t h e  so l id- l iqu id  

toluene under s u p e r c r i t i c a l  conditions.  

remove a l l  t he  usable o i l  from t h e  res idues  with a q u a n t i t a t i v e  

recovery of toluene. 

We f ind  t h a t  w e  can c leanly  

Our remaining problem i s  t o  make t h i s  a con- 

t inuous process,  which does not seem a t  a l l  d i f f i c u l t .  

These a r e  j u s t  a few examples of how work is conducted i n  

t h e  Energy Research Center . 
(S l ide  9)  

I think I w i l l  j u s t  l e t  you read t h i s .  I 've  s a i d  most 

everything on it. Next s l i d e ,  please.  

(S l ide  10) 

The next s l i d e  i s  an important one. 

As D r .  White t o l d  you, tests a r e  going on i n  Albany, 

Georgia, some 40 miles from Pla ins ,  on t h e  burning of solvent  re f ined  
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coal  (SRC). SRC, i t ' t u r n s  out ,  i s  ne i the r  f i s h  nor fowl. It 's not  a 

s o l i d ,  so you can ' t  burn it as you would i n  an ordinary coa l  combustor; 

i t ' s  not  a l i q u i d ,  so you c a n ' t  burn it i n  an oi l - type burner. 
/ 

. The combustion group of the  Pi t tsburgh Energy Research 

which has been doing bas ic  and appl ied work i n  coa l  combustion, 
. I  

was asked t o  f i g u r e  out  a way-of properly bur 

group devised a s e t i s f a c t o r y  method t o  burn SRC i n  a very sho r t  time 

and t h i s  is  how the  SRC is being burned i n  Albany, Georgia. Some 
, .  

t h ree  weeks ago, we had t o  send a man to  Albany , Georgia t o  make su re  

t h a t  the  SRC burned w e l l .  

success. 

It burned beau t i fu l ly  and the  test was a 

It 's important t o  note t h a t  the  Energy R e s  . .  

ready t o  respond t o  t h i s  cha l l en  i n  a shor t  t i m e .  We must be and , 

are ready f o r  t a sks  of t h i s  s o r t .  

e. We were asked 

is u n i t  ran f o r  over 

vera1  of these  coa 

tries i n  the mid-Atlantic area. 

< 

315 



A very good job  has been done r ecen t ly  a t  BERC on the  re- 

r e f in ing  of lube o i l s  -- t hese  o i l s  have been t e s t ed  and they m e e t  

v a l l  spec i f ica t ions .  

Devonian sha le  has been covered, na tu ra l  gas from methane 

s e a m s  has been discussed and I have ta lked about environmental 

problems. Let's see what's on the  next s l i de .  

(S l ide  11) 

L e t  m e  t a l k  about t h i s ,  and then probably end up. 

Most of t he  l i que fac t ion  t h a t  we have ta lked about has been 

hydrogenation'of coa l ,  which i s  something I be l ieve  in.  In  o the r  

words, adding hydrogen t o  coa l  i s  a promising rou te  t o  low-sulfur 

l i qu id  fue ls .  But you make a l o t  of aromatic (benzenoid) and poly- 

molecular ma te r i a l s  during t h e  hydrogenation of coal.  

We are advocating a la rge  program on what we c a l l  Pro jec t  

PLUS. One of the  advantages of Pro jec t  PLUS (Petroleum-like - - Liquids 

- Using 9 n t h e s i s  Gas) i s  t h a t  you f i r s t  gas i fy  the  coa l  t o  synthes is  

gas and then convert t he  gas t o  petroleum-like ( a l i p h a t i c )  o i l s .  It 

should be pointed out  t h a t ,  even when you hydrogenate coa l  d i r e c t l y ,  

about one t h i r d  of t he  coa l  must be gas i f i ed  t o  make hydrogen anyhow. 

In  o ther  words, you have t o  go through the  g a s i f i c a t i o n  rou te  t o  make 

your hydrogen i n  the  f i r s t  place. We know t h a t  i n  t h e  next couple of 

years ,  there  are going t o  be seve ra l  good pressurized g a s i f i e r s .  

think a number of people i n  the  audience may know b e t t e r  than I what 

I 
L 

they are. 
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I f  you s t a r t  out  from carbon monixide and hydrogen \ synthes is  

gas) ,  you can go t o  petroleum-like l i qu ids  v i a  the  Fischer-Tropsch 

route  as does Sasol i n  South Africa.  

bu i ld ing  another p l an t  t e n  times the  s i z e  of t h e i r  present  plant .  

That 's  f ine .  They are now 

But it is poss ib le ,  by using a s e l e c t i v e  c a t a l y s t ,  not 

necessar i ly  a Fischer-Tropsch c a t a l y s t ,  bu t  an oxide c a t a l y s t  or a 

z e o l i t e ,  e tc . ,  t o  ob ta in  a high y i e ld  of a gaso l ine  f r ac t ion ,  or you 

could make a d i e s e l  oil f rac t ion .  

Dr. Mills has supported work which shows t h a t  you can go t o  

methanol and then t o  an aromatic gasoline.  And work is now going on 

i n  making aromatic gasol ine d i r e c t l y  from carbon monoxide and hydrogen. 

The Pi t t sburgh  Energy Research Center has  found t h a t  you can 

make e thy l  a lcohol  from methyl a lcohol  using a homogeneous ca t a lys t .  

And of course,  you can make ethylene from e t h y l  alcohol.  

one of our  most important petroch&cals and i t  w i l l  eventua l ly  be 

made from coa l ,  probably v i a  synthes is  gas. 

Ethylene is  

Formaldehyde and a c e t i c  ac id  are made from methyl a lcohol  

today, t he  a c e t i c  ac id  synthes is  using methyl a lcohol  and carbon 

monoxide. The Union Carbide Corporation has r ecen t ly  shown t h a t  you 

can make ethylene glycol  from synthes is  gas. 

synthes is  gas and you make ammonia using t h e  hydrogen. 

You make hydrogen from 

We now know 

how t o  make t h e  important petrochemical, s tyrene ,  from toluene using 

synthes is  gas ,  bu t  I won't t ake  your t i m e  f o r  t he  d e t a i l s .  
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Project PLUS thus gives us an environmentally clean route 

to gasoline, tQ, diesel.oi1, and to other fuels and petrochemicals. 

- All the sulfur and all the nitrogen are removed during gasification 

and the final products are not carcinogenic. 

About 33 billion pounds of synthetic ammonia is made in 

this country every year. Happily, there , i s  work going on transplant- 

ing microorganisms, Phizobium species, which grow on the roots of 

certain nitrogen-fixing plants. 

organisms to be transplanted to wheat, rye, and oats, etc. 

well be a good idea for ERDA or someone:else to support,work to make 

all our ammonia (fertilizer) via microorganisms on the roots of 

growing plants. 

year of ammonia are fixed naturally in this way each year. 

It may be possibl 

It may 

It is interesting to note that 100 billion pounds per 

Indeed, why not fix all our nitrogen in this way? If 

successful, this .could pretty much wipe out the ammonia indu 

would be to our advantage to do this. We would save all the fuel 

necessary to. importantly, we wo 

be replacing dly needed in the soil. At present, we 

must add inc 

not replaced ynthetik ammonia 

eutrophication of our rivers,with,resultant killing o 

present. 

zer each year because humu 

o this is a plan where I advise aiding the petroleum 

or fossil energy route altogether. Instead put all your money into 

t 
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agricultural research. 

this, you would not need the ammonia industry and it would be a 

tremendous boon to agriculture and to the environment. 

If you could get the dollars and will do 

Thank you. 

(Applause.) 

DR. PHILLIPS: Thank you. Now, I am going to ask you a 

question. What was your next slide? Could we see it, plegse? 

DR. WENDER: I have taken up more than my allotted,the. 

The rest of the slides are in my handout. 

DR. PHILLIPS: Are there other questions or comments? 

Yes . 
VOICE: What is your ratio between in-house and out-of- 

house research work? . 
DR. WENDER: That figure is not in the handout. It's 

a hard question to answer because most of the out-of-house work is 

funded from Washington. Bartlesville, for instance, monitors over 

$100 million worth of outside work. 

That is right. 

Is that not so Mr. Bdl? 

We have .about $7 million worth MR. BALL: 

of in-house work, and $110 million worth of contracts. 

DR. WENDER: That's an exceptional example. Morgantown 

has fluidized bed combustion. We only do direct combustion at the 

Pittsburgh Energy Research Center. 

number to come up with because these are really contracts that 

emanate from Washipgton, and we get to be the TPOs of these contracts. 

The number you ask for is a hard 

8 LiJ 
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The f i g u r e  i s  ava i l ab le ,  I t h i  from Dr. White. 

DR. PHILLIPS: 

(No response. 

Other comments o r  questions? 

* .  Thank you, sir. 

We w i l l  go on then t o  our next-to-the-last - t a l k  f o r  today's 

sessions; un ive r s i ty  research overview by W i l l i a m  Reynolds, Stanford 

Univers i ty  . 
DR. REYNOLDS: Thank y 

e t h i s  0pportunity"to provide you with 

i a l  r o l e  of uni- 

v e r s i t i e s  i n  f o s s i l  energy research. As Chairman of t h e  I n s t i t u t e  

f o r  Energy Studies  an  

a t ' s t a n f o r d  I have ha 

many colleagues.  I n  

the  Department of Mechanical Engineering 
0 

program with 

people a t  leading u n i v e r s i t i e s  t o  g e t  

t h a t  I should de l ive r  today. 

s on the  messages 

I w i l l  present  my ana lys i s  of the 

si t u a t i o p  in t e  a t  f so 

ts. F i r s t ,  I w i l l  put forward 

a ca  ch t o  cont r ibu te  t o  ERDA's 

f o s s i l  energy'programs, but  t h a t  many of the  bes t  minds have y e t  t o  

be d i r ec t ed  towards ERI)A's research  needs; some s t eps  t h a t  E 

might take t o  involve more of t h i s  

Second, I w i l l  examine t een research a 

i n  t h e  ERDA f o s s i l  energy program, and point  t o  a se r ious  gap which I 

- .  

_- 
W 
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perceive exists between.the very basic research and the very applied 

development programs; recommendations will be made for ways in which 

the universities could assist in bridging this gap. Along the way 

you will hear a number of things that I hope you will find useful. 

Universities have been the primary performers of basic research, 

not only for the federal government but for the,nation as a whole. 

Table 1 shows the distribution of federal research support for m i -  

versities, industry, and government laboratories for FY76. 

universities are involved in both basic research, which is the. advance- 

Note that 

ment of knowledge potentially useful in a number of applications, I .> and 

applied research, which is research for new knowledge undertaken with 

particular applications in mind. 

times involved in development, which is the technical activity con- 

In addition, universities are some- 
@ 

cerned with non-routine problems encountered in translating existing 

knowledge into specific products or processes. 

TABLE 1 

FEDERAL OBLIGATIONS FOR BASIC RESEARCH, FY76 
(Billions of Dollars) 

Basic Research Applied Research 

Universities 1.0 1 *o 

Industry 0.5" 1.5 

Government Labs** 0.3 0 04 

*Mostly aerospace c . .  

*Including those administered by universities 

Source: NSF 75-323 
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Measures 0- un ive r s i ty  s t rength  and product iv i ty  pe r t inen t  to  

f o s s i l  energy are given i n  Table 2, which shows the  sources of recent  

publ ica t ions  i n  two major r e fe r r ed  journa ls  repor t ing  research rele- 
i 

vant t o  f o s s i l  energy, Combustion and Flame and t h e  Journal  of Catal- 
.. 

. ysis. Note t h a t  near ly  70 percent of these  publ ica t ions  a r e  derived 
' i  

from york conducted a t  un ive r s i t i e s .  Two per t inen t  review journa ls ,  
, \  . .  

,Progress  i n  Energy and Combustion Science and t h e  Annual Reviews 

of Fluid Mechanics, use un ive r s i ty  people t o  an even g r e a t e r  degree. - 
I' 

\ 

In  the  recent  e l ec t ions  t o  the  National Academy of Sciences, 80 
. '  . 

percent  of t h e  new members were from un ive r s i t i e s .  The f a c t  t h a t  as 

many as 37 percent of t he  members of t he  National Academy of Engineer- 
i 

ing are i n  u n i v e r s i t i e s  attests t o  the  high concentrat ion of applica- 
t 

* <  

t ions-or iented t a l e n t  i n  un ive r s i t i e s .  
, I I  

MEASURES OF RESEARCH CONCENTRATION 

k f e r r e d  Journa ls  , =  

Combustion & Flame ( 
J. Catalysis (617515 

Review Journa ls  ~ 

73% 
87% 

. a  

10% 10% 80% Nat. Acad. Sciences (1977 
e l e c t  ions 1 

55% 9% 37% Nat. Acad. Engrg. ( a l l )  

bi 
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Research is conducted by universities for several reasons; it is 

khe primary vehicle for training advanced students to the cutting- 

edge'in their disciplines; it is one important way for a faculty to 

stay current and to advance knowledge; it is a way for\the 

tions and people involved to contribute to the solution of 

societal problems. 

both the sponsoring agencies 

I 

Therefore, research is mutually ben 

the universities. 

Although many universities involve Masters 1 

research, work at the frontiers requires training beyon 

degree. 

benefit from Masters-level research, the primary contribution to 

ERDA's high-technology programs will come from universities involved 

in Ph.D. level research. Hence, the quality of 8 university's %.Do 

program should be a significant factor in considering ERDA-university 

Therefore, while in some instances ERDA may be able to 

interactions. 

I would like to dispel any notions that Ph.D. programs simply 

produce more professors for other institutions. For example, 

is a major producer of Ph.D.'s in engineering and the science 

only about one third of these go to academic institutions, the remain- 

der go to government and industry. 

strong position in advanced energy technology, this flow of fresh 

Ph,D,'s to industry, government, and other universities must be main- 

t ained . 

* 
If the nation is to ma'intain a 

\ 
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%ere have been many surveys of the quality of graduate education 

and research in engineering and the sciences. Table 3 shows some 

vey and lists engineering 
1 

the overall quality of graduate education. Note the range 

duate-to-graduate enrollment ratio (UG/G), the Ph.D. produc- 

culty member per year (Ph.D./Fy), and the range of annual 

research support per facu 

h investment per . produced (Res.K$/Ph.D.) at these 
\ 

institutions li 

For a variety of reasons, the engineering and science-oriented 

rally consider 

come involved wit this fact, let me 

note that only 11 of 75 universities’ research programs mentioned in 

roviding adva the fossil energy program 

TABLE 3 

VITY PARAMETERS NG ENGINEERING SCHOOLS 

Institution Faculty UG/G Ph.D./Fy Res. K$/Fy’ Res. K$/Ph.D. - 
128 

83 
117 
136 -- 
111 

99 
167 

97 
169 

Source: SUNY-Buffalo Survey, corrected 

W 
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were placed at universities ranked among the top 20 in this survey. 

This does not imply that the projects were placed at schools not 

qualified to do the work, but it does suggest that there is a great 

deal of top university talent that could be brought on-board the 

fossil energy program. i 

Table 4 shows a breakdown of funding, by agency, in the' three-top 

institutions in Table 3, each of which could make significant contri- 

butions to the ERDA program. 

agency support and the magnitude 

Note the breadth of high-technology' 
7 

of their annual research budgets;. 

$60-70 million. 

activities. 

These clearly are three very serious technological 

Note the relatively small fraction of ERDA support in 

each case (National Laboratories managed by these institutions have 

not been included in this summary. In the case of institution B, an 

ERDA laboratory operates predominantly with faculty/Ph.D. student 

teams, and makes major contributions to the university research pro- 

gram.) Now let's look at the university funding nationwide by these 

same agencies; Table 5 gives this detail. Excluding DHEW, which is 

not primarily a high-technology agency, the NSF is the largest sup- 

porter of research in universities, followed by the DOD, ERDA, and 

then NASA. 

DOD and ERDA-to-NSF support in all universities and in the three we 

Now consider Table 6, which gives the ratios of ERDA-to- 

have considered. 

tions are significantly lower than the national averages. 

clear indication that these three outstanding instituti 

Note that these ratios for the three top institu- 

1 This is a 

and 

h*r 
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TABLE 4 

RESEARCH EXPENDITURES*, AT THREE LEADING ?JNIVERSlTIES, UFY76 

Ipstitution 
A B C 

Agency** 

- 
DOD 13.2 6.6 7.6 

NASA 7.0 3.7 5.1 
NSF 20.8 14.8 15.4 
DHEW 17.3 26.4 34.0 
Other Govt. 5.0 7.4 3.2 

1.2 =.4 EPRI 
66.9 60.2 68.2 

ERDA 2.9 0 .9  1.7 

- - =. 7 - -  

* 
** Industrial funding not included 

Not including federal laboratories managed by the 
inst i tut ions.  

Source: Institutional Private Communication 
\ 

TABLE 5 

R&D SUPPORT IN UNIVERSITIES . 

, Out lay Est E s t  
FY76 FY77 FY78 

Government, FY 1978, OMB . 
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TABLE 6 

COMPARISON OF AGENCY FUNDING I N  THE THREE UNIVERSITIES 
WITH THE HIGHEST-RANKED ENGINEERING SCHOOLS* 

c 

A l l  U n i v e r s i t i e s  A B C A + ' B + C  

. ERDA/DOD 0.46 022 014 022 0 20 

ERDA/NSF 0.29 014 006 011 011 

*FY 7 6 

TABLE 7 

FEDERAL SUPPORT FOR FIVE MAJOR 
UNIVERSITY MATERIALS RESEARCH CENTERS (my771 

(Millions of D o l l a r s )  

A B C Q R -- - 
ERDA 0.05 7 00 5 0 01 
(%I ( 3 % )  ( 9 0 % )  ( 8 % )  ( 0 % )  ( 5 % )  

Other 1.61 1 6.4 401 2 0 3  
( 9 7 % )  (10%) ( 9 2 % )  (100%) (95%) 

TOTAL 1.66 8 609 401 2 0 4  

Source: Institution- Private C o p l m u n i c a t i o n s  

I 

328 



probably many o the r  f i r s t  te i n s t i t u t i o n  

high-technology research  t a l e n t  t h a t  could 

problems. Progress i n  t h i e  , (An i n s t i t u t i o n a l  

arrangement between ERDA arid one 

more f a c u l t y  t o  ERDA'S r e sea rc  

Program under the  F o s s i l  Energy Program now involves about 150 

u n i v e r s i t i e s ,  compared t o  only 23 i n  1976.) 

u n i v e r s i t y  p o t e n t i a l  i s  j u  

e a g r e a t  dea l  of 

ought t o  bear on ERDA 

sit ies i s  now bringing 

i v e r s i t y  Research 

but I b e l  

bar  el  y be ing tap  ped. 

Let's examine t h i s  hypothesis i n  a p a r t i c u l a r  research area of 

d i r e c t  concern t o  the  'fossj.1 energy program; materials, 

the  d i v i s i o n  betwe 

of t he  major cen te r s  f o r  moter ia l  search es tab l i shed  a t  these 

u n i v e r s i t i e s  over a decade ago as t of a nat iona l  "centers  of 

excellence" program, The i n s t i t u t i o n s  e designated as i h  Table 3. 

I n s t i t u t i o n  A a l s o  has o ther  mate ch, including a s i g n i f i -  

cant  amount from ERDA, which i s  not funded through i t ' s  ma 

center .  cen tk r  B i an ERDA l abora tory ,  and is f 

Table 7 shows 

ERDA support  and o ther  federa l  support  a t  f i v e  

.However, ' in both Center and C p r a c t i c a l l y  a l l  

o r s  are regular  f acu l ty  a t  t h e i r  i n s t i t u t i o n s ,  and 

Ph.D. s tudents .  Thus, these two are q u i t e  similar 

i n  s t r u c t u r e  and c a p a b i l i t i e s ,  but one is heavi ly  supported by ERDA 

and the  o the r  only modestly. I n s t i t u t i o n s  Q and R a l s o  have good 

one is  very c lose  t o  another ERDA laboratory,  but 

ne i the r  i s  an  ERDA laboratory;  the  ERDA support  f o r  each i s  very . 



sm 11. One draw two conclusi ns from these data. First, univer- 

sities with an in-house ERDA laboratory have been able to switch 

fforts to energy research much more rapidly than have those 

wh o not operate ERDA laboratories. Second, there is a great 

deal of capability in materials research that as yet is not being 

exercised on ERDA problems. 

Let me close this analysis of the Fossil Energy Program with the 

comment that many university people have perceived (correctly or 

incorrectly) that the attitude towards university research varies 

greatly among the Program Divisions. In particular, the Division of 

Magnetohydrodynamics makes extensive use of several universities, and 

has given universities responsibility for some very large-scale 

experiments. 

zation makes practically no use of universities, which could make 

some very important contributions through, say, applied research on 

combustion in a large-scale combustion research facility. 

Division of Materials and Exploratory Research has an excellent and 

growing university research component, and I have heard a number of 

compliments about the way their program is being handled (as well as 

expressions of dismay at the small size of the Division budget!). 

In contrast, the Division of Coal Conversion and Utili- 

The 

I would like now to discuss the special requirements for con- 

ducting quality research in the university environment, as these may 

shed some light on why some of the most highly regarded universities 

have not become involved with ERDA as rapidly as others. 
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A critical mass of activity in the general area of the research 

is most desirable; while there are a few instances of the lone 

professor and his student doing outstanding work in an isolated 

situation, the best work seems to come from departments in which 

there are a number of good people, and good students, working on 

\ 

similar problems, surrounded by good supporting departments. 

Flexibility in the details of the work is highly desirable, es- 

pecially in the most basic research; a research team which keeps the 

general objectives of the sponsor in mind should have the freedom to 

make mid-course adjustments in the details of the research if this 

serves the objectives of the program. 

Deadlines should not be too tight. Strict deadlines, which are - 
essential in development programs, are not conducive to good research, 

and can force.the taking of data before an experiment is fully 

debugged. 

be avoided. 

3 

In the interest of quality research this pressure should 

A research team should have a support commitment 

several years; three-year grants and co 

since this is th engtb of time that a 

on a research project. _ -  i 

Stability of support ,is essential. 

team, the more stable the support needs to B 

from one agency to another, from one set of contract monitors to 

another, from one set of long-term objectives to another, which we 

The;larger the research 

Transfers of support 

I 
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have seen in the energy area over the past several years, are very 

disruptive, often leaving periods of months during which research 

teams do not have adequate funding. 

tion might absorb such discontinuities by transferring people from 

one department to another, or by reducing the technical staff, but 

universities cannot operate this way; universities cannot fire stu- 

dents and faculty one month and hire replacements three mdnths later, 

or transfer students and faculty from Physics to Electrical 

Engineering on short notice. 

An industrial research organiza- 

Finally, support must allow for inflation and other appropriate 

cost 'increases. 

Critical mass in a research area usually requires more than one 

faculty member, and a'number of Ph.D. students. Table 8 shows the 

total budget for a hypothetical research team consisting of four 

faculty members, 2 research associates, and 16 Ph.D. students. "here 

would be a continual flow of students in and out of the program at 

1 

the rate of about 6/year. With funds for salaries, equipment, 

travel, and the inevitable indirect costs, the total annual research 

budget for this team might be about $600K. 

1 large contract at $200 K/year, 2 medium contracts at $100 K/year 

This might be provided by 
pi 

each, and 4 small grants at $50 R/year each, perhaps from 4 different 

funding agencies. 

such as high-temperature materials, superconductivity, MHD, combus- 

L 
The group's research would be in a coherent area, 

tion, or catalysis, and might span a spectrum from very basic research 
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through app 

prototype development. 

ad researc.., perl.aps even including a modest amount of 

Research activities in many large universities are conducted by 

teams and sub-teams of this general size. 

catalysis could decide to turn some of its attention to problems of 

special interest in the ERDA fossil energy program. 

A ieam working in, say, 

What would 
P 

induce a team or one of its members to do this? The obvious first 

thought is a need for riding. But, I have heard repeatedly that the 

good people at the good institutions are fully commit 

momentum in their .research, and well-developed relationships with 

their sponsoring agencies. So, an altern source of equivalent 

funding would hardly seem sufficient to capture their attention. 

ERDA seriously wants to invol 

energy research, then ERDA wil 

opportunities and procedures 

offered by the other agencies. 

ey have 

If 

best university minds in fossil 

to present them with funding 

e at least as attractive as those 

With this problem in mind, let's ex 

of the Division of Fossi rch. Accordin 

most of the uni 

criteria for good univer 

staff are to be 

of the contracts reflected in ERDA 76-10 shows similar awareness of 

what good research requires; funding levels range from $25 K/year, 

nd Dr. Alex Mills and his 
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which is a bit on the low side, to about $800 K/year, which should be 

quite adequate for a substantial team effort. For about half the 

contracts the spending rate is in excess of $80 K/year, and about 

one-third are at the rate of $150 K/year or more. 

balance seems consistent with the model of Table 8. 

This general 

TABLE 8 

TYPICAL BUDGET FOR A UNIVERSITY RESEARCH TEAM 

I. SALARIES (and Benefits) 
4 Professors 
2 Research Associates $290 K 

16 Ph.D. Students 
Technical/Secretaries 

11. TRAVEL, MISCELLANEOUS .lo K 
SUBTOTAL $300 K 

111. INDIRECT COSTS 150 K 
IV. EQUIPMENT 150 K 

+ TOTAL $600 K 

1 large contract at $200 K/year, 2 medium 
Output: Will produce 6 Ph.D.s/year. 
Sources of funding: 
contracts at $100 K/year each and 4 small grants at $50 K/year 
each; 4 agencies. 

In an attempt to stimulate new fossil energy research in univer- 

sities, the Division of Fossil Energy Research early this year 

announced a program of Starter Grants in coal research. 

interest mentioned in the program announcement were "research directed 

toward...converting coal to liquid and gaseous fuels...coal combus- 

tion, and...materials...for coal processing equipment." The Starter 

Grants were limited to $20 K; the program budget was $400 K/year for 

2 years. 

Areas of 

) 

334 



I 
I believe that the $20 K grant size in thisrstarter program was 

too small.. Grants of this.Dize may be appropriate,for the new 

Professor, just starting to,build his research,program. 

believe that this will prove to. be enough to entice -mar)y established 

Professors, perhaps members .of productive research teams of the type 

shown in Table 8, to alter the nature or funding-of their research.-': 

But I do not- 
I 

However, this program may have received some.pr9posals from good 

faculty who, for one reason,or another, are il'between agencies." 

reviewing these proposals, ERDA might.look.carefully fox this-oppor- 

tunity. 

on-site assessment *of the capabilities of the group rinvolved, work 

with them to identify the research that-will be conducted, and move 

swiftly to provide the necessary. additional- funding to keep the good 

team together and get them moving on ERDA activities (before the 

starter work is finished! . 

In . 

If-such.cases are detected, ERDA should,make,a prompt, 

I 

As the work under the rest of the starter program progresses, 

ERDA willcundoubtedly become awar 

help young groups buildsup.productive researc 

1 should budget 

upport. It is unlikely t 

should,be closer to .$lo0 K, and should be designed to Increase the 

numbkr of people working in the team. &Car e taken that the . 

program does not expand beyond the supply,of good Ph.D. students, 
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& 
8 

What might ERDA offer to the well-funded, established teams as 

incentives for participation in ERDA's programs? 

obtain expensive special equipment, or to upgrade facilities,-or to 

add more suppoz'ting staff, might be considered. 

specific suggestion that I know many "saturated" departments would 

find attractive; the opportunity to add junior faculty. 

1950s universities were able to respond to the needs of NASAL'and the 

DOD by faculty expansion, but today the faculties of most of our 

universities have reached steady-state limits imposed by physical and 

budgetary constraints. 

ment vacancies over the next dozen years, but then retirements will 

begin to come in rapid succession.' Then it will be possible to add 

new faculty who can work in areas of interest to ERDA. 

bold step of leadership for ERDA to act = t o  guide these replace- 

ments, say by providing interim funds, on a cost-sharing basis, to 

support advance replacements. 

for five years would support half of the base salary of 50 new'young 

professors. 

professor carries $100 K per year in sponsored research, ERDA would 

have planted the capacity t o  handle $5 million annually in university 

research in areas of ERDA's choosing. 

Opportunities to 

Let me offer a 

In the 

Many institutions will not have many retire- 

It would be a 

A program to provide $500 K per year 

If allocated to productive institutions, where each 

In summary, there are active steps which ERDA could take to 

bring more of the best university talent "on-board" the ERDA fossil 

energy program. I believe that steps such as those suggested would 

ii 
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I 

I 
I 

, -Id 
I 

I 
strengthen the research base for the program, and that it would be 

very much in the long-term interests of the program to'take these 

actions now. , 

ow to examine the balance between basic research, 

rch, and development in the ERDA fossil energy program. 

To begin, let's look at the balance in the oil industry (Table 9 ) .  

The industry spends about half of its R&D budget on research. 

Industry-wide, approximately 5 percent is devoted to basic research 

and 44 percent to applied research. The four largest firms together 

spend considerably more on basic research (almost 9 percent of their 

total R&D expenditures). Note that the total spent on basic research 

is comparable with the high-technology research 

budgets of single un 

. T ~ L E  9 

R&D EXPENDITURES OF THE OIL COMPANIES 
(Millions of Dollars - 1975) 

342.2 a l l  others 
(100%) 

(100%) 
620.4 

Source: David Teece, Stanford 
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*The basic mission of ERDA is to accelerate the implementation of 

alternative energy technology. ERDA does this by becoming a partner 

with industry in major development activities, and by supporting the 

research needed to provide a sound scientific and engineering base 

for future technolog(ca1 development. This is not the same as the 

mission of the oil industry, and so one would not expect the percent- 

ages in Table 9 to apply to the ERDA fossil energy program. Econo- 

mists argue that the social benefits of basic research far outweigh 

the private benefits, which is a way of saying that industry invests 

less in basic research than it draws from the national pool of basic 

research. 

of basic research, as Table 9 shows; but it falls upon the government 

The larger f i m s  are able t o  sustain a higher proportion 

to be the primary supporter, and the universities to be the primary 

performer, of the basic research which ultimately supports technologi- 

cal development. Therefore, I would argue that a government agency 

which matches industry 50-50 for development costs should be spending 

considerably more than does that industry on basic research. 

of the numbers in Table 9, it would seem appropriate to spend some- 

thing like 10 percent of the total R6D budget of the fossil energy 

In view 

program on basic research in areas likely to contribute significantly 

to future fossil energy development. 

this suggests a basic research component of the order of $50 million 

per year. 

For a $500 million program, 
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I 

I 
1 

! 

c 

~ 

The o i l  indus t ry  f i g u r e s  might provide a b e t t e r  guide as t o  the  

t h a t  an agency which matches indus t ry  50-50 f o r  development c o s t s  

should be spending about as much f o r  applied research as i t  spends on 

the  development pro jec ts .  

- .  

F o r - t h e - f o s s i l  energy program; th ' i 8  would 

t r a n s l a t e  t o  about $360 mi l l i on  per  year. 

s ses sment (The' FY77 Budget Authorizat ion Leg i s l a t ion  document - 

w a s  vsed as the  b a s i s  fo r  t h i s  compilation. Each p ro jec t  was reviewed 
" " 

and the NSF d e f i n i t i o n s  of  each type of a c t i v i t y  were 
- 1  

, d e f i n i t i o n s  were a l s o  applied i n  Table 9). I n a t h e  case of the  Basic 

Eqergy Sciences program, the  f r a c t i o n  of each area appl icable  to 

f o s s i l  energy, as estimated by ERDA, i s  given i n  t 

76-10 was used i n  some cases t o  guide the c l a s s i f i  

of  t he  breakdown in  the  ERDA f o s s i l  fue l  progr 

10. 

decept ively '  l a rge ;  I kave  shown the3  d o l l a r  amounts f o r  research which 

- could be appl icable  t o  

I "  

. -  
The amount shownunder the  Basic Energy Sciences program 

c ,  

Much of t h i s  a l s o  could be 
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TABLE 10 
\ 

0 ERDA Fossil Energy R&D 
FY77 Budget Outlay Estimates 

(Millions of Dollars) 

Basic Applied 
Research Research . Development 

I 
, ' .  , .  

Fossil Energy Program 
Coal 
Petroleum and 
Natural Gas 

In Situ Technology 

Basic Energy Sciences* 
Materials 
Molecular Sciences 
Geosciences 
Math/ Comp . 

Conservation 
Heat'Engine System 
Improved Efficiency 

Environment and Safety 
Coal 
Oil and Gas 

TOTALS 

GRAND TOTAL $471.0 

_- 1.8 -- 1.2 - - - 
52. 6 55.3 . 363.1 
(11.2%) (11.7%) (77.1%) 

Based on FY77 Budget Authorization Documents; does not include 
equipment. 

*Non-additive analysis: the additive numbers are tabulated below. 

Additive Analysis 12.6 55.3 363.1 
(2.9%) (12.6%) (84.2%) 

GRAND TOTAL $431 0 
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1 
i n  support  of t he  f o s s i l  energy program are more l i k e  3 percent than 

11 percent of  t he  t o t a l  f o s s i l  energy expenditures.  

appl ied research'  const  

Note that  

. 
o opinions t h a t  I have heard from many 

~ 

development, and not  enough on research,  i n  the  ERDA program. 

second is  t h a t  t he re  is a "gap" between the  bas ic  research programs 

and the  development programs, t 

The 
~ 

not  rece iv ing  

^There is  o the r  evidence t o  s rt t h i s  p o s i t i o  

shows the  support  f o r  bas ic  r e 6 e a r c h . h  the  phys ica l  sciences and i n  

the  engineering sciences as estimated by FY76.' Except 

f o r  t he  materials a r e a , . t h e  ERDA emphasis on bas i c  research c l e a r l y  

has  been i n  the  physical  Bciences. 

also has r e s p o n s i b i l i t y  for -suppor t  of high energy and nuclear  

T h i s , i s  due t o . t h e  f a c t  t h a t  ERDA 

i l i t y ,  it i s  not inappropr ia te  

t h a t  ERDA spends more on bas i c  research in  the  

does the  NSF: Howe 

ogy, t he  d i f f e rence  

i n  the  engineering 

and ERDA support  f o r  bas ic  research 

341 



TABLE 11 
- 

SIC RESEARCH, BY AREA - FY76 
(Millions of Dollars) 

Physical Sciences Engineering Sciences 

Chemical Mech/Aero Ma terials/ 
Chemistry Physics Other Engineering Engineering Metallurgy Other 

DOD 10.8 34.5 10.8 1.8 5.4 33.0 35.4 

ERDA 63.8 180.8 3.5 0.2 
r j  

0.0 16.2 3.0 

NASA ' 55.4 ' 193.6 217.7 0.0 22.7 11.3 

NSF 48.2 72.5 36.8 8.5 10.2 16.3 26.9 

Source: NSF-75-323 

The "gap" is further demonstrated by Table 12, which shows sup- 

port €or applied research in the physical sciences and engineering 

sciences for FY76, as estimated by the NSF. Note that ERDA, which 

has a total budget comparable to that of NASA, spent far less on 

applied research in the engineering sciences. 

alarming for an agency with a primary mission to implement and 

advance high-technology energy systems over an extended period of 

time. 

I regard this as very 
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TABLE 12 

SUPPORT FOR APPLIED RE 
(Millions of Dollars) 

/ I  r 8 

Physical Sciences Engineering Sciences 

Chemic a 1 MechIAero Ma terialsl 

38.2 . 5.1 14.3 43.5 ERDA' 30.8 I i47.0 

5. 1.9 495.6 70.7 68.8 NASA 1.5 5.9 

i 

Source: NSF-75-323 
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basic and applied research in materials, coal chemistry, coal combus- 

tion, and coal planning analysis, and identified a great deal of 

needed research in these areas. 

in the area of high-technology underground mining, to name just one 

other- possibility . 

I think that more might also be done 

There are four areas within my own specific expertise which do 

not seem to be receiving sufficient attention. 

expertise undoubtedly can identify areas that they feel are neglected. 

My suggestions for additional emphasis are: 

Others with different 

1) Basic boundary layer heat and mass transfer in high-tempera- 
ture systems. 
future systems. 

This would provide needed information for 

2) Recirculating and separated flows. Low efficiencies in 
turbomachinery and associated equipment are generally 
associated with flow separation; recirculation .is usually 
the key to high-performance combustion. 

when one scales results obtained in an experimental situation 
to the much larger sizes associated with commercial devices. 

3) Scaling to larger sizes. Problems are always encountered 

4) Combustion 

There are a number of universities with engineering departments 

well-qualified to do research in these four areas, as well as a few 

industrial research centers, but.to the best of my knowledge these 

areas are not within the special competence of the ERDA laboratories. 

However, there are special instrumentation and computation 

capabilities in the ERDA laboratories which could be very useful in 

an integrated ERDA/university/industry attack on these problems. 
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Let me now concentrate on the research opportunities in combus- 

i 

I 

tion. Certain ERDA laboratories, with their high concentration of 

. scientific talent, have developed some remarkable tools for combus- 
tion diagnostics and computational chemistry and fluid mechanics. 

However, they have not as yet had much 
. ,  

nd, as Table 2 sh do not have the track 
. .L 

au of Mines do hav 

significant and like 

technology, Universities, 

certain industrial concerns 

_ -  

developed between researchers at the LBL and faculty in the Department 

of Mechanical' Engineering at Berkeley is perhaps a paradigm of the 

university/agency cooperation that could give ERDA the beginnings of 

an excellent coordinated program in 'basic and applied combustion 

research. Figure 1 shows the spectrum of combustion research and 

areas in which university laboratories and industry could contribute. 

I believe that the ERDA fossil energy program would benefit from 

I 

a set of carefully-developed research plans and record of ongoing 

W 
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FIGURE :1 
SPECTRUM I14 ONE FOSSIL ENERGY AREA 

-Chemical Kinetic 

*+Numedcal Analysis 

- 1 - +oScaling rules - J * WMaterials 

* 
ERDA labs have speck expertise 

+Universities have special expertise 

Industry labs have special expertise 0 

i '  
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I 
1 
I _ .  
I 

research. These plans should be developed by teams of experts from 

universities, industry, the ERDA laboratories, and the fossil energy 

programs. 

seeking to participate in the program, and-updated continually as 

some research needs are covered and new needs are identified. The 

plans should include both basic and applied research. 

als area, many of the elements .of such a plan now exist. 

must be developed &.the other areas as well. 

They should be-published as a guide to organizations 

In the materi- 

But plans 

In addition to the plans, the groups in ERDA which support these 

programs should develop competency files, and then seek out the most 

qualified ,groups or combinations of groups to work on the problems 

identified. 

with universities and industrial research laboratories on an equal 

footing, with the research output,. Bignificance, and quality, and not 

agency budgetary responsib,iliti& , being the primary deciding factors. 
The ERDA labo-ratories should be encouraged-to team up with university 

The ERDA laboratories should have to compete for funding 

-,researchers to provide balanced research teams; laboratories strong 

in basic research should seek cooper 

strong in appJied.research, and vice ersa. The universities will- 

ion from university people 

t o  contribute, to such joint efforts from positions of strength; 

they must be given good financial support, and not merely "bones" 

tossed -by the~laboratories. 

search program ar should have an external Technical 

Advisory Committee consisting of individuals who are capable of 
1 
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Lid 
evaluating and assessing the research. 

committees would have good*representation from active university 

researchers in the field. 

One would expect that these 

The General Technical Advisory Committee 

for the Fossil Energy Development Program is an excellent group to 

provide overall program advice, but is not the best possible group to 

critique the specific research programs. 

The integrated research plan for fossil energy research would 

not only identify the work that is needed, it would tell how much 

should be budgeted for basic and applied research. I would not be 

surprised if the fossil energy research plan shoked that the basic 

research component should run at about’S50 million per year and that 

the applied research component should be about $200 million per 

year 

Let me close with a suggestion about the administration of 

research within ERDA. 

centered in the development programs. 

this research renders it vulnerable to the shorter range urgencies of 

the development programs. 

meeting demonstration deadlines to concentrate on the near-term needs 

at the expense of the longer-term research which i s  the life-blood of 

future technological development. 

Funding for applied research is at present 

The longer-range character of 

It is natural for those charged with 

Many industrial firms have solved 

this problem by separating organizationally and budgetarily the 

research from the development activities. Such a separation may be 

Lc‘ i 
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necessary to redress the balance between basic research, applied 

research, and.development in ERDA's energy program6 . 

With the coming of the Department of Energy, an opportunity 

exists to take this step. 

establishment of an Office of Energy Research (OER), the Director of 

which will administer the Division of Physical Research (DPR) program 

transferred to DOE from ERDA. The amendment permits the Secretary of 

Energy to assign the ~ O E  Director the responsibility for supervision 

and support of research activities carried out by any of the Assistant 

Secretaries. 

The Moss Amendment to HR 6804 requires the 

The Director of the OER eport directly to the 

ary of Energy, and therefore could defend the long-range inter- 
\. 

ests,of the national energy R&D program before the senior authority. 

I believe that it might be a very good idea to give the Director of 

dgetary control. The 

administer a coherent, 

ptrrposeful p 

ities, government s necessary if 

development. 

ERDA 1s seriously underfunded, especially 

in the are search, particularly.in \ the engineering 

sciences. There is a gap between the very basic research supported 
3 
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by DPR and the work of development programs, and this gap should be 

filled now in the interests of future development. 

of DOE and OER there are new opportunities for coordinated planning 

and support of fossil energy research activities; there is much that 

the universities can cdntribute to both the planning and conduct of 

this research. 

With the creation 

3. Summary n 

i 

The major points that I have made today are as follows: 

1. Much university expertise could be brought to bear on fos- 
sil energy problems. 

Active steps could speed the rate at which the best univer- 
sity groups are brought on-board the fossil energy program. 

Research funding levels are insufficient to support the 
long-term fossil energy program objectives. 

i 

2. 

3. 

4. The gap between basic research and'the hardware development 
projects needs to be filled now by a significant increase in 
the funding for applied research. 

5 .  A fossil energy research plan is needed to give structure 
and direction to the programs. 

Universities can assist in formulating the research plan and 
in performing much of the basic and applied research required 
to meet the long-term program objectives, and can assist in 
some of the development activities. 

Consideration should be given to the possibility of resting 
#the responsibility for the quality and support of both the 
basic and applied research programs with the Office of 
Energy Research in the Department of Energy. 

60 

7. 
' 

DR. PHILLIPS: Thank you very much. This piatform is open 

for comments and discussion. Dr. Mills? 
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1 would l i k e  t o  address two aspects :  obvi- 

ously there  were a number of very i n t e r e s t i n g  poin ts  you were making. 

I must say,  i n  f o s s i l  energy, we have 
uggled hard, and 

theh ge t  t he  message back t h a t  we are 

u n i v e r s i t i e s  . 
really in tune.with the 

J u s t  a couple points .  ERDA supports on-campu 

$160 mi l l i on ;  t he  l a r g e s t  hea l th  and sa fe ty ;  t h  

d iv i s ion  of phys ica l ’  research;  t he  t h i r d  l a rges  

and ‘ t h e  on-campus research doesn’t  include t h e  Montana a c t i v i t y ,  22 

m i  1 l i o n  . , .  

. ; *  

We are t ry ing  t o  bu i ld  t h i s  up. We ar letting contracts 
, I  

‘ fo r  t h ree  and four  years.  We have some of ‘$600,000 or more per  year 

M.I.T., Utah, Penn S ta t e ,  C a l  Tech, and one o r  two others.  

So we are s t rugg l ing  wXth u n i v e r s i t i e s  t o  

i s m  to meet our  ‘joint’needs and opportuni 

are p a r t  way there ,  bu t  f a r  from what is 

poin t ,  j u s t  to. put  ‘a couple numbers i n  t h  

Now the re  i s  another p o i n t  ’ that‘  I would 
ke to make, and 

t h i s  is perhaps not so p l e  We, a<e turning down nine 

proposals from u n i v e r s i t i e s  as b e i  

been a One g e t s  back t o  the  s i t u a t i o n  th’a 

very a t t r a c t i v e  u n i v e r s i t y  a c t i v i t y  

long time t o  a t t r a c t  people 



A related question is, where is it best to do basic 

research? Is it in the industry, is it in the energy research 

centers, is it in the national labs, or is it in institutes? 

I could remind you that many of the big progresses which 

were made in the past were at the Max Plank Institute; Burgess,-Pser, 

and so on, who were winners--Burgess won a Nobel Prize for his 

work--were not at a university. t .: 

One of the questions is universities versus nonuniversities. 

And the other is basic research versus non. 

You said that funding opportunities are not as attractive 

to the university community from EBDA as others. I am sure you have 

some specific points on that as to what it is we should do differqntly 

in order to provide this attractiveness. 

I 

DR. REYNOLDS: 

sounded critical of your activity. 

Thank you, Dr. Mills. I am sorry if I 

I certainly didn't mean to, only 

trying to give you some help. 

I was trying to reflect a lot of comments that I have heard 

from colleagues around the country about what they perceive. 

this may or may not be fact. 

Now, 

It's what they perceive. 

And this is not particularly fossil fuels, your program. 

This is a general sort of perception of the agency. It's highly 

fragmented; the approach to university research in one group is 

quite different than another group, and the statement has been 
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made t o  m e  about the  f o s s i l ,  energy prograq i n  p a r t i c u l a r ,  t h a t  you 

have t o  know a t o p  guy t o  ge t  any ac t ion  on t h e i r  proposal. 

In many cases the re  are monthly le t ter  r epor t s  t h a t  are 

due. 

gupporting most un ivers i ty l research .  

These j l re ,no t  chdi -ac te r i s t ics  of the  agencies t h a t  have been 

o g e t  personal ly  s p e c i f i c  t o  c i t e  ins tances ,  

and I don’t th ink  I’d b e t t e r  do t h a t  i n  t h i  

happy t o  t a l k  with youfmore 

MR. DEVLON: Mark Devlon from Argonne Laboratories.  

r * - .  . # .  I th ink  you have a very good poin t  on y o u r - l a s t  vugraph. 

“LYour poin t  *6 was a d e s i r e  f o r  . l a rger  un ive r s i ty  and labora tory  

par tners  h i p  

who have r e s p o n s i b i l i t i e s  f o r  planning. Do you look a t  t h a t  as an 

adequate o r  an appropr ia te  way fo r  t h i s  par tnersh ip  t o  take place,  o r  

-I am-thinking more of par tnersh ips  - a t ‘  

wqrking leve ls .  

and the  Department of Mechani 

combustion area. 

There is an exce l l en t  cooperation now between LBL 

1 Engineering a t  Berkeley, 

I th ink  t h i s  is a paradigni of what.ought t o  happen. 

There i s  an exchange of people i n  the  department, Mechanical 

Engineering Department-they know-the appl ied research needs, .they 
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know what combustion research is.all about and how to do useful 

combustion research. 

People in the laboratory know how to get good measurements 

and do good calculations. Putting these two together in a very 

constructive way; that's more of what I mean. 

I would like to see, for example, the proposals that come 

from the laboratories for support be asked to see if they have the 

right mix of university support. I would like to see universities be 

encouraged to go team up with laboratories to'get hold of some of the 

expertise that is there. 

DR. PHILLIPS: 

DR. BARON: 

Any other questions or comments?' 

I think we have come here to consider the 

efficiency of ERDA's research. And I propose that we keep that in 

and what not. 

There are lots of ways to use them, and I guess all nomen- 

clature is to some extent arbitrary. But when you are asking spe- 

cifically; is some research efficient or not, I suggest that an 

entirely different definition of the work "basic" should be applied. 

on the efficiency of research. 

Let me give a brief illustration. I am in charge of a 

party of gold prospectors, but I am stuck in Nevada. The commercial 

Ld 
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ob jec t ive  i s  t o  f ind  gold i n  Cal i fornia .  The prob$em is t o  g e t  

I were i n  Hawaii, t he  problem would be t o  

bu i ld  a boat. So you can have d i f f e r e n t  problems corresponding t o  

j ec t i v e  , depend 

Now, the re  are two ways o ne which 1 rould 

consider corresponding t o  basic ,  researqh, and the  o ther  t o  something 

e l  lora tory ,  o r  some o the r  way. . 

The one t h a t  would 

raphic  Society and ask  them f i r s t  t o  make a 

erras, then make an e l  

: i  

And then you h i r e  the  Nat ional-Botanical  Society,  and they 

would make a map of  

And on the  end, you would 

could c l e a r l y  then f ind  the  s u i t a b l e  mountain, pass 1 espec ia l ly  i f  you 

had maps of  hardness and rock formations, and not. 

esponds to  bas i c  resear In fact, the very 

word "basic" means t h a t  everything you found i s  a l ready  based on some 

oundation. q a t ' s  why bas i c  and 

r 

which, in  t h i s  case we a l l  ~ 

sure, sis  t o  h i r e  Jim.-Bowie and say f ind  .me a mountain 

I ' e  
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This i s  exploratory research. The reason t h a t  w e  would do 

it  t h i s  way is  simply t h a t  w e  a l l  know i n t u i t i v e l y  t h a t  i n  the  f i r s t  

case,  we  would have t o  f ind an awful l o t  of knowledge which i s  unrela- 

ted  t o  our problem. 

So whether you'use bas i c  research or not i s  simply a ques- 

t i o n  of how much of the  knowledge t h a t  you must .discover i s  r e l a t ed -  

t o  the  problem t h a t  you are addressing. , 

I a m  submitt ing t o  you t h a t  i t ' s  b e s t  t o  th ink  of bascc r 

research as a method competing with o the r  methods of doing it, and a t  

an e f f i c i ency  and a def ic iency of any research program, be it Exxon's 

or S h e l l ' s  or ERDA's, should be assessed on the  c r i t e r i a  of  what p a r t  

of the  t o t a l  knowledge t h a t  i s  acquired by doing t h i s  research in  

f a c t  addresses i t s e l f  t o  t he  problem. 

t h i s  i n  a 

And only when you do t h a t  can you answer, should we do 

bas i c  way or some o the r  way. 

DR. PHILLIPS: Thank you. 

Alex Zucker. 

DR. ZUCKER: I j u s t  can ' t  l e t  t h a t  one go. This i s  g r e a t  

i f  you know exac t ly  what the f u t u r e  holds. 

But  l e t  me i l l u s t r a t e  something t h a t  has come t o  mind 

r ecen t ly  about u t i l i z a t i o n  of research where you have no idea t h  

the  problem r e a l l y  even exists.  

It turns  out  t h a t  nuclear  acce le ra to r s  have been b u i l t ,  oh, 

f o r  the  pas t  50 years ,  with the idea of  examining proper t ies  of 

i 
i 

i 
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nuclei. 

€or many of the high technology areas of the future. 

> .  

of looking at producing energy by fusion. 

'accelerators seem to of 

have been foreseen. 

It now turns out that they form one of the great foundations 

No one would have accused Cocroft and Waltbn, or Lawrence 

But in point of fact, 

way for. inertial' fusion that could not 

In a similar way the whole accelerator technology is 

important for the ion implant.game, and the production of small 

'calculators . I 

* ,  The whole queetion of producing fissionable isotopes-- 

.;bteeding fissionable isotopes 

liferat ing nuclear technology. 

The situation is such that the basic science uncovers those 

areas which we cannot predict. 

totally useless if it hadn't been for the sciencerof cartography. 

He could not have 'come back and told the guy where California is. 

Jim Bowie's trip would have been 
" 

.So the whole question of measuring in a short term what you 

are getting is misleading.'.It would lead, for example, in the-lgth 

century to a great science of pulleys and belts rather than developing 

electric motors. 

d it is just a totally blind alley. 

DR. PHILLIPS: I believe this is-very exciting 

tic to search for gold in California, and not know where 
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. is  and things l i k e  t h a t ,  but I be l ieve  i t ' s  a l i t t l e  b i t  o f f  our. 

subjec t  now. 
$ 

I dec lare  it s l i g h t l y  out  of order,  although very in t e r -  

es t ing .  Other questions a t  t h i s  t h e ?  . 

MR. SMITH: I wanted t o  ask Alex M i l l s  a question earlier 

as a r e s u l t  of B i l l  Reynolds ta lk .  I am ready t o  ask him. 

One of the  curious things I noticed about t h a t  map, where 

you had con t r ac t s  with un ive r s i t i e s ,  was a t o t a l  absence of dots  i n  

the  Boston area and the  Palo Alto-Berkeley regions. 

p a r t i c u l a r  reason f o r  t ha t ?  

Is there  any 

DR. MILLS: We have a la rge  p ro jec t  a t  M.I.T., which is  not 

i n  Boston, bu t  Cambridge, i f  you w i l l  accept t ha t .  

(Laughter . 1 

MR. HILL: L e t  me respond a b i t  t o  t ha t .  We have been 

t ry ing  f o r  years t o  subvert b r igh t ,  un ivers i ty  types i n t o  coa l  

research. 

Ten, f i f t e e n  years ago, I think there  were three ,  maybe four 

un ive r s i t i e s /  t h a t  had a medium l e v e l  of e f f o r t  o r  a high l e v e l  of 

e f f o r t  . 
The E l e c t r i c  Power Research I n s t i t u t e ,  i n  cooperation with 

,) 

Alex's shop, p r io r  t o  t h a t  incorporation with NSF-RANN, t r i e d  t o  

funnel money i n t o  coa l  research sponsorship, and found t h e  very thing 

you say i s  t rue ,  B i l l ,  t h a t  es tab l i shed  research groups with t h e i r  

own pa t t e rn  looking a t  d i r t y ,  o ld  coal had a very hard t i m e  g e t t i n g  
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e x c i t  d about i , . p a r t i c u l a r l y  s ince  t 

the  longevi ty  t o  cont rac ts .  . 

. I  c a n ' t , h e l p  mentioniag, when I g o t  my f i r s t  cont rac t  with 

OCR years  ago, B i l l  Cochran, b l e s s  h i s  h e a r t ,  s a id ,  "Hey, we've never 

had any con t r ac t  with u n i v e r s i t i e s  k e f o r e , , l e t  m e  see, i f  you w i l l ,  

t h e  con t r ac t s  you've had from other  agencies. 

tup id ly ,  I gave him the  con t r ac t  from ONR, AEC and A i r  

Force Off ice  o f , S c i e n t i f i c  Research. 

t h e i r  hea r t s ,  succeeded i n  pu t t ing  together  every r e s t r i c t i o n  t h a t  

each of  those Contracts had, including monthly r epor t s ,  permission t o  

t a l k  had t o  be obtained b y i g e t t i n g  w r i t t e n  permission from the  o f f i c e  

And the  con t r ac t s  people, b l e s s  

before  you could t a l k  about your research. 

Well, t h a t  was backed away from. And then when I was here  

i n  Washington, we r e a l l y  backed,away from it, and I th ink  you've got  

, a good system.now. 

But t he  poin t  I ' m  making i s  t h a t  it has been a case of 

t ry ing  t o  g e t  people t o  come i n t o  

And t h i s  r equ i r e s  a l o t  of e f f o r t .  

" ' I  
We had t o ' s e t  up a department, a program area, t o  receive 

proposals from u n i v e r s i t i e s ,  because everybody wanted :to study the  

k i n e t i c  formation 'of methane. - And. that wasn' t 'on 

EPRI,  f& example, had . i n t e r e s t  in. 

And so we had - to  have somebody t h a t  would work with the  , 

professor  and t u r n  h i s  proposal t o  where it would pass peer review, 
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And i n  t h a t  way--what do you have, 150 d i f f e r e n t  sites t h a t  were not .  

doing work before. 

And they are not the b i g  ones, because they are already 

es tab l i shed  by and l a rge ,  except M.I.T. 
\ 

DR. PHILLIPS: Other questions o r  comments? - .  

Yes. I th ink  t h i s  w i l l  have t o  be the  l as t  comment. 

MR. CANONICO: Domenic Canonico, Oak Ridge National Labs. , 

I would j u s t  point  out  something t h a t  D r .  M i l l s  sa id  

earlier t h a t  over almost 50 percent  of h i s  unsol ic i ted  proposals come 

from un ive r s i t i e s .  

i dea  t h a t  the u n i v e r s i t i e s  are not i n t e re s t ed  i n  f o s s i l  energy 

research. 

And I would ha te  t o  leave us here  today with the  

DR. PHILLIPS: Very good point.  

Very w e l l ,  w e  w i l l  now go on t o  our l as t  paper,  which w i l l  

be a sho r t  one concerned with production of research manpower i n  the  

f o s s i l  energy area ,  by Ricki Kobayashi. 

DR. KOBAYASHI: Thank you, Gerry. 

On the way back from lunch, you sa id  you would give me  f i v e  

minutes, so i f  you w i l l  push the warning button, I w i l l  g e t  s t a r t ed .  

DR. PHILLIPS: GO. . 
DR. KOBAYASHI: There are many comprehensive documents and 

a papers such as: 

(1) A Study of NASA Universi ty  Programs, (NASA SP-185, 

1968) , 

L/ 
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(2) The Unive sity and Environmental Quality (Report to 

the President's Environmental Quali 

Technology, September, 19691, 

Office of Science and 

(3)  Fossil Energy Technical M er: Forecasts of Supply 

and Demand, (Prepared by Bernard S. Friedman for ERDA, October, 

19751, and 

llege Research and Graduate Study: 

by W. J. Fabrycky and I. D. Moon, 

A 

Ten Year Statist 

ring Education , 452 (1976). 
ilar compilat i provide statist 

and projectional 

Rather than delve in ass of statistical data, I shall 

present a few c o m e  eds to meet "national" 

loration have 

been international in character for s a1 decades, we have not been 

and gas in foreign lands 

except perhaps in 

ngineering work for an 

the OPEC nation ltimate involv 

gy areas a8 we 

develop expertise in shale, tar sand, and coal utilization and 
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advanced recovery methods for oil in the years ahead. Thus, a 

serious assessment of our manpower needs must include our deep 

involvement in fossil energy projects throughout the world as well as 

those designed to improve our fossil energy posture here at home! 

As recently 

severe decline in the 

awarded. Engineering 

975, we actually experienced a rather 

number of bachelors degrees in engineering 

enrollments increased sharply, however, in 

1975-1977, so that enrollment in engineering schools throughout the 

country h8s increased drastically in the last two years, 

oil embargo followed by the decla 

the general shift towards the pursuit of professional degrees are 

probably the main reasons. 

science to the applied areas of engineering has taken place. 

imbalance of scientists to engineers and of bachelors degree to Ph.D. 

degree recipients will almost surely occur in the coming years. 

The Arab 

tion of Project Independence and 

At any rate, a mass shift from the pure 

An 

7 

The burgeoning enrollment in engineering schools throughout 

the country is now a fact. 

engineering schools throughout the country have increased up to a 

factor of four, depending on the curriculum and the university. 

has, however, immediately led to the shortage of qualified personnel 

to teach them. The teaching problem during the first two years of 

their careers starts in the physics and chemistry and math depart- 

ments, particularly in the all important teaching assist 

tutorial type of relationships. A general laxity in the 

Enrollments in the earlier years in 

This 
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were responsible for training over one thousand graduate students per 

year. In contrast, the Energy Sector, which impacts almost 40 

percent of our GNP, has just.begun a rather feeble training program. 

Disciplines of education are interdependent. 

disciplines of education: science, literature and the arts, are 

The basic 
\ 

interdependent. 

development is interdisciplinary, the symmetry among the various 

disciplines in our educational institutions should be largely pre- 

Since the ultimate goal we seek for individual 

served. 

ultimately lead to weakening of them all. 

The weakening of one discipline in relation to another will 

One of the quickest ways to transmit enthusiasm and ideas 

to the university campuses would be to provide summer faculty appoint- 

ments to fossil energy-oriented research facilities at governmental 

and private research and development centers throughout the country. 

Existing fossil energy research centers are amongst the most sophisti- 

cated research centers in this country. A cooperative program to 

stimulate faculty members who in turn would transmit new understanding 

and enthusiasm to students is in order. 

up to a year may be advisable, keeping in mind that the university 

teaching load has increased drastically. 

In some cases appointments 

On the occasion of the receipt of the 1972 Redwood Medal of 

the Institute of Petroleum, Professor Fred Rossini gave an address 

entitled "Chemical Thermodynamics in the Petroleum Industry" in which 

he summarized his involvement in the study of the the&odynamics of 
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chemical compounds en 

period of over three decades. 

studies were closely related to 

In retrospect, realizing that his 

ction of petroleum, 

ort of petroleum, 

( 3 )  the refining of petroleum, 

(4) 

( 5 )  

the production of petrochemicals from petroleum, and 

the environmental problems associated with the petro- 

woul nsider his studies as 

His work not only repres 
I 

uccessful missions. A corollary observa- 

t a futuristic view might lead to the conclusion that a 

given research endeavor was very basic, or abstract, while an histori- 

cal view of the same endeavor would.class it as obviously mission 

oriented. Many, many similar examples could be made of other "basic 

In his address to the Columbia University Graduate School 

of Business in May,. 

delivered a series o alks entitled "Goal Setting and Feedback in 

Scale Endeavors." We are, I presume, 
I .  

endeavor" or "endeavors." 

Mr. Webb is that care should be taken in assessing the relationships 

One of the most important points made by 

I W  
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between the *primary goals 'and the accompanying sub-goals or 'I 

missions" in our case. He claims that the second- and third-order 

effects, good and bad, must be better evaluated to predict th 

impact of large endeavors on society. 

to see some of the secondary effects of the space program on our 

society. 

primary goals in the years ahead. 

i 

a1 

We have seen and are beginning 

The secondary effects may even become as large as our 

In concluding my talk, I quote from an address to the 

Educational Section of the International Congress of Math 

in 1912, by A. N. Whitehead, "I recur to the thought of the Benedic- 

tines, who saved for mankind the vanishing civilization of the 

ancient world by linking together knowledge, labor, and moral energy. 

Our danger is to conceive practical affairs as the kingdoh of evil, 

in which success is only possible by extrusion of ideal aims. I 

believe that such a conception is a fallacy directly negatived by 

practical experience. 

mean view of technical training. 

saved themselves by embodying high ideals in great organizations. It 

is our task, without servile imitation to exercise our creative 

energies ." 

In education this error takes the form of a 

Our forefathers in the dark ages 

DR. PHILLIPS: It is open for discussion. Any comments"or 

discussion? 

Dr. White. 
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DR. WHITE: I want to comment on the question, but I 

certainly second your enthusiasm L ,  for t 

I petsonally am 

concerned, I urge my fellow directors to do everything they can 
c <  

n budget limitatio not a useful exercise 

unless it is p at man coming in really meaningful 
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hydro r e t o r t i n g ,  a l s o  so lvents ,  and these  s o r t  of things can be done, 

and they are i n  some ways very a t t r a c t i v e .  

One of the  th ings ,  f o r  example, ' t he  hydro r e t o r t i n g  
- 4  

c l e a r  enough so t h a t  i n  order  t o  begin t o  t a l k  i n t e l l i g e n t l y  and' 

l i s t e n  i n t e l l i g e n t l y  about some of t h e  claims, I suggested t o  one of 

t he  fel lows,  I th ink  it is  one kind of thing t h a t  might be done ik' 
t he  univers i ty .  

We had a Fisher-Assay f o r  a pyro lys i s  s t e p  i n  t ry ing  t o  

assay Western shales .  We don't have anything equivalent ,  any hydro 

r e t o r t i n g  s t e p ,  which is a s tandardized test  procedure t h a t  you can 

say,  w e l l ,  i f  you treat it by t h i s  test, you w i l l  g e t  50 gal lons  a 

ton, o r  20, o r  whatever i t  might be. 

i s  t h i s ,  Eastern sha les ,  Devonian types,  which are no good a t  a l l  f o r  

normal r e t o r t i n g ;  they don ' t  respond and they a r e  very low Fisher- 

Assay, bu t  you give them hydro r e t o r t i n g  and they produce some very 

su rp r i s ing ly  high volumes of reasonable l i qu id  y i e ld .  

One of the  i n t e r e s t i n g  t h i  

Now, these  a r e  the  s o r t  of a reas  t h a t  we don ' t  understand, 

what are the  d i f fe rences ,  bu t  I know i n  some of our work, some of t he  

so lvents  are in t r igu ing .  Now t h a t  may be e n t i r e l y  impract ical  t o  use 

commercially, but ,  on the  o ther  hand, maybe some f u r t h e r  bas ic  work 

there  could give some usefu l  answers. 
' 

Another problem t h a t  i s  similar, i s n ' t  r e l a t e d  a t  a l l ,  s o r t  

of in-between the  sha le  and coa l ,  and t h a t  i s  some of our heavy o i l s .  

There are some very l a rge  amounts of heavy o i l  depos i t s ,  not  only i n  
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i f o r n i a ,  bu t  a l s o  i n  the  East--excuse me, he midcontinent, 

Missouri and Kansas area, which are not recoverable by any normal 

technique and i t  i s  a real challenge t o  f ind  a way t o  g e t  those out. 

The economics are going t q b e  c r i t i c a l  here. 

. One of the  things we are t ry ing  t o  pound i n t o  our fellows, 
r 

any time we  are thinking 

t h a t  ne t  energy, no matter what t h e  d o l l a r  c o s t  is. 

u t  it is, remember, we do have t o  face 

You may say, 

Some day the  c o s t  may rise enough, so even i f  my method i s  expensive, 

w i l l  be worthwhile t o  ge t  those out ,  so go ahead and work on the  

I t  

But i f  you are spending 150 Btu's t o  g e t  it out ,  t o t a l l y ,  

you are only g e t t i n g  out  100, I don' t  care  what t he  p r i ce  i s ,  

i t ' s  s t i l l  not  going t o  be very a t t r a c t i v e .  

DR. BARON: On t h a t  point ,  i t  is r a t h e r  mazing ,  we plan 

a l c u l a t e  what mount  of il will be recoverable by using only the  

I got  t o  cri teria t h a t  I can ' t  expend more energy than I am ge t t ing .  

60 b i l l i o n  b a r r e l s  as opposed t o  the  normal 20, 21 b i l l i o n  b a r r e l s  

t h a t  we t a lked  about as being reasonable. . ,  
DR. WHITE: I never heard t h a t  f i gu re  before. I 1  

DR. PHILLIPS: I have an i n t e r e s t i n g  number i n  regard t o  

As you know, roughly a month ago i t  t h e  geopressured gas, br ines '  

was reported t h a t ,  I guess it was 17 cubic  f e e t ,  i s  t h a t  r i g h t ,  Ph i l ,  

I 
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DR. WHITE: 20 t o  50.  In  our cu r ren t  w e l l  ERDA i s  pro- 

ducing, it is  running 50 cubic  f e e t  a bar re l .  

DR. PHILLIPS: Okay. Take my number and niul t iply it by 

about 3. However, I remember the  number, it corresponds t o  3.4 cen t s  

per  ba r re l .  However, t h a t  is not  the  number t h a t  i n t e r e s t s  me. The 

number t h a t  i n t e r e s t s  m e  i s  t h a t  of t he  g r a v i t a t i o n a l  energy tha  

would have t o  be expended t o  raise the  b a r r e l  from 10,000 f e e t  t o  t h e  

sur face ,  and then assuming t h a t  t he  second lowest value,  i t  wo 

take a t  least t h a t  much t o  put  it back i n  t h e  ground, t h a t  comes out  

t o  almost 75 percent of energy content  of t he  bar re l .  It seems t o  

m e ,  if anything, t h a t  might prove t h a t  t h i s  i s  where we need an i n  

s i t u  technology. 

We don't  want t o  have t o  br ing  it  up and put  it back down. 

Are the re  o the r  comments? 

DR. WHITE: There is  a t e a l  challenge. 

DR. PHILLIPS: A real challenge. Very fundamental. 

D r .  McBride? 

DR. MCBRIDE: Frank McBride, Colorado School of Mines. 

You have asked us t o  think about the  bas ic  science fu tu re  of your 

agency, and whether what you are doing i s  good bas i c  science.  And I 

don' t  mean it is  appropriate  a t  the  moment, bu t  i t  could be improved 

upon. 

It prompts me t o  ask you whether or not  you or anyone e l s e  

has i n  your laboratory a group of s c i e n t i f i c  g e n e r a l i s t s  who.do - 

L 
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i t  here  l i s t e n -  

doesn ' t  need my 

I suspect  t h a t  

1 of the  p a r t i c i p a n t s  would say the  

same thing. But i t  might be i f  somebody thought very d i f f e r e n t l y  

d i f f e r e n t l y  from Irving,  

t would happen?" That 

t i f i c  i n t e r n a l  audi tor  

a m  suggesting t o  

Y 

purpose. You need an 

ng t o  be i n e f f e c t i v e  f o r  t h a t  

However, I th ink  our i n t e n t i o n  i s  t o  g e t  information from the  outside.  

\ 

\ \  
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We certainly want your first cut at it. 

in that regard, I think we should close the meeting now. 

again remind you, if you want to participate in our study groups 

tomorrow, please let us know by turning in one of these sheets with 

That is for sure. In fact, 

But I would 

your name. 

To Dr. McBride's discussion, we are mainly concerned with 

questions of balance. There 

become obsessed with the current problems and activities. 

again, that is natural, if counterproductive. 

are frustrating, exhausting, little energy is left for detached 

appraisal. 

for devil's advocacy charged with the responsibility of challenges to 

prevailing concepts. 

Once 

When existing problems 

There may be room for something like a special assistant 

Through a structurally-recorded position of partial inde- 

pendence, he may be able to save his leader from longer-run slips, 

arising from every occupation, of the current problem. 

Useful dissent, which might otherwise be ground in natural 

bureaucratic conflict, would have a greater chance to emerge. 

(Applause. 

I thank all of you. We will convene again in the morning 

at 8:30. 

(Whereupon, the meeting was adjourned at 5:30 p.m. to 

reconvene Wednesday, 29 June 1977 at 8:30 a.m.) 
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PROCEEDINGS 

I DR. KROPSCHOT: Good morning. May I please ca l l  the  meeting 
* 

t o  order. 

We would l i k e  t o  proceed with our presenta t ions ,  and s ince  

i n  t h i s  program the  exception i s  the r u l e ,  we are going t o  devia te  

s l i g h t l y  from our schedule again. I would l i k e  t o  introduce the 

second paper on your agenda r a t h e r  than the  f i r s t  one. The Environ- 

.mental Safety Research, t h a t  i s  entered under the  d i r e c t i o n  of t he  

Ass is tan t  Administrator f o r  Environmental Safety. 

Ass is tan t  t o  D r .  Liverman, D r .  George Shepherd, w i l l  present  t h a t  

work . 

The Special  
I 

I 

DR. SHEPHERD: Thank you. I am coping with a bout of 

l a r y n g i t i s .  

who wish t o  follow my remark$ can read my l i p s .  

I t r i e d  t o  make the s l i d e s  self-explanatory. 

I f  I fade out  i n  the middle of t he  t a l k ,  those of you 

For the  rest of  i t ,  

(S l ide  1) 

The Off ice  of the  Ass is tan t  Administrator f o r  Environmental 

Safety i s  represented by the  th i rd  box from the  l e f t .  

( S l i d e  2) 

Factors  inf luencing the commercialization of an energy 

technology include technica l  f e a s i b i l i t y ,  environmental accep tab i l i t y ,  

and economic marketabi l i ty .  

t he re  is an environmental f a c t o r  i n  acceptance of a technology. 

While t h i s  i s  an overs impl i f ica t ion ,  
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TECHNICAL 
FEASIBILITY 

- ~~ 

r 
ENVIRONMENTAL 
ACCEPTAB I Ll TY 

(:XLUDING HEALTH, 
SAFETY, SOCIETAL & 

I NST ITUTl ON AC ) 
ISSUES 

ECONOMIB 
MARKETABILITY 

FACTORS INFLUENCING THE 
COMMERCIALIZATION OF AN 
ENERGY TECHNOLOGY 

n 

EOMMERCIALIZATION 

. .  

c c 



( S l i d e  3)  

The Environment and Safety Program goals  are t o  ensure t h a t  

energy technologies are developed with adequate considerat ions f o r  

environment, s a f e t y  and hea l th  requirements i n  our operat ing f a c i l i -  

t ies  and t o  conduct gener 

res ear c h . 
d i c a l  appl ica t ions  

t o  i t;  energy technology n t  research ,  and 

energy generat ion;  

d pol lu tan ts ;  t o  

and t o  conduct, 

of a number of organiza- 

1 
, 

( S l i d e  7 )  

The prime r e s p o n s i b i l i t y  of the  Division of BER, Biomedical 

and Environmental Research, i s  research. The Off ice  of Reactor W 
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ENVIRONMENT AND SAFETY 

GOALS: 

PROGRAM 

TO ENSURE THAT ENERGY TECHNOLOOlE8 ARE DEVELOPED WITH 
ADEOUATB CONSIDERATION OF ENVIRONMENTAL, SAFETY, AND 
HEALTH REQUIREMENTS FOR COMMERCIALILATION. 

TO BNSURE ADEQUATE CON8IDERATION OF ENVIRONMENTAL, SAFETY, 
AND HEALTH REQUIREMENT8 IN IRDA'B OPERATING FACILITIES. 

TO CONDUCT GENERAL LIFB 8CIeNOE AND MEBleAL APPLICATIONS 
RESEARCH. 

c c 
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POLLUTANTS 

APPLICATIONS 

PROGRAM QP NAC 

e CHARACTERIZE, MEASURE, AND MONITOR ENERGY-RELATED 

e CONDUCT STUDIE8 IN GENERAL LIFB SCIENCE AND MEDICAL 

e COORDINATE WITHIN ERDA THE REACTOR SAFETY RESEARCH 
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VOAONMENT AND FEW PROGRAMS 

ORGAN1 ZATION PRIME RESPONSIBILITY 

DIVISION OF BIOMEDICAL AND ENVIRONMENTAL RESEARCH 

OFFICE OF REACTOR SAFETY RESEARCH COORDINATION 

RESEARCH 

RESEARCH 

~ DIVISION OF TECHNOLOQY OVERVIEW OVERVIEW 

OVERVIEW 

OVERVlEW/SUPPORT 

OVERVlEW/RESEARCH 

OFFICE OF ENVIRONMENTAL POLICY ANALYSl8 

OFFICE OF ENVIRONMENTAL INFORMATION 8Y8TEM8 

DIVISION OF ENVIRONMENTAL eONTROL TECHNOLOGY 

OFFICE OF NATIONAC ENVIRONMENTAL PoLiey A ~ T  
COOR DIN AT1 ON OVERVIEW 

DIVISION OF OPERATIONAL AND ENVIRONMENTAL SAFETY ES&H ASSURANCE 



a 

Safety Research Coordination, has a s  i t s  prime r e spons ib i l i t y ,  

research. The Divis ion bf Technology Overview funct ions as an over- 

view s t r u c t u r e ;  t h a t  i s ,  i t  determines the relevance of research 

program a c t i v i t i e s .  

The Off ice  of Environmental Pol icy An 

name implies ,  a pol icy  group which cont r ibu tes  

and concepts management o r  res 

Environmental Information Systems 

concerned w i t  computers, software and da ta  m 

again self-explanatory,  i s  

ironmental Control Techno1 

research r e s p o n s i b i l  it i 

devices and the appl ica  

statements opera- 

n a l  Environment 

occupational s a f e t y  and heal th .  

Biomedical and Envir 

four  programs. Biomedical programs, environmental programs, human 

h e a l t h  s tud ie s ,  and physical  and technological hea l th  s tud ies .  

y of the  technology breakdowns i n  d o l l a r s  f o r  

' 7 7  and '78 are as you see here. The category "multitech" includes 

research programs which are re levant  t o  two o r  more technologies.. 
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For example, a program i n  cadmium t o x i c i t y  might w e l l  relate t o  more 

than one technology, s ince  t h i s  metal occurs i n  severa l  Technology 

Fuel cycles. 

( S l i d e  10) 

I f  w e  break the  f o s s i l  l i n e  down f u r t h e r ,  you f ind  t h a t  

d o l l a r s  are d i s t r i b u t e d  among human hea l th  s tud ie s ,  hea l th  e f f e c t s  

and b io logica l  systems, environmental s tud ie s ,  and physical  and 

technological  s tudies .  

(S l ide  11) 

I f  w e  look a t  environmental, we can break down f o s s i l  i n t o  

ex t r ac t ion ,  combustion, g a s i f i c a t i o n ,  l i que fac t ion ,  o i l  and gas ,  and 

o i l  shale;  but the d o l l a r s  are as you see here. 

( S l i d e  12) 

Health E f f e c t s  i n  Biological  Systems (Foss i l )  can be broken 

down i n t o  combustion, g a s i f i c a t i o n ,  ex t r ac t ion ,  and shale.  The 

d o l l a r s  are as you s e e  here ,  t o t a l i n g  $10.6 mi l l i on  and 13.5 mi l l i on  

f o r  ' 7 7  and '78. 

(S l ide  13) 

(S l ide  14) 

Human Health Studies  can be broken down i n  f o s s i l  i n t o  

these  four  ca tegor ies ;  combustion, l i que fac t ion ,  o i l  and gas, and 

o i l  shale. 
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AND ENVlRONMENTAL RESEARCH: FOSSIL 
I 

IO 

1 

OPERATlNG BUDGET 

(DOLLARS IN THOUSANDS) 

FY 1977 FY 1978 
ESTIMATE ESTIMATE 

HUMAN HEALTH 8TUDlES 2.4 3.4 

HEALTH E f  FECTS RESEARCH I 10.6 13.6 

ENVIRONMENTAL STUDIES 12.3 14.6 

PHYSICAL AND TEBHNOLOGICAL STUDIES 1.4 3.3 

TOTAL 8 34.7 - 



BIOMEDICAL AND ENVIRONMENTAL RESEARCH 

OPERATING BUDGET 

ENVIRONMENTAL STUDIES: FOSSIL 

(POL.LARS IN THO 

FII .I877 FY 1978 
ESTIMATE ESTIMATE 

W 
03 
03 

I 
s 12 8 1.6 COAL EXTRACTION, STORAGE AND PROCESSING 

COAL CCMBUSTION 7.8 8.6 

OIL AND GAS 

OIL SHALE 1 .I 

1.7 

1.4 

TOTAL $ 12.3 $ 14.5 

c c- 
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BIOMEDICAL ANDiENVI RONMENTAL RESEARCH 

OPERATING BUDGET 

PHYSICAL 81 TECHNOLOGICAL STUDIES: FOSSIL 

COAL GASIFICATION 6 

(DOLLARS IN THOUSANDS) 

ClQUE FACTI ON 

01 L SHALE 

FY 1977 
ESTIMATE 

$ 2.0 

FY 1978 
ESTIMATE 

$ 2.9 

.4 .B 

TOTAL $ 2.4 $ 3.3 

c - C" 



, 
D ENVIRONMENTAL RESEARCH 

QWZRAflNO BUDGET 

HUMAN HEALTH STUDIES: FOSSIL 

S IN THOUSANDS) 

FY 1977 
ESTIMATE 

FY 1978 
ESTIMATE 

COAL COMBUSTION 8 e 9  

COAL GASIFICATION 9. LlWEFACTlON a 9  .11 a 4  

e 1  OIL AND GAS 

01 L SHALE 

.6 

.05 

TOTAL 

.05 

$ 2.4 



(S l ide  15)  

Environmental Engineering. Again we a r e  t a lk ing  about the 

f o s s i l  energy, s o l a r ,  nuclear  energy and material t ransportat ion.  

The d o l l a r s  are as you see here. 

(S l ide  16) 

The environmental energy engineering i n  the  f o s s i l  category 

breaks down i n t o  coa l ,  petroleum and gas ,  and o i l  sha le  components. 

( S l i d e  17)  

Technology Overview d e a l s  with the assessment o f , h e a l t h  of 
~ 

energy systems, the  assessment of environmental and socioeconomic , 

impacts and the  assessment of impacts of energy production i n  l o c a l ,  

reg iona l  and na t iona l  scales .  

i n  contac t  with some of our programs i n  your respec t ive  var ious 

, 

I am su re  t h a t  many of  you have come 

regions . 
(S l ide  18) 

I f  w e  look a t  the t o t a l  funding summary, you w i l l  s ee  t h a t  
- 

Biomedical Environmental Research, ECT, Operational Safety,  and so 

on, have the  budget ou t lays  t h a t  you see here. 
i 

Now, where does t h i s  

( S l i d e  19) 

Our ERDA resources ,  d o l l a r s ,  are going t o  a v a r i e t y  of 

places ,  including 

and energy cen te r s ,  We do have funds going overseas t o  in t e rna t iona l  
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, 
AES ENERGY RESEARCH AND PEVE~OPMENT 

ENVIRONMENTAL ENGfNEERING 

(DOLLARS IN THOUSANDS) 

. .. .. ,. FY 1978 
ESTIMATE 

FY 1977 
. ESTIMATE 

$ 5.2 FOSSIL ENERGY $ 6.2 

. 1.3 1 .a , OEOTHERM & ENERGY CON$.&RVATION 

NUCLEAR ENERBY 3.6 

GY MATERIAL TRANSP 2.3 

$ 10.4 $ 14.4 TOTAL - 



. .... .- . . .  . .  
~~ . . .. . . - .  

AES ENERGY RESEARCH AND DEVELOPMENT 
OWRATING BUDQ%T 

ENVIRWMENTAL ENGINEERING 

FOSSIL 

(DOLLARS IN THOUSANDS) 

FY 1977 
ESTIMATE 

OY 1978 
ESTIMATE 

COAL $ 3.6 

PETROLEUM AND GAS 1.4 

OIL SHALE 

$ 3.6 

1 .Q 

.I 

TOTAL $ 6.2 

c 

8 6.2 

(- 



ECHNOLOGY 0 
TECRATED ASSESSMENT 

RS IN SANDS) 

w a J FY 1977 FY 1978 - ESTIMATE ESTIMATE v1 

$ .6 e .5 ASSESSMENT OF HEALTH OF ENERGY SYSTEM8 
/ 

( AESShSSMENT OF EN 
.4 .4 80CtOECONOMlC IMPACTS OF ENERGY SYSTEMS 

ASSESSMENT OF IMBAGTS OF ENERGY PR 
IN tOCAL, REGIONAL & NATIONAL SCALES 4.4 6.0 

TOTAL $ 5.3 $ 6.9 



MMARY 

(IN MILLIONS) 

\ 

QRQANI~ATION 

BlOMERlCAL AN@ ENVIRONMENTAL RE8LARCH 

ENVIRONMENTAL CONTROL TEHCNOLQOV 

OPERATIONAL AND ENVIRONMENTAL $AFQTV 

OVCWlEW AND ASSESSMENT 

UFACTQR SAFETY RESEARCH COORBINATIQN 

B/O IN MILLIONS 

FY 77 FY 78" 

184.7 i7a.o 

16.8 27.8 

5.9 7.7 

18.0 18.0 

21.0 21.6 

V R  €SI DENTIAL 
BUDGET (DOES NOT INCLUDE POSSIBLE CONGRESSIONAL AGTIQW) 

I/INCLUDES RWTBRATION OF DEFFERAL FUNDS (8.9M) 



\ 

UlVl VE RSlTl ES 

OTHER AGENCIES 

NATIONAL LABS 

ENERGY I '  CENTERS 

.- ERDA R&D NEEDS- 
- 

LOCAC ORGANIZATIONS ". 

NAL BODIES * 

OTHER COUNTRIES. , 

/ 



bodies,  and w e  may expand t h i s  fu r the r  through the  Agency f o r  In te r -  

na t iona l  Development. 

(S l ide  20) 

I t r i e d  t o  break down as bes t  I could the  d i s t r i b u t i o n  

of d o l l a r s  by na t iona l  l abora to r i e s ,  co l leges  and u n i v e r s i t i e s  and 

o thers  f o r  our e n t i r e  budget, f o r  research and development. While 

the  National Laborator ies  are car ry ing  a l a r g e  p a r t  of the  load, a 

f a i r l y  good proport ion of our resources go 

s i  t i e s  . 
Earlier today I was asked how we 

how we determine what i s  re levant  and what 

i n t o  co l leges  and univer- 

determine our p r i o r i t i e s ,  

ou r  needs are, and how w e  

avoid overlapping what people i n  o ther  agencies a r e  doing? 

ERDA conducted i n  '74, '75, and '76, and i s  conducting i n  

1977, a f ede ra l  inventory of energy-related environmental and s a f e t y  

research. I have here ,  a copy of our 1976 execut ive summary. Addi- 

t i o n a l  copies are ava i l ab le  from the National Technical Information 

Service. We asked agencies t o  provide us with descr ip t ions  of a l l  of 

t h e i r  p r o j e c t s  dea l ing  with environment, s a fe ty ,  and heal th-related 

energy research. 

var ious agencies may be seen. 

In  the  next s l i d e ,  a l i s t i n g  of responses from 
3 

( S l i d e  21) 

DR. RAMSEY: 

DR. SHEPHERD: The response is  defined by a pro jec t .  For 

Is the  response defined as a pro jec t?  

example, you might f ind  t h a t  the Department of Agricul ture ,  where 

\ 

39 8 



AES ENERGY RESEARCH AND DEVELOPMENT 

OPERATING BUDGET 
.(DOLLARS IN THOUSANDS) 

COLLEGWAND UNIVERSlTIgS 

OTHER 

TOTAL 

FY 1977 
ESTIMATE 

31.8 

39.6 

8 lgO.6 

FY 1978 
ESTIMATE 

36.7 

50.8 



0 
0 

INVENTORY OF FEDERAL ENERGY-RELATED ENVIRONMENT 
/MD SAFETY RESEARCHo(FY1976) 

FEDERAL AGENCY RESPONSES 

NO. of 
RESPONSE5 

DEPARTMENT OF AGRICULTURE (Boa) t 
DEPARTMENT OF COMMERCE (OW 93 
EPARTMENT OF WENS€ (DOD) 3 
D€PARTMENT OF MEALTII, EBCICATION, AND W W A M  (MW 263 
OEPARTMM oc! HOUS IN6 AND WBM WRWMnT CHUM 1 
MPARTMENT OF INTERIOR (001) 80 
DEPARTMENT OF TRANSPORTATION COOT) 9 
E F W I ~ ~ ~ N M E N I A L  PROTE€TION AGENCY (€PA) 305 
M R G Y  RESEARCH AND ORIELOPMENT ADM!NISTRATION (ERDA) 1467 
FEDERAL ENERGY ADMINISTRATION (FEN 20 
NATIONAL SCIENCE FOUNDATION (NSFIIRANN 18 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION (NASA) 5 
NUCEAR REGULATORY  OMM MISSION (NRC) 200 
'IE"ES.SBE VAhUY A W R I T Y  (NA) 65 c c 

-̂. , , , ,, ,- l -  --**"-- -.e- 



w i 

I 

t he re  were seven p r o j e c t s ,  a l s o  submitted a t o t a l  input of $7 mill ion.  

You might f ind * t h a t  ERDA, which dea l s  with pr inc ipa l  i nves t iga to r s  

and less with aggregat , i n  the  hea l th  a rea ,  rep0  ed a l a rge  number 

of $10,000 t o  $50,000 projec ts .  

( S l i d e  -22) 

Next, we analyzed these p ro jec t s  according t o  t h e i r  indi-  

v idua l  re levance t o  R&D needs i n  environment, s a fe ty ,  and hea 

f o s s i l  energy. 

( S l i d e  23) 

Now, i f  w e  break down what is goin 

Government i n  environment and sa fe ty  researc  

departments, you w i l l  f ind ,  f o r  example, t h a t  we can b r  

f o s s i l ,  inexha ible ,  nuclear  e r s .  This i s  a f 

s l i d e  put toge r yesterday; w e  d i d n ' t  have the d 

then. This i s  s an ERDA pub l i ca t io  
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INVENTORY OF FEDERAL ENERGY-RELATED ENVIRONMENT 
&@SAFETY RESEARCH (FYI97 

S U m R V  QF ANALYSIS 

F E M R I l  AGIENCY 
DEPARTMENT W ACRfCULTURL (DW 
DEPARTMENT OF COMMERCE Iboc) 
DEPARTMENT OF O f f  ENS€ (Dot)) 
OEPARTMEM OF HEAllH, €DUCATION, AND MVARL (Htw) 
OEPARTMEM OC HOUSlNt ANI) UR6AN WQe9c%MCnOO, 
DEPARTMENT OF INTERIOR (DO11 
DEPARTMENT Of'TRANSPORTATlON (60V 
ENVIRONMENTAL PROTECTION AGENCY (€PA) 
ENERGY RESEARCH AND DWElOPMNl AWlNl$TMTlW (Beb) 
FEDERAL ENERBY ADMINISTRATION (FEW 
NATIONAL SCIENCE FOUNDATION (ISSFIIRAW 
NATIONAL AERONAUTICS AND W A C €  AMINISTRATION (NASA) 
NUCM-R Rffl'l' W R Y  COMMISSION MR8) 
ILWSEf V W Y  AUnlORlTY(W@ 

h, 

WA 

c 

EPoRTEO 

7.4 
4 1 e  0 
1.4 

22.6 
lr) 

15.9 
0.4 

0.0 

1.7 
1. t 
l e 9  
n. 5 
11. ;II 

a97. s 

2.536 42.9 . 

@UlVAlEW P R O J E a  

1798 m. 5 
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( S l i d e  25) 

We can r e t r i e v e  t h i s  base i n  a v a r i e t y  of 

j u s t  g ives  you one example of a recovery matrix. 

ways. This 

xamples of i s sues  f o r  

nding requirements are l i s ted  on 

something t h a t  concerns us ,  while the 

th ings  you need t o  d 

These are examples o the  t o o l s  we are 

'program a c t i v i t i e s  a r e  re levant  and do 

agencies. . 

i n  order  t o  s a t i s f y  o r  take  

an you leave t h a t  o 

The i ssue  is degra 

n the  requi rements . t  

1 

about something t 

I don't  see anyth 

improve it o r  lower the  release of  emissions. You are going t o  g e t  

l i s t  of i s sues  

TE: Yes, Okay. 

i 
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DR. SHEPHERD: What we have now -3 a revised set which has 

your most recent  inputs ,  as w e l l  as those of o the r  Federal  agencies. 

Those are now being put  together.  They should be ready a t  the end 

of t h i s  week. 

DR. HOLLOWAY: While you are being in te r rupted ,  what do 

you do about the  f a c t  t h a t  t he  a i r  q u a l i t y  i n  Colorado and t h e  o i l  - ,  

sha le  area i s  already above h e a l t h  requirements. 

DR. SHEPHERD: That is  a f a i r l y  complicated question. 

We are t a lk ing  here  about 1 research and development, and I thirik the  

answer I would give you would have t o  relate t o  research and develop- 

ment. 

including monitoring reg iona l  a i r  qua l i t y .  

research t o  determine the  na ture  of t he  material being monitored. 

I f  you don ' t  see such a c t i v i t i e s  here ,  perhaps they should be added. 

Your s p e c i f i c  quest ion might r equ i r e  a number of things 

It would r equ i r e  doing 

DR. HOLLOWAY: My point  is  . that  t he  na tu ra l  condi t ions 

already exceed the  f ede ra l  condi t ions.  

DR. SHEPHERD: I understand. In  t h i s  context ,  I am a f r a i d  

I can ' t  g ive you the  answer you are looking for. 

DR. WHITE: EPA knows the  problem. 

DR. SHEPHERD: That ' s  r i gh t .  

DR. WHITE: And they are wres t l ing  with what t o  do about 

it. They have s o r t  of go t  themselves i n  a Catch-22 s i t u a t i o n ,  I 

a m  a f r a id .  

DR. SHEPHERD: Next s l i d e ,  please.  

408 



( S l i d e  27) 

We have s l o t t e d  programs aga ins t  those i ssues  and require- 

We have given e amples of EmA, EPA, Department of I n t e r i o r ,  
' .  

ments. 

and NSF programs dea l ing  with a p a r t i c u l a r  requi r  

( S l i d e  28) 

Now i f  we look a t  the issue, qua l i t y  , 
and look a t  the requirements, we can break out 

agencies the  numbers of pro jec t s  and the  na ture  of  

each. Of course i t  i s  not  s u f f i c i e n t  t o  simply say t h a t  we know how 

d o l l a r s  apply t o  one p a r t i c u l a r  i s sue  o r  one p a r t i c u l a r  require- 

ment. 

those d o l l a r s  are being appl ied i n  a manner which s a t i s f i e s  those 

.requirements . 

You must a l s o  determine whether o r  not those pr  

a 

we are put t ing  

the  suf f i c i e n  

of  Federal  R&D by spec i  

t h a t  we are 

, how does one 

I 
1 
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1 SSI 

Requirements 
Assess air quality information for 

specific sites 

mon It or f ng 

and comm(srclr1 trcllities 

during rstgFU4 wratim 

at rnwpkerk releases 

$1$fi models 

widental relase$ 

Dewlop Improved standards for pollutant 

a Accumulate barollns Bad) nw wpWlmenkl 

9 Anslytb chemlmt gm4fHuW relWWd 

@ Charactorire s h e ~ l k l  #fwsfermMon @ 

0 Improve etmespbefk. transgoit and disper- 

P 
r 
0 

Previde advisory rsponse to major 

21 8.7 

111 2.3 

81 0.9 

41 8.6 

I/ (a) 

- 
I 

ii 
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DR. SHEPHERD: That i s  a good question, For t h i s  las t  

ana lys i s  w e  brought i n  approximately 40 s c i e n t i s t s  from the  environ- 

mental and hea l th  sc ience  f i e l d s  from the  na t iona l  labora tor ies .  We j ,  

a l s o  had p a r t i c i p a n t s  from other  agencies. 

r o w  wi th  a packet o f  p ro jec t s  from coal  combustion and the  i ssues  

and requirements f o r  coa l  combustion, and asked them t o  (1) s l o t  t he :  

p r o j e c t s  according t o  i ssues  and requirements and (2 )  p r  

w r i t t e n  - .  ana lys i s  of whether or  

a c t u a l l y  s a t i s f y  t h a t  requirem 

We sat  them down in  a 

By and la rge ,  the  p r o j e c t s  t h a t  w e  have found are not 

wholly s a t i s f y i n g  the e n t i r e  spectrum of needs under each requirement. 

There tends t o  be fashions i n  science,  as you know, and w e  tend t o  

f ind  things lumped and aggregated, 

have gaps and we  have some overlaps between agencies,  i n  the  judgment 

of these  profess iona l ly  t r a ined  people. 

According-to these  fashions,  )we 

Does t h a t  s a t i s f y  your quest  ion? 

DR. WENDER: Did they take  a vote  o r  d id  you average them 

out?  How did.you g e t  an answer? 

DR. SHEPHERD: They sat  down and argued these th ings  
- -  

out  among themselves. We had people from our organiza t ion  s i t t i n g  i n  

wi th  them, helping t o  reso lve  these problems. 

s t renuously,  and i n  some cases  had a majori ty  and a minori ty  opinion, 

They argued very  

DR. NELSON: What was the  primary opinion krom t h i s  exercise? 
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b d  
DR. SHEPHERD: The primary inpu t s  from these 40 f o r  t h i ,  

exerc ise  were the a b s t r a c t s  as reported i n  t h i s  federa l  inventory,  

which represent  the SIE . 
DR. KROPSCHOT: Could I remind t quest ioners  t o  iden t i fy  

themselves’ i n  asking quest ions? 

DR. HOLLOWAY: I have two questions.  The f i r s t  one, you 

b,ad a c h a r t  t h a t  indicated t h a t  a pro jec t  should be technica l ly  

f e a s i b l e  , economically f e a s i b l e  , and environmentally and healthwise 

f e a s i b l e ,  something t o  t h a t  e f f e c t .  From the, d i scuss ion  yesterday, 

I go t  the  impression people i n  f o s s i l  a r e  responsible  f o r  the  techni- 

c g l  f e a s i b i l i t y  a n d ’ t o  some ex ten t ,  the  economic, but  you are respon- 

s i b l e  f o r  environmental and heal th .  I t the correct impression? 

, 

DR. SHEPHERD: Overal l  t h a t  o r r e c t  impression. We 

a r e  these r e s p o n s i b i l i t i e s  with fos s  

We do have coop 

work together 
I 

with them. 

D r .  White would t e s t i f y  t h a t  they work very c lose ly  together  i n  

t i v e  programs going, and 1 t h ink  

t o  address the  techn 

J i m  and I have t a l k e  

d iv ide  t h i s  i s  t h a t  technica l  

con t ro l  up t o  the  poin t  o f  leav  

something .we 

and doing resea 

T 
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Also the  e f f e c t  t h a t  may take  place as i t  g e t s  out  i n to  the  

a i r  stream o r  the  water stream on human h e a l t h  o r  b io log ica l  e f f e c t s  

o r  aquat ic  e f f e c t s ;  but they a l s o  have the overview of whether w e  are 

doing our proper r e spons ib i l i t y  o r  our pa r t  of the  job. 

sometimes leads t o  a l i t t l e  b i t  of d i scuss ion  back and fo r th ,  and w e  

And t h i s  

kind of work i t  out.  
1 

DR. HOLLOWAY: I d idn ' t  see  much i n  t h e r e  for overview in 

dol  lar s . 
DR. WHITE: There i s  plenty. They don ' t  need much. They 

can overview with a few fellows. 

DR. HOLLOWAY: The o ther  quest ion I have d e a l t  with,  your 

L e t ' s  take,  I r e l a t ionsh ips  wi th  o the r  agencies such as EPA and H E W .  

f o r  example, coa l  combustion. 

combustion might be a s t ack  gas scrubber. 

One of the  necessary f ea tu res  of 

Who i s  responsible  f o r  

seeing t h a t  t h e r e  are s a t i s f a c t o r y  scrubbers o r  new developments i n  

s t ack  gas scrubbers? 

DR. SHEPHERD: Again, t h a t  i s  not  simple quest ion,  and 

t h e r e  are two par ts  t o  it. L e t  m e  address the  f i r s t  p a r t ,  which is ;  

What are our r e l a t ionsh ips  with EPA, H E W  and o ther  agencies? While 

you are probably speaking of the  regula tory  end, l e t  m e  provide you 

with an example of i n t e r a c t i o n  involving the P res iden t ' s  Energy 

Message and .h i s  Environmental Message. 

President  was going t o  appoint a spec ia l  commission t o  determine the 

adverse impacts of increased coal  u t i l i z a t i o n .  

The Energy Message s a i d  the  
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The P res iden t ' s  Enviroximental: Message d i r ec t ed  t h a t  HEW, 

$PA and ERDA uork toge the t  determine the a r s e  environmental 

impacts of advanced coal  technology. The accompanying f a c t  sheet  

added "as we l l  as the  adeqtibcy o f ' f e d e r a l  RD&D.'' Recently we 

received a le t ter  frdm Pres'ident Car te r  asking M r .  F r i  t o  take the 

lead t o  g e t  the environmental message response moving. 

skheduled meetings with SeCretary Califano and with Administrator 

We have 

C o s t l e  of  EPA and the i r ' r epgesen ta t ives  on Ju ly  8 t o  d i scuss  t h i s  

matter. The r e s u l t  is  a l o t  ;bf c lose  cooperation going on now. 

.'She r e s p o n s i b i l i t y  f o r  cont ro l  technology i n  t h i s  country 

y people have a very real i n t e r e s t  i n  is s p l i t .  P h i l ' s  f o s s i l  en 

t h i s  because i t  must b a r t  of t h e i r  technology. They cannot bu i ld  

something t h a t  is  environmentally Bafe and s o c i a l l y  acceptable  i f  

they'  don' t know the environmental cont ro l  technblogy opt ions and 

design f o r  those opt ions . 
We i n  AES have a program which exerc ises  overs ight  over 

t h i s  a c t i v i t y .  

cont ro l  technology i n  EPA f o r  t h e i r  regula tory  purposes and they 

are developing progrims ofIwhich you are aware. 

I t h ink  there '  is a major r e spons ib i l i t y  f o r  ECT 

Industry,  of course,,' has a major i n t e r e s t  i n  t h i s  area and 

has a f a i r l y  l a r g e  budget f o r  developing d i f f e r e n t  kinds of con t ro l  

technologies.  I f  I were s i t t i n g  i n  your c h a i r ,  I would a s k  how a l l  

these things are going t o  be put together.  

t o  t h i s  problem. 

I don ' t  have an answer 

415 
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MR. HILL: George H i l l .  Two questions.  One you j u s t  

touched on. Who decides  the  j u r i s d i c t i o n a l  d i sputes  where< you do hade 

obvious dupl icat ion? 

haven ' t  seen i n  the  t abu la t ion  anywhere what i s  being done outs ide  of 

r' 
And second, throughout t h i s  whole thing,  I 

government. There .is, I think,  q u i t e  a b i t  of overlap and dupli&at!Con 

,I 1 here  . 
DR. SHEPHERD: Those are two very good points .  Who decides 

j u r i s d i c t i o n a l  d i sputes  when t h e r e  are overlaps? 

t r y  t o  s e t t l e ' o u r  d i spu te s  between agencies a t  the lower, working 

levels. Disputes which cannot be resolved are r e fe r r ed  t o  higher 

leve ls .  We have had t o  set t le  some problems by re ference  t o  the  

Executive Off ice  of  the  Pres ident ,  v i a  CEQ and OMB. 

I n  government w e  

' 

I th ink  the  o ther  quest ion you asked is  a good one. It 

i s  something t h a t  concerned me ,  and I would be very happy t o  have 

some input from you. 

Somebody has  the  r e s p o n s i b i l i t y  f o r  determining, I think,  

whether or not R&D i n  the  e n t i r e  country, ( i n d u s t r i a l ,  academic and 

f ede ra l ,  as w e l l  as state, reg iona l  and loca l )  is  s a t i s f y i n g  the 

problems t h a t  w e  perceive. 

segments of the  RQD community i n  def in ing  needs and in providing the 

R&D d a t a  base f o r  analysis .  

We need p a r t i c i p a t i o n  of a l l  these 

I t h ink  we need t o  include i n  our 

i 
i 

inventory the  kinds of  p ro jec t s  you are r e f e r r i n g  to. We are not 

taking enough cognizance of i n d u s t r i a l  research i n  t h i s  inventory. 
i 
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DR. RAMSEY: Since C o p  is common to essentially all 

,fossil fuel things, are you doing much to look at the possible 

long-term effects of COP? 

ir. 

particular question, climatological 

We have a major increase in our 

changes, long-range weather changes as a result of increased C 0 2  

,product ion. u 

DR. NELSON: Going back to the question of coordination, as 

you know, there was in the 

coordination of environmental th research. t committee was 

succeeded by a shadow, an 

Toxicology program. 

Information has been exchan 

DR. SHEPHERD: We 

DR. NELSON: I kn t 2s very good. 

b As far as I can see it has been most effective. 
~ 

There has been 

which, after a 1 group for deter- 

mining priorities. 

in that push to develop 

wh ic Id ta 

And my question is, is there any evidence of life 

f 3  

You may not feel just like answering at the moment. 
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DR. SHEPHERD: It is a good question. It is  a touchy one, 

of course. L e t  me say, f i r s t  of a l l ,  t h a t  one of the  options we are 

considering i n  our response t o  the Pres ident ' s  Environmental Message 

i s  asking D r .  P re s s ' s  o f f i c e  i f  they are in te res ted  i n  working with 

us i n  put t ing  these things together as an overview group. 

A s  you know, CEQ i s  staking out a claim i n  t h i s  area. And, 

as you know, t h e r e  is soon t o  be announced a P res iden t i a l  appointee 

f o r  the  Toxic Substances Control A c t ,  with h i s  e n t i r e  s t a f f  put i n  

place and running. And they w i l l  be staking out a f a i r l y  major r o l e ,  

perhaps the  coordinating r o l e  you mentioned. Unt i l  t h i s  coordinating 

r o l e  is b e t t e r  defined, however, w e  in ERDA have a r e spons ib i l i t y  f o r  

those toxic substances and impacts of f o s s i l  energy and o ther  energy 

technologies developed by ERDA. 

DR. WHITE: I might be able to  answer t h a t  a l i t t l e  fur ther .  

There is the  r d b i r t h  of the  Federal Coordinating Council on Science, 

Engineering and Technology, which w a s  beginning t o  be r eac t iva t ed ,  

but with Guy's departure,  th ings  are s o r t  of i n  a holding pattern.  

I ' m  on one of those committees, not the environmental one, but the 

research one -- and waiting f o r  Press t o  see how he wants i t  handled. 

I would guess t h i s  would be a t  least one mechanism t h a t  would be used 

f o r  t h i s  coordination purpose, because t h a t  i s  exac t ly  what it is  

t h e r e  for.  

DR. NELSON: Yes. EPA doesn' t  want t o  assume a d i c t a t o r i a l  

role . 
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MR. CANONICO: You indicated a major t a s k  i n  the a rea  of  

r e a c t o r  s a f e t y  research coordination. Can you explain? 

DR. SHEPHERD: I would l i k e  t o  do t h i s ,  but am l imited i n  

t h i s  presenta t ion  t o  f o s s i l  research. 

MR. CANONICO: I*would argue against  t h a t  because 1 th ink  

t h a t  i s  one of  t he  major problems i n  the f u t u r e  as f a r  as commerciali- 

z a t i o n  of f o s s i l  energy, bu t  I th ink  r eac to r  s a f e t y  i s  going t o  be a 

ques t ion  we w i l l  have t o  address ourselves  t o  eventually.  

DR. SHEPHERD: A l l  I can say i s  t h a t  w e  do have major 

programs i n  r eac to r  s a f e t y ,  and i f  you are t familia+ w i t h  them 

Oak-Ridge, you ) do have on-si te  the bes t  l i b r a r y  and our program 

I avai lable .  

MR. CANONICO: 

program i s  a t tached  to. 

i n  t h a t  comes through. 

You have therHEC program~where the metallurgy 

I a m  j u s t  wondering where your coordinat ion 

7 

, DR. "SHEPHERD: neral ly  through Hal Hol l i s ter 's  shop. The 

Environment and Safety Group, as one p a r t  'of 

sa fe ty ;  and through our  r e a c t o r  s a f e t y  and research group f o r  the  

for the o c c u p a t ~ o n a ~  

a c t u a l  physical  and mechanical aspects .  

DR. KROPSCHOT: One more question. 

MR. STANFORD: 

the  C02 problem w i l l * b e  addressed 

DR. SHEPHERD;' Well, I can g ive  you 

t h a t  can g ive  you the  spec i f i c s .  I th ink  t h a t  would be the bes t  use 
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of my remaining 30 seconds. 

Environmental Program at-ERDA. 

D r .  Swinebroad is  the  Manager of the  

And he has working with him Dave- 

Slade, who has ERDA’ s r e spons ‘ ib i l i t i e s  f o r  atmospheric, long-term ’ 

research and CO work. 2 

We are a l s o  working with NASA i n  t h i s  area, as you probably 

know. 

which we a r e  going t o  be g e t t i n g  into.  

We do have some sa te l l i t e  and atmospheric monitoring p r  

.DR. KROPSCHOT: Thank you very  much. 

(Applause) . 
DR. KROPSCHOT: Sorry t o  have t o  cut  o f f  t h i s  very i 

ing d iscuss ion  but  I would l i k e  t o  now proceed t o  the  next presenta t ion  

of the  programs on f o s s i l  energy research being undertaken i n  the  area 

of conservation under the  Ass i s t an t  Administrator f o r  Conservation 

with ERDA, and introduce D r .  Karl Bastress. 
/ 4 

DR. BASTRESS: Good morning. 

My t i t l e  i s  Chief of  the  Combustion and Fuels  Technology 

Branch i n  the  Divis ion of Conservation Research and Technology. 

. The a c t i v i t y  i n  my program i s  p r inc ipa l ly  appl ied research,  

and I th ink  it is  t h a t  reason f o r  which I was asked t o  make t h i s  

presentat ion.  

perhaps most c lose ly  t i e d  t o  the  i n t e r e s t  of f o s s i l  energy research. 

Also, my p a r t  of the  conservat ion research a c t i v i t y  i s  
i 

I a m  very happy t o  make t h i s  presenta t ion  on behalf of the  

conservat ion o f f i c e  because of my i n t e r e s t  i n  general  i n  the  research 

a c t i v i t y  h e r e  a t  ERDA. I th ink  I would l i k e  t o  s tar t  by posing two 
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questions.  The f i r s t  would be: Why am I here,  o r  more s p e c i f i c a l l y ,  

And 

What can t h i s  meeting do f o r  the  conservat ion research . 

,what  can I con t r ibu te  t o  t h i s  meetington f o s s i l  energy research? 

secondly: 

program? 

The answer t o  the  f i r s t  question: Why a m  I here?,  i s  
ir 

'\ her  easy. That i s  because the conservation program i s  o r  can be 

regarded as complementary t o  the  f o s s i l  energy program i n  many ways. 

We th ink  o f  t he  conservat ion program as .being concerned w i t h  the  use 

of  f o s s i l -  f u e l s ,  whereas wezthink of the  f o s s i l  energy program as 

8 pr im~ar i ly  concerned.with the supply of f o s s i l  fuels .  

It i s  d i f f i c u l t  to separa te  the  areas .of technology i n  

e two programs. 

necessary ahd d e s i r a b l e  t o  coord ina te  our  e f f o r t s  f requent ly  and 

c l o s e l y  with our coun te rpa r t s ' i n  the  f o s s i l  energy o f f i ce .  I must 
, 

say, that :  t h i s  a c t i v i t y  ptoceeds ve ry ; sa t i s f ac to r i ly .  Therefore,  I 

, t h i n k , i t  is very appropr ia te  

agenda, s ince  the conservat ion a c t i v i t y ,  i n  a sense,  can .  b e '  regarded 

as an extension of the  general  subjec t  of f o s s i l  energy research. 

The second quest ion,  is: 'What#can t h i s  meeting do f o r  the  

the  conservat ion research a c t i v i t y ' a l s o  needs t o  be addressed; as we 

are addressing the f o s s i l  energy-research work 'We can cha rac t e r i ee  

the  conservat ion research  program perhaps i n  the  same way t h a t  the  

f o s s i l  energy research program was discussed o r  described yesterday. 



The applied research a c t i v i t y  s u f f e r s  from l o w  funding, and 

the re  i s  a gap, q u i t e  percept ib le ,  between the  research a c t i v i t i e s  i n  

conservat ion and the  bas i c  research a c t i v i t i e s  i n  the  Divis ion of 

Basic Energy Sciences. So I would, i n  answer t o  the  second question, 

request  of  both D r .  P h i l l i p s  and D r .  Kropschot, t h a t  the output of 

t h i s  meeting as f a r  as possible  be’addressed t o  conservation as w e l l  

as . t o  f o s s i l  energy. 
, \  

Our conservation program i s  qu i t e  analogous t o  the  f o s s i l  

energy program i n  ERDA. 

program d iv i s ions  with a widely varying program of a c t i v i t i e s .  

minutes I cannot begin t o  descr ibe  anywhere near a l l  t h a t  goes on i n  

the  conservat ion program. Therefore, t o  be cons i s t en t  with the  theme 

of t h e  meeting, I w i l l  d i scuss  only the  research a c t i v i t i e s .  

fo re ,  please keep i n  mind I a m  addressing a very small f r a c t i o n  of 

t he  o v e r a l l  conservation program. 

the  major t h r u s t s  i n  the  technology development a reas  of conservat ion 

t h i s  morning. 

We have i n  the  conservat ion o f f i c e ,  s ix  

In 20 

There- 

You w i l l  not hear anything of 

( S l i d e  1) 

The o v e r a l l  ob jec t ive  of t he  conservat ion e f f o r t  i s  the  

development of  improved technology f o r  energy u t i l i z a t i o n  meeting 

these  requirements: Increased e f f i c i ency ,  compat ib i l i ty  with avai l -  - 
ab le  f u e l s ,  and compatibi l i ty  with the t r a n s i t i o n  t o  f u t u r e  energy 

sources. 
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Now, this term "transition" is used in our conservation 

office to refer to a period of time, starting more or less at the 

present and extending into the future to some time when we reach 

a point where we have stabilized new energy sources. 

(Slide 2) 

The transition goal is to reduce total energy use in 

general, and oil and gas use in particular. 
% 

The intent here is, as far as possible, to stretch our 

domestic supplies of oil and gas and to reduce our dependence on 

imports . 
(Slide 3)  

We have defined 11 stratigic objectives to further focus 

our conservation program. Seven of these objectives are directed 

towards what we have defined as the three major energy use sectors; 

transportation, residential and commercial, which is primarily 

energy used in buildings, and the industrial sector. 

'We have defined four additional strategic objectives, 

which are cross-sectoral in nature. 

which are common to all of the three energy use sectors. 

That is, they apply to problems 

(Slide 4) 

The organization of the conservation office is related to 

the strategic objectives. 

correspond to the three energy use sectors. 

We have three program divisions which 

Buildings, industry, 
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and t ranspor ta t ion ,  and the  a c t i v i t i e s  i n  these d iv i s ions  are focused 

on the  energy uses wi th in  those sec tors .  

We have th ree  o ther  d iv i s ions  which can be regarded as 

cross -sec tora l  i n  nature.  That i s ,  t h e i r  a c t i v i t i e s  are focused on 

the  more general  problems i n  energy use. 

Energy Systems i s  self-explanatory. 

The Divis ion of E l e c t r i c a l  

The Divis ion of Conservation 

Research and Technology a c t u a l l y  i s  devoted t o  the  area of energy 

conversion. And then, f i n a l l y ,  the  Divis ion of Energy Storage again 

i s  self-explanatory. ' 

(S l ide  5 )  

Now, t o  the  research a c t i v i t i e s  i n  conservation. 

The p r o j e c t s  which are a c t i v e  i n  conservat ion f a l l  i n t o  

two ca tegor ies :  

c a l l e d  systems-related pro jec ts .  

one c a l l e d  supporting technology p r o j e c t s ,  the  o ther  

The supporting technologies,  which are l i s t e d  t h e r e  and 

cons i s t  o f  s i x  d i f f e r e n t  p ro jec t s ,  are independent , appl ied research 

p r o j e c t s  and are d i r ec t ed  a t  subjec ts  which have broad appl ica t ions  

i n  energy u t i l i z a t i o n .  

In  c o n t r a s t  t o  t h a t ,  the  systems r e l a t e d  p r o j e c t s  are 

e f f o r t s  which a r e  i n t e g r a l  with systems o r  technology development 

programs and these e f f o r t s  are d i r ec t ed  towards the  p a r t i c u l a r  tech- 

nologies which a r e  being developed under those programs. 

Now, I have l i s t e d  here  only a few examples of  these  

systems r e l a t e d  pro jec ts .  In  f a c t ,  every technology development 
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program in conservation to some degree has a research activity 

associated with it. 

In the next few slides I will focus only on these s 

tical reasons. One is tha 

s and so they are most app . are primarily resear 

to the subjec secondly, they are more easily 

re are entirely research and the 

budgets and scopes of those projects are very clear. 

The total effort in these supporting technology projects 

That is slightly more than 1 percent of in FYI77 is $2.1 million. 

the total conservation budget. 

dealing with a very small fraction of the total conservation effort. 

So again, I remind you that I am 

Next slide, please. 

(Slide 6 )  

All of these supporting technology projects are discussed 

\ 

to some degree in the handout which you have. 

about three of them here in order to give examples of the nature of 

these activities. 

I will only talk 

The combustion project in conservation is concerned with 

increased efficiency and fuel switching in four categories of equip- 

ment; internal combustion engines, continuous combustion engines, 

boilers and furnaces, and industrial heaters. 

At the present time we've activated efforts in only three 

areas under this overall project and yet we feel we can point to 

L; 
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some r a t h e r  s i g n i f i c a n t  accomplishments. 

t i a t e d  a cooperative research pro jec t  i n  the  area of d i r e c t  injkckfon 

s t r a t i f i e d  charge engines f o r  automobiles, and t h i s  pro jec t  involves 

researchers  from u n i v e r s i t i e s ,  na t iona l  l abora to r i e s  and one of t he  

For example, we have i n i -  

major automobile manufacturers. 

f e e l ,  is t h a t  it br ings together  the  research community and the  

automobile c 

and achieves both a degree of coordinat ion of the  wor 

The s igni f icance  of t h i s  p ro jec t ,  we 

i t y  p e r i o d i c a l l y ~ t o  review t h e i r  combined e f f o r t s  

technology t r ans fe r .  

A second accomplishment i n  t h i s  combustion area is  the  

i n i t i a t i o n  of a research p ro jec t  under the  In t e rna t iona l  Energy 

Agency, which br ings together  researchers  i n  the  var ious government 

agencies i n  the  IEA count r ies  t o  coordinate  t h e i r  research a c t i v i t i e s  

and therefore  s t r e t c h  the  research d o l l a r s  of the  var ious count r ies  

as f a r  as possible.  

The next s l i d e ,  please.  

(S l ide  7)  

The combustion p ro jec t  o f f e r s  many oppor tuni t ies  f o r  addi- 

t i o n a l  research i n  a l l  t he  areas t o  which it i s  addressed. However, 

we have t o  be very selective i n  the  a c t i v i t i e s  t h a t  we undertake 

because of our budget l imi ta t ions .  

We est imate  t h a t  i f  we were t o  attempt t o  pursue a l l  of the  

new concepts and research oppor tuni t ies  t h a t  w e  have i d e n t i f i e d ,  we 

L 
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would requi re  a budget of the  order  qf $15 mi l l i on  per  year. Our 

budget t h i s  year i s  $650,000. 

x t  s l i d e ,  please.  
I .  ., I 

The f u e l s  research p ro jec t  i s  d i r ec t ed  towards u t i l i z a t i o n  

a1 a l t e r n a t i v e  

coa l  o r  shale .  

omas s 

materials. 

The focus i n  t h i s  p ro jec t  

t i o n  propert ies .  

equipment need t o  know about a f u e l * i n  o rde r  ta design h i s  equipment 

a t  is, what does tfie designer  of combustion 

t o  accommodate'new f u e l s  t h a t  are coming in t h e  fu ture .  

So f a r ,  we've ac t iva t ed  e f f o r t s  i n  t h i s  p ro jec t  i n  a reas  

of hydrocarbon f u e l s  research and w e  have a r a t h e r  a c t i v e  program now 

i n  t h e  area of wood fue ls .  

t h a t  t he re  i s  a r ap id ly  growing awareness and i n t e r e s t  i n  u t i l i z a t i o n  

of wood res idues  i n  c e r t a i n  regions of the  country. Obviously not  i n  

Arizona, bu t  i n  areas such a a t h e  nor theas t  and the  southeast  and the  

northwest. There i s  a growing awareness t h a t  wood res idues ,  I don ' t  

mean timber q u a l i t y  wood, bu t  wood res idues  from var ious  sources can 

I would j u s t  comment on t h a t  by saying 

make a s i g n i f i c a n t  impact on energy suppl ies  i n  c e r t a i n  regions.  

Next s l i d e ,  please.  

(S l ide  9) 
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erable research 

opportunities in rnate fuels, 

definition of desired properties of fuels as they emerge from various 

conversion processes, 

combustion of alternate fu 

of that last opportunity. 

where in this project the effort is di 

impraved heat exchanger technology t0 

potential in all use sectors and h p 

Next slide, please. 

i (Slide 11) 

The heat transfer project, like the others, offers a 

variety of additional research opportunities. 

dramatic possibilities for improvement lie in heat pipe applications 

and in enhanced surface heat exchangers. The potential for recovery 

We feel the most 

i 

and utilization of waste heat through unique types of heat transfer 

equipment is truly very significant. 

Next slide, please. 
! 

(Slide 12) i 
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In  summary, l e t  m e  say t h a t  t he  conservation program 

s a c t i v e  research i n  two general  types of p ro jec t s ;  sup 

technologies,  of which I' described th ree  examples, and a wide 

i 

development p e c t s  i n  areas such as b a t t e r i e s ,  f u e l  cells ,  heat  

engines and so 

The budget a t  the  'p 

FY '78,  f o r  t h i s  l i e d  research e f f o r t ,  t 

p ro jec t s ,  i s  approximately 10 percent of the  t o t a l  conservation 

budget . 
The source OP t h a t  information is  c l e a r  i n  the  case of 

t he  support ing technologies 

spe l l ed  ou t  separately.  As 

research i n  the  s 

i n  your handout, by the  way, came from an inventory of research 

a c t i v i t i e s  conducted approximately a year ago and is based'on the 

th ink  the  10 percent es t imate  is t he  r i g h t  order  of magnitude. 

s t h a t  research oppor tuni t ies  

i n  conservat 

i s  l imi ted  only by the  budget. In  the  meantime, the  program managers 

w 
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i n  conservat ion are making every e f f o r t  t o  s t r e t c h  the budgets t h a t  

we have i n  t h r e e  ways. 

F i r s t  of a l l ,  by assess ing  the  b e n e f i t s  of each po ten t i a l  

research p ro jec t  as c lose ly  as possible  and se l ec t ing  those which .. . 

appear t o  have the g r e a t e s t  bene f i t  a t  thp earliest poss ib le  t h e .  

The second method of s t r e t ch ing  budget d o l l a r s  i s  t o  

i n i t i a t e  cooperat ive e f f o r t s  such as the  cooperat ive e f f o r t  i n  

, 

i n t e r n a l  combustion engines which I mentioned w e  have set up with the  

automobile industry.  

, I  

And f i n a l l y  the t h i r d  mechanism i s  t o  coordinate our e f f o r t s  

wi th  o the r  agencies. 

amount of  energy-related work and conservation-related work going on 

i n  o ther  agencies i n  t h i s  country and elsewhere. 

attempt poss ib le  t o  take  advantage of work being done elsewhere and 

t o  minimize the dup l i ca t ion  of e f f o r t .  

We're a l l  aware t h a t  theFe is  an extensive 

We are making every 

Can I have the s l i d e  o f f ,  p lease? 

I ' d  l i k e  t o  make a few c los ing  remarks i n  the  form of 

good news and bad news. The good news I th ink  you've heard. 

i s ,  conservation, i n  the  contex t  of  t h i s  meeting, has  i n i t i a t e d  some 

independent research  p ro jec t s  and the budgets f o r  these p ro jec t s  are 

l i k e l y  t o  increase  i n  FY'78. 

That 

I personal ly  f e e l  t h a t  conservat ion should be commended 

f o r  t h i s  e f f o r t .  Here is  an area of independent research  a c t i v i t y  i n  

support pr imari ly  of the  o v e r a l l  conservation e f f o r t .  
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Then the bad news. 

a c t i v i t i e s  w i l l  not survive. 

i n  Washington ,sponsored by t h  

attehded. 

It is my opinion'that thes  

Two weekssago I at tended a meeting h e r e  

S which some of you a l s o  may have 

The subjec t  w a s  funding of R&D i n  the  federa l  budget, 

But one A v a r i e t y  of messages came from t h a t  meeting, 

which was very c l e a r  i s  t h a t  research budgets are 

Cont ro l lab le  i s  a euphemism meaning vulnerable  t o  

&for tuna te ly ,  w e  have an &mediate example of t h  

program. I t i  

Rumor has i t  t h a t  our  sup 

you have heard described here ,  has been cu t  by t h  

Conference Appropriations Committee 

i s  more than h a l f  of the  intended budget 
> 

il Because of t h i s  sor t  0% ex 

ogy a c t i v i t y  

i t e m  a f t e r  FY '78. We d o n ' t ' f e e l  

budget c u t t i n g  by 

i n  the  budget, 

ill not- appear i n  the  

w i l l  be buried 

w i l l  .be buried organiza t iona l  

My conclusion i s  t h  

r budget purposes. 

research i n  t h  conservat ion 

w i l l  improve u n t i l  some mecha 

W 
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In the  words t h a t  were spoken yesterday, I don ' t  think t h e  outlook 

w i l l  improve u n t i l  the  ca ree r  of some a s s i s t a n t  adminis t ra tor  or , 

d i v i s i o n  d i r e c t o r  is  t i e d  t o  the  q u a l i t y  of research i n  the conser- 

va t ion  program. I 

Thank you. 

(Applause.) . 

DR. PHILLIPS: Questions o r  comments? 

MR. OETERMANN: Oetermann, General E lec t r i c .  I note  t h q t  

Is t h a t  because you don ' t  be l i eye  you do not address  cogeneration. 

t h e r e  i s  research required i n  t h a t ,  o r  i s  it out  of your organiza;: 

t iona l  component? 

DR. BASTRESS: I d i d  not e x p l i c i t l y  address  cogeneration 

because i t  happens w e  don ' t  have an applied research p ro jec t  i n  

conservat ion which is s p e c i f i c a l l y  d i r ec t ed  t o  t h a t  subject .  

However, cogeneration i s  a s u b s t a n t i a l  a c t i v i t y  i n  conser- 

vation. 

and it is  supported by the  a c t i v i t i e s  of severa l  d i f f e r e n t  branches 

and programs. 

can involve e i t h e r  h e a t  engines o r  f u e l  c e l l s  and a wide v a r i e t y  of 

hea t  recovery devices ,  bottoming cyc les ,  topping cyc les  and so on. 

As  you can see, i t  was one of our 11 s t r a t e g i c  objec t ives  

The combinations of cogeneration are numerous--they 

So i t ' s  a broad a r e a  which permeates severa l  of the  d iv i -  

So I would say s ions  i n  conservat ion with coordinat ion a t  the  top. 

i n  the-context  .of t h i s  discussion,  which i s  appl ied research,  <co- 

generat ion is addressed s p e c i f i c a l l y  i n  those sub jec t s  such as hea t  
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t r a n s f e r  and combustion as well as c e r t a i n  systems \ re1 

such as hea t  engines and fue l  cells, but w e  don ' t  have a research 
a c t i v i t y  l abe l l ed  cbgeneration. I 

, 

Personal ly ,  I don' t think i t  rea11 fits in a generic way 

1 

along w'ith th ings  such =as materials,' aerodynamics and so on. It 

doesn ' t  mean we're not doing it. 

conservation. 

I t 's  very  important a c t i v i t y  i n  

. DR. PHILLIPS: Could you use the mic 

r epor t e r  t e l l s  m e  he c a n ' t  pick up the  voices.  

one, please* The 

MR. GUINAN: Guinan, Pullman-Kellogg. 

I was j u s t  wondering how t h i s  bad news w i l l  a f f e c t  your 

f u e l  ce l l  program? 

DR. BASTRESS: The bad news appl ied only t o  applied 
I 

research. 

My understanding i s  t h a t  the o v e r a l l  conservation budget i s  l i k e l y  t o  

That is, the  independent research programs i n  conservation. 

, 

I i nc rease  rather than decrease and i n  pa 
the fuel cell program 

i s  s t rong  and healthy. 

DR. RAMSEY: I ' f i r s t  heard of the  v i r t u e s  of the  s t r a t i f i e d  , 

f u e l  i n j e c t i o n  with Dick Arwin's study about seven 

I It sounded i n  about the same state as 

why th ings  were t h a t  slow i n  securing a high l e v e l  push a t  t h a t  time 

l and i s  i t  making much p rogres s ' s inc  before we get 

, r e s u l t s ?  

w 

, 

445 



DR. BASTRESS: You're not asking why are w e  working on it. 

We ge t  t h a t  ques t ion  frequently.  

engine made i n  Japan; why i s  ERDA worrying about t h i s ?  

I ' m  d r iv ing  a s t r a t i f i e d  charge 

That same quest ion could be addressed t o  many types of 

technology. 

t h a t  doesn' t  answer your quest ion,  however. 

There's room f o r  improvement i n  near ly  everything, but  

, 
DR. RAMSEY: 

DR. BASTRESS: The quest ion i s  are we making any progress? 

DR. RAMSEY: 

DR. BASTRESS: 

My quest ion i s  the  reverse  -- 

Why does i t  take so long? 

I can only respond t o  t h a t  i n  a r a t h e r  

unsa t i s f ac to ry  way by saying i t ' s  a very d i f f i c u l t  problem. 

p a r t i c u l a r  concept which we're pushing here  is  the  d i r e c t  combustion 

s t r a t i f i e d  charge engine which has c e r t a i n  advantages i n  e f f i c i ency  

i f  we can make it work. 

But the problems of t ry ing  t o  achieve high e f f i c i e n c y  and 

The 

cont ro l led  po l lu t an t  emissions over the  f u l l  operat ing range of an 

automobile i s  a d i f f i c u l t  one and our approach is. t o  t r y  t o  under- 

stand what is  r e a l l y  happening i n  the  fue l  i n j e c t i o n  process and the  

subsequent processes of a i r  and fue l  mixing. We're not ac tua l ly ,  

with our l imi ted  budget, a s  you might imagine, developing new engines. 

We're leaving t h a t  t o  Det ro i t .  

But our r o l e ,  w e  f e e l ,  i s  t o  focus the  t a l e n t s  of universi-  

t ies  and na t iona l  l abora to r i e s  with t h e i r  resources i n  instrumentat ion 

and mathematical modeling and the understanding of these  processes,  
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on t h a t  one combustion co  

the  b e n e f i t  o f  De t ro i t  so t h a t  they can move a l i t t l e  f a s t e r  i n  t h e i r  

engine development a c t i v i t y  

p t ,  t o  t r y  t o  e luc ida te  the problems f o r  

should point  out  t h a t  even though these p ro jec t s  are 

l abe l l ed  wi th  hardware sounding names, the  na ture  of the  work i s  

pr imari ly  fund a l .  The work t h a t  w e  are supporting he re  i s  pri-  

mari ly  i n  the  na t iona l  l abora to r i e s  and u n i v e r s i t i e s  or the  research 

o kg an i z a  t ions o f indus tr 

poss ib le ,  on the  fundamental understanding of problems i n  combustion, 

i n  f u e l  chemistry, i n  h e a t  t r a n s f e r  and in .  the  o the r  areas t o  provide 

a s t ronger  technica l  base f o r  the  engineers i n  industry. 

MR. KELLER: Lou Keller, 'Oak Ridge. 

nd we are focusing the work, as far as 

Yesterday a r a t h e r  i n t e r e s t i n g  quest ion about the  prac t i -  

c a l i t y  of the  r e t u r n  t o  coal  f o r  r e s i d e n t i a l  heat ing came up. 

wonder i f  t h a t ' s  

I 

propr ia te  quedtion f o r  your group. 

DR. BASTRESS: Well, w e  have discussed-  the var ious applica- t, 

t i o n s  of  coa l  burning with ou 

have def ined f o r  ourselv a r a t h e r  i n d i s t i n c t  boundary between our 

j u r i s d i c t i o n  and t h e i r s  which pr imari ly  says t h a t  coa l  appl ica t ions  

are pr imar i ly  a f o s e i l  energy r e spons ib i l i t y .  However, w e  are con- 
\ 

about t h a t  subjec t  because the areas do overlap. 

t o  have t o  agree with the  comments made yester-  

oa l  burning i n  r e s i d e n t i a l  appl ica t ions .  

W 
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the  development of  improved combustion equipment is  a r e l a t i v e l y  easy 

problem compared t o  the  problems of  l o g i s t i c s  of coal  supply and the  

con t ro l  of s u l f u r  emissions and p a r t i c u l a t e  emissions. 

' I th ink  you could j u s t  as w e l l  ask t h e  )same quest ion aboht 

wood burning, which we have taken on as our r e spons ib i l i t y .  There- 

I th ink  t h a t  t he re  are environmental quest ions and supply quest ions 

which need t o  be addressed, and we are addressing these. We don' t  

th ink  t h a t  the environmental quest ions are q u i t e  as d i f f i c u l t  with 

wood as they are with coa l  and t h a t ' s  why we're proceeding with the  

development of improved technology f o r  wood burning i n  r e s i d e n t i a l  

appl ica t ions .  

DR. KROPSCHOT: Thank you very much. 

(Applause.) 

DR. KROPSCHOT: I would l i k e  t o  proceed now with the  next 

two papers which descr ibe  work i n  research and f o s s i l  energy, the  

area of the Ass is tan t  Administrator for Solar ,  Geothermal and Advanced 

Energy Systems; and t o  lead o f f  with these two papers, I ' d  l i k e  t o  

introduce D r .  James Kane, who is  the  Divis ion Direc tor ,  i n  t h i s  case 

f o r  t he  Divis ion of Basic Energy Sciences. 

J i m .  . 
DR. KANE: I ' m  s u r e  you must be dreadfu l ly  confused by now 

why a person who's i n  the  s o l a r ,  geothermal and advanced energy group 

is  standing up here  a t  a f o s s i l  energy meeting. 

t h a t  t o  you. 

I ' l l  t r y  t o  explain 
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I, 

The ,bas ic  research t h a t  ex is ted  when ERDA was formed was 

, l a r g e l y  i n  the  o l d  AEC and i t  was t ransfer red  almost i n t a c t  i n t o  ERDA. 

The ERDA organizers  looked around f o r  a log ica l  place t o  p u t  i t;  they 

,couldn ' t  f ind one, so they put i t  somewhere anyway. 

. 
And i t  wound up 

o l a r ,  geothermal and advanced energy,systems. 

So the  a c t u a l  , char te r  f o r  long range, more fundamental 

research i n  ERDA r e s ides  wi th in  the  Administration f o r  Solar ,  Geo- 

thermal and .Advanced Energy Sys terns. 

and I ' m  not going t o  ta lk .about  a l l  of i t  today. 

It 1 s a very major. undertaking 

But I w i l l  a l l ude  

t o  i t  j u s t  t o  put i t  i n  the  proper framework,.as o the r  speakers have 

done t h i s  .) 
The t o t a l  research program, long range, bas ic ,  exploratory,  

whatever you choose t o  c a l l  i t ,  includes high energy and nuclear  

physics ,  which I ' m  not .going t o  t a l k  about today. That i s  indeed a 

major undertaking and as someone s a i d  yesterday, OMB and the  Presi- 

den t ' s  o f f i c e  have clear1 
t program of  the  United S ta t e s ;  - t he  executive agent 

We do not h a v e , t h a t  same s t a t u t o r y  

nuclear physics program, but  de f a c t o  w e  have.much the  same s t a tus .  

We are the major supporter  of nuclear  physics i n  the  United S ta tes .  

I real1 convinced t h a t  i t  is  good f o r  a l l  of us t o  have 
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been alluded t o  so f a r  i n  t h i s  meeting--1 won't dredge up any new 

arguments--and I'll point  out  t h a t  each was the  development of one of  

these  two technologies. 

. The very l a r g e  magnet t h a t ' s  been mentioned a number of 

times i n  the  MHD Program was c l e a r l y  an outgrowth of the  high energy 

physics program, which has been the  dr iv ing  force f o r  the  supercon- 

ducting industry i n  the  United S ta tes .  

necessa r i ly  made by the  l abora to r i e s ,  

i 

Now, a l l  such magnets a r e n ' t  

They are designed there ,  bu t  

the  industry has  been r e a l l y  s t imulated by high energy physics. And 

i f  w e  have an industry i n  superconductivity today, i t ' s  a r e s u l t  of 

t h e  high energy physics program, 

The second, somebody showed a p i c t u r e  yesterday of da t a  

which I th ink  w a s  X-ray fluorescence.  

da t a  was an outgrowth of  the  nuclear physics program. 

d r i f t e d  de t ec to r  and a l l  of i t s  a n c i l l a r y  equipment w a s  developed 

under the  nuclear  physics program. 

these--I had nothing t o  do with e i t h e r  one of  thew-but  t o  point  out  

t h a t  a sharp eye f o r  f a l l o u t  i n  some of these th ings  i s  a good idea ,  

That very b e a u t i f u l l y  resolved 

The li thium' 

So my poin t  i s  not  t o  boast  about 

t h a t  some of the  products of  these  two very l a r g e  undertakings i n  

research are highly appl icable  t o  the  type of quest ions t h a t  t h i s  

group i s  t a lk ing  about. 

Now, from now on I ' m  going to  t a l k  only of the  work i n  I 

what we c a l l  bas ic  energy sciences.  

is;  how much we spend on it; and descr ibe i t s  "flavor". 

I'm going t o  t e l l  you what it 

Then I ' m  

hi 
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I ' m  go ing . to  t a l k  more s p e c i f i c a l l y  about some of our research within 

the  chemical areas. And a f t e r  I ' m  through, Dr. Donald Stevens i s  

going t o  t a l k  about ma te r i a l s  science. These are both i n  the  research 

program. 

I n  1977, the  amount of  money i n  t h i s  basic  energy sciences 

erms .of ou t lays ,  which .excludes equipment. purchases and 

capital  cons t ruc t  ion,  was 

' requested from Congress $138 mil l ion.  

F i r s t  1'11. t e l l  and then how those expendi- 

t u r e s  are divid-ed i n  categories .  cha r t e r  is  t o  c a r r y  out  a pro- 

gram of bas ic  research i n  the physical  sciences--that 's  an important 

point--only,tlie physical  sciences,  which i s  supportive of a l l  the  

ERDA energy technologies ,  bo th  the  production and e f f i c i e n t  use of 

energy. That 's  our char te r .  

Ou 

r 

ERDA i s  a mission agency. That ' s  the  f i r s t  thing t o  remem- 

We are ngt  the NSF, and.our work, therefore ,  must be c l e a r l y  

', 

, ber. 

he b a s i s  t h a t  i t ' s  re levant  t o  the  Agency's long range 

- 1  

a s i c  or explora tory  resegrch. We do almost 

no development o r  d i r  y programmatic appl ied science. 

I ' l l  g ive  you an example. In  material sc iences ,  Don w i l l  

t a l k  about the  ex tens ive  Fork we're doing on steels, f o r  instance.  

Corrosion of steels, f r a c t u r e  of steels, the  deformation proper t ies  

of  steels, and y e t  even i f  t h e r e ' s  c l e a r l y  an indicated need f o r  a 
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new steel i n  one of the  technologies,  w e  do not develop t h a t  new 

steel . 
Now, l e t  m e  depa r t  a minute. I personal ly  was responsible  

f o r  a p ro jec t  one time which required t h a t  a new steel be fab 

i n  industry,  and i t  had d i f f e r e n t  proper t ies  from-316 i n  t e  

a b i l i t y  t o  contain hydrogen, high pressure hydrogen. 

about 10 years  before  a s p e c i a l t y  steel maker was a b l e  t o - t u r n  t h a t  

product out  i n  r e l i a b l e  quan t i t i e s .  

And it 

My only poin t  i n  mentioning t h i s  i s  t h a t  i f  t h e r e  are 

requirements f o r  new steels t h a t ,  say,  a r e  ab le  t o  resist g r a i n  

. 

boundary a t t a c k  by a s p e c i f i c  po l lu t an t  i n  coa l ,  t o  pick an example, 

w e  are not  doing tha t .  

would give. 

damage is  caused, but  we w i l l  not develop a new steel i n  terms of  

put t ing  one i n  production. 

We may f e r r e t  out  the  problems t h a t  po l lu t an t s  

We may t r y  t o  understand the  mechanism by which the  

I want t o  make t h i s  j u r i s d i c t i o n  thing q u i t e  c l e a r ,  because 

I made the poin t  yesterday t h a t  the programs are responsible  for the  

appl ied science t h a t  i s  required for them t o  accomplish t h e i r  mission. 

# A l l  r i g h t ,  how do we spend t h a t  money? We have--well, I 

guess one more spec ia l ized  ro le .  I ' m  not g e t t i n g  t o  the  main p a r t  of 

my ta lk .  I keep depart ing from it. i 

A r o l e  t h a t ' s  becoming increas ingly  important i s  the  

bui lding and support f o r  the  na t iona l  use of spec ia l ized  f a c i l i t i e s  
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which are too  expensive, dangerous o r  e labora te  t o  l o g i c a l l y  expect 

a t  a s i n g l e  smaller loca t ion ,  such as univers i  

I'll g ive  you examples of these 

a t  we term a user  bas i s .  One of oui jobs  i s  t o  bu i ld  and 

pera te  f a c i l i t i e s  

community and the  s c i e  

n c o n t r o l s  the use 

1: This mode of ,opera t ion  has long been the' trend i n  high 

energy physics where people t a l k  about the  b i g  "government" accelera- 

t o r s  and indeed are tWey b u i l t  by the  government, but  the  experiment- 

ers on them are l a rge ly ,  (u sua l ly  70 t o  80 percent)  un ive r s i ty  

researchers  who have a l a r g e  hay i n  how these  f a c i l i t i e s  are operated. 

6 of f a c i l i t i e s  t h a t  . And I want t o  point  * t o  I 

w e  operate.  

power reac tor$ ,  s teady state nuclear r eac to r s .  i n  the  United States. 

For instance,  we have f a l l e n  h e i r  t o  almost a l l  the  high 

Experincental, of  course,  not  power Producing 
Y 

So i f  there's neutron d i f f r a c t i  

neutron ,ac t iva t ion  done t h a t  r equ i r e s  h ig  

t h i s  can be done on smal le r  ' un ive r s i ty - i i  

you could l o c a t e  conveniently on 

f a l l e n  h e i r  t o  t h i s  'type o f  

these  f o r  the  b e n e f i t  of the  s c i e n t i f i c  communi 
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We have two p r o j e c t s  now t h a t  are, t h r e e  ac tua l ly ,  unub- 

way now t h a t  are i n  t h i s  same category. A l a r g e  synchrotron radia- 

t i o n  source,  a l i g h t  source which I th ink  w i l l  open up immense, 

oppor tuni t ies  i n  s tud ie s  a l l  the  way from molecules, c l e a r  down i n t o  

the  s o l i d  state and polymers; b io log ica l  research. It is  e s s e n t i a l € y  

a very l a r g e  and continuous spectrum l i g h t  source i n  which the  l i g h t  

i s  generated by c i r c u l a t i n g  e lec t rons .  

\ 

We f e l l  h e i r  t o  one of these ,  not  by, accident  a t  a l l ,  but  
i 

by design when the  b i g  acce le ra to r  a t  Stanford was b u i l t ,  the  cir- 

cu la r  e l ec t ron  s torage  r ing ;  i t  i s  by i t s  na tu re  the most powerful 

emitter of synchrotron r ad ia t ion  i n  the world. 

We have another of these under cons t ruc t ion  a t  Brookhaven. 

It w i l l  be a use r  f a c i 1 i t y . h  which experimenters can come from 

u n i v e r s i t i e s  and i f  w e  can g e t  some of the  propr ie ta ry  aspec ts  ironed 

ou t ,  from industry.  

kind of th ing ,  besides  bas ic  research,  i f  you s t o p  and th ink  a minute 

what limits the packing dens i ty  of e lec t ron ic  components used f o r  

s o l i d  s t a t e  appl ica t ions  l i k e  computers, where packing dens i ty  i s  

important--it' s the  de f rac t ion  l i m i t  of l i g h t ,  because the masks used 

t o  fabr icage the t i n y  elements a r e  prepared by ,photolithography. By 

I don ' t  need t o  t e l l  you the  b e n e f i t s  of  t h i s  

using a shor t  wavelength, extremely in tense  source,  w e  th ink  i t  w i l l  

be poss ib le  t o  reduce the dimensions of s o l i d  state components i n  

computer mic r o c i r  c u i  tr yo 

454 



w 
Sa these  th ings  have tremendous p rac t i ca l  appl icat ions.  

Two more; I 'll g e t  through these quickly. I ' m  taking too  

much t h e  on t h i s  overview. 

We're s t a r t i n g  combustion f a c i l i t y .  We are s t a r t i n g  t h i s  

a t  the Sandia Laboratory. 

hope we can e n t i c e  all- s o r t s  of people t o  come and use t h a t  f a c i l i t y  

t o  advance understanding of the  processes of combustion. 

Again, i t  w i l l  be! use: f a c i l i t y  and we 

And f i n a l l y  i n  . jo in t  yenture  with NSF, we're s t a r t i n g  

something t o t a l l y  d i f f e r e n t  and t h a t  i s  a na t iona l  f a c i l i t y  f o r  

computations i n  chemistry. 

i s t r y  could c e r t a i n l y  us 

t h i s  case ,  computers, c a p a b i l i t e s  of the  class 6 type,  ,and those a r e  

not  ava i l ab le  i n  genera l ,  hardly ever  ava i l ab le  except a t  na t iona l  

l abora to r i e s .  

Many reeearch p ro jec t s  i n  modern chem- 

onvenient access  t o  l a rge ,  very  l a r g e  i n  

So we have a j o i n t  venture  wi th* the  National Science 

Foundation which w i l l  again make the very l a r g e  computer complex, not 

j u s t  the number crunching p a r t ,  but the per iphera l  i t e m ,  graphics ,  

the  remote access  and a l l  these very d e s i r a b l e  a t t r i b u t e s  of the  b i g  

systems a v a i l a b l e  t o  the  general  i e n t  i f  i c  community . 
Okay. Enough of  t ha t .  Now, l e t  m e  t a l k  about our organi- 

zat ion.  
i 

have four  major groups t o  which w a l l o c a t e  money. The 

f i r s t  o f  these is nuclear  sc iences ,  And the  b g e t  t h i s  next  year 

w i l l  be about $25 mill ion.  I ' m  not going t o  t a l k  about t h a t  o the r  
' 
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than t o  t e l l  you i t ' s  there.  We do the  cross-sect ion measurements, 

f o r  ins tance ,  of i n t e r e s t  t o  f i s s i o n  and fusion. 

a ra t ion .  

world, I think. I f  t he  medial establishment wants s t a b l e  isotopes 

t h a t  are not provided by industry;  w e  w i l l  supply them. 

We do isotope prep- 

We are the propr ie tors  of the  l a r g e s t  isotope s t o r e  i n  the  

We a l s o  are the  suppl ie rs  of heavy elements. And t h a t ' s  

an i n t e r e s t i n g  thing. A l l  the  isotope-using neutron generators  used 

by the  o i l  explora t ion  business  depend on my program. 

kind of su rp r i s ing  place f o r  it. 

241, f o r  ins tance ,  t h a t  i s  used as the  alpha source f o r  neutron 

genera tors  . 

That seems a 

We're suppl ie rs  of the  americium- 

That's the  nuclear science program. 

Materials science program, $58 mil l ion ,  roughly, f o r  next 
/ 

year i s  going t o  be described qu i t e  thoroughly by the  subsequent 

speaker. 

no t  j u s t  by  pre judice ,  but  i f  I had to i den t i fy  a s i n g l e  subjec t  i n  

which the problems are spread almost uniformly across  a l l  of ERDA, I 

cannot name one t h a t  i s  more ubiquitous than material sciences.  

The th i rd ,  and the one I ' m  going t o  t a l k  about today, i s  

My personal background i s  mater ia l  science and I guess i t ' s  

c a l l e d  chemical sciences;  about $42 mil l ion  i n  our budget next  f i s c a l  

year. This i s  t r u l y  chemistry. It i s  atomic and molecular physics,  

chemical processes and chemical instrumentation. 

few th ings  I ' v e  probably missed, but  t h a t ' s  predominantly what's i n  

there .  

Now, t h e r e  are ,a 
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Fina l ly ,  w e  have mathematics and geosciences. These are 
\ 

two very s m a l l  programs. The t o t a l  i s  $11 mi l l i on  between them. The 

math program contains  very l i t t l e  of what mathematicians would c a l l  

pure mathematics. It is mostly leaning towards numerical sciences;  

how we can b e t t e r  use our  enormo a r r a y  of computers, f o r  example. 

Some of you may not know t h i s ,  but ERDA has the  l a r g e s t  

cbmputational c a p a b i l i t y  i n  the  f r e e  world i n  terms of in s t ruc t ions  

per  second o r  some measure of  very l a rge  computation capabi l i ty .  

So most o f  our  e f f o r t  goes i n t o  applied math. We support 

t he  Courant I n s t i t u t e  qu i t e  heavi ly ,  f o r  ins tance ,  on how w e  can do 

b e t t e r  numerical ca lcu la t ions .  ._ 
Geosciences i s  a technology t h a t  c u t s  across  t h i s  e n t i r e  , 

Agency. The nuclear people are very concerned about making su re  they 

can put t h e i r  waste i n  a spot  t h a t  is  going t o  be inaccess ib le  on 

ey are in t e re s t ed  i n  s i t i n g  t h e i r  f a c i l i -  

uranium oxide is  

t ion ;  the  need and 

techno1 

As I move across  the ERDA organizat ion c h a r t ,  almost every 

I don ' t  have t o  t e l l  you about .ogy has need f o r  geosciences. 

the  importance t o  geological  understanding f o r  f o s s i l  ener'gy. 
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Okay. Who are the performers?.  The performers are l a r g e l y  

' u n i v e r s i t i e s ,  na t iona l  labs  and t o  a much smaller ex ten t  i n d u s t r i a l  

l abs& How much i n d u s t r i a l  pa r t i c ipa t ion?  In  the  pas t ,  i t ' s  been 

small. We'have some i n t e r a c t i o n  with the not-for-prof i ts  and the  

high technology kinds o f  corporations.. We have r e a l l y  a r e l a t i v e l y  

small  i n t e r a c t i o n  with the b i g  i n d u s t r i a l  corporat ions t h a t  do the  

.ongoing bulk of r e a l l y  good i n d u s t r i a l  research. 

connect ions,with t l iem,  although we t a l k  a l o t  

We don ' t  have many 

There's  l o t s  of  reasonss'that we-don't. I don ' t  want t o  

go through them here,  but I don ' t  want you t o  be discouraged by the  

f a c t  t h a t  the  numbers appear small. 

Now t o  the  f o s s i l  energy bas ic  research program. Could 

I have the  ' f i r s t  s l i d e ,  please? 

* ( S l i d e  1) 

t I t o l d  you we'were responsible  f o r  a l l  technologie 

thought you would be in t e re s t ed  i n  understanding j u s t  how w e  spend our 

money. 

' 75  and '77.  Those are percentag Research has not  grown 

i n  proport ion t o  the  rest o f  the  Age 

the  Agency focusing on shor t - te  

with tha t .  

a t  a rate of  about the c o s t  of  l i v i n g  plus a few percent.  

The s l i d e  shows two-year i n t e rva  You see it's f i s c a l  '73, 

and t h a t ' s  due, of course,  t o  

I j u s t  want you to, under fha t ' ou r  program has grown 

achieve :the growths you s e e  there ,  we've 

had t o  cu t  i n t o  some of the  o ther  areas. And you can se,e we cu t  back 
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on f i s s i o n  q u i t e  appreciably and we've had t o  make some p r e t t y  hard 

dec is ions  on what areas we'd g e t  into.  

Now, the  two a t , t h e  bottom, those r e a l l y  could be lumped 

together  i n  some ways. I ' l l  give,you an  example of a problem t h a t  is  

important t o  many technologies ,  and t h a t  could be, f o r  instance,  

hydrogen embrittlement. 

You see the r a t h e r  l a r g e  category of important t o  long-term 

advancement o f  energy sciences--let  m e  j u s t  pick an example o f f  the  

top of my head. 

t he  cross-sect ion f o r  r eac t ion  between a molecule i n  a p a r t i c u l a r  

Molecular beam work t h a t  tr ies t o  understand what 

energy state. You'd have a hard t i m e  a t t r i b u t i n g  t h a t  t o  one of 

those technologies above. Cer ta in ly  i f  you choose a molecule t h a t ' s  

i n  combustion gases ,  why then you can say  t h a t ' s  combustion. But we 

don ' t  usua l ly  do our research t h a t  focused i n  those kinds of things.  

The molecular beam research looks a t  what i s  convenient and gives  the 

f, 

. 

. most bas ic  information. 

I could g ive  you many such examples. 

Could I have the  second s l i d e ,  please? 

( S l i d e  2) 

I have it i n  my notes  t h a t  you were supposed t o  n o t i c e  the  

I won' t. 

/ 

1 

rate of change. 

There was a decrease i n  these unspecified things.  

There was a l a r g e  rate of change i n  f o s s i l  energy. 

Here is the major component of  our program i n  f o s s i l  energy; 

t he  chemical sciences.  

Ld 
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You can see i n  FY77 i t ' s  $5.6 mill ion.  We think i t ' s  t r u l y  

f o s s i l  energy-related,  and w e  can poin t  t o  it as highly relevant .  

And by the  way, most of our research i n  f o s s i l  energy does 

a b i t  of  being related t o  s p e c i f i c  \ problems--it' s f a r  easier 

t o  t i e  it t o  s p e c i f i c  goals.  I ' l l  g e t  t o  those i n  a few minutes. 

You can read as w e l l  a s  I can, a n d ' I  don ' t  imagine you're s u r p r i s  

by a s i n g l e  i t e m  on t h a t  l i s t .  

This program is  w e l l  in tegrated.  

with f o s s i l  energy--Alex Mills's program and others .  

t op ic ,  combustion--we have a three-way organiza t ion  going. 

Bas t ress ,  the  speaker you heard t h i s  morning from Conservation, Andre 

Macek who works f o r  Alex M i l l s ,  and one of my people responsible  f o r  

combustion, coordinate  an o v e r a l l  combustion program. 

The f i r s t  two top ic s  

In  the  las t  

Karl 

' 

My people are in t e re s t ed  i n  the  molecular l e v e l  i n t e r a c t i o n  

p a r t  of  it: 

k i n e t i c s  of  the  reac t ions ,  and i n  the  fundamental understanding of 

the  turbulence phenomena. 

the  c ros s  sec t ion  of the  individual  r eac t ions ,  the  

Karl and Andre, the  o the r  two people, are more in t e re s t ed  

i n  r e l a t i n g  combustion research t o  real world s i t u a t i o n s  l i k e  the 

s t r a t i f i e d  charged engine o r  l i k e  a fluidiz 'ed bed combustor o r  l i k e  a 

MHD burner. 

. .  

Okay, the  next s l i d e ,  please. 

(S l ide .  3)  
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Who does it? This s l i d e  shows a breakdown of where we 

spend our money. The na t iona l  l abora to r i e s ,  u n i v e r s i t i e s ,  indus t ry  

i and the  ERCs, LBL and Ames are spec ia l  cases i n  na t iona l  l abora to r i e s ,  f 

Ames i s  Iowa, State--they are l abora to r i e s  t h a t  are e s s e n t i a l l y  indis-  

t inguishable  from the un ive r s i ty  which supports them i n  many way 

For instance,  I be l i eve  a l l  the  work we support a t  LBL 

.and Ames i s  done i n  the graduate student-professor mode. 

na t iona l  l abora to r i e s  are less c lose ly  r e l a t ed  t o  the  academic 

community. 

The o the r  

So t h a t ' s  why we separa te  those two out. 

The quest ion I ' m  s u r e  you're i n t e re s t ed  i n  i s  how w e  make 

up our mind as t o  what t o  do and what w e  are doing. There i s  no way 

I could possibly i n  the  time I have, t e l l  you i n  any kind of d e t a i l ,  

so I ' v e  chosen an area t h a t  we're j u s t  s t ruggl ing  t o  g e t  i n t o  as an 

example of the  mode we use t o  t r y  t o  dec-ide where the research 

oppor tuni t ies  l ie.  

How we went about t h i s  was t o  hold a two-day workshop, 

c a l l e d  Chemistry Research Needs i n  Foss i l  Energy. 

t h i s  meeting were very lengthy. 

The ac tua l  r e s u l t s  are going t o  be published i n  a r e l a t i v e l y  t h i c k  

document. These handouts are on the  ' table i n  the  back. 

The r e s u l t s  of 

This handout i s  a summarized r e s u l t .  

The handout conta ins  what we found out by sponsoring t h i s  

two-day workshbp. We invi ted  people. 

i n  f r o n t  of  m e ,  but i t  was u n i v e r s i t i e s ,  na t iona l  labs ,  with the  

I don ' t  have a breakdown here  
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energy research cen te r s  represented. Those are r e a l l y  our l i n k  i n t o  

t h e  bus ines  s . 
You understand t h a t  a l o t ' o f  our e f f o r t  has been t o  

r e d i r e c t  some of the  na t iona l  lab work i n t o  

f o r  the  f o s s i l  energy problems. And the  na t iona l  labs ,  as you've 

heard, are very good f o r  some'things and a t  o the r  th ings  they are 

t o t a l l y  inexperienced. 

we're using them f o r  t 

The poin t  of  the  workshop was t o  

the  opinion of the  community were needed and what should w e  se t t le  

on. And i t  turned out t h a t  the par t ic ipants - i t  was a r a t h e r  exten- 

s i v e  meeting; i t  l a s t e d  two days and t 

- - se t t led  again on ar se YOU. They're 

i n  the  next s l i de .  

1 

r ibes  these th ree  

and the  primary decomposition 

o ther  f r a c t i o n s  t h a t  come o f f  

How can t h i s  be r e l a t ed  t o  the  

o the r  p rope r t i e s  that are observed? 

be l i eve  it was Alex, showed a very 

e labora te  coal molecule, a polycycl ic ,  aromatic molecule of some kind, 

and he pointed out  t h a t  i t  would be of g r e a t  b e n e f i t  i f  you could 

cleave it s e l e c t i v e l y  i n  c e r t a i n  places.  'I'm s u r e  t h i s  has occured 
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t o  everybody t h a t ' s  s tudied coal f o r  the las t  100 years ,  and some of 

you coa l  exper t s  are probably chuckling a t  my presumptiveness here. 

u could cleave them i n  c e r t a i n  p laces ,  you would leave a 

aving a favorable carbon t o  hydrogen r a t io .  

So r a t h e r  than take it  apa r t  with a s ledge hammer, i f  you 

could r e a l l y  l e a r n  what the  s e n s i t i v e  poin ts  o f  a t t a c k  are i n  t h i s  

complicated sys t e m ,  t h e r  be a b ig  payoff. 

b e s t  brought. out  i n  Alex's s l i d e s  of yesterday 

p i t a 1  cost  on product cost .  

showed what the p r i ce  of t 

I th ink  he even had 

product would be if 

put.  twice *as much 

ng. 1'11 leave 

as mentioned yesterday, t h e r e  r e a l l y  a r e n ' t  t h a t  many performers t h a t  

are anxious t o  g e t  i n t o  those p a r t i c u l a r  areas  we've pointed out. 
L 
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j 

s u r p r i s e  a l o t  of you 

and we do have a l o t  of proposals we tu rn  down; So 

I may be overdoing t h i s  point.  

r e a l l y  top-notch young s c i e n t i s t  who i s  very much these days en 

with f igur ing  out  polymers and DNA and a l l  t h a t  s o r t  of thing? 

a r e  we going t o  e n t i c e  them i n t o  the  coal  business,  because I ' m  

But how a r e  w e  going t o  en t i ce  the 

How 

til we g e t  t h a t  type of i n t e l l e c t  working on t h i s  problem, 

So t h e r e  i s  a b i g  problem i n  doing th i s .  

with proposers and t a l k s  t o  the proposers and discusses  

One of my people 
<t 

o the r  areas, i f  necessary,  t o  g e t  more money i n t o  f o s s i l  energy. 
W 
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Let  m e  g ive  you a few examples. I picked severa- o these 

t o  show you how we are be'ing s e l e c t i v e  i n  some of the  uses of the  

na t iona l  labs.  

which were b u i l t  f o r  o ther  reasons,  but are very wel l  su i t ed  t o  

They have, i n  some cases ,  extraordinary c a p a b i l i t i e s  

o s s i l  energy research. 

Now t h a t  f i r s t  t i t l e  sounds r a t h e r  p a l l i d  because i t ' s  a 

gas chromatography-mass spectrometry combined and I ' m  

many of those instruments,  but  t h i s  one i s  unique. 

has one of the  f i n e s t  mass spectrometry setups t h a t  

United States. 

I guess Argonne 

OW Of in the 

What t h e y ' r e  t ry ing  t o  do i s  t o  focus t h e i r  a t t e n t i o n  on 

what molecules come o f f  when coa l  i s  degraded by a v a r i e t y  of degra- 

da t ion  means and what information"you g e t  out  of t h i s .  

The second one i s  a very i n t e r e s t i n g  one. In  f a c t ,  t h a t  
I 

p a r t i c u l a r  piece of work was done on the  SPEAR f a c i l i t y  because they 

couldn ' t  ge t  photons i n  s u f f i c i e n t  i n t e n s i t y  and a t  the  r i g h t  wave- 

length anywhere else t o  do t h a t  photoelectron spectroscopy. 

f i r s t  time, I be l ieve ,  they were ab le  t o  a c t u a l l y  prove t h a t  carbon 

monoxide s i t t i n g  down on the sur face  of the  c a t a l y s t  was s i t t i n g  with 

one end down. 

For the  

-4 

Well, now, I fo rge t  which end. 

VOICE: The carbon end. 

DR. KAIW: The carbon end was s i t t i n g  down and precessing 

around, and they could g e t  i t s  dynamics on the  sur face  using synchro- 

t r o n  rad ia t ion .  

I ' m  sure  t h a t  t h a t  kind of knowledge i s  going t o  be use fu l  t o  US. 

Now, I don ' t  know what's going t o  come of t h a t ,  but 
J 
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The t h i r d  one i s  one t h a t  grew out  of LASL, as you probably 

know. 

example and I hope I ' m  r i gh t .  LASL has f o r  years been in t e re s t ed  i n  

che la t ing  complexes, 'the whole heavy elemen business;  separa t ion  of 

I ' m  not  s u r e  it even came t h i s  way$ but I ' l l  use i t  as an 

heavy elements has been highly dependent on che la t ing  compounds. 

Now, obviously you'want a che la t e r  t h a t  grabs the  SO 

then releases i t  again,  and t h a t  means t h a t  i t ' s  got  t o  have a 

and 
2 

c e r t a i n  h e a t  o f  binding, obviously, t o  make t h a t  happen. 

had t o  develop che la t ing  compounds, which are b i g  organic molecules, 

So i f  you 

can you cha rac t e r i ze  the hea t  of  bonding i n  some s imple  tneasurement 

without a c t u a l  l y  measuring i t  revers ib ly?  

LASL th inks  they may have -developed a technique whereby 

they  can by in f r a red  measurements of the  molecule i n f e r  the  hea t  of 

bonding t o  SO2. This g r e a t l y  reduce the  e f f o r t  needed t o  

develop che la t ing  agents.  > *  

This i s  aga in  j u s t  a .gleam. I t 's  not  proven ,technology. 

~ The fou r th  -one represents  research  by Professor  Gerstein 

a t  Ames, who is r e a l l y  an.outs tanding pulsed NMR s c i e n t i s t ,  and he ' s  

turned his  e f f o r t s  ?toward coal. Now, 

Iowa's go t  a l o t  of coal  i n  it.- The whole S t a t e  of Iowa's g e t t i n g  

very coal-conscious. I .think you ' re  going t o  see a t r a n s i t i o n  of 

t h a t  Ames Laboratory, a t  least t o  some exten t  i n t o  the  coa l  h s i n e s s .  

They w i l l  approach i t  through the  un ive r s i ty  a n d - I  have g r e a t  confi- 

dence t h a t  t h e y ' l l  do i t  i n  a very bas ic  s o r t  of  way. 

W 
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Fina l ly ,  a p ro jec t  we have on c a t a l y s i s  poisoning. 

I know I ' v e  run over and t h e r e ' l l  probably be questions.  

I ' m  over 

my ,time. 

Why don ' t  I j u s t  s t o p  r i g h t  there.  . I  

I'll point  out t h a t  one meeting we had i n  which we t r ied .  

There was a similar meeting t o  g e t  these f o s s i l  energy research needs 

he ld  on heterogeneous c a t a l y s i s  las t  f a l l .  And those r e s u l t s  are '-  

ava i l ab le ,  too. Not here  today, but  i f  you want t o  contact'me, I'll 

see ' that  you g e t  a copy. 

Thank you very much. 

(Applause . 
D r  . KROPSCHOT: 

DR. REYNOLDS: 

Quest ions : 

Jim, you mentioned t h a t  your charge i s '  

t o  dea l  with the  physical  sciences,  and I th ink  you meant probably 

exc lus ive  things l i k e  l i f e  sciences.  Where do engineering sciences 

/ f i t  i n to  the  p ic ture?  

DR. KANE: I have r ecen t ly  reorganized, and one of the  

new boxes on my organiza t ion  cha r t  i s  engineering sciences--that 

doesn' t mean engineering development--it means engineering sciences.  

I have a few l i t t l e  p e t s  t h a t  I put in t h a t ,  bu t  I don ' t  

t h ink  I ' m  smart enough t o  say what ought t o  be there.  We're now i n  

the  process of  developing what th ings  ought t o  be i n  the re ,  whether 

i t ' s  modern, say,  process cont ro l ;  t h a t  might be an example. O r  I 

could th ink  of a g r e a t  number of engineering sciences topics .  
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W 
I th ink  ERDA, and p a r t i c u l a r l y  we,  have been very d e f i c i e n t  

i n  ignoring t h i s  subjec t  and we're hoping t o  make amends, but a l l  I 

can g ive  you is promises r i g h t  how. We're looking a 

DR. HOLLOWAY: J i m ,  I want t o  ask you a mean question. 

1 Suppose one of the  d is t inguished  u n i v e r s i t i e s  came t o  ERDA 

with a propos i t ion  f o r  some work on fundamentdl--combustion and they 

sa&d look, we'd l i k e  t o  do some theo re t i ca l  work. 

some modeling work and w e  would l i k e  t o  do some experimental work i n  

t h i s  a rea ,  

We'd l i k e  t o  do 

And ERDA came back and sa id  w e l l ,  the  t h e o r e t i c a l  work's 

f i n e ,  the  modeling work i s  f i n e ,  but  thank you on the  experimental 

work, we ' l l  do t h a t  i n  the  na t iona l  labora tor ies .  

What -would you th ink  of t h a t ?  

DR. KANE: 

DR. HOLLOWAY:. You did. 

I hope we wouldn't do t h a t ,  Dr. Holloway. 

I -  

What c a n  I say? / 

(Laughter . 
DR. KANE: 

L e t  me spend a .minute* on t h a t  

That was a mean question. 

We probably d id  

i f  you say  so, I'm s u r e  we did. 

I th ink  I would l i k e  t o  c l e a r  up what we're t ry ing  t o  do 

a t  Sandia, because I th ink  i f  t h e r e ' s  any one thing t h a t ' s  go t t en  me 

W 
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a bad r epu ta t ion  with the  u n i v e r s i t i e s ,  i t ' s  been what I d id  a t  

Sandia. I was l a rge ly  responsible  f o r  t ha t .  

Sandia, became of weapons requirements,  s t a r t i n g  about ,J oh, 

e i g h t  o r  nine years  ago, developed a very sophis t ica ted  dynamic gas 

ana lys i s  technology, no t  aimed toward combustion a t  a l l ,  analyzing 

the  mixture of gases i n . a  very s h o r t  time, sch l i e ren  and pulsed laser 

d iagnos t ics  and so on. 

I th ink ,  extremely competent people i n  combustion and convinced 'me 

t h a t  we should have a combustion d iagnos t ics  f a c i l i t y  i n  which we 

ey, over the  period of years ,  acquired some, 

cen t r a l i zed  the  development of the  very expensive pulsed lasers t h a t  

i t  w i l l  t ake  t o  .do t h i s .  

That meant t h a t  we gave, i n  my opinion, a d ispropor t iona te  

amount of  our experimental a t t e n t i o n  t o  Sandia. 

t he  reason we d id  what you s a i d  w e  did.  

That probably was 

I f  we d i d  it, w e l l ,  maybe we had a r i g h t  to. Maybe w e  knew 

t h a t  somebody else was doing it  b e t t e r .  

w e ' l l  do it i n  our na t iona l  labs" would' be very poor. I f  we could 

have s a i d  w e  are already doing t h a t  work somewhere else t h a t  would 

have been a b e t t e r  answer. 

I th ink  the  answer "because 

I hope w e  s a id  i t  t h a t  way. 

MR. HILL: George H i l l .  

The concern you expressed about g e t t i n g  b r i g h t  young men 

and women in to  the  f i e l d :  I don ' t  see how i n  the  na t iona l  laborato- 

r ies you can develop a mechanism t h a t  matches q u i t e  the un ive r s i ty  

mat r ix  mechanism. 

, 
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A r e  you going'-to s h i f t  more t o  un i  

l i k e  you have with Ames and so f o r t h ,  where the  

. spend t h e i r  time? 

DR. W E :  *George:, I guess I 

I h a l e  no'plans f o r  a dram r i g h t  now. 

I ' v e  been thinking of an experimenf: and tha  

.of [ J e r r y  P h i l l i p s  and Dick-Kropschots 

look a t  t h a t  ques t ion  f o r  me and he lp  me 

be t o  g e t  a couple 

ing' the  next 'year. 

But I don ' t  envis5on.a  drama 

budget arrangement which is .what 

d i f f i c u l t  thing t o  make major m 
0 

1 place  our  support  i n  bigger  ch 

MR. SCOTT: Paul Scot t .  

What's your success  r a t i o  f o r  ne 

ties? Can you g ive  us an  idea i f  somebody comes 

say  f o s s i l  energy-related? Fo 

There's a coup1 

th ink  could b e t t e r  <answer 

. 7 t o  8 out  

- Now, t h e r e ' s  lo 

m a i l  them to  both us and NSF, so maybe i t ' s  not  q u i t e  as bad as i t  

sounds 

How about E l l i o t  Pierce? Could' E l l i o  

t o  t h a t ?  

j ' U  
I 

! 



Could you go t o  a microphone, p lease ,  so everybody w i l l  

hear you, E l l i o t ?  

DR. PIERCE: Overal l  success rate of un ivers i ty  proposals  

'n the  chemical sciences i s  on the  order  of 8 t o  10 percent.  

MR. SCOTT: 8 t o  10. That 's  o the r  than renewals? 

DR. PIERCE: That ' s  r i gh t .  

DR. REYNOLDS: I j u s t  want t o  remind folks  t h a t  t he re  was 

a program t h a t  the National Science Foundation had a couple of years  

ago where they put out  a forgivable  loan program and the  s tudents  

were paid f o r  going t o  school and g e t t i n g  an education, and i f  they 

went i n to  teaching,  the  loan was forgiven. 
0 

Maybe you could do something l i k e  t h i s  t o  g e t  people i n t o  

the  l a b s  i n  coal.  

DR. KROPSCHOT: I w i l l  set the c lock  f o r  15 minutes f o r  a 

co f fee  break and be back then. 

(Recess.) 

DR. KROPSCHOT: We would l i k e  t o  proceed with a desc r ip t ion  

of t he  program i n  mater ia l  sciences t h a t  i s  being conducted i n  the  

Divis ion of Basic Energy Sciences, and I would l i k e  t o  introduce the 

a s s i s t a n t  d i r e c t o r  f o r  the  Materials Sciences Program, D r .  Donald 

Stevens . 
DR. STEVENS: D r .  Kane has given a f a i r l y  complete descrip- 

. t i o n  of the 'miss ion  of the  Divis ion of .Bas ic  Energy Sciences,  so I 

w i l l  not  go i n t o  g r e a t  depth on tha t .  
i 
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Sc ienc es 

May we have 

(S l ide  1) 

But I would 

Program. It 

the f i r s t  s l i d e ,  please? ’ 9 

l i k e  t o  show you the  goa l s  of  the  Materials 

is  a program t o  develop the  understanding of 

materials proper t ies  and phenomena as a b a s i s  f o r  the  development 

programs, t o  cha r t  a bet te r* ,  course , t o  

pate  materials problems and t o  he lp  wh 

probleh comes along i n  the future .  In  

rovide infomation to antici- 

le, in high technology, 

technology systems development, w e  w i l l  have materials 

f o r  the  pas t  20 t o  25 years .  

We do not develop materials. We develop understanding of 

ma te r i a l s  . 
The program supports  research i n  the  qreas  of metallurgy, 

l i d  state physics,  che chemical engineering as 

s. We have s i x  permanent s t a f f  mem- 

tom u n i v e r s i t i e s  with us 

t p a r t  i n  an a c t i v i t y  

i a l s  science program? 

e way how the  subjec t  

course,  one can go 

i n t o  phenomena, one can go i n t o  ma te r i a l s  c l a s s e s ,  one can go i n t o  
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environments. There's a whole host  of  ways. This i s  simply one way 

of  doing it. 

You w i l l  no t ice ,  as was implied i n  D r .  Kane's speech, w e  

have a r a t h e r  heavy involvement i n  the  area o f  the  use of neutrons.' 

Those neutrons shown i n  the  sec to r  of t h i s  pie  c h a r t  c a l l e d  research 

r e a c t o r s  are used p a r t i a l l y  t o  study r a d i a t i o n  damage f o r  the  f i s s i u h  

and fus ion  programs, but  t o  a major degree,  neutrons are used as a '- 

probe of t h e  fundamental p roper t ies  of matter. 
J 

Because of the  unique proper t ies  of t he  neutron, i t  can 

do c e r t a i n  th ings  which cannot be done by o ther  techniques,  such as 

looking a t  the magnetic s t r u c t u r e  of the  mater ia l - for  ins tance ,  

looking a t  the f luxoid  s t r u c t u r e  of superconductors, t o  look a t  a 

l i g h t  atom i n  a heavy atom matrix-for example, and looking a t  hydro- 

gen i n  a metal matrix. 

' 

You cannot do t h a t  with X-rays, too. 

EJe see here  then t h a t  a l a r g e  por t ion  of the  program 

involves use of research r eac to r s ,  and as o the r  programs have dimin- 

ished t h e i r  use of these  r eac to r s ,  increas ingly  they are becoming 

sources of neutrons for the  study of matter  i n  a condensed state. 

We have a l a r g e  program i n  sur face  proper t ies  and ceramics. 

These programs 'have grown considerably,  p a r t i c u l a r l y  s ince  the  forma- 

t i o n  of ERDA. 

As J i m  pointed ou t ,  w e  were p a r t  of t he  AEC program and 

when ERDA became opera t iona l ,  our  r e s p o n s i b i l i t i e s  g r e a t l y  broadened 

480 



, 

from bas ic  research per ta in ing  t o  the  nuclear technologies t o  bas ic  

research t o  a1 1 energy technologies . 
So sur face  and ceramics research p a r t i c u l a r l y  have grown 

i? these  p a s t  severa l  years ; : .a lso hydrogen e f f e c t s ,  work i n  the  BCC 

ar:ea- and, of course,  i n  

,a,plar problems . 
The budget for,  the  F i sca l  ' 7 7  i s  $ .8 mil l ion ,  and as 

D r .  Kane pointed out in -ghe t reques t  before  Congress t h e r e  is $58.45 

m i l l i o n  requested f the  Materials Science Program. 

Where i s  the  work performed a t  the  present  time? 

Next s l i d e ,  please.  

(S l ide  3)  . 

This p i e  c h a r t  shows, as 

on chemical sciences,  t h a t  

u n i v e r s i t i e s  including the 

work' i s  c a r r i e d  out pr imari ly  by professors  and graduate students.  

. We have a l a r g e  program a t  the Universi ty  of I l l i n o i s .  This is  p a r t  
/ 

of  the -Fede ra l  I n t e r d i s c i p l i n a r y  Mater ia ls  Laboratoxy Program s t a r t e d  

i n  the  e a r l y   O OS, when t h e r e  was heavy involvement a t  u n i v e r s i t i e s  

by the  Department of  Defense and the AEC. 

DOD p r o j e c t s  have been t r ans fe r r ed  over to  the  National Science 

Foundation 

Subsequently, those l a r g e  

So about 35 percent  o f  our funds go t o  the  support  of pro- 

f e s s o r s ,  post-docs and graduate s tudents ,  d i r e c t l y  i n  un ive r s i t i e s .  
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spend summers and, f u r t h e r ,  t h e r e  a r e  graduate t h e s i s  advisors  of 

s tudents  coming t o  t 

s t  cont rac tors ,  as you can see, are the 

ge National Laboratories.  This i s  p a r t i a l l y  

h i s t o r i c a l ,  because both of  those l abora to r i e s  have 

metallurgy programs, very l a r g e  s o l i d  state physics 

l a r g e  chemistry p r  8, a l l  s i t e d  cont’iguously. Because of t h i s  

i n  t e rd  is  c i p  1 i n  ar y 

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

poss ib le ,  sa?,. w i t  

/ 

na tu re  than i s  

A. There are a 

(S l ide  4) 
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Immediately a f t e r  ERDA-was ac 

the  Materials Sc ie  

Materials Coordinating Committee. Tths committee c o n s i s t s  of members 

from each d i v i s i o n  o r  major i ty  e n t i t y  i n  ERDA t h a t  .has an involvement 

i n  mater ia l s~RhD wi th  t h e i r  sen ior  ma 

commit tee . i 

Program, the re  was se  

\ 

i t t i n g  on t h i s  coordinat ing 
-~ 

The Committee meets once a month, and information about 

program content ,  problems which are a r i s ing ,  new d i r e c t i o n s ,  budget 

matters, e t  cetera, are exchanged a r o  

common i n t e r e s t  'a 

problems ' are i d e n t i f i e d  . 
urcea of a s s i s t ance  

I 

1 
I * .  

ne, a t  the ERDA Headquarters l e v e l ,  t he re  is 
I 

I the  coordinat ing committee where in fo  
j 
~ roblem areas. 

I 
both by the  Materials 

I For ins tance  

cracking which i 

t i s t s  from the i n d u s t r i a l  cont rac tor  co 

t h r e e  days and ana b e s t  t o  go and 
I 

1 uld be doing what. 

! n t  i n  t h i s  wor 

I 

1 -  
I 

s e t  up t o  f u r t h e r  deve 

w 
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The t h i r d  area of i n t e r a c t i o n  i s  down a t  the  s i te  where 

the  work i s  done. 

development, takes  place down a t  ihe  working leve l ,  where t o  the  

ex ten t  poss ib le  we t r y  t o  co l loca te  bas ic  research contiguous t o  

appl ied research. 

bas ic  people, what the applied problems are, and i t  f a c i l i t a t e s  the  

flow of the  new information from the  research community as a whole 

i n t o  the  applied program. 

Perhaps the b e s t  coordinat ion,  the  b e s t  program 

This f a c i l i t a t e s  the  flow of information t o  the  

We have many cases  where t h a t  i s  taking place a t  the pre- 
1 

sen t  t h e .  It's growing, of course. There is  e ros ion  work going on 

a t  Argonne and Lawrence Berkeley Laboratory, which i s  supported both 

by us  and by the  F o s s i l  Energy Program; hydrogen a t t a c k  a t  Ames; 

cor ros ion  a t  Oak Ridge and Lawrence Livermore. 

I would l i k e  t o  s i te  a recent  s p e c i f i c  example of t h i s  

c lose  in te rac t ion .  

with our support ,  has come upon an economic means of recovery of 

aluminum oxide from f lyash.  

recent ly ,  the F o s s i l  Energy Program has come in  and put i n  some money 

beside ours  t o  fu r the r  t h a t  e f f o r t .  

The Ames Laboratory a t  Iowa S t a t e  Universi ty ,  

A pa ten t  has been applied f o r ,  and very 

P a r t i c i p a t i o n  of COMAT (COMAT i s  the  Committee on Materials 

of t he  Federal  Council f o r  Science and Technology) i s  the  high l e v e l  

ma te r i a l s  coordinat ing committee of the  Federal  Government cons is t ing  

of high l e v e l  representa t ives  from each agency having an i n t e r e s t  i n  

materials R&D. COMAT has  ca r r i ed  out two s tud ie s  of  i n t e r e s t  t o  
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t h e i r  audience. One i s  ma te r i a l s  f o r  energy. 

t i v e  s tudy,  which looked a t  the materia:s aspec ts  of  the  energy 

technologies ,  both i n  the  short-term and the long-term. 

This was a very exhaus- 

The r epor t s  

of t h i s  very ex tens ive  study a r e  j u s t  becoming ava i lab le .  

Another study ca r r i ed  out by COMAT i s  an inventory of the 

t o t a l  f ede ra l  expenditures i n  FY-1976 f o r  ma te r i a l s  research and 

development. That inventory h s been completed. The a c t i v i t y  was 

headed by the  Department of I n t e r i o r  with B a t t e l l e  

COMAT i s  now going t o  attempt the  hor or. 

at tempting t o  make an inventory of a l l  ma te r i a l s  R&D t h a t ' s  going on 

i n  the  p r i v a t e  sec tor .  I wish them luck on t h a t  one. 

But some i n t e r e s t i n g  t h  come out  of  the  Federal  

ma te r i a l s  R&D inventory.' The Mat Program was deeply 

i n  t h i s  one. We, course; were involved 

ne ra l  study on materials f o  

If I may have the next s l i de .  

( S l i d e  5 )  

As a r e s u l t  of  t h a t  inventory,  w e  developed information 

t h a t  the t o t a l  expendi ture  i n  1976 €or mate r i a l s  R&D by ERDA was 

$314 mill ion.  

If w e  then look a t  the  var ious program areas  wi th in  ERDA, 

we f ind  t h a t  i n  the Solar ,  Geothermal, and Advanced Energy Systems 

area ,  17 percent  o f  the  funds a v a i l  

programs, was used. f o r  ma te r i a l s  R& This w a s  the t o t a l  of the  
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W 

. money spent  Sciences Magnetic Fusion Energy, i n  

s B&D. 

f o r  development of  f i s s i o n  energy 

In  the  nuclear area, about 

17 percent o 

was spent f o  

secu r i ty ,  s i  

sa fe ty ,  one percent. 

of  $314 m i l l i o n  were spread throughout the agency. 

conservation, seven percent;  na t iona l  

f i v e  percent;  environment and 

This then shows genera l ly  how the  expenditures 
, 

et ' s  look a t  how the  Mater ia ls  Science Program has changed 

st four  years.  

I f  I may have the  next s l i de .  

(S l ide  6 )  

We are nearing the end of an exhaustive s tudy c a l l i n g  upon 

the  l abora to r i e s  t o  provide us raw da ta ,  t o  analyze the  Basic Energy 

Science Program, i n  terms of  how it has changed from before  ERDA, a t  
- 

t he  beginning of ERDA, and as w e  are i n  1977. 

his s l i d e  shows t h e ' r  da t a  which was 

ow the  Materi Science Program has changed i n  

You can see t h  

t h a t  per ta ined t o  the  no 

there, was very l i t t l e  research going on 

c l e a r  technologigs i n  1973. 

f a s t e r  by f a r  tha  

the  crosshatched 

energy. One 

sees  a reduct ion  i n  the amount of  research r e l a t e d  t o  f i s s i o n  
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increase,  s m  he amount of research 

r e l a t e d  t o  fus ion  energy. 

es over t o  the bar c h a r t s  on the  r igh t .  I ' d  

l i k e  t o  explain 'tho 

research t h a t  has app l i c  

hnology research w e  mean 

h e n c e  t o  severa l  technologies. 

It doesn ' t  make sense then t o  s ign i fy  it as t o t a l l y  f o r  one o r  f o r  

the  other .  

Sciences Progr 

Superconductivity i s  a good example of t h i s .  The Math 

a major supporter  of bas ic  research i n  supercon- 

duc t iv i ty .  

year. This  r e sea rc  

s ion ,  and it  pe r t a ins  a l s o  to  some ad  

We are spending on the  order  of $4 mil l ion  on it t h i s  

e r t a i n s  t o  fusion,  t o  MHD, to. energy transmis- 

ced concepts i n  exploration- 

i l l - b r i e f l y  mention. 

sense then t o  break superconductivity and say 6 0  much of  i t  is f o r  

f o s s i l ,  and so much f o r ' t h i s ,  o r  so much f o r  t ha t .  That 's  what we 

mean by mult i - tec  logy research. 

It r e a l l y  doesn ' t  make 

"Basic science" i s  which is not  c l e a r l y  d iscern i -  

'technology. An ample of . tha t  

t he  magnetic s t r u c t u r e  o f ,  

ar t h a t  the ' s t r u c t u r e  of 

f e r r o e l e c t r i c s  i s  f i c  an t 1 y import ant t o  technology. I t 's  

i s  t o  increase our general  

understanding of materials, and which provides the  b a s i s  f o r  our 

understanding the unexpected when +it comes ng i n . t h e  course of 

technology development. 
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One sees i n  t h i s  four-year period the  amount of "Science 

base" research has gone down. 

research has gone up s l igh t ly .  But, c l e a r l y ,  the  a reas  of g r e a t e s t  

growth have been i n  the  area r e l a t e d  t o  the  nonnuclear technologies 

and, s p e c i f i c a l l y ,  the f o s s i l  energy program. 

The amount of multi-technology 

( S l i d e  7 )  

The next  s l i d e  l i s ts  research t h a t  w e  are carrying out ,  
1 

which has,  w e  f e e l ,  a d i r e c t  r e l a t ionsh ip  t o  the  f o s s i l  energy 

program. Under coa l  charac te r iza t ion ,  w e  are looking a t  the physical  

p roper t ies  of coal ,  using, f o r  example, the  e l e c t r o n  microscope. One 

f inds  t h a t  coa l  i s  a very porous ma te r i a l ,  and i n  each of these pores -- 
they look l i k e  wormholes -- t h e r e  i s  a small  piece of something 

which apparent ly  i s  a n a t u r a l  ca t a lys t .  

i n  h i s  comments yesterday about minerals  having c a t a l y t i c  proper t ies .  

I t h i n k  D r .  M i l l s  mentioned 

On s u l f u r  e f f e c t s ,  w e  have severa l  th ings  going on. Some 

recent  work a t  the Argonne National Laboratory has shown t h a t  

Western o i l  sha le  can se rve  as an absorbent f o r  s u l f u r  dioxide 

re leased  i n  i t s  combustion i n  a f lu id i zed  bed. 

c l e a r  why, but  i t  i s  b e t t e r  than dolomite -- possibly because of i t s  

porosi ty .  

Energy 'Research Center f o r  f u r t h e r  i nves t iga t ion  and t o  see what the  

usefu l  aspec ts  of  t h a t  might be. 

It i s n ' t  completely 

This information has been turned over t o  the  Morgantown 

I w i l l  show another example of s u l f u r  e f f e c t s ,  i n  B 

succeeding s l ide .  

L/ 
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D r .  Kane mentioned c a t a l y s i s  i n  h i s  ta lk .  We are concerned 

with 'the ,sol id .  We are concerned with the s t r u c t u r e  of the  sur face  

and how and why t h e  s t r u c t u r e  of the  sur face ,  i s  c a t a l y t i c a l l y  

ac t ive .  , Whereas, i n  the chemical science program, they u t i l i z e  the 

c a t a l y t i c  a c t i v i t y  t o  study reac t ions  and t o  fu r the r  the development 

Erosion and cor ros ion  i s  c l e a r l y  an a rea  w e  have go t t en  

n t o ,  because of the  f o s s i l  energy program. Erosion was of no 
I F  I *  

s i g n i f i c a n t  intierest  "to the  Atomic Energy Commission. 

major problem i n  the f o s s i l  energy area. 

topping cycles .  It's a major problem f o r  geothermal. 

Erosion is  a 
I '  

I t ' s  a major problem f o r  

We s t a r t e d  e a r l y  i n  the  game when ERDA w a s  being planned, 

t o  set up e ros ion  and corrosion research. 

work on eros ion  a t  Argonne and Berkeley. 

There i s  coa l  r e l a t ed  

I 'll show you an example 

of t h i s  research i n  a subsequent s l i d e  also.  

MHD materials, ceramic ma te r i a l s ,  high temperature ma te r i a l s ,  

u r the r  hydroge t t a c k  and embrit t lement,  s t r e s s  cor ros ion  

cracking. 

These are examples of research supported by the  Materials 

Sciences Program d i r e c t l y  related to  f o s s i l  energy problems. 

I f  I may have the next s l i de .  

( S l i d e  8 )  

This  s l i d e  shows r e s u l t s  of research a t  Argonne, where 

people in  the  Chemical Engineering Division were looking a t  the use 
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of dolomite t o  scrub SO2. They got  toge the t  with t h e i r  colleagues 

i n  the  Materials Science Divis ion and appl ied ma te r i a l s  science 

techniques t o  t h i s  chemical e neering problem. 
I 

d i e s  are shown on these two micrographs. The o 

the  l e f t  i s  unreacted dolomite Af te r  it has been p a r t i a l l y  

one f inds  t h a t  the c r y s t a l l i t e  has a su l f a t ed  region around i t ,  

which impedes the flow of C02 out  and impedes the  flow of SO2 i n  - 
-- thus slowing down i t s  r e a c t i o n  and reducing the e f f i c i ency  of 

dolomite as an SO2 s 

s o l i d  state problem as i t  i s  a chemical program. 

d i f fus ion .  

. The study shows t h a t  i t  i,s 

It has t o  do w i t h  

It has t o  do with impeding of d i f f u s i o n  and effusion.  

The next  s l i d e  is an example of research t h a t  w e  

suppor t in i  i n  the  area of erQsion. 

(S l ide  9 )  

A t  the Berkeley Laboratory they have set up a very substan- 

t i a l  program i n  e ros ion  and have developed some extremely s e n s i t i v e  

equipment cos t ing  i n  excess of  $200,000. 

In  t h i s  series of vugraphs, we're l o  

One f i n d s  that on the  l e f t ,  i n  coarse  p e a r l i t e ,  the  e r o  

3.06 times I f  you go over t o  the  f a r  r i g h t ,  and 

one has an inc rease ,o f  something l i k e  17 percent i n  t h  

simply as a r e s u l t  of  a d i f f e r e n t  micros t ruc ture  of t 

don ' t  understand the  reason fo r  t h i s  but are t ry ing  t o  

answer. 

I 

I t ' s  a real e f f e c t  -- the  equipment i s  t h a t  good. 
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Next s l i d e ,  please.  

(S l ide  10) 

Where i s  the Materials Sciences Program going? As I 

mentioned, w e  have a l o t  of  inpu 

workshops, t op ica l  workshops, from COMAT, from ERDA coordinat ing 

committee s tud ie s ,  e tc .  

from technology workshops, our own 

r 

We have j u s t  completed a series of overview workshops, 

wherein we have attempted t o  break ou the  e n t i r e  f i e l d  of materials 
. a  

ience i n t o  nine t r o p i c a l  areas.  The major ob jec t  

i d e n t i f y  and a s s ign  p r i o r i t i e s  wi th in  the  area of  ma te r i a l  science.  

The two indiv idua ls  t h a t  I mentioned who are with us f o r  

t h i s  pas t  year from the u n i v e r s i t i e s  were given the  r e s p o n s i b i l i t y  

t o  'manage t h i s  study, so t h a t  it wouldn't be a rubber stamp of what 

we're doing, bu t ,  hopefully,  as an ob jec t ive  study a s  poss ib le ,  t o  

f ind  out  what w e  ought t o  be doing, where the s c i e n t i f i c  oppor tuni t ies  

l i e ,  and wh'ere the problems are. 

Nine workshops were set up. There were 380 attendees.  

There were mul t ip le  a t tendees i n  c e r t a i n  cases.  

d i f f e r e n t  ind iv idua ls ,  whom w e  consider were the cream of the  

s c i e n t i f i c  crop i n  t h i s  country. 

So t h e r e  were 360 

ercent  of  those at tendees were from the  

na t iona l  l abora to r i e s ,  t h i r ty - th r  percent from u n i v e r s i t i e s ,  and 

f i f t e e n  percent from industry.  
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Lid 
A t  each of these workshops 'overviews were given by the  tech- 

nologies t o  l a y  out what t h e i r  problems were and where they foresaw 

t h e i r  problems. 

analyze those problems i n  the  s c i e n t i f i c  f i e l d .  

Then the  workshops were broken up i n t o  subpanels t o  

We had a meeting i n  

e a r l y  June, wherein, t echnica l  people from the  technologies,  people 

from other  agencies,  and people from the community as a whole were 

invi ted  t o  come t o  l i s t e n  t o  summaries of each of these  workshops. 

We have a deadl ine f o r  the  complete r epor t  of J u l y  15th. 

We expect t o  have these r e p o r t s  pr inted by August 15th o r  September 

1st - a complete compendium of the  f u l l  r epor t s  and an execut ive 

summary. 

Now, again,  l i k e  everything else, when you g e t  a bunch of 

s c i e n t i s t s  toge ther ,  they have d i f f i c u l t y  i n  doing what the  admini- 

s t r a t o r  has t o  do, t h a t  i s ,  e s t a b l i s h  p r i o r i t i e s .  

' 

A s c i e n t i s t  i s  

more in t e re s t ed  i n  what he i s  doing, and o f t e n  h e ' s  unable t o  appre- 

c i a t e  what somebody else i s  doing, as compared t o  h i s  own work. 

we're going t o  end up with a g r e a t  compendium of recommendations, and 

i t  w i l l  be p a r t  of  our  job t o  b o i l  these down i n t o  a reasonable s e t  

of p r i o r i t i e s .  But t o  g ive  you an idea of some of t he  th ings  which 

have emerged, may I have the  next s l i de .  

So 

( S l i d e  11) 

We have a new program i n  engineering materials science.  
L 

This w i l l  h i t  areas  of  welding and jo in ing ,  nondestruct ive evaluat ion,  

engineering corrosion,  and advanced mater ia l s .  
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One of the  th ings  which came out  i n  the  summary r epor t s  i s  

the  need f o r  ERDA t o  develop the  capab i l i t y  t o  produce and charac- 

t e r i z e  advanced ma te r i a l s ,  which w i l l  be used wi th in  the  s c i e n t i f i c  

and technica l  community f o r  materials research and development. 

I n  the  a rea  of high temperature ma te r i a l s ,  while we have 

work going on i n  t h i s  area, addi t iona l  research on the  thermodynamics 

of high temperature materials and on the  engineering proper t ies  of 

ma te r i a l s  a t  high temperatures a r e  required.. 

I n  t h i s  regard,  we have under considerat ion a proposal from 

the  Oak Ridge National Laboratory t o  set  up an i n t e r d i s c i p l i n a r y  

laboratory,  which w i l l  be a high temperature materials labora tory  

and which w i l l  be s t a f f e d  by chemists,  phys i c i s t s ,  me ta l lu rg i s t s ,  

ceramist  8 ,  working together  t o  apply t h e i r  combined t a l e n t  6 .  The 

f a c i l i t i e s  w i l l  be ava i l ab le  t o  the  e n t i r e  research community, and 

t h e r e  w i l l  be work supported by the  appl ied programs. So, again,  

t h e r e  w i l l  be an interchange between the  bas ic  and the  applied -- 
where the problems are and where the new information is. 

I n  the  area of sur face  phenomena and i n t e r f a c e  phenomena, 

We a l l  know you for example, w e  don ' t  know anything about erosion. 

can sandblast  a bui ld ing ,  and you know erosion 'wears  away t h e  blades 

i n  a high temperature turb ine ,  but a c t u a l l y  what the mechanisms 

involved a re ,  we don ' t  know. 

So, again,  t h i s  i s  an a rea  where i t ' s  been s t r e s sed  t h a t  we 

expand our e f f o r t s .  
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Obviously, doing more work i n  c a t a l y s i s  i s  very important, 

D r .  Kane mentioned the  synchro- e t h i s  i s  a high payoff area. 

t r o n  l i g h t  source t h a t  i s  i n  our e Congress. The 

$24 mil l ion  f a c i l i t y  w i l l  be ava i  i re  s c i e n t i f i c  com- 

munity and w i l l  provide extensive oppor tuni t ies  f o r  sur face  research. 

And, f u r t h e r ,  i n  our workshops, i t  was pointed t h a t  we 

have to  g e t  down to  the  atomic l e v e l ,  e l e c t r o n  microscopy. We have 
. I  

provided high vo l t age  e l e c t r o n  microscopes to,Argonne, Oak Ridge, 

and the Lawrence Berkeley Laboratory f o r  research on th&k samples 

and high atomic weight elements. 

t o  t he  po in t  where we should be ab le  t 

should a c t u a l l y  be ab le  t o  see atoms i 

move around, and atoms on a surface.  

profound impact on t 

mendation of the  workshops was t h a t  w e  do something about t h a t  

par t icular  area. 

/ 

< 

e .  

And a major recommendatio 

i c a l  support t 

theory,  it would. be poss ib le  to make s i g n i f i c a n t  advances. 

W 
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As I say,  t h e r e  were a i a r g e  number of ind iv idua l  recommen- 

da t ions  which we have t o  b o i l  down and put i n  context ,  so it would be . *  

r a t h e r  s ense l e s s  f o r  m e  t o  read you of f  a ha l f  an hour of recommenda- 

t ions .  

For each, we named a hos t  laboratory,  and an individual  a t  the  hos 

labora tory  was named as cochairman. We then se l ec t ed ,  with him, a 

person who had no connection with ERDA, t o  be cochairman of each of - ,  

these  workshops. 

managers i n  my o f f i c e ,  worked out what the  subpanel d i s t r i b u t i o n  

should be, and who should be on t h e m .  

But, be l ieve  m e ,  these workshops were a profound experience. * I  

These people, then, i n  conjunction with the s t a f f  

And t h e r e  were a tremendous number of people, i f  you r e c a l l ,  

from the un ive r s i ty  s e c t o r  and from industry t h a t  d i d n ' t  have a penny 

of our money, who came i n  and worked themselves i n t o  a l a t h e r  t o  

provide input t o  h e l p  us i n  our job  t o  do what we have f o r  the  e n t i r e  

ERDA 

With t h a t ,  I w i l l  c lose  my remarks and be anxious t o  answer 

any quest ions t h a t  you might have. 

(Applause . 
DR. KROPSCHOT: 

DR. RAMSEY: 

Questions o r  comments f o r  Professor  Stevens? 

I f  I understand your bar  cha r t  c o r r e c t l y  it 

looks as i f  the  materials research s t imulated by the fus ion  p ro jec t  

i s  r a t h e r  a l a r g e r  expenditure than the  materials research  s t imulated 

by f o s s i l  fue ls .  
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I '  But i n  view of the  f a c t  t h a t  the f o s s i l  f u e l  def ic ienc ies  

a r e  l a r g e l y  materia l imited,  as far as 1 can imagine, and i n  view 

o f ' t h e  more immediacy of those and the  inev i t ab le  long-term problem 

o f ' t h e  fus ion  one and even unce r t a in t i e s  on it ,  I a m  a l i t t l e  sur- 

pr i sed  t h a t  t h i s  d i s t r i b u t i o n  i s  equal. 

- 

1 

Now, maybe it i s  because the  i n d u s t r i a l  research more than 
i 

makes up f o r  it. I don ' t  know. 

DR. STEVENS: Well, t h a t  comes about f o r  two reasons,  

D r .  Ramsey. 

Number one, as shown on t h a t  cha r t ,  we're j u s t  newly i n t o  

ea i s  growing rapidly.  the  f o s s i l  area, and 

DR. RAMSEY: So a l s o  i s  the  fusion. 

DR. STEVENS: Yes, but I th ink  not  q u i t e  as f a s t .  Pa r t  

e m  is  t h a t  the fus ion  materials problems are subs t an t i a l  
. 1  

when one looks a t  them i n  d e t a i l .  

fus ion  po r t ion  of our  program w i l l  grow i n  the  f u t u r e  near ly  t o  the  

ex ten t  t h a t  the 

We do not a n t i c i p a t e  t h a t  the  

ated t o  t he  f o s s i l  technologies,  s o l a r  
I " r  

I 4 
i 

these  meetings were 

from industry.  It sound 'f  you have a closed f r a t e r n i t y -  

doing some g r e a t  and m ng the0 r e t i c  a1 

d i d n ' t  hear  you say 
- I  

1 
world. Where does t h a t  i n t e r f a c e - t a k e  place? Where do you g e t  the 
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input ,  where do you l e a r n  what kinds of th ings  are r e a l l y  rate- 

determining i n  the  growth of the  i n d u s t r i a l  processes which you are 

t ry ing  t o  es tab l i sh .  

DR. STEVENS: Well, the  p a r t i c i p a t i o n  by indus t ry ,  indus-, , 

t r i a l  representa t ives ,  c l e a r l y  was not  as g r e a t  as i t  perhaps would 

have been d e s i r a b l e ,  t o  have. 

The i n d u s t r i a l  input came pr imari ly  from people who were 

working i n  the, technologies .  

from industry,  but  then t h e r e  were, indeed, people from the  General 

E l e c t r i c  Research, B e l l  Labs, IBM, Westinghouse, Atomics Inter- 

na t iona l  , General Atomic and indus t r i e s  1 ike  tha t . 

This was a good share  of t h e  input 

Again, one has t o  remember t h a t  w e  were t ry ing  t o  analyze 

We 

But the  

the  s c i e n t i f i c  oppor tuni t ies ,  the  bas ic  research oppor tuni t ies .  

wanted input t o  t e l l  us where the problems are, o r  foreseen. 

primary emphasis was t o  analyze those problems i n t o  where the  scien- 

t i f i c  oppor tuni t ies  lie. 

MR. HILL: L e t  m e  j u s t  c a r r y  i t  one more s tep.  

DR. STEVENS: 

MR. HILL: 

I might a l s o  say t h a t  EPRI was,involved; 

I know w e  were involved the re ,  bu t  the  point  I 

want t o  make i s ,  w e  had an overview of how much materials work w e  

should do a t  the  E l e c t r i c  Power Research I n s t i t u t e ,  and the  f ee l ing  

was expressed by the  top management, who were r e l a t i n g  c lose ly  

t o  the  u t i l i t i e s ,  t h a t  you can 

money, i f  you please,  on materials. research. 
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Of course,-  t h i s  i s  a concept,: t o  t h i s  extent-. This i s  why 

I br ing  it up. You can spend an i n f i n i t e  amount of money on ma te r i a l s  

research. 

s u r e  t h a t  it r e a l l y  was a t tack ing  problems t h a t  need answers. 

i s  the image abroad... I am merely suggesting it migh 

heed t o  the  impression i n  industry o f  what materials work i s  doing 

and what i t ' s  not  doing, and perhaps some lack  of support i s  evident  

And g r e a t  r e s t r a i n t s  were put on materials work t o  be 

) This 

on the  indus t ry  s ide .  1 

DR. STEVENS: 
.. 

One area again tha t -  showed up -- I al luded 

1t:was shown t h a t  a very l a rge  hpediment t o  t o  i t  i n  my comments. 

progress  i n  the  inaterials area, was the  lack'of r e a l l y  well-evalbated 

engineering and thermodynamic data .  This whole area, f o r  ins tance ,  

Hansen's work bn phase diagrams, and therinodynamic ana lys i s  of t h a t  

s o r t ,  i s  no longer i n  ex is tence  i n  t h i s  countr 

f o r  example, are t ry ing  t o  inves t iga t e  the  s t rengthening mechanisms 

i n  materials, which o f t e n  involve the re1 

So researchers ,  who, , 

o the r ,  need essential - thermodyn 

. i n su f f i c i ency  of work' going on 

c r i t i c a l l y  eva lua te  it. ' . 

There is the  N a  

the  National Bureau. of Standar 

the  backing t h a t  it should 'ha 

i s  deeply dependent u 

And I th ink  -- I may' l e t  the c a t  out  of the 'bag  -- t h i s  i s  one of the  

brd 
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areas t h a t  Drs. Kropschot and P h i l l i p s  have iden t i f i ed  t h a t  t h i s  

agency must look in to .  

i 

DR. KROPSCHOT: Comments o r  questions? 

(NO response). 

. - Thank you very much. We apprec ia te  your pa r t i c ipa t ion .  

I would l i k e  now f o r  ,a summary sess ion ,  t o  introduce my 

colleague, Dr. Gerry P h i l l i p s .  We've t r i e d  t o  develop thoughts on 

how t o  br ing  the meeting i n t o  perspect ive and set the  tone f o r  the  

next series of i npu t s  from you. 

DR. PHILLIPS: As we.  t o l d  you a t  the  o u t s e t  of t h i s  meeting, 

the  purpose of the  meeting i s  t o  present  t o  you the  s t a t u s  of research  

i n  the  f o s s i l  energy area, as w e  are doing research wi th in  the  ERDA 

agency. And a f t e r  having presented t h i s  t o  you, then t o  seek your 

response t o  a set of questions.  

Now, you w i l l  r e c a l l  t h a t  i n  your meeting the  f i r s t  morning 

(with competit ion from various people over on the  H i l l ) ,  w e  neverthe- 

less got through, I th ink ,  a very i n t e r e s t i n g  summary of what the  

whole agency, ERDA, i s  a l l  about. And, i n  p a r t i c u l a r ,  what the  Divi- 

s i o n  of Foss i l  Energy has  as i t s  mission, i t s  goals  and i t s  programs. 

And-then yesterday af ternoon,  and he re  t h i s  morning, you've 

heard a succession of t a l k s  on research top ics  i n  the  f o s s i l  energy 

research areas .  

people i n  the  F o s s i l  Energy Division, but  were a l s o  given as papers 

from the  Conservation p iv i s ion ,  from the  .Environment and Safety 

These were not a l l  given, please understand, by 
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Division, and from the Divis ion of Physical  Research o r  the  Basic 

Energy Sciences . 
So, now, you've h 

research i s  a l l  about wi th in  our agency 

sion, then, by t r y i n g  to  summarize the s o h  of information tha 

l i k e  t o  have from you and, i n  

to the conclu- 

our a t t e n t i o n  upon t h i s  

working group sess ions  . 

They should be small enough groups so t h a t  you can t a l k  

present  t o  you. 

To a i d  you i n  running each of these groups, t h e r e  w i l l  be 

1 be an ERDA pereon, and one of them two cochairmen, one of them 

w i l l  be a person from our contractor ;  The MITRE Corporation, and .they 

w i l l  in t roduce themselves t o  you and t r y  t o  lead you i n  your discus- 

s ions.  

Now, the main thing t h a t  we're concerned with here  is the  
i 

q u a l i t y  of the  research o r  the  

I on within ERDA. 
1 

( S l i d e  1) 

This i s  the  charge t h  
I 

adminis t ra tor  gave t o  D r .  Kane; 

and Dr .  Kropschot and I walked i n  the  door a t  the wrong time and sa id  

, 
w e  wanted t o  h e l p  out ,  so we got  the  job. 
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So, l e t  m e  now t a l k  about our study of t h i s  subjec t  i n  the  

f o l  lowing context  . 
I f  w e  say t h a t  w 

program, t h a t  you had described t o  you, and we asked the  question: 

WhLt shoi ld  we do with t h a t  program? Should we increase i t s  scope 

(which is  a qua l i ty iconcept )  o r  should we increase i t s  quant i ty  

h, i n  f a c t ,  i s  a d o l l a r  -- a budgetary concept)? 

We r e a l l y  have t h r e e  o v e r a l l  p o s s i b i l i t i e s *  we can say we 

should decrease it ,  leave  it m re or less steady, or increase it. 

Now, going from the bottom t o  the  top of t h i s  log ic  diagram 

( S l i d e  11, w e  might argue t h a t  t h e r e  i s  too much research,  and the re  

are people within the  ERDA agency t h a t  be l ieve  tha t ;  s ince re ly  

be l ieve  it. . .  

Their  arguments, perhaps, would be something l i k e  t h i s :  

The technology t h a t  we havettoday; The technology of coa l  l iquefac- 

t i on ;  The technology of coa l  g a s i f i c a t i o n ;  

technology; A l l  of the  var ious th ings  t h a t  we've been t a lk ing  about 

as the support ing technologies,  the  c ros scu t t ing  technologies,  such 

as materials sciences,  such as instrumentation, e t  ce t e ra ;  That a l l  

of these  are adequate and they are, i n  f a c t ,  c o s t  - and environment- 

a l ly-ef fec t ive . .  

On the  o the r  hand, one could a l s o  argue t h a t  you don ' t  

need any research ,  i f  t h e r e  are no new novel advances possible.  
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If no one has any possibly good new idea ,  then why bother 

t o  have research? ~ i .  

O r  t h e r e  are no resources ava i l ab le ,  t h e r e  are not people, 

t h e r e  are not i n s t i t u t i o n s  t h a t  want to*propose t o  do new researcl; 

It is very i n t e r s t i n g  t h a t  the  log ic  i n  that-bot tom boi-S.s 

Any o n e %  the  o ther  of those th ree  reasons i s  s u f f i c i e n t  or-logic. 

reason t o  not do research. * >.  

Now, as 'you  go up i n  the diagram t o  the  next box, w e  might 

argue t h a t  w e  have a good program r i g h t  now, w e  should leave it 

steady, w e  should improve it where we can, add on here ,  take away 

there .  But more o r  less leave i t  on i t s  present course. 

There w e  would argue t o  j u s t i f y  t h a t  viewpoint: That our 

. technology t h a t  w e  have now i s  d i rec ted  toward ERDA's mission of 

obtaining f o s s i l  energy, i n  a usefu l  cos t -e f fec t ive  and environ- 

menta l ly-a t t rac t ive  form; t h a t  we have t h a t  near ly  ava i l ab le  to us 

now, and t h a t  a l l  we need i s  evolut ionary s o r t  of research t o  

improve it. 

could be brought under way. 

revolut ionary improvements i n  our technology. 

\ 

That type of research i s  perhaps a l ready  under way o r  

And t h a t  w e  don ' t  r e a l l y  need any 

And, furthermore, the present  resources t h a t  w e  have f o r  

carrying out  the present  s o r t  of research a r e  t o t a l l y  adequate to our 

needs . 
And, f i n a l l y ,  coming up to  the  top  box, where one would 

have t o  argue f o r  an increase,  both i n  scope and quant i ty  of research,  

Lf 
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uld y g u e  that the  technology- i s  perhaps not  cos t -e f fec t ive ,  

and not  environmentally-ef f e c t i v e ,  -5nd t h a t  you need evolut ionary 

research t o  ve  i t  i n  The , d i r e c t i o n  .of being cost 

mental ly-effect ive,  and, t h a t  you need, i f  you 

novel. and revolu t ionary  adqances t o  cut  the cos t  and t o  so lve  the 

eyyironmental cont ro l  problems ,. 
s ta r t  t h i s  program 

expand those resources  of  personn nd i n s t i t u t i o n s  of the  future .  

. .  

an poseibly f ind  them, 
I 

M u  have zesources ava i l ab le  t o  

t the present  time, and, you probably have to 
7 

DR. RAMSEY: Gerry, can I ask a question? 

DR. PHILLIPS: Yes, Norman. 

DR. RAMSEY: I d o n ' t , q u i t e  understand why i f  the  technology 

is  cos t -e f fec t ive ,  d 

not  cos t -e f fec t ive ,  then you need more research. I can-imagine the 

you have t o  have less research,  and i f  i t ' s  

techndlogy is cost-effect ive.  

The technology i s  use.fv1, but obviously i t  can be made , 

better. 

DR. PHILLIPS: 

DR. RAMSEY: So I don' t understand tha t .  

now, we had a technology t h a t  would l i q u i f y , c o a l ,  to provide good 
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l i q u i d  f u e l ,  gasol ine,  f u e l  o i l s  and what no t ,  and w e  could do t h i s  

a t ,  l e t ' s  take  a number,. l e t ' s  say $10 a b a r r e l ,  while our f r i ends  

i n  Arabia want more l i k e  $13 t o  $15, i f  w e  had t h a t ,  then it would 

be very hard t o  j u s t i f y  a l a r g e  r e sea r  

You might, i f  you had some r 

knock the  p r i c e  down t o  $2 ,  t h a t  would 

idea t h a t  would 

very convincing 

.DR. RAMSEY: But I mean, w e  do have a technology f o r  
, t 

burning coa l  which does produce power. 

DR. PHILLIPS: Yes, but  we d 

DR. RAMSEY: 

i 

I t h ink  w e  could have a l o t  of o the r  th ings ,  

such as l i q u i f i e d  -- 
DR. PHILLIPS: Well, l e t  m e  come along. mat's .my i k x t  

t op ic ,  as a matter of fac t .  

Okay, now t h i s  i s  a log ic  f o r  us ,  perhaps, t o  consider the  

scope of ouq research e f f o r t s  i n  f o s s i l  energy and the  quant i ty  of 

our research and, therefore ,  the  budget. 

L e t  me have the next s l i d e ,  p lease ,  Dick. 

(S l ide  2) 

A l l  r i gh t .  Now, then, l e t ' s  t u r n  t o  the  present  synfuel 

technologies.  

inputs  during the course of the  meeting here ,  I guess,  from Alex 

We heard a paper by Chris Knudsen, and we have o the r  

M i l l s ,  as w e l l ,  about whether o r  not the  present  technologies are 

cos t -e f fec t ive  on the one hand and we've heard d iscuss ion  a l s o  about, 

whether they are environmentally-effective,  on the  o the r  hand. 

L d  
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From now on, a l l  of my s l i d e s  and a l l  of my comments are 

going t o  be addressed t o  you as questions i n  the log ic  of t h a t  first 

s l ide .  

So we are asking the 'ques t ion  now: are our technologies, - 

a s  they stand a t  the moment, cost-effective and enviromnentally- 

e f f ec t ive?  

Well, the numbers t h a t  Chris Knudsen quoted, f o r  example, 

were numbers l i k e  30-plus d o l l a r s  per b a r r e l  and 5-plus d o l l a r s  per 

mi l l i on  Btu for  gas. 

I th ink  t h a t  Dr. Mills has quoted similar s o r t s  of numbers. 

It was i n t e r e s t i n g  i n  dsen's t a l k  t h a t  he sa id  a l l  of 

the  engineering experiences they had i n  terms of t h e  two parameters 

t h a t  he discussed, namely, the soph i s t i ca t ion  of experimental 

knowledge of the  processes, on the one hand, and the d e t a i l  t o  which 

engineering s tud ie s  of c o s t s  have been worked out. Those things,  i n  

general ,  h i s t o r i c a l l y  d r i v e  estimated pr ices  upwards, as one goes t o  

more complexity and t o  more sophis t ica t ion .  

, *  

On t h a t  bas i s ,  these numbers of 30 and 5 conceivably might 

be lower l i m i t s ,  r a t h e r  than upper l i m i t s .  

On the o the r  hand, w e  be l ieve  t h a t  evolutionary research i n  

materials science,  for  example, might very w e l l  bring those numbers 

On the  o ther  hand, I guess the engineering experience 

t h a t ' s  been discussed with m e ,  i s  t h a t  those numbers would never 
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w 
be expected to  come down from t h a t  s o r t  of research,  evolut ionary 

research,  more than perhaps 10 t o  25 percent.  

Therefore, t h e r e  may be something l i k e  a f a c t o r  of t h ree  

t o  f i v e  of the  syn the t i c  fue l  cost  p r i ces  i n  excess of what we're 

experiencing r i g h t  now. 

That ' s  the  d iscuss ion  so f a r  a t  the meeting. 

Now, i n  regard t o  the  environmental e f f ec t iveness  of our 

technologies ,  w e  have not had a l o t  of d i scuss ion  of t ha t .  I simply 

l i s t  he re  some of the  top ic s  t h a t  have come up i n  var ious of the  

research papers 

SoFe of them,. i t  seems t o  m e ,  a r e  top ics  t h a t  w e  know very 

l i t t l e  about. We've heard a l o t  of i n t e r e  p o s s i b i l i t i e s ,  f o r  

example, about si1 fue l ,  but ndt  a 

agents  t h a t  might come from the  use of any of these f o s s i l  fue l s ,  

c e r t a i n l y  has t o  be i n  our thinking. I 
I 

(S l ide  3) 

The next  s l i d e ,  then, asks the  quest ion,  do we need 

w 

t o  be i n t e r e s t i n g  

nd, perhaps, 

de burdens i n  the  

And, f i n a l l y ,  the  very worrisome thing about carcinogenic 

evolut ionary research. Well, a l a r g e  number of the  t a l k s  a t  t h i s  
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meeting were concerned with t h a t  type of research,  where one i s  

b a s i c a l l y  i n t e r e s t e d  i n  t ry ing  t o  improv 

ex tan t  device,  some extan t  concept a i d ,  thereby, t o  improve i t s  cos t  

and environmental e f fec t iveness .  

ex tan t  process,  some 

. .  
The demonstration p l an t s  t h a t  we heard discussed yesterday 

morning, c e r t a i n l y  could be improved, no doubt, by t h i s  s o r t  of 

earch. 

e f f ec t iveness  

r those s o r t  o 

o r  combus t i o n  

research i s  under $6 milkion; I be l i eve  peakers involved 

le ,  Kane pointed t o  -- about $1.5 

ing l i k e  $1.5, and so for th .  

ou w i l l ,  r a t h e r  m i  

y e t ,  c e r t a i n l y  t h i s  must be of some importance t o  ERDA i n  its 

planning of i t s  research  program. 
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The next s l i d e ,  please. 

(S l ide  4) 

Now, the next quest ion t h a t  w e  want t o  ask of you is: 

Should w e  judge t h a t  t h e r e  are innovative o r ,  i f  you w i l l ,  revolu- 

t i ona ry  p o s s i b i l i t i e s  i n  the  way of research? A r e  t he re  concepts, 

e i t h e r  spoken t o  he re  a t  t h i s  meeting, o r  t h a t  you ' re  f ami l i a r  with,  

o r  you i n  your own thinking can conceive of, t h a t  would provide 

us with innovations t h a t  would help us s i g n i f i c a n t l y  i n  our e f f o r t s  

t o  develop f o s s i l  energy i n  a cos t -e f fec t ive  way and i n  an environ- 

mental ly-acceptable way? 

For example, are new f a c i l i t i e s ,  such as the  use of syn- 

chrotron r ad ia t ion  t o  study the  de t a i l ed  proper t ies  of sur faces ,  

and how molecules a c t u a l l y  are or ien ted  on sur faces ;  i s  t h i s  of 

s u f f i c i e n t  p o t e n t i a l  t h a t  we should be inves t ing  i n  th ings  of t h a t  

s o r t ,  i n  the  hopes of having, f o r  example, r e a l l y  new bas i c  funda- 

mental understanding of how c a t a l y s i s  works, so t h a t  we might then 

more i n t e l l i g e n t l y  design c e r t a i n  t y p e s  of c a t a l y s t s ?  

Af te r  a l l ,  you know, i n  modern technology we've made 

remarkable progress i n  the l i f e t i m e s  of a l l  of us here  i n  t h i s  

room. 

It seems t o  m e ,  one of the  things I l i k e  t o  th ink  about i s  

how astounding it i s  i n  co lo r  photography, which d i d n ' t  e x i s t  when I 

was a young guy, and now-a-days these people design molecules -- you 

know, they r e a l l y  design a molecule j u s t  l i k e  you design a car .  
, 

f 
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Well, can w e  come t o  t h a t  s tage,  perhaps, someday i n  the  design of 

c a t a l y s t s ?  

A t  the fundamental l eve l ,  are the re  r e a l  break-throughs 

t h a t  we might expect t o  have? I be l ieve  D r .  M i l l s  mentioned the  

idea; h e r e  i s  t h i s  b ig  coa l  molecule, and t h a t  one can go t o  i t  with 

some s o r t  of  s c i s so r s  and sn ip  i t  here  and the re ,  i n  a very c lever  

s o r t  of  way, which, i n  p r inc ip l e ,  takes almost no energy t o  do, s ince  

the  bonds are very,  very  low-energy bonds. 

Then you might end up with something where you don ' t  have 

t o  add a l o t  of hydrogen to ,  and it doesn ' t  take a l o t  of energy t o  

perform thi-s, and it doesn ' t  j ack  the  entropy way up and then pump 

the  entropy way back down again. 

So are t h e r e  new fundamental approaches t o  what w e  might 

do, f o r  example, with coa l?  

I n  applied areas, I ' v e  l i s t e d  ma te r i a l s ,  combustion and 

instrumentat ion,  a s  areas where i t ' s  possible  t h a t  t he re  could be 

r e a l l y  new breakthroughs t h a t  could enable us t o  improve the cos t  

and environmental e f f ec t iveness  i n  8 very s i g n i f i c a n t  s o r t  of way, 

no t  by 15 o r  20 percent ,  but perhaps by f a c t o r s  of two o r  f i v e  o r  

something of t h a t  s o r t .  

The next one, please.  

(S l ide  5 )  

Here I t r i e d  t o  make a matr ix  i n  which I d iscuss  t h i s  o ld  

hobgloblin t h a t  w e  have of the  d i f f e r e n t  kinds of research;  bas ic ,  

appl ied,  and technology development. L 
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Over on the  right-hand s ide  I have a column t h a t  I c a l l  

technology improvement, o r  i t  could be ca l l ed  engineering. I don ' t  ' 

know exac t ly  how t o  c a l l  th i s .  . 

names, but  one has a cont inui ty ,  i n  p r inc ip l e ,  f rom' the most bas i c  

and fundamental on the  l e f t ,  towards real use fu l  technologies on the  

L e t ' s  not  be too  confused by t h e  

, 
r igh t .  

Over he re  as an ord ina te  i n  the  v e r t i c a l  d i r ec t ion ,  1 , l i s t  

what w e  might - c a l l  c rosscut t ing  sciences o r  technologies.  Such th ings  

as materials science,  and synfuel development, combustion, emission 

cont ro l ,  inst rumentat ion,  e t  cetera. 

One can come up with a l i s t  of perhaps 100 such top ics ,  and 

so t h i s  i s  only an example. 

Across t h i s  diagram I have t r i e d  t o  write down some of t he  

new things t h a t  were discussed a t  t h i s  meeting, and I w i l l  not  go 

through it i n  any d e t a i l  wt ih  you; bu t ,  f o r  example, i n  the  bas ic  

column there ,  the  synchrotron r ad ia t ion  f a c i l i t i e s  appl ied t o  

c a t a l y s i s ,  i s  a poss ib le  revolut ionary new advance. 

I n  the  appl ied column under emission con t ro l ,  the  oxide- 

s u l f u r i z a t i o n  of coa l s ,  as was mentioned by Alex M i l l s ,  i s  poten- 

t i a l l y ,  t o  my mind, a revolut ionary s t e p  ahead. 

d e r  under technology development, under instrumentat ion,  

any number of speakers a t  t h i s  meeting ta lked about nondestruct ive . 

te'sting. 

des t ruc t ive  t e s t i n g ,  so t h a t  he knew exac t ly  before  a b o i l e r  i s  

I f  one had r e a l l y  good on-line,  t h a t  i s  real t i m e ,  non- 
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going t o  f a i l  o r  before  a high-pressure, high-temperature r eac to r  i s  

going t o  f a i l ,  i f  you had warning of 

very important thing i n  these  modern f r o n t  l i n e  technologies. 

, then t h i s  might be a very, 

Now, i n  the  right-hand co , I have t r i e d  ' t o  put i n  t h a t  

same context  some technological  imp en t s ,  and these are things 

t h a t  are going o d under way. So t h i s  tries 

t o  g ive  us w i t h i  

research  i n  thes  

f  the spectrum of our 
f' 

(S l ide  - 6 )  
, 

o another of t s t i o n s  t h a t  w 

asking you: Are r ces ava i lab le?  

A r e  t h e r e  h s t i t u t i o n s  ava i l ab le?  Are the re  people t h a t ,  

could c a r r y  out thes  f f o r t s ?  Coul c a r r y  them ou . .  
can they c a r r y  them t i n  the  fu tu  

And what i s  the  balance t h a t  ERDA should seek i n  the  

u t i l i z a t i o n ,  f arch cen te r s ,  the  na t iona l  

l abs ,  the  univ 

se d i f f e r e n t  groups, of 

es up t i m e  a f t e r  t i m e  i n  t h e i r  var ious 6 

near ly  a l l  of t 

balance i n  and, i n  f a c t ,  

i s  required by 1, t h a t  c rea ted  t h i s  

posed t o  be concerned 

with the time span of your work and seek a balance there.  Do'we have 
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a proper balance between our near-te als,  our crash goals t h a t  

ress i s  beating on o ads d a i l y  about?. 

Do we have t h a t  balanced with our more mid-term and long- 

term goals? 

And do we have t h i s  balan terms, f o r  example, of 

d technology and 

development demo 

These s o r t s  of 8 :  

t o  us r i g h t  now, within our resources? 
f 

e fu tu re ,  one as same questions, 

and add i t iona l  ones, f o r  example: What. should be ERDA's r o l e  i n  

seems t o  me ,  

i 

, As Kobayashi mentioned, a l l  the  major high-technology 

ca t ion  and t r a in ing  i n  

grea? s t e p  func t ion  i n  the  a b i l i t i e s  of the  u n i v e r s i t i e s  t o  educate 

and t ra in  f u t u r e  manpower. And does E 

Should it accept s espons ib i l i t y  f o r  education i n  the 
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same way t h a t  earlier high-technology departments of the  government 

have accepted t h a t  ro le?  

Next s l i d e ,  please. 

(S l ide  7 )  

Here I t a l k  about budgets. A l l  through t h i s  meeting 

you've heard and seen a l o t  of budgets of various k i  

t he  budget, as I see i t ,  t h a t  i s  the present budget, 19 

t h a t  i s  concerned with fossil-energy research. 

The f i r s t  e n t r y  the re ,  Foss i l  Energy Division, 

mill ion.  You'll no t i ce  t h a t  is less than o ther  numbers \ 

seen, but t h i s  corresponds t o  the  f a c t  t h a t  i n  D r .  Kropschot and my 

judgment, p a r t  of the  F o s s i l  Energy Division research budget is i n  

f a c t  engineering f o r  cur ren t ly  building p i l o t  p l a n t s  and demonstra- 

t i o n  p l an t s ,  and t h a t  t h i s  i s  a realist ic view af t he  research 

component . 
The number 8.4 i s  our view of the  Conservation Division's 

cont r ibu t ion  t o  f o s s i l  energy research, and the  two lower numbers 

for  the  Division of Physical Research, 5.6 and 5.8,  a 

numbers f o r  those two t h a t  you heard about i n  l ec tu re s  th%s morning. 

This t o t a l s ,  then, about $40 mil l ion  -- for t h i s  cur ren t  
~ r .  

year . 
Now, each of the  speakers, as you ' l l  r e c a l l ,  

end of t h e i r  t a l k  a set of research oppor tuni t ies  f o r  t he  fu tu re  -- 
the  research speakers. And w e  have looked a t  those numbers and have 
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tried to extrapolate on the basis of taking ratios 

of research budgets. 

right. 

$50 million, the conservation efforts would grow from 8 to 40 -- 
that's a very large jump -- approximate doubling in chemical sciences, 
and in material sciences about 2-1/2 times, totaling about $120 

mi 11 ion . 

to comparable sort 

We've come up with the numbers over on the 

For example, Mills's program would grow from $20 million to 

Now, those are just our estimates, but-:they give you 

a feeling, within the context of the whole agency having just over $3 

billion in the energy areas. The present budget corresponds to about 

0.1 percent and the envisioned budgets would correspond, then, to an 

overall amount of about 1/3 percent in fossil energy research. 

(Slide 8 )  

So now the next slide, then, shows you the questions that 

We have talked a we asked you, about -- crosscutting technologies. 
lot about crosscutting technologies, and how we have a basic dichotomy. 

The basic dichotomy is that we need to have a focus to carry out, for 

example, a materials research program or combustion program that is 

agencywide, within ERDA. We need that. 

And, yet, if we do that centralization we face the fact 
I 

that we may lose the technology and science transfer from such a 

program to the other particular programs that need the results. 

we don't have a simple solution. 

So 

I think everybody that runs such 
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programs has t o  face t h i s  dichotomy, and i f  you have b r i l l i a n t  advice 

f o r  us ,  we'd l i k e  t o  have it. 

(S l ide  9) 

So here ,  then, are the  seven quest ions t h a t  we're asking 

v 

you. You each have those at tached t o  a piece of paper t h a t ' s  c a l l e d  

"Purposes and Responses," and these are the quest ions fo r  those of 

you t h a t  stay t h i s  afternoon. We want you t o  please g ive  us your 

advice . 
That 's  the end of my speech. L e t  me now thank a l l  of the  

speakers t h a t  presented, I th ink ,  very i n t e r e s t i n g  and informative 

material t o  a l l  of us he re  a t  t h i s  meeting. I know t h a t  many of you, 

i n  f a c t  most of you, went beyond the  c a l l  of duty t o  prepare t h i s  

material, and I want t o  thank each of you i n  the  audience f o r  

a t tending.  We apprec ia te  it very much, and w e  look forward t o  your 

counsel i n  the  future .  

Thank you. 

The.meeting i s  adjourned. 

( Ap p 1 au s e 

DR. KROPSCHOT: Are the re  any quest ions f o r  Dr. P h i l l i p s  

before  we adjourn here. 

MS. FOX: I have a comment I ' d  l i k e  t o  make. 

On the  f i r s t  quest ions t h a t  you have up t h e r e ,  I t h ink  

perhaps i t ' s  not  appropriate  t o  ask whether or not  these technologies 

are environmentally acceptable.  

- 

I th ink  a more reasonable quest ion 
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would be whether o r  not the environmental problems can be solved with 

e x i s t i n g  technology i n  a cos t -e f fec t ive  manner. 

I don ' t  see why environmental problems a r e  s ingled out any 

d i f f e r e n t l y  than, say,  problems i n  materials research areas. 

the  questions t h a t  w e  should be asking i s  whether o r  not they can be 

solved, and how can they be solved i n  a cos t -e f fec t ive  manner. 

then the  environmental i s sue  becomes, as w e  a l l  know it i s  anyway, 

I th ink  

And 

nothing more than the  quest ion of cost-effectiveness.  I t ' s  not  f a i r  

t o  ask whether o r  not they are environmentally acceptable.  

DR. PHILLIPS: You're saying t h a t  the environmental problem 

i s  j u s t  another beau t i fu l  example of a c rosscut t ing  technology, and 

I c e r t a i n l y  agree. 

MS. FOX: Right. 

DR. KROPSCHOT: We would l i k e  t o  have D r .  Haas introduce 

h i s  s t a f f .  That,  then, could be the fpca l  point  f o r  our feedback 

sess ions  before  w e  adjourn,  and perhaps, Greg, maybe the  thing t o  

do i s  t o  l e t  the groups meet together  j u s t  fo r  a sho r t  period of 

t i m e  o r  what time they want t o  and set t h e i r  own schedules,  and 

D r .  P h i l l i p s  and I w i l l  be ava i l ab le  t o  the  groups. We w i l l ,  as 

Gerry mentioned, have our co-chairmen, and then P h i l l i p s  and I w i l l  

be ava i l ab le  as resources.  

DR. HAAS: Thank you, Dick. We have divided those who 

indicated an i n t e r e s t  i n  p a r t i c i p a t i n g  i n  the  groups up i n t o  four 

groups, with chairmen. We have two s u i t e s , . a n d  w e  w i l l  hold two 
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e groups up , the re  and two of the  groups down here. Unfortunately, 

we could no t  g e t  any more s u i t s  than t h a t  fo r  today, 

1 The f i r s t  group w i l l  meet up i n  Room 1030.with myself, The 

second group w i l l  meet i n  Room 1032 with D r .  J i m  Ling 

t o  s tand up? c 1  

The t h i r d  group and’ the  four th  group w i l l  meet down i n  here ,  

o s i t e  ends of  the  room‘. 

during the noon break, with a ‘ table ,  and cha i r s  placed around them. 

One group w i l l  be under Ro 

And the o the r  group under Chu 

a t  t h i s  po in t  i n  time, i n  order  t o  have a preliminary get-together,  

and then probably break f o r  lunch, s ince  i t ’ s  a qua r t e r  of 12, and 

I 
Peterson. Do you want t o  stand up, Roy? 

You may want t o  g e t  together  Bliss. 

then r e t u r n  poss ib ly  t o  spend about two hours i n  these smaller groups, 

giving us the  feedback t h a t  w e  would l i k e  t o  have t o  incorporate  i n t o  

a summary document, which w e  w i l l  produce wi th in  the  next month. 

So, the  most important aspect of t h i s  meeting from our 

standpoint  i s  the  next two to. t h r e e  hours, r e a l l y ,  t o  g e t  your 

feedback and your responses. 

One o the r  po in t  I would l i k e  t o  make. We recognize t h a t  

t h i s  i s  a very s h o r t  n o t i c e  i n  which t o ’ g i v e  

t o  some of these  issues .  Therefore, I would l i k e  t o  encourage you, 

a f t e r  you leave, i f  you have f u r t h e r  thoughts on these  subjec ts ,  t o  

please put them i n  wr t t ing  and mail them i n  t o  us. 

s ta tements  t h a t  we obta in  w i l l  be included i n  the  proceedings of 

s i b l y  de t a i l ed  thought 

I 

Any w r i t t e n  
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t h i s  meeting, and w e  would very  much l i k e  t o  have yoyr comments i n  

wr i t ing ,  possibly a f t e r  you have had more t h e  t o  th ink  about t h i s  

and t o  go back and even d i scuss  i t  with your col leagues a t  your 

var ious i n s t i t u t i o n s  and organizat ions.  

please write us any thoughts t h a t  you have. 

So I would' encourage you t o  

Thank you. 

(Whereupon, a t  ll:45 a.m., the  meeting was adjourned) . I 
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