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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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w 
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 

, 
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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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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 
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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 
460 



~ ~ ... . - . - ... . . . 

CHEMICAL SCIENCES 

FOSSIL ENERGY RELATED RESEARCH ~ 

FV 77 

OAh CHEMISTRY 
(CHAR ACT€ R t EAT! Q 

b- 

1. . 

-' * DOES NOT'INCLUDE MATERIALS S 

0.1 

OB2 -- 

, 

0-1 .., 
I -  

RMEARCH 

1.6 

'6.5 

P 9s 



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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. L; 

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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i 

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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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 
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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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ERDA LABORATORIES FOR CONDUCTING NATIONAL MATERIALS 
SCIENCES PROGRAMS. 

1 

, 
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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 
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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) 

W 
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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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u 
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- 

L J  
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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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