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. PREFACE. . -

On June 28 and 29, 1977, at the Quality Inn in Washington, D. C.,
the United States Energy Research and Development Administration
held a public meeting to reviéw the basic and applied, research
programs having impact on. future fossil .energy-technologies.

The goal of the meeting was to solicit public input to aid the
Agency in long-range planning. The meeting consisted of two parts:

e presentations of the various research programs by
ERDA personnel; and,

e four discussion groups intent on obtaining feedback
relative to the material presented.

The MITRE Corporation/METREK Division (under Contract No. EX-77-C-
01-6110) provided analytical, evaluative resources and prepared
materials for presentation at this meeting. They also provided
timely assessment of responses from the pub]ic meeting partici-
pants.

The proceedings of the presentations by ERDA persohne1 are contained
in this one volume.
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' PROCEEDINGS

ﬁR;'KAﬁE::jMy:némé'ié Jim Kane. I'm going to chair this
morniﬂg'sgséégibhl

The meeting is an open public hearing, andee are going to
haYé'dueétidﬁ and” answer séééioﬁs‘éféé; éacﬁtspéékef; I'11l ask each
of you,vto éS to one ‘of the ﬁiéréphonesﬂénd idehfiff &ourselves before
you ask yoﬁf Qﬁésfioﬁé; |

| -'Thé”eﬁéire'pfdcéédingg are beiﬁgbtapéd; YSu:shoﬁld;know

that ahead of time. ‘ » o

'Wé’;e‘very fdfiuﬁéfe<t6 have 9§r‘welééme iﬁtfoduction
speaker here this mbfﬁiné;”bédaﬁsé ﬁisvpiéséﬁge was feqﬁeéted;fathér
preemptorily'Byjthexéenété; and he{; Bgeniup on:tﬁéfﬂilirsiﬂce 7:00
o'clock fhiéﬁﬁérﬁiﬁé. ‘He has ékﬁfééSééﬁfoﬁﬁé,priéatelyrfﬁ;t it vas a

great, great pleasure indeed to be here to giﬁeiyou these welcoming

" remarks.
Exquse me, I thought yourall,kneﬁ;him.fﬁl_&idniéjévén

"intfoduCé'hih.‘;Hé'ié>ﬁylﬁd§s£l1ibﬁ°ifi;ﬂAEEidéuAﬁﬁiﬁistfator 6f ERDA.
K “Mkf?Fﬁi:}‘ihéﬁk(;sﬁ,sjém.‘iii{iéiiﬂdéed;é éréét'ﬁiéééﬁfe'to

P

be héré.f“ﬁé’atévbgﬂdudt1ng?éhié”héégihéiiﬂféﬁébﬁkﬁél‘Wasﬁinggohv7'
fashion. Ve have Virtually everybody that oughi to be talking to you
testifying‘béforé'ihéfééﬁafé inéfé#& gffbgiﬁgaﬁ;;;;f%ﬁi>ﬁé étégfriiﬁg
to run*§ 1itt1é“£é1éy fééékiéékténd-fdféﬁ: ;iédig}3;i§fa¥féﬁjbiééiér
The hearing ‘should be over by 10:00, so I think, we have ourselves

reasonably covered. -




First of all, let me just thank you all for coming. This
project that we are embarked on is.terribly important to us, and we
can use all the help we can get, both from inside and gutside the7‘

agency.

1

I might give you a li;t}érbégkground on it.; You should;kpow
‘that although ERDA may berwgl}anownrfo: getting into,cqgt;dve:éiéé,
such as whether or not to build high Btu gas plants gnq Q;gede; e
reactors it also has bgsicrreseatcb responsibility}in energy. Indeed,
the basic research responsibility for all energy sourgesirggggrhefe.

We inherited a substantial basic research program from the
constituent agencies, but primarily from the Atomic Ener317¢oqgi§$ion.
Our people have worked over the last two years to reshape the; pfbgram
in a way that provides the fundamental science underpinnings of our
entire range of projects.

A little over a year ago, we set forth a series ofrmggéggment
goals for the agency.

One of those was to make sure that our bgsic energy sciences
program was in fact, a sound one. Not only in the.organization that
Jim Kane runs, which conducts mugh of, that operatioﬁ and has that
Fitle, but also in the Fupporting research functions19f a variety of
our other program offices, all of whom virtually have someAyggiq;
research responsibilities and sponsor research in those areas. o
Jim approached this very difficult problem Qf_shap%gg,g

basic research program in, I think, a very good way and set up a




prpject‘ﬁith,a,gquplegof,distinguishgd.péoplgif;om outside the agency. %
to spend a year with us and help us understand'how we could do ;
better. . They have in fact.done that, §

One of the results of that project was t°;P°i“t~9“F.t?aF %

fossil energy research.was one of our most imPo:tgn;ﬁprpdqgts, and one
in which the fundamental research base requires—-in a kind of program
that we ought to be running-rsome clarification. It's important
because, you know at least.as well as I, that fossil energy is
terribly important,to the United States,.and it's important because
the research.base for. that program was not one of;;hg_pjgfgbipgsithat:
was,b:ought;pyerg;octhé;agepcy.uvA ?igPifi?ﬁnF$PF93r3?7w§§ b:?ugh;!f
from the Depa;pment;ofilncetiqf,rbp; it had pever been at the AEC.
The confluence of thSg,;wo;opgefvationsfga;lyiledfpgg;q_gﬁy,,wg”
need to do the best job we can; and to take a hard look at the fossil
energy research base, - . .. ni4@:¢f;'f;j::%_éqj Dot Lt
We,though;;pne,goog;way{tp éetvg,fix,dpg;hq:gigﬁipf research
that needs to be, d_oné. and the kind of rclé.&.,f,ede,ral, agency could
play was ‘to bring ;pgether,;in;ahpubligymeeting,-g gggup.ghathcogld_w
help, us out.. . As}itSegxfrpm;the~agenda;wgfl};;;y tohgiyerypphsoqé_, |
background thisfmorniﬁg; thgp.tuxq,arggndglatéqﬁqnﬁip the afternoon
-and -look to;those 6f?you whq,hay¢~come_;95givg;;he¢§dY;qu§nd help
that we frankly seek ig{this,ma;te:ﬂgyi _‘;_ﬁéA;iﬁ;';,{,l\é,A_{EH .
 So you'te\}_yer)’ kind to have come,. It's going to be. a gr@,-é@ :

‘help to us.  We are doing this for a selfish reason, .to help put ., .




together our fesearch'brogtamj“bﬁtﬁwé'hbpe you find some interest in’
it, too. ; B |
Unfortunafely, I ﬁa?é to go back to tﬁe‘Hill; but*ag#i;;f'
thank you, and I hope you have & successful meeting. | o

(Appiahse;)' :

‘We are going'to;ttyiéé'kéép'this on scﬁedule,'so we L;vé’a‘"
couple of people with a clack down here to keep us all on tiﬁe.nv'

I'm gbing’tb'fépéat a lot of the thingé Bob said.- ﬁéjtookra
lot of my opening talk, but I'thiﬁk it's”proﬁably important'thagﬁl o
repeaf some of the things he said because in my few minutés:offééening
here, I would like to tell you, again, why you're here precisely; and
what this meeting is expected to cover and what, by implication%lit is
not ‘expected to cover. So, some of ‘this will be repetitive of Qﬁat
Bob just said, but I think it's worth it that I go over it again.

This is a mandate given to me by the Administrator of ERDA
to assess the--I will have to be careful to explain some of these
words--the quality of the Basic Energy Sciences Program. And ndﬁ I
have to explain very carefully what I mean by "quality" and "Basic -
Energy Sciences Program," because that's really why we're here.

Subsequent discussions with'Mr. Fri and Dr. Seamans, whénihe
was here, defined this in the following way. By "basic energy sciences,"

I mean the basic relevant sciences, the applied sciences, and the kind -

of broadly applicable generic sciences that pertain to ‘energy technolo-

gies. . gi';
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Today we are going to limit this to fossil energy but the
,pqhé?teF theyvgave me wasnft,limited'to justrfossid'energy. So it's
the very basic}work,,the appljed,acience work and the broadly relevant
genericrtype norh, yhdch ia‘not‘apecific to one(particular technology.

Let me describe what Dr.‘Seamans and Mr. Fri meant’by
"adequacy."» They didn't mean by "adequacy," the usuai idea; Is this
1nd1v1dua1 piece of ‘work of h1gh sc1ent1f1c qua11ty? They meant by

adequacy" that from the v1ewpo1nt of the agency, Was the research
acrosa the agency 1ntegrated? Remember, 1t s done by d1fferent

4 : Y

kplayers sometimes.Z}Were these people ta1k1ng to each other? Was the
research program balanced’ This is a questlon you w111 hear again and
aga;n today. Do we have a balanced program? Are there parts that, in
your opinion, are rece1v1ng far less emphas1s than they should? Are
we d01ng too many th1ngs 1n one area and not enough in others? Isbthe
program comprehens1ve? Are we overlooklng great opportun1t1es for
research? That's really what they meant by "adequacy. - So that's the
thlng I’ 11 ask you to concentrate on today. Iherba}ance, the comprehen-
v81veneaa, the»;ntegrat1on,‘aa qelbras,«ofzcourae,_auggeationa on

subject mattermr | |

| ,NQY; to.do thie:forzthe agency,rofwconrse, would be an
, _enormonsrjob'and I‘decided that it was highly:improper tovdo‘it‘with
onr onn’peopie,:and our onnureaonrceaf _To aak'an_organization to look
at rtseif‘criticallyvis,kind of‘arriaky busineea{,:SQ I thought it

best to use outsiders, whoer, Fri told you about. _They7re not




full-time ERDA employées;fadd'tﬁéj are the two gentléﬁén you will see
more of during this meeting, Dr. Gerald Phillips, who's on leave from
" Rice University, whererhé'sfa'b}ofeEQOr‘Of physics, é;ibngtimé head of
" the Bonner Laboratory there and a man who has at least a passing -
acquaihféﬁcé with the oil patch. o

The other parfici%éﬁt'is Dr. Richard Kropschoé} who is a
c;mmérce science fellﬁw; :He}é'Chiéf‘of the Cryogenié Teéﬁﬁologj
Section of the National Bureau of Standards at Bouldef;fCoidfaéd.

I gave these fﬁo'péoplé Qéry broad guidanée,'jﬁéi what 1'd
been told by Mr. Fri aﬁd';;ked‘cﬁém to come back and tell me what they
thought needed doing. |

This was their three months progress réport: they fdund
much they liked about ERDA. They had two principal observations -
relevant to this area I'm talking about.

One, they sensed théré was an unevenness in emphasis on
applied sciences.

Secondly, because of the unique organization of ERDA; the
vertical organization of ERDA, in which one assistant administrator is
given responsiblity for a specific technology they found Whatﬁfhey
thought was a neglect of crbsscutting technologies. Ones that weré of
interest to many peopléraéross'the agency;-and yet ddroﬁe adﬁiniétrator
felt his career rose or fell on their success. And théée had a
tendency to drop through the cracks. K

' That was their preliminary report to me. As I sgy,ifhéy
found much they liked; they found some things that concerned thém.
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"My ‘guidance to them at that time was to concentrate their

efforts on fossil ‘energy rather than the entire agency. For two

" people to try to do the entire agency,'of‘éourse; would be folly.

The reason we chose fossil energy was because the agency has given
such enormous--well,. the country for that matter--such enormously high

riority to coal, in the nation's future, and particularly, the
P y :

. critical shortage of liquid fuels that may occur. So fossil energy

was chosen because, in our opinion, it was a high priority topic,
particulérly‘the aspect of utilizing coal. And, again, I'm narrowing
down here--I've told you‘already‘wefre“néfrowiﬂg into one end of this
broad continuum what ERDA's responsible for in research. Reﬁémber;

ERDA's responsible for everything from basic research to commercializa-

tion. 1I've told you 'we're going to concentrate on one end of that

~gpectrum today. And I'm saying'we're going to concentate on fossil

energy and, specifically, we'll try to keep it highly focused on coal,
coal to liquids and coal to gas.

. " Now, I realize with an audience of this quality, I don't

want to focus you too narrowly. We appreciate your comments on any

subject, but the general purpose of this méetihg is to focus as narrowly

'ds possible on the topics I've mentioned.

Al right.  The two of them came back in the spring and re-

~ported the following: they had concern about the balance of the over-

< all fossil energy program. Particularly;”theylwefé”ébﬁcerﬁed about




a gap between the basic research program, which is .under my jurisdic-
tion,,and the applied science programs. Let me explain a little bit
abdut responsibilities in thevagency; . My organization ié reéponsible
for the basic research for the entire agency. In .other wofds; basic

research related to solar, fission, and fusion sources, and fossil

energy, the whole gamut.

I am not responsible fér the applied science.',The';pplied
science is left to each of the assistant administrators, angiit's his
,:decision on the emphasié he gives to the applied scieﬁce, thélyleads to
;hé goals that he has defined for his particular cut of tecﬁﬁology.

So they percnived what they thought to be a gap in between tﬂe basic
work and the applied science.

They also perceived what they thought ~and, again, f will put
this in qualitative term; because this is a supposition on their part,
but they at least expressed concern over what they perceived’to be a
lack of novel applied science directed toward concepts that would
appreciably lower the cost of converting coal to liquid and gas. I

guess kind of a slang way of saying that would be--well, maybe you'd

_want to call them high risk, high pay out approaches.

I don't know what you'd prefer to call it, but at least I'm
trying to put in words the opinions they gave to me. They réported
these opinions to me and of course, the first thing we did was talk: to

the people in fossil energy about this. And I want to emphasize this

again. This is not in any way an adversary hearing today in which we ) i

are saying one approach is right, and another one is not right.
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" . We have had the ‘total cooperation of the fossil"énétgy
5'«peoplefin'this_‘"Réther:thﬁn'anJadGeréary hearihg;“this is a construc-
‘tive session in which we hope to solici£4bp{nibns on how we can make
Our»pfégrams better. -

' Dr. Kropschot and Phillips reported their opinions to me.
We explained them to Dr. White, who is head of the fossil éﬁergy
proéram5 and I've been--by the way, let me digress'a‘ﬁinutejhefe--
while'ﬁe're‘waiting ~--three of the participants on this morning's
progrém are'up at .the Hill right now. Dr. White is one bfqthem, and
‘we're‘éoing-‘because he is so important to this program, we're going
to work“ﬁim in as he.COmeSEahd delay his part of the program. So our
: agenda‘this'mérﬁing'iS'apt”to be allittléféut’of order becausé there
are three absent participants; Chris ‘Knudsen, Dr: White, and Harry
Johnson. I think we have -a substitute for Harry Johnson because he is
. 80 early on»the?prdgrém}'bnt the other two, we'll try to ‘work around
thenm. R |
=A11~tight.i’We“iéldﬁdﬁr7bpinib§ ‘to Dr. White, ‘and ﬁhiél;

meeting resulted. It's an honest seeking of diversity of opinions

ST G p Lend

aand‘Viéépoints.“‘Wé,aék*yOurfhelp,7'7 S -
Now, ‘let me- tell you what it is ‘not. T have said fhis

‘twice, biit I want ‘to make'itfvery-éiedfi:thfiSVEOt(a review of the
*_entire*fossil'éhergy prograﬁl”’AS‘13Saiﬂ;fa giﬁub‘liké'this iS'gsing

to make their opinions felt on any subject they wish tbl"It's*;’




an open hearing. But weflljt;y to keep it away from specific discus-
sions of the technology, coﬁmgpqializétion, and’demonstfatipn program,
and the advanced technology. ;Thishis not meant to be a review. On
the other hand, in order for you to give us yoﬁr opihidn, you have to
understand the program. . So you're going to hear .a lot. this morning
gbout'the entire prograq,rmqte,gshpggkground,material,@so that- the-
format is_a presentation of the qusillenergy program. ,Thenj—ﬁfter
that, a‘rgpo;t’on;the research p;ogggﬁ, and ‘a time for a discussion
and criticism, N et LT R PR

Now, although I'm going to be on the standzthisﬁmggning, I
want to make one final comment and that is, from now on, I'm really a
participant in this; my program is as much under scrutiny as;.any other
program here today{ and I invitgzyourjcomments. I'm really more of a
Mr. Interlocutor than I am rpnning;this thing from now on.

I'd like to, before I go any further,. introduce Dr. Phillips
and Dr. Kropschot, who_have been responsible for this review. They're
sitting in the front row here. Dr. Phillips is in the brown suit, and
Dr. Kropschot in the blue.

Our first speaker then on this morning's session will be a
pinch hitter for Harry Johnson, of ERDA's Planning Office. Let me
expiain a little bit about what Harry does. Harry is a planner, the
one who outlines the missions, the programs, and advises on the budget
for the agenpy's energy prbg;ams. His place @s;being taken by Bruce

Robinson, who will give you the first ﬁresentation of the morning.
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DR. HILL: Dr. ‘Kane?

‘DR.VKANE:.“Yes.

DR. HILL:. While he is setting up, would you describe for
us thé—functiqhs that NSF kANﬁ; and NSF used to carry that are no
longer carried by them and must be by ERDA?

DR. KANE: >1 don't believe I can really do that. I'm not

well enicugh acquainted.
S Bruée, do you know aﬁy of those'fuctions that were trans-
ferred in from NSF or terminated over in NSF and RANN, ﬁhiéh have
Beenﬁpicked up ky ERDA?
DR. ROBINSON: The programs that come to mind are solar,
geothermal, biomass. . |
DR. HILL: There was & lot of coal research.
DR. KANE: -- there was a lot of coal. Alex Mills then
could perhaps address that one. k
DR. MILLS: We had 23 projects from RANN, which were trans-
ferred to‘ERbAe I1'd like to‘éay, invgli frankness, they were tréns-
ferred with no moneﬁ; no personnel, and they are now:cdhing(in for
renewal, ° |
CDR..HILL:_ §o it;is:eipected thét:your'éhbp will éick:up
evgiytpigg;NSFiwas doing?'..;.‘ ' |
¢ DR. MILLS: Coalj right.'
DR. ROBINSON:V’Well, my task, as I understand iﬁ‘thié

morning, is to give you a brief overview of ERDA's programs and budget,
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to give you some context for the more focused discuésibﬂiyou are
going to have during the course of the day. So what I{iiéend to do is
give you a very abbreviated;indi¢af10n of how ERDA's pfdgrams are
consistent with a stratégy'whzchrdériQeéllagicélly‘ffaﬁ ESHSidé;afion of
national energy probleﬁs}'”iﬁ the course of that, to hit on some of the
highlights of:the programs; and then to*giﬁe &ou:a quiék'overview of
ERDA and the ERDA budget that was submitted to the Conérééérfecéatiy E
for fiscal year 1978. R
I might say that a more detailed discussion of the kind of
topics I will bg covering and related topics will be iﬁclddéd:iﬁbtﬁe %
ERDA Annual Plan, which is ‘due to come out in about fworééeks and will
be available from the Technical Information Service in Dak Ridgé;at
that time.
Can I have the first slide, please.
(Slide 1)
- Of course, the major component of the national energy'problem
is the fact that our entire economic infrastructure is depéndent on

0il and gas. As this slide indicates, about 75 percent dfifhézébnéump-

tion in 1976 was in oil and natural gas.

" As you know, and as we'll see in a éubsequént é1ide these
are our least plentiful resources, and our fix ‘to déte:ﬁasﬁbééﬁ;impbrt-
ing. As indicated, in 1976, wé imported sbmefhing like 40 percent

of our oil.
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Our domesticrrééggrgés'simpiy cannot Suppqr§rtﬁefkind>of
7groduction required fo mee;,ouf,demands, and we caﬁnctrd;pénd 6n the
tempofary import fi# beé?&ééjthere is a similar worldwidé pil problem
not ‘too far down the ro#d.},’ | N

Can I see tﬁerﬁeié Vugréph.

(slide 2) T |

This slide projects a cumulative consumption wbrld&ide. The
| upper band indicates estimates of world oil resources.  Iﬁe1§e11ow
bar is the halfway mark; a typical bell-shaped productioﬁ,curve. You
begin to level off productiénrat the halfway mark. As.you can see, if
the world continues this present 8 percent growth, produgtion will be
leveling off in the late 1990s. Even if there is no growth at all, we
will reach the leveling off point very early in the next cedtury. So
the import fix, even if we are willing to ignore problems of national
security and balance of payments, is at best a temporary fix.

_The next slide, please.

(Slide 3) |

This is the result of a recent CIA report where they have
projected that the proBiem we are projectiﬁg in the '90$'§oﬁld
actually occur in the '80#. There is some disagreemenﬁ a; térgxactly
when it will occur, but there's no doubt that imports, at'best,7are a
temporary fix.

Could I have the next slide.

(:T.

(Slide 4)
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This is grslideiﬁhi;h;showé éhe!Various energy,résog;ées
avai}abie‘to:the United Staﬁésﬂdoméétically. ‘The firstithiﬁé;F§7 f
Vconcludg is,'ﬁe doﬁ;t héiétg lack of enéréy feéburces.:i: : -
The units indicatéd are in millions of'barrei,df:oil,gdui-

valent. To put it in some perspective, we are now consuming something

~like 13-1/2 billion barrels of;oil,equivalent per yegr,,so:qqg gas and

petroluem resoufces as indicated in the lower left-hand part of the

_slide would represent about 30 years of current consumption: _consider-

ing the entire energy resources indicated with that kind of scale, you

can see that a lack of energy resources is not a pért.ofrthe problem.

.. The real problem is that our infrastructure is completely tied to the

oil and gas, or very séafce resburces,,and it's going toliake time to
get away from that dependence.
The resources are scaled in order of increasing availability

and recoverability, Withrgas'gnd,pettoleum,.the most scarce, on the

_left-hand side, and the virtually infinite resources, solar and

"fusion, on the right-hand side.

The area of the rectangles are roughly pxoportibnal to the
recoverable resource available.
By looking at this slide, one can easily see what'the

components, of any national strategy to cope with the energy problem,

~are. One, of course, is comnservation, to try and save energyfresdurces,

particularly the scarce oil and natural gas. Second, to attempt the

enhancement of the availability of oil and natural'gas, because our

18

C




econ&ﬁfé'iﬂfrastfuétﬁre'is'sb‘tightly‘fied té'fhgm; and (for that
reasohj‘theré‘ié’é'ldhg'time constant associated With'getting away
from‘thoéé;resoﬁfées;"7
;"Finally, we must de@elbplmethods'tétéﬁitchito the more
‘plentikal resources. -This includes using them directly, for gxampie,
-direcé combustion of céaii‘Oftuéing’them7t6;ﬁrovide“direcf substitutes
fbf“tﬂé 0il and natural gas:thét our system‘is dependéent” on. -Again,
cbélaﬁ§dvi6é3'a*goodlexample with coal 1iqhéfaction;and coal gasifica-
tion;lsﬁ”‘ :
‘I think this slide, displaying the domestic resources,
actually provides a goodibackéféﬁﬁdffor diséuééing the resource-related
ERDA §§6grams}' So I'11'pﬁt"bff”fbf‘tﬁéimOﬁéht discussing conservation.
We'il pick thOSekup'on*d subséquent"slidé.f'“'
ﬁjt’*’biséﬁSéing’the other points of ‘any'national strategy, first,
~ incredsing the availability‘bf‘thﬁseiéﬁeféylrésburcés that we're so
depeﬁdéﬁf'6h;:hamé1ygioil-éﬁ&“ﬁéfﬁ}élféagi?:ERDA,'iﬁdeéd,fhéé”enhahcéd
gas ‘progiams"and‘-feﬁhanced’oil reécovery programs. You'll be hearing -
‘more about those todayfsde w6ﬁ't:bbfﬁer*ﬁehfibning more about -them.
‘The second componeént-is, of course, ‘switching to the more
piéntffﬁl»fﬁéis;?én&<siﬁéélthé7t6pié't6§ay*is fossil,‘iet me'jﬁstf-
quickly touch Ehoée:55You'11'bé”hégfiﬂglmofé defails later ‘today.
" Our ﬁos; plentifuilfoééii fuel is céal;*thé‘fifth‘box‘5f*7
in the ‘array. VAséyouiéanQSée;fthéie‘are Q‘codple of centuries

worth of cbal;’measuting*by“curfent~totéITénergy?conéumptioﬁ.”" o
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The coal program consists gfideielobmen; of .technologies to permit
di;ect combustion of,cqal,and the major problem there is being able
to do it in an envirommentally acceptable manner. That will be
discussed in more detail today and on technologies for making directv
substitutes for liquids and gas fuels from coal.

The final fossil fuel .on-the slide is shale oil.T¢Again,:
ERDA has a program here; énd,égaip, environmental and water resource
;gonstraints are a major problem which face the development and imple-
mentation of that technology. You'll be hearing more about that
today.

Moving to the nonfossil resources on the slidg,lthe first
nonfossil resource is indicated the third box in the array, namely,
geothermal. It is divided into two areas. The area at the bottom of
the slide is hydrothermal geothermal. It is not a huge resource, but
certainly very significant and it has a great regional significance in
the West and the Southeast. The larger area on the slide with the
undetermined upper limit is the geopressure resource which is a vast
resource, principally in the Gulf state regions.

- ERDA has programs. in the hydrothermal area. They include
geothermal loan programs to try to remove some of the institutional
barriers‘to the private sector picking up ;he}state of the art tech-
nology and implementing it.
| ERDA has research programsithat include test facilities to

advance the state of the art, examination of.the environmental problems
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agsociatedﬁwith.geothermgl; and yery‘importpntly,,an attempt to assess
the resource. Very_little has actually been done in‘theipas; to
gssessﬂjuét:hqw,mqgh geothermai;gnergy is gvailable in the United
States._;Thesg are very approximate figures.

Finally, there is a plan for design of 50 megawatt demonstra-
tion plants. . R N

kThgrgeqpressured resources cannot be tapped with state of
the art technology. There is a huge resource there, as indicated. . In
gddition,to the thermal energy, it has recently become clear. that
there is grhuge amount of Qethane,.natural gas, dissolved in the
ggothegma} brines. It haétbeen,estimated,;hat,energy‘in the methane
may besgbout'equalAto that of the thermal energy.in the geopressured
area.

ERDA,}again, hag a program to assess the extent of. that
resource and, in fact, our first exploratory hole in the geopressured
area began p;oduping reSulﬁs about four weeks ago and, indeed,
confirmed the fact -that huge:amquntsrofxmeéhane are dissolved in the
brine, at least in the‘region of the test hole.

Thgﬂnext n9nfossi1,resource;is,u?aﬁium, and>theAextent of
the ;egqu;cg,:ofgcqurse,,depends_op,;he available technology.. The
small box in the left-hand corner represents the amount of energy that
could be recovered with conventional light‘watef,réactors, which, of
course, is an existing technology.

ERDA's program is designed to insure that light water

reactors which do exist and can have a very large, reasonably near-term
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" impact, can be implemented.:”This involves programs aimed at solving
the safeguards and waste disposal kind of problems.
The large bois'}épreséhts;the energy available for ﬁfanium,
if breeder techﬁology isrsﬁCCessfully developed. Bfeed;r réa;tors
" are roughly 100 times 'more efficient than the converter reactors, and
hence the same uranium resource is greatly enlarged.

I should have mentioned also that in support of the LWR
progrém, therg is, again, a’resburce'asseSSment‘progtam'td get a
better measure of how much uranium is available in the United States.

The largest single component of the breeder program is the
liquid metal fast breeder reactor. The Carter Administration recently
cancelled a commercial demonstration program in that area. The
program has been diversifed to consider alternatives and assess which
breeder technology is most compatible with current concerns about
proliferation.

The next, very large resource, is solar. The last two
sources are essentially infinite resources. They're renewable,
inexhaustible resources.

. The solar program, of course, consists of a variety of
technologies. The near-term technology in that area is solar heating
and cooling. The major component of that program is a demonstration
program, to have se§era1 hundred highly visible demonstrations and to

publicize the results of those demonstrations to remove institutional
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barriers which are setting back the growth of an industry in that
area; ~and.to-make the results of:'those demonstrations -available to -
building owners, builders, and people in the financial community. -
They're,already,,of-course,;in'1977vdemonstrati0ns programs for solar
heating. - IE'S‘hoped,by.J79 to have demonstration programs in solar
.cooling. eTheré are related progfams~for solar heating:applications\in
industry and .agriculture. -

. ‘Solar .energy :is also :potentially useful for generating
electricity. . There are ‘several programs'init§at:drea. "There is
‘directfsolar;thermal‘electric generation Where the sun is essentially
used to producéVsteameﬁo be used 'in conventional turbines to generate
elecﬁricity.‘AAz

ERDA has a test facility, testingfthe'components of such-a
system. ..A site has been selected for'a 10-megawatt facility. =

There is also a photoelectric program,: where the sun's
energy is converted diréctly into electricity. ' That®technology was
developednfor'spécé applicaﬁioné.fwit is now an expensive technology.
The‘majbrngoal of that program is to getscbst-down°by’ébout-a’factof'
of about 50 to 100.‘,Tﬁé*emphasis isron sﬁéll applications: that have
some -chance bf,beingigbst-effectiVé‘inrthe“relatiVelyfnear _futur“ea."‘-'t
;The:méjor;emphasis is Qnéconvéntioﬁalisiliéon-tedhnology,-élthqﬁgh%’f
'tﬁefe are prqgrams-iﬁ-gallium?arseqide<and26ther less conventiochal |
semiconduétors,rwhefé thére's hope that some cost breékthrough can

OCCUT e
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Those are the direct -applications of solar. There are, of

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

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

with ébout a 125-foot blade. . There are two improved versions of that
underﬁay; A l.4-megawatt system is being designed. An initiative of
the Cérter‘Administration in -the ‘wind area is to put greatet‘éhphasis
on small systems which are compatible with decentralized éppliéations
for industrial uses, small communities, and agricultural uses.

Another indirect use‘of solar is an ocean thermal electric
‘application where one exploits the temperature difference between the
surface and reasonably shallow waters in the Gulf region. At the
present time the focus is on small scale testing of the critical
components of that system, principally the heat exchangers. No heat
engines have been operated in the past using such small temperature-
gradients. The feasiblity of doing that has to be established before
any kind of large-scale program could be considered. |

Finally, in the solar area there is a biomass program.
There is already on the order of half a quad of biomass being used
which is principally in the form of industrial waste. The ERDA

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

exploring biomass, which is purposely grown in aquatic and terrestrial

environments for the purpose of conversion to energy.
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- 'The last resource.on the slide-is-fusion. Deuterium is

iz

available in huge quantities-in:the oceans. .Fusion of:deuterium of

.course, gives off the energy which drives-the .sun--also the source of

H-bomb energy. There are, parallel approaches being pursued -by ERDA.
One, inertial confinement, where:the reaction is confined to the
necessary densities and temperatures by impingement:of :liigh density

lasers,;oribeamsfpf,particles.,;In;parallelhwith'thatiprogram, there

_1s .a magnetic .confinement .program where magnetic:fields 'are used to

+.confine charged particles to . obtain the necessary densities and

temperatures to get ‘a fusion reaction with mnet .energy.

.The -fusion program is a lqng—term,program;rdchourse;wand
there -is a plan of sequential events 'to ‘arrive ‘at ‘both :feasibility
and,,hopefully;'in:the?distantffgtdte{afdémonstratidh*ofmthat~technology.

‘i ’i-=I've.used,the;estimatedfresoﬁrces:available in the ‘United

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

‘the production side of ‘energy., ‘fw;r:} Tlneies tennupd ool

‘a-uWe?veldemonstratedéthe various components?df‘any7nati0na1

strategy,»namely;vénhanCingzthe availability of -‘those :resources::on

~which we are very dependent, gas andﬁoil;hpiovidihg substitutes -for
;hthem from our:Véry,abundant<résources,5likeféoa1;fmakiﬁg*greater

‘direct uséfoffthe“méré abﬁndant resourééggﬂlikéicoali«shalé;fét'”'

.cetera}aand gettingvbur‘economiC”infrgstructufe‘unciédffrbmhfhe*schrce
".i-fossil resources and linkédvtofine#haustible;resohrces~iﬂwtﬁe’longh |

,),, -tem.f R .
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.77 The one component of the strategy which I didn't mention in
“my ‘discussions of resources was;”of~¢ourée,/conServatiqn,?ﬁhiéh‘can
have a very important near—-term effect and is cost-effective ‘in many,
“many -‘areage’’
‘May -1 have the next slide, please.
= (Slide 5)

This :slide indicates how we now meet our energy needs
in the various end-use sectors. Of course,'the'transpdrtatidn sector
is virtually all oil. There-is.little hope that oil will -be completely
displaced in this sector by the end of the century. 'We do have an
electric vehicle program which_is aimed -towards demonstrating elec-
trical vehicles in the early '80s and providing the beginning of a
viable industry in that area. But it's unlikely that oil will be
displaéed in the transportation areas, so conservation there is very
important. |

The largest single component of ERDA's program, is research
on heat engines; sterling cycle and gas turbine. There is related
research on auxiliary systems like variable transmissions, drive
train improvements, et cetera.

In the residential and commercial areas, there is some hope
that by the end of the century oil and natural:-gas could be more or
less displaced entirely. There are research programs, in building
design and community sttems where waste heat from»electric generation

plants are used to provide a lot of the residential/commercial energye.
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;Othe; areas include; improvements inbefficiency 6f cbnéumeriprodﬁéts
' aﬁd use of.urban wasté. Thésé are some of the highlights of'the
residential/qommercialrbui}ding area of ERDA's progfgﬁ.' o
In indﬁstry, agaiﬁ; there's a great déal of;dppo:tunity for
s;ﬁings. ‘Thereis hopé'tﬁét by'the ;nd4of the cenfury[oii céuld be
- completely displécedrexgept'for pet;pchemical use.‘ One of Ehé‘méjor
things zhere would bé sﬁitchihg to coal, which isrpartrofﬁtﬁg fossil
program. ﬁut in addition, in pu;,conservation program, we have
projec;s aimed towards the recovery of QasferheatAfof 1bw'temperature
;épplications, and cogeneration, wﬁere again, the waste heat from
electrical generation plants can be used for process heat or direct
heat uses in industr&.
~ Finaily, there are changes in industrial proceés; espedially
for those processes used by the most energy-intensive industries.
-ERDA, again, has programs in all of these areas in cooperation with
'industry.
Can I have the next slide, please.
(slide 6)

By looking at the resources available, and the kiﬁd of

_national problem we seem to have, I've just hit some of'theihighlights,

of our programs. I'd like to now hit some of the highlights'ofrthe
budget that was submitted for FY '78 to the Congress.
The total budget in the energy area is about $3 billion, and

it's divided as indicated. I think the labels are pretty much self-
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' explanatory, based on what I was saying before. The nuclear fuel

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

support the LWR, namely, the safeguards, and waste dispds#l problems.

‘The area marked “fission" is predominately breedérvreactor
research. And the others, I think, are pretty much self—exﬁlanatory.

I should pointrout this is not the entire ﬁRDA,budge;.‘
Pegple get confused thinking when they see the total ERDAibuéget it's
an ERDA energy budget. 7 : -

The total ERDA budget is something like $6-1/25bi1iion, the
directly energy-related RD&D, is less than half of thertotalkbudget.
The remainder‘of it breaks out roughly as fbllows; Abbut:$1;97billion
is for national security reéearqh, essentially weapons development.
About $600 million is associated with basic research and tephnology'

‘development, which is not energy related; high energy physics and
nuclear physics, which isn't energy related; and biomedical research.
About another half billion is related to uranium enrichment production.
The latter is not research, but the actual productionvof enriched
uranium for both domestic and international contracts. There is a
remaining several hundred million that is associatedrwith ﬁan#gement--
program management, et cetera.

The remaining 3 million is the energy budget, which is the
principal topic of interest this morning.

To put this present budget into some context wi;h the past,

and to give you some feeling for how we have evolved since ERDA was
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forﬁed, Iet's 1ook atvthe 19?5 budget, ERDA's first budget.
| ;‘nayVI:have the next. | |
(Slide 7) h
Notice it is not asvwell belanced as our preseot budget.
Fissioh breeder research certeinly was a very dominantearea. Fossil

with a very large piece coming from the Department of Interior

o

 &and is a fairly mature program.v'Solar, conservation, geothermal were

telatiyely.new federal R&D progrcms and had not really gotten off the
groucdjet that time. | | |
- Can i have the next vugreph.r

(81ide 8)

Th1s gives you some fee11ng for the kind of growth that has
happened in the various areas. It gives a feellng for where priori-
t1es have been, at least as far as incremental growth is concerned.

The conservation area has grown some 800 percent, consistent

Wlth the fact that it was ‘just getting off the ground when ERDA was'

fvformed. It can have a very s1gn1f1cant near-term 1mpact, and it is

[usually cheaper to save a barrel of 011 than to produce one, -

;Solar,‘nuclear, et cetera have grown.i Safeguards, support-

“'ing LWR has gtoﬁn‘significantly.' You can see the rest of the slide.

‘May 1 have the next onme, please.'

~ (Slide 9) °
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This sl1de, breaks down the growth in a couole of other
“areas. I think the one of most 1nterst 1s the one‘on the rlght-hand
side, which does it by essentlally the tlme'frame in which a technology
‘would have ah“iﬁbaet.“'uoéicé:tﬁat.ne5f4£érm”§éehﬁoi§gi§; have grown
somé 410 percent since ERDA was formed.‘ Mld—term, 110 percent°
1ongeterm; 65 pefcéht; ‘Th1s represents, flrst of a11 our recognltlon
of our problem; it has made us realize that we need a 1ot more emphas1s
on'nearrtermlaolotions. It also represents the fact that before ERDA
was formed before the ‘Arab embargo, the federal role was con31dered

to be pr1nc1pa11y to handle the long-term stuff that would ease our
transition to the 1nexhaust1b1es; Since that t1me;‘there s been a
recognition of the need for the Federal'Government to make sure that

the other technologles, that ‘can get “us away from our dependence

on gas “and o11 needs some federal support to insure that they are

(490

1mp1emented on a t1me1y ‘basis.
I Hink 11 cut off there since T've run out of time. |
DR. KANE}‘ In my rather sloppy introductfon;éljdon'tkheifeve
' 1 madé ‘it ciégrifhat,ﬁroce‘goéahe‘fgf;theKentireraéencyilnot just the
“‘fossil eﬁér§§t,‘§hi§‘wésfﬁeéﬁé to{heajdétkan iﬁé?&d&éﬁoryf géﬁéiéf’
1obk;ieéréf“£hefeafiféfééénéyi So any questlons ‘should be directed in
Athat context, rather than spec1f1ca11y 1n the f05511 energy context.
"""""" Are there any quest1ons. | - ) |

. RAMSEY: Nornan ﬁamsey. Harvard Un1ver31ty.

"Am 1 rlght in 1nferr1ng from your comment that 1f you




iqélpderthe dissolve@ methane in the brine the reserves of natural
'gaslwé;lavg; §g quitgy#zﬁi;,ia fgptor of 5 or mdfe on thg p@fvg..ﬁls
th§F §6frect?\“ 7 | v : |
B Dk3 ROﬁINSON:” That}s;ﬁith:no consideration of how much it
&oulgffost ;; get it out, right. |

s th. KAMSEX: rIs there anyfindication of how gucﬁ thgvgogt
yéli benpo:ext;act it?A ‘

DR. ROBINSON: 'It‘s”e§tra9rdinari1y uncertain étrthe present

time. Part of the ERDA effort is to make assessment of bothrthe .

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

DR. RAMSFY: I see.

DR. ROBINSON: Yes? 7

DR. GREEﬁ:A Leon Green, General Atomic Company.

This is a question for Jim Kane. I notice in the final
program, the item thét was called "the overview of resea:ch’énd
industry" has fallen off. 1Is that your decision to sponsor any
research in industry?

DR. KANE: These parts are not meant to be just arreviewyof
vhat we are sponsoring. What we had intended was to get the viewpoint
Qflindustry, up and out, and we gave thﬁ} up as a,bopelesg»tagk(ig.
th#t‘we cquld'not pick one individual who we thogghg wpu{d speak for
ali industry satisfactorily. So, let me give you,ardi:ect answer. By
my division, you mean basic research. We sponsor a very small émount
of basic:resgarch in indﬁ;t:y. It is growing--it's a very :apidly
growing fracéion, but a small fraction of’our research is in industry.
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Théie,gfe,voflqourse, the usual problems of proprietary aspects/the
industry oftén wishes to.avoid. .
DR. GREEN:. Thank you very much,
DR. KANE: If there are no»fu;ther questions, now the scene
shifts to the real meat of the‘mégtipg._ And the first speaker of the
day wasHmeant to be Dr. Phillip White, who is in charge of the fossil
_energy program for ERDA. I told -you already, he's at a hearing. I
have evé;y»tegsoq to beiieye he'll be here, so what we're going to do
,is»invef; the;program,‘apd go .ahead without him, and when he gets
ﬁere,we will work him into the schedule, because I think it‘s crucial
’that you hear from Dr. White on this subject. It's his program that -
is under discgssion for much of the day today.
,?hehgirst;sﬁegker,ithen,_will.be Dr. Martin Neuworth, who is
~going ﬁé.discqss one of the ;htee,major programs within the'coélvR&D,
and th§£ is5the coal coﬁversiqp?aspect»of it.
;Iﬁ Dr, Keuwo;th here?
‘fVDR.;NEUWORTH:,”Ygsl-
. QR.,KANE:~,Oh, goqdf
,_  Wéﬂpromiseg, Dr.kNguwo:th,,tq give you a:little extra time
since this parﬁicular'ﬁopic ypufrg talking about is»of absolute and
;2ve:y;1arge impprfgnpeito ;his»méeting. T
| DR, NEUWORTH: = Thank you. |
,;TVOICE:,;We};lhéxgeijXOurbtime‘a‘littlé bit. -

- DR. NEUWORTH: . Okay.
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- Good morning. I would like to attempt to answer three
questions: What are the specific technical objectives in our coal
conversion program (gasification and liquefaction)? Where dolwg
stan& and what are the research needs to ‘improve our technology?r
ST Could I have the first slide.

-(Slide 1)

I am going to talk about coal liquéfaction.' We're ‘actually
concerned with the production of three types of fuels:  solid solvent
refined coal which can be burned without the use of fluegas s¢fubbers;

“‘syncrude, which.can be substituted in a petroleum refinery for the
production of gasoline and fuel 0il and chemical feed stock, and heavy
boiler fuel.

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

‘. must perfect in converting coal to liquid fuels. Coal essentially is
a hydrogen deficient substance with too much oxygen, nitrogen, and
sulphur, and mineral matter, which all have to be reduced or elim-
inated. We show the first step as the addition of hydrogen. This can
be done by adding external hydrogen, or redistributing the hydrogen in
the coal in which case you produce a hydrogen deficient species, char,
and a relatively limited amount of liquid.

Coal is a high molecular substance and therefore it must be
hydrocracked to lower molecular species. You must remove the sulphur,
oxygen, and nitrogen as hydrogen sulfide, water, and ammonia. This

is in connection with environmental and stability considerations, as
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s Essential Steps in Coal Liquefaction
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well as compatibility with petroleumyfuéls. Finally, you hévé!to
separate the uncovertedrédal and ash to‘produce a clean liquid fuel.

New slide pleaéé. .

(slide 2)

I've shown a rather busy fldw’sheet there, but I ;ﬁﬂ;-do you
have a poiﬁfer? e

VOICE: No, sir, I don't believe 80.

DR. NEUWORTH: Okay. I'll juét walk you through thié very
quickly. In order to co;vert coal completely to a liduid pféduct,
you have tb‘grind it. Ldoking up at that upper box there; comﬁine it
with a coal derived slurry solvent and'phmp the mixture into a pressure
»vesselvwheré you preheat it to temperature of the ordér of 750
degrees F. .At that point, essentially all the Loal is dissoivgd
except for ‘a small amount of unreactive materialland mineral métter.

Now, you have two alternatives. You ﬁan do the liquefaction
thermally as it is shown in the lower box. This is the technology
used iﬁ solvent refined coal, the so-called SRCI and SRCII versionms;
or you can convert it cataiytically, which is the way we handle the
H-coal or the synthoil technology. At that point--I1 guess wefrel
missing-—Tﬁefe's a loop around. You take ﬁhe effluent from the
dissolver and cool it, separate the gaseous components and then let
it down to atmospheric pressure where you effect fhe solids—liquid
separation. '

The solids containing material can be a source of hy&?ogen

by gasification, and then you separate the liquid products from the
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'éblvent to produce your'export liquid products.and, finally, return
the solvent back to the firsﬁ partiof,tﬁé process.
* Now, in the case of tﬁis dotted box underﬁ"solvent," this
includes still another Qariafion wﬁich,was deQeloped by_Exxon where
the solvent-;it's a distillafe material, is separately hydrogenated
to supply additional Hydrogen. ﬁif you use that system, ydu can
produce a distillate fueliwithout the use of a catalyst. So these
are three variations and'théy represent our most advanced teghnélogy,
that is, H-coal, SRC, aﬁ&Athe EDS pro;eés. 7

| May I have the next slide, please.

(slide 3)

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

The SRC process has been operated in a 50-ton-a-day pilot
flant for about 2-1/2 years. It has produced at least 3000 tons of
clean fuel. We burned it in a utility boiler. We demonstrated that
yoﬁ can burn this material without a flue gas scrubber. It was
handled, like coal and it was actually shipped in an open hopper
car from Fort Lewis, Washington, to Albany, Georgia, which is across
the country. It was handled as coal in terms of pulverizing it and
'~ transporting it into a boilgr. It did burn with apparently little
difficulty. It requires no flue gas scrubbing and the'Nbx'énd SOX
meet the—curfent standards for J/coal—fired.boiler.

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

stration plant at this point.
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The H-coal and EDS processes are in éarlier stages of
developmenf. We're building pilot plants to demonstrate these tech-
nologies. In the cage of EDS it's a 250 tons a day unit; and in the
case of H-coal, it will be 300, to 600 tons a day. The intent there
is to bypass the need for a demonstration plant, and if the pilot
plants operate successfully, these will be scaled up directly:ﬁgi
commercial plants. |

Now, some of the problem areas that we see in scalingi@p
coal liquefaction are shown on the next vugraph. ‘

(slide 4)

Oh, you're going too fast.

VOICE: I'm sorry.

DR. NEUWORTH: I Qill just walk through these quickly.. The
preheater scale-up deals with the question of the amount of heat‘flux
that's being used without caking the slurry. The dissolver scale-up
is concerned with the question of three-phase flow.

Then we have the problem of pumping slurry, and the let-dowm
valves., These are concernedrwith the handling of the abrasive mineral
matter components. Then you have the distillation of dirty residues,
and by "dirty", I mean residues which contain unreacted coal and
mineral matter.

finally, the question of solid—liquid separation. The uses
of filters and centrifuge appear to be unattractive from a cost-scale-

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

like solvent deashing on a pilot plant scale as an alternative. { ,
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(Slide 5)

In the case of the pfocess problems, it's developing a
better understanding of the primary liquefaction steps, so that you
can design equipment to maximize the chemistry of the‘cpnyersién.
Hydrogen selectivities are concerned with the fact th#t hydrogen is a
very ex;ensive chemical, and if you use it, you produce varyinéi
amounts of gas, which is a high consumer of hydrogen; ﬁﬁd optiﬁizing
this step is critical. You have to remove the oxygen';ompounds to
produce the material which is stable and compatible with petroleﬁm-
derived fuels. The nitrogen compounds have to be reduced to a level
so that on combustion the product will meet nitrogen oxi&e st#ndards
for fuel oil. And finally, in those procgéses where cbairsees a
catalyst, the catalysts that have been used. have simply been trans-
ferred from the petroleum industry and design of catalyst which can
cope with“the fouling effect of coal, would permit significant iﬁprove-
ment in tﬁe‘technology.

That is a quick look at liquefaction.

‘ﬁow, moving on to our gasiéication program} The objective
there, of course, is to make synthetic natural gas by the reaction of
carbon monoxide with,hy@rogen or the direct reaction of carbon with
hydrogen.

In the low Btu gas pfogram; we'regcpncerned with making
synthesis gas as a chemical feed stock, a fﬁel gas diluted with

nitrogen, which is a significantly cheaper fuel because air is used in

place of oxygen.
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Now, I have shown a typical flow sheet--
(slide 6)

-- for a first-generation or second-generation coal gasifica-
tion process. o

Briefly, starting with coal, we have the c631 preparatioﬁs
and pretreatment in the case of caking coal, and then the gasification
step as you can see iéra minor part of £hevovera11 flow sheet. Ther¢
coal is reacted with steam and air or oxygen. The air:o; oxygeﬁz
supplying heat ?6 comﬁensate for the endothermic heat of reactiqﬁ df
carbon with steam.

The next series of blocks concern themselves with gas
cleanup and finally, going to the lower series of blocks, the sﬁift ‘
conversion is needed to adjust the carbon monoxide h&drogen ratio.‘
Then you have the steps of removing st and Coz, and then trace
sulphur compound removal because of the sensitivity of the methana-
tion catalyst. In the methanation step you react cérﬁon monoxide
with hydrogen to produce methane and water. Finally, you have a
drying step. It'é pretty apparent from’looking at that flow sheet,
it's quite a complex flow sheet. Thevcapital costs accofdingly are
very high, and thé operating costs are affected by the fact that 60
percent of your'operaﬁingréostS'are the recovery of capital.

Now, as most of you kﬁow, ;here is coﬁﬁercially ready
technology to Qarry out this process. The most well-known technology
is that of Lurgi and this is considered to be a candidate for a

commercial syngas plant.
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Now, the Lurgi process, although we comsider it technically
viable, has a:number of liﬁiéatipns, I discuss some of these in the
next vugraph. ‘ | |

(Slide 7)

Specifically; the LurgiAprefefs relatively coafse size coal.
As some of you may know, when you miné,coal in a modefn»mine, aboﬁt
?0 percent of the coal is finércoal,‘ﬁnd the Lurgi is incapable of -
handliﬁg this. |

AIn addition‘to that, the feéding of coal into a pressure
vessel is still artechnique which could be improved upon sighifi;
cantly. | |

Then we have the problem of processing caking coals, which
requifes p;etreatment‘with the loss of carbon. Then you have the
maximum siié vessel one can build to,coﬁvert coal and this requires a
great m#ny vessels to produce a commércial amount of syngas. Then
thereis cost of an oxygen plant. Some second generation processes
use air in blace'of oxygen in a two-step system so that the resulting
methaﬁe is not diluted by nitrogen. You have a very large cleanup
cost,'beéause many processes produce by-product tar andiwater confami-
nated with phénols and fine coal. '

‘Finally, in the primary gas coming out of the gasifier, the
lower the methane content, the more methanation one has to carry out
to produce the finished product with a higher capital and operating

cost.
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Finally, there is the high cost of the ga# gleanup.

May i have the next slide.

(Slide 8) |

wa, in ouffsecond-genera;ion pilot plant;program; what we
have attempted‘to doris take care of all or most of the limitations
of the first-generation technology. 'ﬁhat I've shoﬁalhere is a
summary of the pilot ﬁlantrprogram.w Wé show five pilqt plants.
Under reactor type, we've shown the fluid bed or en;réined bed,:which
aie designed td handle fine coal, the coal types thaﬁ one can use in
these processes. The thréugh—put ranges from 25 to 120 toné‘per day.
The pressures are up to 1000 pounds. The reason fo;ifhat is you'd
like to deliver the methane to'the pipeline at 1000fp§uﬁds pressure;

The first two processes, th; Co, acceptorA;ﬁd the HYGAS
process, have egsentially completed fheir technicalrprograms and
these are considered to bgrpandidatés for either a déménstration
plant or a commercial plant. The HYGAS piant is seriéusly being
considered for a demonstrationrplant. | |

The other three progréms are esééntially in early stages of
their operation. |

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

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

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

(Slide 9)
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This is the so-called catalyzed gasification, which involves
treating the coal with a catalysf liké potassiﬁm;carbonate. Thié,
increases the rate of the gasifiéétidn reactioniSO there is no nééd
for any oxygen or air. And sinceva signif@caﬁt"amount of methane is
produced in the primary step, which is an exothermic reaction, thé
reaction is thermally neutral and you are able to convert the coél to
about 40 percent methane per b@s?.

Now, this eliminates the need for a greatrhany steps iﬁ»the
gasification process, namely, the methanation‘steﬁ; and the water-gas
shift. By using a catalyst like potassium carbonate, all tar’and all
organic materials are eliminated, sorﬁhat there is a consideréble,.
reduction in the whole cleanup system. You substitute the cryogenic
separation of methaﬁe for the need for an oxygenm plant, and thisv
appears to offer a sizable reduction in capital and operating costs.

There is one other process which involves the direct réaction

. (
of hydrogen and coal, but I just didn't feel there would be time
enough to go into‘any detail. |

Finally, I would just like to completé the discussion by
mentioning in our low Btu gasification program we're not:concerned 50
much with the gasification reactor system. But since low Btu gas can
neither be stored nor transported for any distance, the projects were
concerned with coupling the gasification step with the end user,:and

we're using state of the art gasifiers,
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»\We have‘three’programsbin that area. One of them is a so-
calleorgasifier in-industrp,program, whlch involves the substitution
of low Btu gas for methane in those industries which»gere curtailed
from.having acontinuedAsnpply'ot’methane;»allom Btu gas combined
cycletelectrlcrpower procuction, whlch appears to offer one of the :
lowest'costoptlons forvmaklng electricitydfrom coal.';

. Finably, a hydrogen from coal project,‘which is‘concerned
with producing chemical hydrogen, a very crlticalyingredient in both
gasiflcation and liquefactlon»technology.q»

» Ih,a,nk you.

o KANE.' A;e:therelguestiOnsfgrlpr, Neuworth?

DR ZUCKER: My name lsrAlex Zucker, from_oak Ridge.

Do you see any need foria'oeeper nnderstandlng»ofpany of
the phenomena involvec in these processes before the engineering
problems and some of the process problems can be solved?

DR. NEUWORTH' Well I th1nk that the solutlons that are .
be1ng carr1ed out, as you know, are completely emp1r1cal and u31ng i
the wholerarray of“technologles;that have been oeyeloped in the ’l

petroleum industry. Adjnst it for‘thepfact-that:coal has these 'Wf.

s Tige

problems, but if'you are concerned about doing something in a short_
. t1me frame, that s the only practlcal solut1on., p,'::w

Now, I would certa1n1y encourage an understandlng of‘all
the bas1c phenomena in all th1s technology as a gulde to 1mprov1ng

- future scale-up of these technolog1es.,
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DR. ZUCKER: Do you Hévé é priority for somé as opposed to
others? . ’ 7

DR. NEUWORTH: Well, I thought I highlighted what I con-
sidered to‘be some of the key'ﬁroﬁlems in‘all this teéhhology.r i,:
should“explain that'hy rééponsibilify is for pilotvplant scalé;up of
technologies which have béenjbfought to a level that you can justify
that scale-up. I think Alex Mills is more concerned with the phenom-
ena that you ﬁre speaking to. v

MR. SHANNON: My name is Robert Shannon.

You do not address the SRC facility operations which is
currently in operation oﬂ coal. Do you intend to covéf thét; and if
so, will this be part of the demo plant?

DR. NEUWORTH: Well, I tried to explain that I had origin-
ally thought I have seven minutes on liquefaction. The.SRC—Z process
which you are referring to is essentially a thermal liquefaction
involving recycle of the slurry effluent from the dissolvers. So, in
effect, you have increased the mineral matter level, and you've
increased the residence time. The reiationship of that process,
which is now a distillate fuel producer to the H-coal and Exxbn
process, will determine whether there is any interest iﬁ puféuing

that. I think the fact that the process operates is not enduéh; As

you might have mentioned if you are familiar with the technology, you
* .

pay quite a price for practicing this process, namely, in reducing

the through-put by a factor of 3 through the liquefaction unit. Its
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an area, that I didn't intend to exclude; I just felt that there
wasn't_ enough time to é&ﬂinto detail about,ailéthe ;echpplogy.
MR. SHANNON: Xbu;mepgipﬂedi§ié§jl}ate_as primarily to
produce a No. 4 to No.VGane};for.power,fg |
- DR. NEUWORTH: I feel it's a distillate fuel producer and,
rthérefore, it mustucompete}with the EDS,pro;esg'and H-coal process,
allfof.whiCh are distillate fuel producers. . It must stand or fall in
how it compares with those, and until it's run for a few months, we
just can't make that.comparisq#. ;ﬁéfhave no bias: in ERDA. We have
no in;house technologj ;o:speak of., Wé're ju&t&technical'bankgrs, 1
think, is a good way of describing us. . .. . .. - o _L
DR. BAR(i)N:‘ I'm Tom Baron, Shell 0il Company. B
Wbuld}youlcare‘to;qQOteHyour;latést'esfimate on the cost of
. synthetic natural gas? .. T T T O P
 DR. NEUWORTH: Methame? ... .0 .~/ .
‘DR,;«B:ARONg‘;--_--tne‘t:hane‘.Qf\;.,~ S e e e W s Y
_—DR.,NEUWORTH:f;I'think we -have a speaker who is going. to:
.;cover thisthpic. :It's a;big.number,;,¥,; vi:fVLﬂ*f‘.s_/: e
' .. DRs -KANE: Thére will be;a;speechfonvthatv?ery>to§iC5 L
Dr. Baron. ., - ;,;;w.v;; B N o TS R ;;- ahy';{aﬁf;:
; ;~DR.iBARON: - Thank you-very much, l ~
;" DRs KANE:'¢D:;>White‘has not{yet’arriQed; is. that correct?

It's been-suggested that we take;a;Break\anduhage.SOmeucoffée;‘and?

await-Dr. White's. arrival.
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" (Short recess.)

'DR. KANE: Before we get on to the next'spéaker wﬁo wi11
discusé the research needs in another aspect of coal utilization, I
would like to have Dr. Phillips come up and give you a brief discus-
-sion of a Subjeét that I"khowkybu are all interested in. Bluntly,
you know, this‘is a great meeting. We're hearing lots of talks] but
we asked you to*éome'here,'and;ﬁbw are we going‘to get your reaction
~f;ctqred into this meeting. '
as o ﬁr. Phillips is going to discuss that for a minute.

DR. PHILLIPS:  Jim Kane says the purpose of this*meetihg is
to get the feedback from you, the attendees, representing the American
public.

Our purpose in having the meeting is to get your feedback,
and to provide for that we want to break you up into a set of smaller
groups that would meet tomorrow afternoon, for those of you that want
to do that. The reason for breaking up into small groups, as you
know, is that with a group of this size, only one of us can speak at
a time and get a message across.  While on the other hand, if we can
breakup into groups, like 10 to 20, then each member'of7tha§ group
perhaps can say something and get some of his ideas across.

To provide for that, we're doing two things so that we can

“sort.of organize you a littie—bit'and try to get some balance within
the sub-discussion groups. ~The MITRE Corporation (the monitor of

this meeting) has handed out a form and if you would please check °

58




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

:,If you furn one of those in, that means tqymé that you want
. to attend tomorrow afternoon's informal discussion groups.

. To arrange for the administration of those groups, there
will be at least one ERDA person with each group and at least one
persoq.from)The MITRE Corporation, our contractor, for each of these
_groups. |

You're prébably also céncgrngd about what will be  the for- -
‘mat of anything fhat comes out of this meeting. ERDA wants a summary
report from.this meeting, anything that,wg«can(éqme up}with in the
way of a consensus or a spirit, a set of xecommendations'that you
might believe in. We ﬁént that)by;eérly;Angust_iﬁ §ugh;a‘w3y as
’hopefplly to po§sib1y;iéfluenceJthq:bﬁAgét,éyclé fhhé w?llwbe under
study at. that time. . = = | | | u _

.There will be a formal fryepoﬁrta .‘;includri_.ng all of. tﬁe _papers
that you're hearing at this meeting, and all of our discussions, and
including the Qutput,frém’;omo:rpwlgf;grqbon'gzdi§gus§ipg g;opng,:
That will be & report availsble to the public and should be out
sometime in September.

Thank you. :

‘EDR..KAQE;%;The:nexg;speaker.i§”D:, Steve Fgeed@én. He 1is

going to talk about the direct combustion aspects of the program. ..

DR. FREEDMAN: Welcome.
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My responsibilities as 'the Assistant Director for Combus-
tion and Advanced Power Development within the Coal Conversion and
~‘Utilization Division of Fossil'Enéféy?include administering the
fluidizedfbed‘combustioh’bdiler“prograﬁgJthe coal-oil“slurry program,
several other direct coal édmbustibn programs, ahd the édvanced power
program which consists of gas tdrbi@e projects designated to indirectly
utilize the products from coal ¢ombustion via closed-cycle turbines or
designed for direct utilization of low Btu gas and liquids'ﬁﬁde from
‘coal via the open-cycle turbine. |

'(slide 1)

During preparation of this meeting, since audiéhcévnéeds
were left undefined,‘it‘seemed'desirable to me to’providé a little
introductory background information. :

There is an interest in coal primérily'because of its
abundance and the diversity of applicétions‘to which it may be put.
Coal is not a new energy source such as nuclear was 30 years ago when
that program began. For those people doing research in the field of
development, it should be remembered that coal has been used as a fuel
for centuries. Our principal goal is to use it more éfficiently and
in a manner that is environmentally acceptable.

I tell pgople that « .

« « o« In contrast our division ié'¢oncefned with engines

that burn coal-based fuel. I am referring td thé'g§é turbines of -
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to&ay which, when modified with low-Btu ;ombustors, meet preéent
utility requirements.

A primary question is: Can we make improved engines (tur—vv
bines) so that the entire system from coal pile to busbar is more
attractive than that woul@ exist withdut the development?

(slide 2)

Here is a rbughréketch that depic;§,utilization of coal
in an energy convérsioﬁ process for pro&uéti9n of cleaﬁraﬁd economical
heat or power. We havé coal to be used as a resource. ,Wé'are”con~
cerned with utili;atidn of heat and p&wervand the minimiz#ﬁioﬁ of
airborne effluents'wﬁile making the éSh_and solid waste p:eduégs as
environmentally benigﬁtas is piacfical;“‘

Fluidized-beds are bf real inﬁerest as coal combustors
both from an economicai and eAvironmental viewpoint: the ineft
material in the coqbus;or Bedféan bélansoz sorbent, such as limestone
or dolomite, which calcines?ffom the hegf of combustion, picks up SO2
in a sulfate form, and thereby;reduces the SO2 emissions obviating the
need for a scrubber. Consequently, the economic incentive and the
operational advantages are achieved.

The gas turbines wifhin the Advanced Power Program, whigh
are operating on 1§w Btu gas to provide utility power, are of interest
because of relatively attractive economics and the ease of meeting

emission standards through the utilization of the low Btu gas. This
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may enable use to produce power with even lower 802, particulates, gnd
NOx emission levels than projected.

We have a program for coal-oil mixture combustion which
is aimed at applications within the industrial and utility sectors.
Historically the use of coal-oil mixtures is not a ﬁéwrﬁechﬁplgéy. In
‘fact, back in the 1920s the Cunard lines powered a fé@‘shipSﬂwithvit
and later, the battle ship or heavy cruiser USS Guam operated on a
coal-oil mixture as an experiment in redﬁcing the costiof oils" The ..
‘cdal-oil mixture program is not a new science breakthrough; it‘ié'an
economic practicality.

- Primary areas of concern on the high teméeféture gas
turbines involve the aerodynamic cooling mechanisms. This topic has
been a subject of research for at least 30 years. The gas turbine
performance has been continuing to incréase and we believe that
further advancements are possible. These aerodynamic/cooling refine-
ments have to be coupled with new combuétor development to burn low
Btu gas.,

The liquid fuels from coal are of a structure other than
conventional petroleum based fuels. The molecules are comprised of
aromatic rings rather than molecular chaiﬁs with .a lower hydrogen
content and a correspondingly higher carbon content which contributes
to the difficulty of burning these fuels in gas turbine combustors.

~ Thus, there is concern over the utilization of these carbonaceous

fuels in a practical, low emission combustor.
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- MHD and other new technologies will be covered by Mike
Raring and other speakers immediately following_me.
(slide 3)
~.&he history and status of the technologies that we are
\work§ng qnfisrfascinat;ngf—fluidized-bed‘bombustors, for example; ha§é
been ,used e; waste products incinerators{for some time. Fluidized—bede

were firstfnsed in the Winkler gasifier Sb to 55 years ago. Following
this early effort, hlgn.octane gas was made for World War II in cat
T:crackers u81ng fluldlzed—beds as a hlgh surface area means . of contact1ng)h
:“components to be reacted. As a- consequence of thl&; the petrochem1ca1
:'1ndustry was burnlng off the carbon that coked out on - the surface of"
;'the catalyst and had some heat recevery, heat exchangers were bu11t in

”Zthese catalyst regeneratlon systems. Between the petrochemlcal
i:exper1ence and the inclnerator expetlence u51ng the thermal inertia nf
;ba flu1d1zed—bed to handle d1ff1cu1t fuels of w1de1y varylng propertles,
the fluidized-bed evolved as a coal combustor able to handle the w1de ;
variation of coal qua11t1es and it also evolved as a reactor vessel.
into whlch to introduce 11mestone, dolomlte, or other SO2 sorbents for
802 suppre881on. ERDA and others have proven Soz»suppression at the
laboratory scale and are presently operatlng p110t plants to obtain
data for supporting demonstrat1on plant operation at the industrial
scale.

| For fluidized-beds the heat transfer and fluid meehanics are

;e .
two—phased and should be a good problem for universities -to work on.
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S

Howevet,‘fqr about 25 years the flqidizetipn research
commnnityvhes been working on thegbdykleppbenomene}ig?flqidizedebeds
for cat cracking and other reactor operetions. Reseerche;svtehd to
make the work a~contigg@ng drawn outéeffqrtﬁinﬁﬁpbble fotmation,
mixing, end»flqidizetjon&dynaméee.tv‘

_~The R&D area fgt‘gee‘turb;neshis,eqqtheg\sepa:ate art.
Existing ges;turbide btedezmategde}e;end blede cooling technologies
have beenvdeveloped mainly for military‘enginee and then filteredfddwn

into commercial engines for the same manufacturers.. From the commercial

aircraft‘eﬁgines, they filtered further into tbe}utilityiepplicatiohs,

" The turbine work is a continuing research of materials advancement and

advanceddcebling.

- The technology research area for hot gas cleanup is listed

~as a new techn1ca1 area that would allow the combustlon of coal at

. elevated‘pgeseure endetemperetgre,' We would 11ke to feed the direct.

products of\eodbuetigp through a turb;ne fo;_powex generatxon;.howeyer,
thds reqditeeee hptuges.gieanup‘system to remove bothwthe,particulateé‘
and the alkali metals preeeqt,in coel.; There @esrteen,stevprogressf 
made but more . advanced technolog& muét Be developed>to includee

suppre551on of alkalxes by tylng them up chemlcally and: fllterzng of

partlculates to reduce the transport of pattlcles 1n the order of 2 to

10 mlerone to the gas turbines.
. Existing imertial eol}eetoteican sepeﬁete;tbe,lerget e
perticles of aroundrlo microns and up, but this 2 to lD,oruz‘toABT,,

.
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micron size is a beautiful grey zone that inertial collections can
hardly touch and other mééhaniéméifbf’cleaniné them up seem to bé'
quite expensive. '

| Again, if the resdlting systém is too ekpensiverbr*fequires
too much of its own energy for its o&ﬁ'operation; then the resulting
complete pawerplant would not have an economic advantage ovér existing
state of the art conventional steam plants that are used as a baséiiﬁe
‘comparison. |

(Slide &)

One of the items was a list of unsolvéd problems or research
needs for which basic ecomomics have to be brought into perspective.
Many of the gasification/liquefaction»units have little frouble
feeding coal into high-pressure vessels because they dry it first
using large amounts of air-in terms of power and pressure drop-fot
conveyance. However, in a utility operation the enormous quantities
of raw material, coal, and limestone that go through mandate that the
cost of conveyance be kept at a minimal value both in the cost of the
equipment and energy to power that equipment.

The difficulty is that when coal is mined, it comes out
of the miné with the distribution of sizes, including a lot of fines,
and that plus both inherent moisture in the coal while it is in ﬁhe"
ground as well as moisture that would naturally accumulate dﬁfing
transportation and storage present sizing and moistufé'problems in

'feeding the coal.
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For sorbent utilization, limestone and dolomite are used to &~,ﬁ.

absorb the $0,, forming a dry granular solid that sets up witﬁ the ash
and the coal as low-grade cement. A contractor to the EPA,:who was
conductihg sorbent 1eaching:c01umn work, experienced a problem with
the columns setting up solid thereby bloéking all water throughput.
So, we believe that we have a;oncthhrough disposal technique that is
both economical and‘environmentally‘accéptable. However, when you
look at the enormous quantities of limestonme and sulfated limestome
tﬁét come out of a fluidized;bed combustor oberation, it appears th;t
the amount of lime%tone froquuarries that wili be requiredrcomparédi
to the amount of disposal area reqqired is undési:able.

So, we are cqncefned as to whether‘or not we can practically
‘regenerate the liméstone of sulfated limestone into lime again fof,‘
reuse iﬁ the process.

We have to be very much concerned as to the fuel that
we use for regeneration. w?eéple ha?e made prototype regenerators that
are natural gas fired, But that is premium fuel aﬁd we would pfefer
having to use direct coal combustion products. There is concern also
during the limestone regeneration process that the S0, ‘or H,S given
off (depending whether it is an oxidizing or reducing atmosphere) may
have to be passed on to another plant. This regeneration plant has to
be economical and dispose of the sulfur in an environmentally accept-
able manner as we have seen in that first diagram where the solid

waste product had to be acceptable.
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The capitai cost of equipment is of concern again (as
in any utility operation) where coal-oil mixtures are concerned.
Coal-o0il mixtures are feasible, however the only question is: What is
the cost of the preparatlon of the mlxture, and the: re11ab111ty of |
operatlon W1th a mlxture because, whenever you have coal, you have’
ash. That is the W&Y'lt comes from the_ground. That's the reason for
itsviow’price.i:It hasnftfbeen de-ashed yet and the fate of this ash
in the boiler is of concern. Wiil it“compromise boiler reliability?
Requ1re a b011er down-ratlng? And what are the prospects of the
stabllxzatlon of the m1xture?

You can take coal and 011 make a mzxture. put various
surfactants 1n to stab111ze 1t 80 that 1t w111 not settle out and .
rema1n in a pumpable form, but the cost of surfactants adds to the -
cost’ ofkthe product whenrwe are,concernediw1th mak1ng stable mixtures.

 (Slide 5) o T

This slide is presented to review tnerroles of technology
development and implementation.

There are different roles. Government‘has to have RD&D
in industry; where tne Big equipment‘is built, so that resultant
projects4wi11 proceed to low-cost reliable. products which can be
rapidly imnlemented. When ue look at thevenergy picture and the
,urgencyrto switch over\torcoal, we really cannot afford an extra
‘10 years for industry to learn from the national laboratories and

research communities.
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There is a support role in the scientific communities
falling between basic and applied research which includes the digssemina-
tion of information and cross-fertilization of technologies. A case
in point is that of the boiler manufscturer learning about fluidized-
bed combustion from the cat cracker and incinerator industries.

(slide 6) |

I assome that someone else‘oﬁ'the Program Agenda will
d1scuss the Energy Research Centers that were prev1ous1y part of the
Bureau of Mines - and of the Department of the Interlor. They have
expert1se 1n~coal handllng and processrng.

- 1 As’ 1. see them, the Natlonal Labs are places for big,
h1gh-powered sclence f 11ke development of synchrontrons, cyclotrons

and whatever else 1s be1ng made these days under what I used to refet

L3

to as fatom,smashers.giafff

i,:,‘ Instrumentat1on,7se1ected sc1ent1f1c problems such as
sorbent regenerat1on, chem1stry of sorbent mater1als, 1n what phases
they (sorbents)'ex1st, when, and,to which phases they may go, and the
‘nature of sheir pore structore--these‘research problem areas,.for
‘example, are appropriate for the Leboratories.

The universities have their traditional basic knowledge,
new ideas, and the training of the next generatiop of engineers and

scientists., ~ This is an important role because we have to have new
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people coming into development areas who can identify the real prob-
lems and can utilize real elements in providing solutions to these
problems.

Industry plays an important:role serving an implementor.
Next.

(Slide 7)

Okay. Whenever I have a meeting of this nature and identify
a list of research needs, I?am usually inundated in‘gbout 6 weeksf&ith
research proposals;; ?lease be reminded{at this?poiﬁt that Dr. Millsis.
group‘ié for expldfétbry;fesearch;-whe;é.mosfA@f th; noQéI new ideas’v
usuéliy are worke&iput fi;s#. Wﬂenjor”éftef'séientific4feasibility
has been7proven, iﬁé fiipf?plant(groép;get;-thé prdjééfs for detgr@%né-
tiop'bf engineeriﬁéupéﬁéficality4af this lgvéls vFoIiow;ﬁg thatflévgl
is the Demonstrati;n ?laht‘iéVel f§r~demons£ratioh‘of a project iﬁfan
actual copmercial ;&peiéhfiiSﬁmenf; ‘ - |

So we are concefned abouf ééﬁ;etition for\thé research
budget, and tﬁose are some thdughts thﬁt 1 had abouﬁ research expanding
to fill the available budget.

I did a doctor's thesis once, and it was explained to me
that every thesis has to uncover more problems than it solves.

I think I had one more slide for wrap-up.

(Slide 8)

-

Yes. In "Researcher Horizons,"

in the near-term, you

can't do much in five years. All you can do is improve what you have

75




9L

COAL UTILIZATION

PARKINSON'S LAW
4th CORROLARY

RESEARCH EXPANDS TO FILL
ACCESSIBLE BUDGET |

PH.D. THESIS RULE

DISCOVER » NEW.PROBLEMS FOR
EVERY ONE SOLVED

v= 247, EXPERIMENTALLY




LL

| CDAI. UTILZATION .
RES[ARCH HORIZONS

e NEAR-TERM

- — IMPROVE PROCESSES
- EVOLUTIONARV IMPROVEMENTS

e MID-TERM

— NEW PROCESSES
-, APPLICATION OF RESEARCH

. e LONG—-TERIVI

_ BETTER WAYS T0 UTILIZE COAL
~ REVOLUTIONARY IMPROVEMENTS |




and make evolufionary improvements on existing technology. In the
mid-term we can get some new processes going and apply what's already
in the basic regearch inventory now. And then, the way I see it,

in the long-tefm; which is after the year 2000 anyway, we have oppors
tunities for revolﬁtionary impro#ements éﬁd ideas that wé paven't
worked on yet.

Thank you.

DR. KK&E: Are there questions? fgs, sir.

Dr. Béron; 7 |

DR. BARON: As a potential large-scale user of coai,jwhat
frightens us most is the prdblem of transportation; assured gﬁd reli-
able transportafion. ‘Where‘in théi&overhmen; are studies—being made
in the technical and legal aSpgcts of assured continuous supplies?

DR. FREEDMAN: Has anyone given tﬁg overall fosSil-eneréy
organization?

DR. KANE: No,‘Dr. White has not yet given it.

DR. FREEDMAN: Okay. In the Office of Fossil Energy there
is an Office of Program Planning Analysis, which has an Office of
Long-Range Plans -~ if that's the correct name -- or Strategic Plans.
I forget -- one name or the other, headed by Martin Adams., That is
the group that does the overall total systems analysis.

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

of components. He looks at the entire coal process, which includes
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mining,slimitatidnsJon,new equipment for mines, the five-year lead
time for drag lines, how. long it -takes to open a deep mxne, the
tranSportatlon limitations and potential bottlenecks, as well as the
economic- advantages ofwnewer,compgting modes,

-You have rails, slurry pipelings,_bgrges{-e how do they
compete with each other?

Then the utilization aspects, bg‘it;cpnyergion_to,liquidf
or gas, or pfilizatipn»di:gctly, as coal; and then the interaction
with the waste disposal,

8o it's Martin Adams, in eithei strategic plans or long?
.range Planning'in,the~0f£i¢e~0f Program ?laqning:and Analysis, in
fossil Energy. I«trust:thap,answefs_the;question.,v

- DR.. KANE: Could you come ;outhe«mic:ophone{andﬂgivg,ydur
name, please,
< MR/ CROSS:;. I'm Jim Cross. I'm from ERDA also,
Would-you care . to say. anythlng .about poss1b1e ut1112&t1on

'of coal-in heatlng of prlvate homes? .

=+ . . DRy :FREEDMAN: ,nght:ngy‘gomgthing like l_percgqt;_and‘; :

whether it's..8 or 1.1, I don't know. ~But it's less than 1-1/2
percent.i.I've%seenfthe,numberpwérjof;cog}juggﬂfiy~§9mestic appli-
cétiohs;- CEQ.had . & studygdpneronhcoal~for.rgsjdgntial/ ppmmercia};

) » L N ‘\,
applications.

79




Their conclusion was that the-difficultieé associated
with coal =-- handling it, getting rid of ash -- as well as the.
environmental problems -- because Whén you burn, if you burn in a-
small residential. combuster, you Vould'not have 'a reasonably high
stack for dispersion, and the sulfur emissions were serious problems
and that for ordinary economic reasons they did not see the rgsiden—
tial coal marketiexpanding.

Now there are some péople who ‘in the last winter wanted -~
coal because they couldn't get natural gas and they considered coal
as readily available. That's more a people problem than a national
energy problem; and we would be assisting those people in finding out
what domestic coal furnaces are now available. The home stoker has
gone up from about 25 units a year to about 300 units a year being
sold.

But when you turn that .in terms of quads, it's negligible.
The British Solid Fuel Advisory Service have a collection of brochures
showing the extremely attractive architect-designed home fireplaces
that include both hot-water heating for baseboard heating and some
- of them.also include stoves and combined heaters, to use .coal.-

We would make this information available to péople,in an
information dissemination mode, but I do not see us doing anything

¢
in R&D.
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DR. NEUWORTH:.’You'should tell them about that smokeless
fuel they're talkiqg about, which doesn't have a counterpart in the
U.S. ‘ ? _

- 'DR¢ FREEDMAN:  We don't have the ‘smokeless fuel heré yet,
and I think it;might,Be ironic if we wound up iﬁporting coal.
“(Laughter). '

But using coal in a residential‘application is more -
difficglﬁ than using wood. : People who used ‘it 30 and 50 years ago
put up with a lot of inconveniences and -a lot of emissions that ‘I do
not think we'd put up with today.

‘MR. CROSS: -Does that mean you don't have any programs
for domestic fuel?

B ﬁR:iFREEDMAN:i We have no program on'domestic use.  We're
trying to put together an infdrmatibn—dissemiﬁation}program, so -that
we'll just provide information for ‘those people who are interested.

" “DR. KANE: ' The chairman has ‘a8 question.

DR. FREEDMAN: Go shead. - |

rﬁR;}KANEil:DfI‘Néﬁwdrth?bointédiodt that'sdlventérefined'
coal“wés‘shippédTQnd‘pulverized7and;fgdiiﬁt9 at 1eaét~1afge industrial
boilers. Iéithéfé?aﬁy‘luck‘at all*iﬁ‘doing‘this’in'domestic-size?

.:DR;‘NEUWORTH:”I“dbn't think so. |
*"“DR."KANE: ‘None., "None" was-the answer. '
DR. NEUWORTH: We'll be‘very happj if ﬁé can get some of the

industry to use it, I think.. That would be quite an accomplishment.

81




DR. KANE: Any further questions?-

MR. BORIS: Boris, IGT.. .

Just to comment in this regard, getting coal into the home ig
a problem. . You can accomplish.it by shipping the coal directly, as a
solid. You can also gasify the coal and burn it as a.gas in¢the.form€¢
I think that, in the long term, .,

that you're already equipped to use.

may be a more acceptable solution.’

DR. FREEDMAN: I would stress: Direct combustion is used as

a solid not gas from coal or a liquid from coal.

‘DR. KANE: Yes.

DR. REYNOLDS: Lou Reynolds, Stanford.

\The programs you're working on now seem to me to be the
long-term programs of an earlief»era. And you are benefiting them

from the basic research that was done some time ago.

With this in mind, can you tell us a little bit about how
your people are guiding the basic research that's going on today? --

to be sure that it will be useful.

DR. FREEDMAN: That's a difficult .question. Let's see.

The basic research really winds up being commuﬁicated to
the pilot-plant and possibly the demonstration-plant people if it
might affect components —- by the program managers who handle the

contracts for the basic research -- and I'll call it the exploratory
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 fes§arch -~ where it may be of value.tp a particular program I1'11
have somebody‘ffom Dr. Mills's group or occasionally from Dr. Kane's
éroup'comeland say, "Hey, Steve, this’ﬁay be of interest to you."

“ ©° . It's this information broker, in the terms of4;he research
manager within the Government, who plays a key fole in making sure
that ‘the users of his ‘product ‘are aware of'it;ii"

.- - And the formal reparts as they get bound into overall
documents are distributed. .But it's usually a personal one-to-one
basis Qf saying "Here's something that may be of interest to you -- I
think it fits in ;~ that has a key role.” I think it's always been
that waye.

fDR.’MiLLS}17I“thihk you missed=ﬁr.YReanid's/question.
A reservoir of basic research aécomplisﬁménts;Vbased:On an earlief
generation's efforts, has'notfbeen.utilized; >
""-'”stthere5a”mechanismswithin ERDA to guarantee a certain
budget ‘level, or wh‘éte\ier’,* to’ ensure ‘the. i‘xiputv—'t‘:o ‘reflect what is -
being‘used? | 7 ,

" DR, FREEbMAN; SWell; between Dr. Mills, of FossiinEnergy
Reséérch}*aﬁd‘Df; Kane}*in"DivisiohjofuPhysiCal_Resear¢h, their
bﬁdgeté'--'lfreallyﬁcan’t‘Speak~from.the,aqministrator's,level,as to
how ‘sacred ‘their budgets are. >'But -there iSfeveryjindicaﬁion that it's
iﬁténded to continue, and the rate of growth is the only thing that's

really something of concern. . :
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‘We have these organ@za;iqnal,areas, to support the research
and nurture it through its infancy, so that it will be availablé in
10 or 15 years.when we need it. . -

Bill, am I on the topic?

DR. REYNOLDS: What I'm curious about: for example,

I think you said, "There's been<25,ygars of research in fluidized
bubbles, and it's been on single bubbles; and it hasn't been very
felevant to us.," All right?

Now I'm asking you, what are'you doing to' tell the research
community now, that you think will be relevant to you in 15 or 20
years?

What you've told us, I think, is you're listening to
what's going on in research now. Ana if it's useful to you now,
you're listening.

I'm asking you to look ahead a bit more. Looking down
the road, what are you doing to tell the research people to do now
that will give you some interesting results?

DR. FREEDMAN: Well, there are two kinds of areas. There's

one area; it's called "new ideas,"

and I can't tell the research
people what new ideas to come up with. Before Winkler came ﬁp with
the fluidization or before the cat-cracker people decided to - apply
Winkler's fluidization, there was nobody around to tell them what

the next thing, that we don't know about today, will be discovered in

the future.
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’ With’the exception‘of:ArthnrACIarke and Herman‘kahn and the
futurolog1sts who may get 1nvolved in that’—- all that I can do,
really, is descrlbe the technology as I see it 15 years from now.

Then the researcher has to do h1s th1ng, because if I
could really tell h1m what to do, I would be in that f1e1d, not
in the pllot plant f1eld. |

B (Laughter).

” R. KANE. There was a gentleman here that had'a questlon.
QhWhere was it? ,Yes’Sir.

'DR, HOLLOWAYt 'Holloway,zfrom‘ﬁaxon,yl

More~speciflcally‘to‘this haslc researchkonestlon. What
are yon doiné‘to fund'basic research in universlties. How does your
level compare w1th that of other m1551on-or1ented agenc1es and w1th
the National Science Foundstlon?‘ - k A

DR. FREEDMAN: Do you want:to‘;nsmer that one?--because
you have all'the charts with‘the'bies,:r ’7 |

That will be gang'erf.’ And therels‘a whole'hnnch of
budget breakdowns and pie charts as to how much goes‘where.

. KANE: I be11eve both Dr. Hlll and Dr. Holloway s
quest1onsrare excellent, and Alex will face them thls afternoon,
'and I will face them tomorrowlln my part of 1t,7 o

'VOICE: Roland. o |

DR. SMITH: Roland Smith,‘General Electric.
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Let me pursue Bilereypolds's question a little bit further,
Steve, ané‘not look to the fu}ure buf today.’

K We have a bunch éf unsolved problems here. Alirof the
problems are divided in terms ofrthé application you need.

) ‘Now who in ERDA, you or Kaﬁé, is requnsible for saying
what is the’scientific researéh that shoﬁld be undertaken torsolve
these problems? These things are not defined in terms of ﬁﬁe science
that uﬁderlie the problems, in the areas of research that should be
éuéported. | ’

Is there anyone in ERDA who has that responsibility?

DR. KANE: As far as the basic research, I have it; and
as far as the more applied, Alex Mills has that. And we'll talk in
our turn about how we do it and how we talk to each other about
that problem. That's subsequent talks.

A good point, again. I think you're all asking different
aspects of kind of the same question. We deserve to be asked those
questions. So don't forget them when our time comes.

Yes?

Paul Scott.

MR. SCOTT: I just had one additional comment to help
to answer Steve's question on the guidance that we get from the piloq—
plant people in terms of doing research.

I think one of the most valuable things we get, both from

the energy centers and from the people at headquarters, is review of
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the proposals that we receive from universities. And we look
at how our p1lot-plant people and how our field people view these
proposals°’and th1s helps us keep our course stra1ght.
| So th1s is another kind of gu1dance on an ad hoc particular-
event basis.
VOICE: Jim.
DR KANES Go on.
- Again i say this'as I preface each'of these talks. Dr.
White has not yet arrived;aso we'li{goron to the final one of the
three.technoiogy presentations:for“this’norniné.r
Mike.ﬁaring is going to talk about the magnetohydrOdy-.
nanics program; | - | | |
| | Mk; RARING:VI hopeﬁyou will understand I'm substituting
for Bili'dackson who wili return‘tonorrowarom Moscowvwhereahe has
spent the past week. ﬁé deliwered-a‘fiwe fesla'superconductingd'

magnet to the U—25 fac111ty whlch w111 be used in the 301nt US-Soviet

MHD cooperat1ve program.'

1 w111 attempt to exp1a1n what we're do1ng ‘in MHD: what

the purpose 15' the nature of the work that S‘requ1red‘ how ve're

trylng to accompllsh that work loglcally, in accordance w1th prlor1—

t1es necessary to meet the goals we've set° and f1na11y who s d01ng

the work.

And 1 w111 try to 1nc1ude a little about what ] be1ng ‘done,

and'why. Flnally, I'11 try to say somethlng about where we stand.
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If there is time, we have a film on the U-25 pilot plant in

Moscow which I know Dr. Jackson and Mr. Licarrdi, the Deputy Director,

would like you to see:r it makes an gxcellent introduétion to MHD.
However, if we put that on now, there will be little or no time to
outline the program. So, if anyone would like to see the film aﬁd;We
don't have time now, I wbuld suggest that we may be ablé»to show it
during the lunch hour: it is interesting. |
After that introduction, let me say that MHD is somewh§t 
different from most of the programs in Fossil Energy. It has a
specific power conversion mission. It's an advanced Electromagnetic
turbine development projegt. And it has a clear purpose. As in all
power systems work, development requires strict engineering and
economic disciplines. We‘ve got to identify engineering problemé in
the correct environment, that is, with realistic electromagnetic,
fluid dynamic, électrochemical and thermal stresses. Then we've got
to work to solve those problems through development of designs which
get to the root of the difficulties. And we've got to avoid being

sidetracked into non-productive research, no matter how well qualified

the available resources or how alluring the path. Engineering goals

cannot be met when efforts are fragmented in peripheral research.
The design concept we're following is different from the
systems which have been considered for military applications. OQur

\

work is directed predominantly to the coal-fired, open cycle system
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in whichvcbal is burned in é combustor to produce a high temperature,
potassium;éeeded plasma. The high Fonductivity fluid i; passed
through the channel where it interécts with a high strength magnetic
field to génerate eleétficity. Tﬁe plasma is analogouérté the rotor
of a convehtional elécftic generatof.

. The first.s;ide (Fig. 1) sﬁmmarizes-the objectives ofA;he%'
MHD program. The essgntial objective is to achieve an ogerall Sk
efficienéy'bf 50% or more in’a combined-cycle MHD—Sﬁeam~éommercia1;:
‘power plant. - You;are'probablyiaware of £he ECAS sﬁudies which were:
conductediby NASA under ERDA and Natioﬁal Science}Foun@étion Spoﬁsor-
ship. The studies were made by both NASA and industriai analysts.
Industri#l developers and manufacturers of heavy electrical generating
equipmentf&ere represented. These gtudies compared adQénced power:.
conversion systems, based upon coal firing, and found ﬁhgt open cycle
MHD lookéa about the best frém bofﬁ efficiency and cost of‘electricity
standpoints. Of course, coal-fired MHD piants will have to supply AC
power to existing grids at competitive costs. They wiil ﬁeed to .meet
applicable'en§iroﬁme#ta1 standards. In this respect, MHD possesses
an intrinsic advantagé: sulfur is captured by therpotaséium which is
used to "séed" thejplésmé. vThe potassiﬁm sulphate, whiqﬁ is formed,
can be drained off at a downstream station in the'gés path and ther
potassium can be converted back to cérbonate for feuse;f'This advan-
tage means that MHD.could burn high suiphur coal with minimal

capital cost penalty in stack gas scrubbing equipment.
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. The next figure (Fig. 2) repreéents a schem;ti§ of a
typical MHD—éteam s&stem.
| ihe combusthviézat thé left in this figure. Work on
combustof deveibpmeﬁt is being pursued ﬁfimariiy’at.the Pittsburgh
Energy Research Center (fERC). Current design enviéages two stages.
The first stage is a cyclone combustor in'which 80 or 85% of the ash
is rejected as molten slag. Combustion conditions are maintained on
the substoichimetric side, which minimizes Ndx formatién. Combustion
is'completed in a sécondfstage combustor to'ptoduce a plésma at
around 4800°F. |
The plasma flows downxthrough>the ch;nneivﬁhere it interacts
with the magnetic field fo produce an elect;id field. Electric
charges are collectéd by,electrodegiplécedvon the walls parallel to-
the magnetic field direction. This D.C. cﬁfrent is:inverted to A.C.
and conditioned to suit Fhe utility grid. The hot gases then flow
through the diffusg?wint§ a radiant bqileriwhere thermal energy is
transferréd to boiler fe;d water. iThe,cooler'gases,‘stilllaround
3000°F,7m9ve,nextvinfo tﬁe regenerative'éi;rheaterfwhere ;ééd and
slag arebdfained gff. F?nally;‘fhé codled‘gases, étlaroun& 2000°F,
enter the bottomipg;s?ea@ plant.
I.want to:Stre§s3thelunique gharacter of the generator.
This component hasvﬁo précuksor iﬂ bowér conversion machinery. There
are no moving parts; 'fhe‘stressés arg?gntifely different tﬁan the

high temperature mechanical and corrosion conditions  encountered in
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?gas turbines’or steam generators. Thedproblems,are electrochemical,
electromagnetic, and thermal. Heat fluxes are high. Development
4work mustrtake intovaccount‘these comhined environmental conditions.
Stress conditions must be realistically 31mu1ated 1n the evaluation
of des1gn variables'— vhether material, geometric, thermal, or’

) . o
electrical.

In pcweriequipment development like this, as the history of
~ piston engine, steam turbine, and gas turbine development shows, workf
progresses through clearly marked stages. pAfter,rudimentary proof -

of - principle’is achieved there is an engineering development phase
'tovshow that the concept works' then comes a commercial fea31b111ty
demonstration phase. The final phase is directed to full-fledged
commercial demonstratlonf Our program is presently well into the
first, or engineering feasibilityfdemonstration phase as shown in
‘this slide (Fig. 3); We are developing components‘for engineering
feasibility testing;at the 50 megawatt thermalflevel. A test facilitv,
designated as the Component Development and Integratlon Fac111ty, or ’
CDIF, 1s be1ng constructed in Butte, Montana. After we pass this
program hurdle, we W111 advance to a commerc1al feasibllity demonstra—
‘tion pilot plant. We have de31gnated th1s prOJect as the Engineerlng
Test Facillty, or ETF for short. This w111, in effect, serve as a

" commercial pilot plant - about 250 megawatts thermal. De51gn selec-

‘ tion of the power train W111 of course, be derlved from the CDIF

rexperience.r;,,
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MAJOR PROGRAM PHASES

¥6

o COMPLETE PRELIMINARY DESIGN OF ETE_

YEARS

1976 1977 1978 1979 1980 1881 1982 1983 1984 1985 1986 1987 1988 1989

"PHASE |
e DEMONSTRATE ENGRG. AND PERFORMANCE OF
MAJOR COMPONENTS
¢ INITIATE SUBSYSTEM TESTING AND INTEGRATION
- WITH CDIF

¢ INITIATE BASE PLANT CONCEPTUAL DESIGN

~ PHASEN
 DESIGN AND CONSTRUCT THE ETF. '
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The MHD program is organized in eccordance with these

;reelities. Work is clanified in accordance éith a Work Breakdown
;ﬁStructure designation to‘identify where it fits in the total effort.
;gTheSe identifications snan ali activities from basic design support
‘iresearch analyt1ca1 studles, englneerlng evaluatlons to resolve |

4b381s component design 1ssues, then on to major engineering tests to

v

;val1date the development work and f1na11y into commercial demonstra-
Ltion. This slide (Flg.f4) ‘identifies the basic development require-
» ments and act1v1t1es by Work Breakdown Structure deslgnat1on.

'The next sllde (Flg. 5) 1nd1cates the shift in program emphas1s, by

work breakdown structure, as work moves through the successive

phases.

To illustrateAthe kinuvof Phase;I'support research and

engineering work we are doing - it has been necessary to establish-

electrical, thermal, phieicai, and chemical properties of coal slags,
electrode materials, 1nsu1ators, and other materials of design
1nterest,runder condltlons\as closely representatrve of the MHD
env1ronment as poss1b1e. Seed recovery exper1mental work has been
1n1tlated - determ1nat10n of the thermal and f1u1dynam1c conditions
under which seed and‘slagiCondensationroccurs.

Stanford Uninersityiheelheen investigating basic MHD
phenomena to'prOVide a:hasis for betterﬂanalytical understandiné

of generator performance. MIT is studying combustion kinetics,
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evaluating electrode and insulator materials under simulated channel
design conditions, and so forth.

This slide (Fig. 6) shows the general course of component

development. The left hand column of boxes represent the more

B

significant component dgvelopment efforts. The University of Tennessép

Sk
R 14

Space Institute, at the top, is at present upgrading their facilitiégz

3

Dr. Dicks, who directs the work for UTSI, has been active in MHD woéﬁr
for a number of yeagé. The AVCG-Everett Research Laboratories, nexfg
in line in this.Figure, arerdoing the bulk of the channel developmeé?
work which will determine the design of the first CDIF test channeléi
PERC is responsible for development of the first coal combustor whiéh
will be tested, in tandem with an AVCO channel, in the CDIF. They ‘
are basing their development work on a five MW thermal experimentalf
model of the projected CDIF design. Westinghouée is using bench tes£
facilities to evaluate electrode designs. They are also upgrading a
small channel facility which can provide test environments more
nearly duplicating power generating duty conditioms.

The Reynolds effort has been aimed toward advanced electrode
engineering development and to the evaluatién testing of more conven-
tional designs. The USSR U-02 facility has providedlvaluable test
experience on ceramic électrode designs under ¢channel operating
conditions. =

The next column in Fig. 6 represents major test facilities,

where designs developed by the first column activities, can be tested
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at a larger scale and under more stringent engineering conditionms.
The first box here is the Arnold Engineering and Development Center
in Tallshoma, Tennessee. They have a 250MWt facility in which we

plan to perform important tests to first, investigate power extractiom

in a large channel under relaéively high magnetic field,condiiibns.

This, we hope, will be folloﬁéd by extended duration testing of

selected designs which prove to_be superior 'in the smaller scale

development rig tests. Both ;ctivities are_important to scale-up
consideratioqs, that is, in séaling’first to ;he CDiF but mosfly from
the CDiF‘poAthg ETF scgle; o | |

Thé CDIF is shbwhriﬁ,this f{gure as the middle box. " The
U-25 facility, in the USSR, is avgilapié to the program as a paft
of the joint agreement. ‘Thisbfécility‘will be used to meet two
important test'requiremeﬁis.AﬁFi:st,'highwmagnetic“field strgngth
tests willfbe ponducted inttherby-pass loop;'for‘ﬁhigh aﬁéupgg-
conducting magnet, which I mentioned before; has beep p?bvided by
the U.S. And next, the'facility will be used to test selectéd U.S.
designs in large sizes - equivaleﬁt to the ETF size.

This next slide (Fig. 7) indicates the flow of activities.
The top left hand box represents MHD power trains for CDIF testing.
This includes the combustor, channel, inverter, and so forth.
Related combustion activity, represented by the next box, is intended
to look ahead to advanced coal combustor deéigns which would lay the |

ground work for an advanced CDIF test train. These activities are
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intended also to support;dqwnstfegp,;omponent dgvelopmentror balance-
of-plant systems -vthe ré&ianf soiler, air heater, and seed recovery
systems. The chart also showsiextrapolation of the powerrtrain develop-
ment into high B field regime. This involves extension of experimental
work from a 2 to 3 Tesla range to the 5-6 Tesla range. Our initial
efforts here will probably take advantage of the U-25 by-pass loop.
~ This, I believe, covers the sglient features'ofiour program.,
. As you see, we are attgmb;ing,to;keep our efforts focused on a firm
;dbjeétive,:namely. developﬁehflof a sound design for the ETF éombined
MHD-steam pilot plant to‘prbve”éommerciél feasibility; The nekt
,slide’(Fig..B) simply repéaﬁs'thé last one except in greateé detail.
This figure (Fig. 9) isran:artist's dfawing‘of the CDIF faéility in
Butte - we're well into construction. Next is a picture of the
supercondﬁcting magnet which was delivered to the U-25B site (Fig.
10). It was designed and built by Argonne.
VOICE: I want to'ask a very obvious question. Why is it
that our very best device goes to Russia?
*  MR. RARING: 1I'd like to defer that questidn to ﬂr. Liccardi,
the Depﬁty Director. T ’
MR. LICCARDI: The only existing facility in the world
today of a size that can accommodate the present magnet is located in
the Soviet Union. The quid pro quo that we have with the Soviets is
that we will get all the data from the operation of the U-25B facility

with the loan of this magnet. There is no magnet fabrication technology
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transfer,’if that is your concern,.because, as you all know,;technology
transfer comes primarily from the know-how in the fabrication:of equip-
ment, that is fabrication»techniques.g This is a scaled unit. We feel
that we will not be in a position to get that data from a large scale
MHD facility for about another two years. So this will help .us
immensely in designing our channels and future MHD power systems.

VOICE: Good answer. ‘ 3

DR. KANE: Dr. Green.. | ;

DR. GREEN: 1I have a quéstion reg&rding the efficiency
with whiéh the thermal energy is converted into electrical energy
in our MHD duct.

MR. RARING: The enthalpy extraction generally considered
as necessary to commercial success is typically 15% minimum. Achiev-
ing this in a small channel with a high surface to volume ratio is
very difficult. However, a recent test at AVCO on a disk generator
under conditions.which simulated combustion gas chemistry, did achieve
14% on two successive‘tests, shock tube tests. In the view of some
plasma physicists, at least, the experiment is relatively independent
of the configuration - it's a plasma experiment and the resultsrare
applicable to a large linear channel. So, there has not yet been
any experimental evidence to show that 15% or more is impossible in
a large linear channel.

MR. LICCARDI: We do haQe what we call a high-performance

demonstration experiment that will be done at the Arnold Engineering
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DeveIOpment Center, and this w111 be a short duratron 15 to 20 second

run ona channel the size of the ETF, wh1ch is 250 megawatts thermal

“and this will allow us to go to steadyvstate cond1t1ons and va11date

‘the enthalpy extraction and turbine efficiency. That's about a year

or more away.-' o
5 j el T : AR H o B [ Tl 4 . ‘ : .
3 RARING. That's the purpose of that test, as I mentioned

ear11er. Thls is 1ntended to va11date enthalpy, extractlon and

- i, ¥y

turblne eff1c1ency, in a large channel test.

DR KANE: “Are there<other questlons?

I th1nhrth1s meetlng is a great‘example of the best-1a1d
schenes.‘ Let me te11 you the nice log1ca1 order e 1a1d 1t out 1n,J
so you>can contrast th1s Wlth what's happenlng here. |

1 was snpposed EL g1ve you a focusxng talk whlch told you
the area we were Spec1f1ca11y go1ng to aim at for the rest of the
meet;ng. And the remalnder of the mornlng wasrto contaln, f1rst, a
talk by Dr. Wh1te, in wh1ch he would g1ve the goals, the strategy,
the overall p1cture of the fossil energy program. Wlthout that klnd
of talk, it's d1ff1cu1t to do what I asked you, to put the research
portlons in context.‘jwh ; . AR

After that, we were going to have, and we have‘had, some
talks on the technologles.' 1 told you speclflcally that these

echnologles per se were not the top1c of th1s meetlng, but never-F

theless they were necessary if you were to make pertlnent commentsyoh

the meeting.
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Now, you still haven t had Dr. Whlte s talk. I'ﬁ still _
desperately hop1ng that he' 11 make 1t because I thlnk he § an essen-
tial 1ngred1entmto:th1s‘meetrng.r 7

" Vhethare“one‘more te}klthat was supposed to giver§oo:ther
backgrounc.on the meetingrtoday; ahd I think rt's equally essehtialiw
tobthe techhology,’and that is the probable costs of synthetic_fuels.

Now, you understandwthat;the,purpose of this meeting is;
how much resesrch, what~kinc of research, ought we to‘have' ahdr

certainly one of the dr1v1ng forces ‘to do more or less research is

the state of what you already have. So the next talk is by Dr. Chris

Knudsen, and he will discuss the subJect of estlmstes ofrsynthet1c
fuel costs from fairly well-known processes;' ihis is'another‘talk
which is supposed to put in-context the questioh, "What resesrch, how
much, and what kind should we do?" -

So, it's all backward today. I'm sorry, but we couldo;t
avoid it. 1Is Chris here,rso he cah go into this aspect of it. If
he's not, we're in real trouble. |

See, Chris too is up at the Hill today.

We do have a pinch-hitter for Dr. White, who could give his
talk from the slides and so on. 7

Leroy Furlong. Leroy, I hate to do this to you at the
last minute. I hear somevhere that you can -- if he'yeylostrhim;
we're in real trouble, ‘ N

Let me tell you what the topic of the Hill is today,

because it really is a serious one. It has something directly to do
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with this meeting. Last week there was an enmormous furor in the

Senate over some estimates of availability of foe§i1 energy as a
function of price, existing sources--natural gas, predominehtiy. The'
sﬁbject;iezohe in hhiehApractieally everyOhe“in fossil energy has
been occupied ﬁore or less continuously, ehd;thatie the one that has,
today, Dr. Whlte, Mr. Fri, Chris Knudsen, and Harry Johnson up there.
That's the reason’ they re not here. ‘ |

T eeebhocalternetive, except to go to our first speaker

~of the 'afternoon. 'Aiek, cohld we do that to y&d?'

o

Let me back up Just a m1nute and tell you the why and
the reasons for th1s. ‘ | |
© VOICE: Why don't you run the £ilm?

“'DR. KANE: The MﬁD'film? I would rather hold off. ihe
subJect of thls meet1ng is really to glve us adv1ce on what we ought
to do. The MHD film, we'll haﬁe’it here; we'iljshoﬁ it during-the
noon hour. I haven t seen 1t but I m sure 1t s a good f1lm. But
the real purpose is the cr1t1que, and I thlnk ‘that's probably less
valuable for the cr1t1que than some of the other thxngs.

Now, the next speaker is Dr. Alex Mllls.’
“He's dlrector of the D1v1s10n of Mater1als and Exploratory

Research, wh1ch means that in fossil energy,'he is the man in charge

of the development of the intermediate, and in some cases long-range

researchs =~
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Rather than describe what Alex does, ;'1}:1¢t him describe
it. This is the talk that was to have been giyen Fhis afternoon--we'll
move it forward noQ.r |

Alex, sprry>to do this to you onlsuch<short notice.

DR. ﬁILLS: Thank you.

(Slide 1) »

I1'd like to begin with the fi;st vugrgph, vhich lists
objectives of the division. I need to tell you, since you hayen't
seen the overall distributionrof divi;ions, thatrwe are one o%,;her
divisions, budgetarily one éf the smaller divisions, but natufally we
think one of the most important divisions in fo;sil energye. v?he
Materials and Exploratory Research Division has these objectives.
These builets are not quite equally distributed, but the point is
that we are to serve in concept as tﬁe central research management
for all program areas of fossil energy.

And I hope, incidentally, Gerry, that while you stressed
coal, I would believe that our discussions today should cover all
fossil energy, so that oil shale is also a candidate. And a chief
function that we have is to insure that we lay the foundation for
innovative technology, which is an aspect we‘haven't heard in our
diséussions so much today.

' To do that, we ought to develop a ;gchnology for’procegges
we have listed; gasification, liquefaction, and also refining;and
chemicals. We want, on the other hand, also to improve the operational

reliability and efficiency of synthetic fuel plants through materials ( ,
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~
and compbnents research. So this is a little different from the
chemiéal kind of processing. And we want to develop advanced tech-
niqugs for combustion and direc§>utili£ation;

(slide 2)

Thé next slide lists some special concerns for uni?efsity
programs. These are listed as the objectives to locate and u§§ the
talents of university people, and I hopé we use them in a cbngtructive
manner--give them the opportunity to come forward. One §f ghégﬁhings
that we'vevrecognized of great significaﬁée is that we have aééommunif
cations channel. We have had great difficﬁlties, 1 thinﬁ, coﬁﬁuniﬁ
cating with the public at large, and also with speciél groups,;and we
think that the universities ié one segment of our United Staée;
commgnity that can communicate what the realities are.

And, of course, the last, and in some ways we would
think the most important of'these; is to assure an adequate manpower
basé. This was mentioned once before.

(Slide 3)

| The next slide deals with the disfribution of funds. And
you see under "Advanced Research and Supporting Technology,".in
1977 some 7.7 percent‘and 6.1 percent in the '78 bﬁdget. The
Division of Materials and Exploratory Research is a major part of
that, but not all. There is a planning function within that budget.
So this gives a.distribution of the various divisions that I mentioned

earlier, and which will appear in Dr. White's talk.
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(slide 4)

The next vugraph-—end I want te go over some of_these
to get to the end few,(which.I’think are more significant--related to,
the share of funds for this'particﬁlar divisipmlin percentage, and
I'm no ‘doubt somewhat self-serving to illustrate it this way.

It shows erdiminution. To bring it into focus, our
budgeting has been essentialiy consfant, constant plus 8 percent,
oner this period of,time. The reason it has th1s form is that the
development of power plants and large-scale activity has gone up, but
at the same time I w111 make’the‘polmt'that the research activities
have séeyed essentially constant,

 (slide 5)

The'next vugraph comments on two things, programwise and
wﬁere &g deimork. You see that $31.6 m1111on for this d1v181on 1s’1n v'
the,coei ames,‘ There is. some add1t1ona1 research activities 1n oil
shale >a‘xA1'd'p"etA:':‘:oleum. The'c_enter bar'depj’.cts the »fact that our act;ij— :
vitiesieme dividea into‘ﬁhree parts: edimect mtilizatiom,.meterials“v
and components, and processes. eAmd»éhismbar graPh represents the a
relative funding. And they'feiﬁfekem down into subgroup3a At the
right illustrates what organlzatlon is used to carry out the acti-
vities, and you see 1ndustry, $10 m1111on°‘un1ver51t1es, $8.6; energy

research centers, $7.7, nationa1~1abs, $3.4. So, at the left is the

general things we';e‘doing, and at the right where we're doing this.
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We can discuse somewhat mqré ;ur activities relative to}ihe univer-
-sities or relative to indﬁstry. |

(Siide 6)

e o Y

The next slide éomﬁgnts on the activities in terms of
how wé're organized: ;procésses wifﬁ Dr. Podall, power and matérialsk
and components, Dr. frankel; and I:just want to comment that we
regard our university programs significantly enough that thesevare
organized under Paul Scott,'wﬁo isvheré; Their activities actually
are acrbss the board.

Now, if I may turn'fo the next vﬁgraph.

(Slide 7)

This depicts, as mentioned, the university programs
where these are distributed, and youiil hotice that there's wide
geographical distribution. .Wé expect at the end of the current
fiscal year to have about 150 projects at universities. 1 thought
that we could add to this particular map where the energy research
centers are, and we're doing work at five centers, the national labs,
about seven, and, of course, industry, a number of locations.

So; from a viewpoint of geographical distribution, we
(have come a long way in deliberately involving a diversityrof groups,
seeking talent, of course, to carry out the programs in tésearch5
-ﬁarticularly on coal, but on fossil--all fbséii energies;,

(Slide 8)
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The next #ugraph comments on how we get suggestions
for research. -And I must say ﬁefpome to a sort of an issue as to
whether we éugﬁf to be arreaétiéé group in ERDA or one ﬁhich doeé
more positive planning. From a reactive point of view, which'is"
described here, we took the trouble in '76, the last compléfézyeér,:
' to.list where we were getting ﬁrqposais. These are unsolicited
proposals from the national labé, et cetera. And, at the bottom,
where the contracts or projects are. So we have, at the end of '76,
some 54 with industry, 73 withkuniversities, 55 with government
labs--about 200 projects. | | A

The plan of work which we do is then balanced in part by’
the projects which are proposed ffom various institutions=-univer-
sities and others--but more importantly, I 5elieve, our activities
are fashioned on a consideration of what the needs are, and:then by
reactiﬁg to unsolicited proposals on the one hand, to issue either
requests for proposals or so-called PERDAs, and we have three PERDAs
out at the preseﬁt time, one for novel, innovative rgsearch on
- refining, on coal gasification, on liquefacﬁion.
So we go to the community with a aiscussioﬁ'ofrneeds
~and the PERDA has got more latitude in it thén a.reguest.fof proposal
inﬂfhe éensé that -it's not as well defined exceét as to objectives.
So we have ﬁnsolicitedrpfopdsals oﬁ the one hand, we have ouf concérn
"for what is needed; ana i'mlgoing to come :6 that later;  Théfe was

some discussion today, of course, on how the poﬁer plant or larger
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f‘scale,‘é:a;cti’.vit:ies7a1:'e deseribing their needs in'terma of;th; eroblems
éwhichsthey have. ‘

;(Slide 9) -

VNext vugraph. I would say today that if you want
Zto learn about what we re d01ng in the Divison of Materlals and
'Explonatoty Research, there are three sonrces. F1rst~1s~the gold
fbook,ﬂeppies ofrwhieh’have'been available, which descrihesiall fossil
‘energflaetivities.i&'”" |

f?he second is an annnal report which is available, and
a new onebis to come. out in the middle of July.

_And the third is to look at what we would eall oﬁr fact

‘sheet. We have a book that eaéh project has. a partieulat one-page

i

.edescrlptlon obJectlve, fundlng, who does 1t, and 80 on, SO I will
’glve you that 1nformat10n to delve into. You can p1ck up the

ésheet, see what the ptOJect 1s, and~then.you can: go and get progress
1reports and so on.ff |

‘ 5 0bv10usly, 51nce our‘prOJectsrare on the average, $200, 0007-
iper project, and we have seen that there were 182 last year, and we
’are go1ng to p1ck up another 30 starter grants, it's: 1mposs1b1e to
:dlscuss these 1nd1v1dua11y.-

f ;i;ﬁi, So,pwhat I d 11ke\to do new 1s,x1n the ‘next sllde, to
.d1acuss a few partlcular prOJects w1th the 1dea of 1ett1ng you see
what these are 11ke. % »

(Sl1de 10)
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MATERIALS AND EXPLORATORY RESEARCH

- MAJOR RESEARCH AREAS

RESEARCH AREA/MAJOR PROJECTS

. CONTRACT VALUE
(MILLIONS)

NUMBER OF
CONTRACTORS

© MORE ECONOMICAL SYNFUEL PROCESSES

- METHANOL-TO-GASOLINE (MOBIL)

—~ CATALYTIC GASIFICATION (EXXON)

-~ FLASH HYDROPYROLYSIS (GULF, IGT, SUNOIL, BNL)
—~ COAL STRUCTURE/REACTION MECHANISMS

= REFINING OF COAL AND SHALE OILS

— NEW CATALYSTS FOR COAL LIQUIFACTION

55.4

107

® RELIABLE MATERIALS AND COMPONENTS

— COAL GASIFICATION (MPC, ANL, ORNL, NBS)
- FIRESIDE CORROSION (COMB. ENG., BATTELLE, G.E.,
EXXON, WESTINGHOUSE)
- = VALVES FOR COAL GASIFICATION (CONSOL. CONTROLS,
FAIRCHILD, MERC)
- FAILURE ANALYSIS

. — TECHNOLOGY TRANSFER — NEWSLETTER

148

16

29

e IMPROVED DlRECfUTIL’IZAfION OF COAL: -

- BENEFICIATION (SRC, PERC, AMES, PERC)
— 'COMBUSTION PROCESSES (MRI, GFERC, MERC):

5.8

39

C

o EXPLORATORY RESEARCH AT UNWERSITIES

245

n

(INCLUDED ABOVE)
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MATERIALS AND EXPI.ORATORY RESEARCH
MAJOR PROJECTS

TN "

e COAL TO METHANOL, - METHANOL AS A FUEL

METHANOL TO GASOLINE '~ CRUDE METHANOL TO HIGH OCTANE GASOLINE AT LOWER cosr AND
msnucen PDLLUT!ON EFFECTS o

- @ CATALYTIC GASIFICATION e CATALYTIC GASIFICATION OF CUAL USING POTASSIUM CARBONATE AS

CATALYST — ELIMINATES OXYGEN PLANT, SHIFT AND METHANATION

o FLASH HYDROPYROLYSIS - HYDROPYROLYSIS OF COAL IN SECONDS TO MORE AROMATIC LIQUIDS.
RN AT ~ AND FUEL GAS WITH SIGNIFICANT POTENTIAL TO REDUCE INVESTMENT

e BASIC APPLIED RESEARCH — RELATIONSHIP OF COAL CHARACTERISTICS TO LIQUEFACTION BEHAVIOR;
e . - KNOWLEDGE OF KEY STEPS AND INTERMEDIATE PRODUCTS “

— CRITICAL CATALYTIC EFFECTS OF COAL MINERALS ESSENTIAL
CHARACTEHISTICS OF CO-MO CATALYSTS

® REFINING OIL FROM SHALE & COAL — APPLICATION OF PETROLEUM TECHNOLOGY AND SEARCH FOR IMPROVED
- : CATALYSTS FOR COAL AND SHAI.E OILS
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MATERIALS AND EXPLORATORY RESEARCH

e COAL BENEFICIATION

® MATERIALS

e VALVES

© UNIVERSITY

MAJOR PROJECTS (CONT'D)

BENCH SCALE OXYDESULFURIZATION HAS SHOWN RELATIVELY SIMPLE
AND INEXPENSIVE PROCESS TO REMOVE ALL INORGANIC AND 40% OF
ORGANIC SULFUR

-COAL GASIFICATION — DATA BASE ESTABLISHED FOR ALLOYS AND

CERAMICS ABLE TO WITHSTAND GASIFICATION CONDITIONS

FAILURE ANALYSIS SYSTEM ESTABLISHED TECHNOLOGY TRANSFER
INCLUDING NEWSLETTER

FIRESIDE CORROSION PROGRAM FOR MATERIALS FOR COMBUSTION OF
SYNTHETIC FUELS, FLUID BED COMBUSTION HIGH TEMPERATURE COAL
COMBUSTION

INITIATED PROGRAM FOR IMPROVED CERAMICS AND ALLOYS

DEVELOPMENT OF IMPROVED VALVES FOR FEEDING COAL AND WITH-
DRAWING CHAR CAPABLE OF RELIABLE OPERATION, COLD OR HOT

IN AOOITION TO THEIR CONTRIBUTIONS TO THE ABOVE, ABOUT 1,000
STUDENTS AND FACULTY RECEIVE TRAINING IN FOSSIL FUEL SCIENCE

“AND ENGINEERING




’E;Now,’Ibn somewhat in the dilemma of trying to tell you
what a Ereat job we are doing, on the one hand, and then later tell
you all’the things that need to be 'done. So on the great-job activity,

we would like to point out that, eSpec1a11y in the last couple years,

‘w1th the surge of fundlng and interest on the part of the technical

(S

commun1t1es at’ var1ous locations, that we have uncovered wvhat we
think are some_prom1slng act1v1t1es for prOJects which we'd like to

think offée kind of third-generation activities. '

i:‘And"to'give you some sense of reality, I've listed here
L1}
the flrst one, ‘coal to methanol and then to gasol1ne. The point

being here is that we'd like to think, flrst of ‘all, that methanol is

a v1ab1eéprodnct from coal,,and'that we should not be locked into the
concern that gesoline isioﬁr on1y transportotion'foel.

Now, Iiéee‘the”péopie fron the‘petro}eﬁmiindustrj see
the need to bring some added costs into this, because there areigreat

problems in distribution, the question'of:whether methanol is mixed

with gasoline or used alone. We would feelxthat'methanol‘is an

option‘thet:ne'nee&ito‘have feote'eboutJ:’So ve're doing work on the’
use of nethanoi {nfterns&of.poﬁer ootpnt'and'poilution'oontrolt So
therehare opportunities there. | |

The second part relates to the fact” that work1ng w1th

the Mob11 ‘people, ‘it has been discovered that crude’ methanol can be

‘transformed into high-octane gasoline,‘954octanefreseareh, without ™

lead, in almost quantitative fashion. And this gives another option,
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from coal to high-pctanergasoline, which we ;hink, first of all, is
mugh superior’to‘the SASOL:p;OCess-—;he only process in the world
being used, which is in South Africa.

I would like to comment that, ipterestingly enough,:this
is gchieved by a novel concept ofla cafalyst which acts as armqlecular
sieve, which qnly»lets gagdlipe poleculeg get out. And a key: feature
there is that you have a very select product of high quali;yf,:

Catalytic gasifi;atipn, the second item.in the slidg,
has alregdyubeen mentionedAby Martin Neuworth, and the factughat it
eliminates the oxygen plant, shift and methanation steps. We think
that inhérently this is the right direction to go, how to do gasifica-
tion at a lower temperature and, of course, more rapidly.

Flash hydropyroljsis, the third activity, refers to the
fact that in a second or even less, if coal is pyrolyzed yoh,get a
sigqificantly different product distribution, and in some instances
relatively high aromatic products.

The third is basic applied :gsearch, I find myself trying
to use some term, Quch as basic applied research which refers to an
investigation of an applied research, but looking somewﬁat more ‘into
the scientific or chemistry and enginee;ingkqf it. We need to‘know
the rela;ionship between coal characteristics and its behavior to
liquefactiopﬂ And I might mention already some very intgresting

things are being found.
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'~ For example; it's been discovered that; when solvent-refined
coal, which you heard about earlier, is’ examined, after it's been
processed ‘under- hydrogen pressures for long péfidds'bf”timé,'the'
darned stuff has less hydrogen in it than there is in coal. So that
we have a few dilemmas that we're discovering. It's been discovered
~ " that solvent-refined ‘coal goes most of the way to dissolved liquid in
"the first minute or ‘two, and then you beat it to death for the rest

“iof the time. So that there is a belief that by understanding some of
the mechanisms of the chemistry that this will provide the basis for
people to have ideas to make significanf“iﬁpfOVgﬁents.

The second*paft, which'isﬁﬁeﬁtfbﬁéﬂ here; 'is ¢ritical
catalytic'éffects;t’It ié7being'di§bové:éd‘that’the minerals are
higﬁly'active as far as catalysts:arégédhéétnea;“&hd'therefdfe I sort
of ‘object when this iégcailed a ‘thermal reaction when iﬁ;fact it's
been discovered that the minerals aré’éctive.i:AndLsﬁrely;fit'sﬁthé
case that the‘ﬁine;als'as found'in'COaIlshﬁhlﬁépoE5be in their best
catalytic form, that it ought to be possible to improve this situation

~b&”§tu&Yihg'this in some»ﬂetéil.“'f PR e

'””Refiniﬁgfﬁéicil‘fféﬁ{éﬁalé;'*l‘have“1is£ed'here>thé:““"ﬁ
apbliCation'éf'pétroléﬁm"tebhnbibéy.énarihefééaiéh fbfiimbt6Vedg"
V“catalysts; 80 that we begin sort of as a base éasé'éhdAEhéh5§656n"'
from there;é‘fl*riﬂ**i SR

”T‘hé'héxt"a’nd last group of these inajpi:'-projécés;'£65’ii1us-
trate some of the interesting things‘thatil think are happening, coal

-~
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benefication turns out to be a device which is sort of not synthetic
fuel, but has gfeat opportunities. And at the. Pittsburgh Energy
Research Center ;ecently it's been discovered that by a relatively
simple proéess of heating coal under pressure with air and water that
ali ;heApyrite can be converted to sulfuric acid, and as much as 40
percent of the organic sulfur also. It's this news about the organic
sulfur that's interesting.. And so this looks like it might'be a way
torbring into compliance a very high percentage of eastern coals and
is certainly, I think, an exciting possibility.

As far as materials are concerned--

DR. BARON: What is the cost of this?

DR. MILLS: We have an engineering study. 1It's a good
question and ogviously must be attractive.

We have two numbers. One is very low, and one is very
high. One is $7, and the other is $27 a ton.

Materials research we regard as a very serious part of
activities. If the plants don't run because they have difficulties
from materials of construction, both alloys and ceramics, oniously,
no matter how good the process is, it's not worthwhile. . So we have a
very substantial program on materials research applicable to coal
gasification which we can elaborate on. We have installed a failure-
analysis system, so that when failures occur these are looked into

systematically. And the question of technology transfer that came up
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earlier, the information is disseminated in a newsletter which has
wide circulation.

‘We have fireside corrosion activities in three: parts:

‘synthetic _ fuels, fluidized bed combustion, and high—temperature coal.

We have.a: valve program. And:just to add one thing aboutrthe:univer-
sity commun1ty, in add1t1on to the 1000 students and faculty that we
now have in active programs; faculty members ‘can go to the energy
research centers or other locatlons during summer monthSyh This is a
program 81m11ar toﬁthe one that AEC in past years practrced rand we
have, for example, about 10 faculty members at P1ttsburgh, and about
the same number at Morgantown and other locatlons. And I th1nk this
is being rece1ved on both barts w1th a good deal of enthuslasm.
I hope I haven t overdone thls b1t about the prOJects
we have;underway. ’(Sllde:10>g-‘fﬂ L S
mNow;;I havefa‘coupletmore.things to:saytr First; I’hpuld
like to turn to the next vugraph, 1f I may. : | o
(Sllde 11) | | |
?Issues., And perhaps thls, for some; may be the most
important slide; the most 1mportant cons1deratlon.
. As far as criteria are concerned, I think we need to
define our objectives more,accurately-—the'objectives, I am saying,
of ERDA., What are the objectives? Werneed to define these much more

/

accurately than we have in the past.
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MATERIALS AND EXPLORATORY RESEARCH -

RESEARCH MANAGMENT ISSUES

DEFINE OBJECTIVES

CRITERIA FOR SELECTION

SIZE OF BUDGET -
ORGANIZE - CENTRAL/I\MSSION

INTERACTION WITH OTHER DIVISIONS/AAS
PLANNING/TECHNOLOGY TRANSFER

IMPROVE QUALITY |
WHERE — ERC/NL/UNIV./IND.
TRAINING FUNCTION
FUNDING SECTOR — PRIVATE/GOV'T AGENCIES




The second item there, how do we set criteria for selection
of projects. Now every company or research group has that kind of a
probiem. In éenerél; of course, it ought to fall from the objectives.
You make your selection on‘Critgria;based on objectives.

" I'think something sﬁfély has to do with the fact fhat |

an assessmenﬁ:has tb be ﬁade'of'the part that fossil fﬁels.willrplay
in the next 50 years. So’that'srone basié for considering what the
importéﬁce Of>f038i1:éhérgyractivities are, technbiogy and research.
' So what part will fossil energy‘play in tﬁe next 50, 75'yéars." |

The other is an assessment of what the needs are. Obviously,
if the situatioﬁiis wellAin.haﬁd, that's different from séﬁe other
kind ofKActifity Vhich'is'Vefylmﬁéh“;ndétegminéd;"Thére needs:to be
some sort of a bribtity*in balance relativeitojéhoft, medidm;yan&
long range, and I might'ébjéc;,:if:i‘may, fo onéfoffthe‘ééfiy speakers
who had a triangle that said'ﬁe éll khdﬁ‘thét oﬁr researchjmust be
concentrated on the néarnterm,'ahd'ikarﬁerg§ﬁaiiy'can take issue
with that and say he.had the trianglé inverted,ﬂénd Qheré';ﬁe need is
in the long-term for fossil energy résearch, I think the long-term,
the’loﬁg;term'béihg{ﬁhét'été'we going to détibjyeafs from now;xkf

So;aﬂ§wéy;ltha£§sja'cdﬁménfwonrthaéi"

‘ The'quéstion*ishafso: in setﬁing ériée:ia, hd&gﬁucﬁ'fo'

suppdrt‘and hé&vmhéﬁfféf'aJVahce. )Opt'divigioﬁ; 1 migﬁt:ﬁentidn; was
previdﬁély:namé&>hdvaﬂéédeeéé#rch“ahdfédpporting Technology;i In

some ways I liked that, because it made you think there were two
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objectives. You must help get the plants, fhe power plants:and the
synthetic fuels plants that arebbeipg built operating, but then the
other part, you must deliberately decide what you are going to do
gbout advénced researgh. Anﬁ,_of»cburse, there is another-concerh,
as to the split bgtween basic and applied research.

What is it, if iﬁ's long-term, or basic, what gets into
one particular group? Or is it the fact that the organization should
choose one or the other. Well, obviously it's a concern of ihaving
both. |

Another feature that is of importance in this criteria
is quality; the quality of research. ‘Jim Kane mentioned earlier
that this was a key issue. I just want to touch briefly on this, and
I do have a couple more things.

If I may have that back, please, Gerry. I know you have
a piranha pit here.

The size of the budget, whether it's organizedrall in
central or mission—oriente&, the'intergcgion with other divisions,
the quality I just mentiongd, where research shoﬁldvbe done, the
balance; obviously it;s not going to be one or thezogher,. The
training function, and the last item there-—;raining of people at
univeréities or other locations, to what deg;ee should.thatrenter

into judgment about funding the selection of projects. ’
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; And,;flnally,lthe;question is open. - What should the
government do,jand whatlds lt not proper for the‘governnent to
- do? |
. The next slide‘sayS'something about future research'
- and the questlon I want to raise is the need for maJor improvements.
Is there a need? And then, can research do 1t? And the  last is,
well, okay, 1f-you decide that, what is the strategy?
And I have the next slide.
(Slxde 12)
. - We haven t heard from Chris Knudsen, but I have here
some econom1cs that Frank .Ferrell and others have llsted, and the
po1nt‘1s,that with the 50,000-barrelﬁa-day“plant, which costs a
billion dollars: that using these capital charges plus‘coal and the
operating cost,,that the selling price:for'lo:percent return on
investment after taxes, I say its $5 a m11110n Btu or $31 a barrel.ii
And, Dr. Baron, you-asked about prices earlier. I d say I th1nk that.
you start by saying that if you've got a billion dollars of capxtal
charge, and we heard ear11er this" puts a burden on’ some 65 “percent of

the selllng pr1ce, ‘now 1f I have your agreement that it's $31 a

barrel for the process of b11110n-d011ar plants, my concluslon is

that when these plants are operated and the pub11c then, the corpora=

t1ons, are then presented w1th good processes that produce, reflned

.011 th1s oil will be pr1ced at now three ‘times what the Arabs are
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COAL CONVERSION ECONORICS

PLANT SIZE

COST * 50,000 BPD | 100,000 BPD
__ u $/MILLION BTU  $/BBL $/BBL
o CAPITAL CHARGES —16% 1.47 8.8 44
o INTEREST (4.5%) o
o DEPRECIATION (5.0%)
o MAINTENANCE (4.0%)
o INS. AND TAXES (2.5%) _‘ .
© COAL AT $25/TON 167 10.0 10.0
© OPERATING COST 0.20 12 1.2
© MANUFACTURING COST 3.34 200 | 156
o PROFIT 10% ROl AT 1.83 11.0 55
_ SELLING PRICE 5.17 310 | 211

*Based on 2.5 BBL Oil/Ton Coal, Net,Plant Cost of $1 Billion

C

TABLE 2.,




charging. Everyone is then going to say, "Well, why aren't we doing
something about major improvements?"

So, I have a concern that this puts emphasis on new

processes.

(Slide—lB)

Once we declde we need to do somethlng, the thing is,
is it theoret1ca11y poss1b1e, ‘just 11ke thermodynam1cs. Can you go
to that? And the flrst equatlon here says that 1f coal was reacted
with water, you shouldAget merhane‘are CO2 quant1tat1ve1y with no f
energy loss. | |

And SO«tﬁis is what”the researéh scientists should strire
ro do._ Therefore, it is posslble to convert c¢a1 to methane, and you
should do e ‘trade, an, equal trade, w1th no energy loss.

(slide 14) )

The next sllee whlch we have here says for the 11que£act10n
s1tuat10n, if you take a coal molecule of b1tum1nous coal and would
have a chem1ca1 sclssors, that ought to be able to cut th1s apart,
and it's not necessary ‘to use, as the Germans dld, 10, 000 pounds
pressure, Or we, do1ng it at several thousand pounds. So it sheuld
be p0381b1e to accompllsh 11quefact10n selectively.

'Now, the last slxde wh1ch-- '

(slide 15)'¢ |
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CATALYTIC GASIFICATION

COAL +H,0 — CH,+CO,

(1)

o IDEAL:
© GASIFICATION:  COAL +H,;0 —> CHa +CO; +H,+CO @
(HIGHLY ENDOTHERMIC)
© SHIFT: CO  +Hz0—>H; +CO, (3
CO + 3Hz —>-CH, +H30 (4)

© METHANATION:

(HIGHLY EXOTHERMIC)

FIGURE 4
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MATERIALS AND EXPLORATORY RESEARCH
SPE'CIFIC RESEARCH NEEDS .

® |DEAS FOR INVENTIVE RESEARCH

° CHEMICAL’AND ENGINEERING KNOWLEDGE OF COAL, OIL SHALE, LTQUEFA‘CTION, GASIFICATION,
REFINING, AND COMBUSTION ‘

® RESEARCH ON ESSENTIAL CATALYST PROPERTIES AND REACTION MECHANISMS
TO PROVIDE ACTIVE' STABLE AND SELECTIVE CATALYSTS . |

® COAL BENEFICIATION - CHEIVIICAL PROCESSES FOR REMOVAL OF S and N,
UNDERSTANDING OF STRUCTURE AND REACTIVITY OF COAL

e COMBUSTION — KNOWLEDGE OF COAL COMBUSTION, ADEQUATE DATA BASE
FOR FLUID BED COMBUSTION, SCIENTIFIC FACTS OF SO2 REMOVAL

© MATERIALS — EXPANDED DATA BASE, FAILURE ANALYSIS
— CORROSION/EROQSION RESISTANT ALLOYS :
- CERAMICS FOR SLAGGING GASIFIER, POWER GENERATION

° COMPONENTS ~SOLIDS FEEDING IN AND OUT OF PRESSURE VESSELS _
~SEPARATION OF SOLIDS FROM GASES AND LiQUIDS :
—~INSTRUMENTATION OF CRITICAL PROCESS ELEMENTS

e POLLUTION CONTROL IN ALL OF ABOVE

C ‘ ' ' C




--11sts spec1f1c research needs.- You can read them.
I beg1n by emphas;zlng that the f1rst need 1; for)ldeas for inventive
research. E | o o - ”

Welcome, Dr. Wh1te.

| We need——and I'm repeatlné somewhat-—chem1cal“andleng1neer1ng

knowledge of coal. There s a great opportunlty for better catalysts.
Coal benef1cat10n we spoke of before. You ve heard someth1ng from
Steve Freedman about thevopportun1t1es 1n\combust10n, because after

all people dec1de,'you know, not a bad thlng to do w1th coal is to

burn it.

‘Materlals, ue need to expand our data base, to have improved
ﬁmaterrals for the known systems, components, and, of course, pollut1on
control in all of the above.‘ o N iVAV | “

Well, Jerry, I th1nk I could elaborate more.‘ As you
reallze, I heard the dlnger go off a long t1me ago. So th1s is the
last act1v1ty. o “ |

o (Applause.) : v 4 “

DR. BROWN Yourlslldefwent b& too qu1cklj on shale.

Can fou tell me what dollars those were? Are they '75 or '77 or
future dollars?’ | il [

DR. MILLS'.'Current dollars.r"

DR. BRQWN - Current dollars. ff

DR. MILLS nght. e

141




" Do yeu have a commeht abeut those éeneral prxces? Thls
is not a long economic evaluat1on we'll hear from Chrls.r I Justugave
~ the simplistic viewpoint about these numbers. 7
DR. BARON: I'm a little astodished. Not criaical.
'thaﬁra.littleksufprised. I would have thought more for coal 11quefac—
tlon, $20—p1us, say. And the 30 f1gure Just shocks me a 11tt1e b1t.
But I d1dn t see the breakdown, you know, what you assume for coal
prices, It went too fast. R

‘DR. MILLS: This is all equ{ty.

DR. BARON: I certainly will agree with you that cdal
liquefaction is very‘muchrhate ceatly at this poiat than the impoated
priee of Arab oil or something like thaa.

DR. MILLS: That's the main point, I think.

Thank you. ) |

DR. HOLLOWAY?

DR. HOLLOWAY: I wonder if you'd put that economic slide
(12) back on. 1I'd like to ask a question or two about it.

The f1rst questlon, I'1l go ahead, you showed twe costs,
one at 50,000 barrels a day, and the other at 100,000 barrels. And
the first one-- B |

DR. MILLS: Can I coﬁhehf ehihhaa? I'q serry in a sense
that I‘didn't cross off the 106,000. bahrels or eapiain i;. This was
put on as what I would say a sensitivity”analys{s.rVIﬁ aaid if you

would take the same plant and be able to put twice as much through
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it, how would this-help you. - And the answer is you would go from $31
dowﬁ ﬁo‘$21 a barrel, |

- DR. HOLLOWAY:,,ﬁeil, chat‘answerAmy _fix:sj:gquest:ion,»Why;‘e
capital charges ggg,jgst_hglfﬁfor,avplant»;wice~as big.‘that~is<‘
this thing called vqanufac;uring'cost"g:hat\is<separaﬁe from operat-

AN

ing cost?

of

DR. MILLS: That's merely a summation, and if you'd had
an.;pportﬁnity;to‘examine the table:you'd have realized that the
first three, are added up to $3 34 per m11110n Btu-or $20 per. barrel.

DR. HOLLOWAY: I just had one other comment. You com- :
pared it with Arab prices. Ygu:shouldn!ttcompare,it;with priées in
thedfetsian.éuif. You should,comparegit;withvpricq4delivered to the
United States andg¢0n§erted:intq usable.product; qo@parable,to what
you get from this..

DR, MILLS: Thank you.

DR. NELSON. Norton Nelson, Inst1tute of . Env1ronmental
Med1c1ne, ‘New York Unxverszty Med1ca1 Center.; e .1‘

| s My question 1sA§3rqtherwgenega1 one,;andgperhgps is as
m‘??*"ﬁ?;-—%’?‘;? Kﬁne:@%:‘-tO;youe‘.;;-  s e
I'As thezdéscfiptions'ofdtechndlogy and.nOW'juStkrecently.

d1scu351on of exploratory reseatch proceeds, many 1ssues .arise whxch
are, obvxously health, menaces and w111 requxre control of varlous

sorts in-the plant and operat1ona1 unit and source .of extract:on,,

and, f1na11y, to consumers and to d1sposa1 problems. My question
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comes down to this: What mechanism is there now for following
through the identification of decision points as to when ﬁealth-
grelated fésearch or environmental research needs to be dome to
determine the»acceptability of these various technologies?

Is that done by you? Is it dbne'tﬁfbugh Jim' Liverman's
group? And when finallj the decision is made, who monitérs it?
Where do the funds‘come from?

DR, RANE:- ‘I'think I will defer answering that question
and let our environmental man, ﬁho is on the program léterg speak to
that one. 1Is that all right?

o

DR. NELSON: 'That's ‘tomorrow.

'DR. KANE: Yes. Because I might not be able' to answer
it well enough if I ftied to answer it off the cuff. -

‘DR. NELSON: I would be interested in hearing your point
of view.

(Laughter.)

In other words, if you depend fully on them--

DR. KANE: I think that--I'm a proprietor of the basic
research business,‘and my empire is exclusively defined as phySiéal
research only. So I am not concerned--the‘two people that would be
concerned are Jim Liverman and the fossil energy people. And so
let's have Alex try it first, and then—--Jim Liverman iS'thé person’

who :can do it tomorrow.
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DR. MILLS: Yes. It's a very pertinent question. First

of all, Dr. White has one of thefdiviSions‘sﬁecifically'COncerned

“with the environmental® factor with Marvin Singer as head, so this

focuses attention within fosail enérgy on the environmental situa-
tion. - But much furthér:thahzthat, we have for each of thé'pfojects,
to a greater or lessrdegfeé;tékpefimentatiéh specifically designed
from- an: environmental viewpoint.
f?i“‘2~This‘begids‘with;identification’of the pfdducts in detail,
witﬁ'épeciéi attention to those that are of environmental concern.
So that each of the pilot planﬁs,\for’example, has a ﬁortion of the
budget ‘and a portion of the activities ébeé{fically designed for
providing “information as t6'WHéf’pfoducts afe of ‘environmental
concern. And, of course, from an overall viéwpoiﬁt;‘eachvof the
pilot plants has had to have an7eﬁvir6nmenta1 impéét statement and
had ‘to conform with federal laws and the state and lqcél activities.
| -!;ﬁrrbm*a’reseafchIViewbdiét;‘we‘hre:also concérned with
the ultimafe;imbofféhce"bf:the;ehvirohﬁéntgl féétof;:iFo}'exémplé;'wé

have fhought“éé‘fo the relevance of highifémpératufé"éaéificaﬁioﬁ;"

‘which doesn't make tars, to lower temperature, which does, as to the

ultimaté:potential for high and low temperature processes.

But I think the main part is that we regard each of the

projects-ag having an environmental component and examining that, and

“the additional part is that’ we havé close coordination with Liverman's

group as to identifying future environmental standards for gasification.
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So, that's the view, at least as I see it.

~ DR. NELSON: What I'm really concerned about, I guess, .
maybe it will develop during the course,of«the~day and  tomorrow,: what
sort of participatory techniques one has to judge acceptability, at
the same time you are judging feasibility. I think, of course, -it's
important that once a pilot plant-is built that it comply with
existing standards. But that's not my question. My question.was:

.How do you identify, in effect, acceptability, which in some cases
could be a major complement in feasibility.
- DR. KANE: I understand your question perfectly, and
I think any answer I would be apt to give would be dangerously wrong.
1'd prefer to have the pro who is going to talk tomorrow on that
precise subject answer the question,
Are there any further questions?

- VOICE: ' From the meetings iast week I heard some comments .
that seemed to imply that refining of shale o0ils and coal oils were
not in the official ERDA mission, and yet this morning I've séen
where you have described recently some basic research project in the
area of refining.

Could you please clarify for me the official ERDA role
in the area of refining of these fuels? |
DR. MILLS: It is in the mission. We have projects on
coal refining at Universal 0il Products, at Air Products, and Chevron.

There is discussion of what we should do and what the petroleum
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industry>shou1d>do; so that is a vaiia aétivity,ﬂénd“ﬁe would like to
thiﬁk‘that the things that we are supporting haVéito do with research
aspécté“of unsolved problems;v

-7 VOICE: So then, would there bé‘anyiéppiied research at the
demonstration-plant level? |

DR. MILLS: Ultimately, yes, but it's at the research

" and 1ab development ‘stage at the present time, plus catalyst work

which: would have'an'iﬁpliéation, éSpecially'hdw to keep catalysts
active.

- DRe KANES We'll take one more Queétioﬁ;‘and Dr. White
is finally here. We will put him on.’

Let's take the gentleman there in the gray suit.

'DR. KELLER: Bruce Keller of Oak Ridge.

In terms of research now going on, Df.‘Mills, and in
terms of developing new economic processes, can fdh”ldok in your
crystal ball andfséy;which reséarch areas look like they may improve
the economics "and give better proéésses“fdf”tﬁe future?

DR. MILLS: My salary doesn't :p'i;pv"id.e'i that.

'(Laughtéf;) B ",;5‘1

" 1 think fhat‘we‘deCiﬂe:Why‘db"thésé’procésséé“ébst so
much from an invesfment viewppint? They are tbo complex, too high a
pressure, -too low a throughput,” too much hydrogen cdnsdmﬁtion. So
eacﬁ?tiﬁe‘wéihave‘axneﬁ activity, weflbdk;at*it from the viewpoint,

can it simplify the process? Can it have less hydrogen consumption,
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be more selective? Now obviously the ones that I listed, the catalytic
ggsification, on the one hand, flash hydropyrolysis, and some of the
others, are ones we hope; but the research business;,as you know, is
that you hope youfhave ten good candidates and one winner.

DR. KANE: Thank you, Alex.

DR. KANE: I'm dglighted to be able to introduce at this
time Dr. Phillip White, who.is the Assistant Administrator for Fossil
Energy, and who is going to”discpss the goals and other aspects, as
he chooses, of the fossil-energy program,

DR. WHITE: Thank you, Jim. )

Let me apologize for arriving at this hour for an 8:30
meeting,.but after spending four hours in a hearing under the tele-
vision lights, it's nice to get in_here.where it's cool and take off
my jacket, |

I also want to express my personal welqome, and thank
you for your help in tackling this very difficult subject.

I'm going to run through the same sort of briefing that
we've given our budget committees in Congress, which is as good a job
as we can do of summar%zing our total fossil energy program.

And if we could have the first slide--

(Slide 1)

Here is the dis;ribution of our Fossil Energy pie, which .

in this Fiscal Year, totaled as you see in the first column on the
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C Fossu. ENERGY BUDGET ESTIMATES

DISTREBUTB@N OF FUNDS

PETROLEUM AND

NATURAL GAS ~ AND SUPPORTING

TECHNOLOGY -

OIL SHALE
AND INSITU
TECHNOLOGY
" COAL
UTILIZATION
15.4%
12.0%

DEMONSTRATION
PLANTS -

6vT,

COAL
- CONVERSION
3%

- 355%

MODIFICATIONS
AT ERC'S
1.4% -
15%

ADVANCED R ESEARCH

. . BUDGET AUTHORITY
: (DOLLARS IN MILLIONS)

' INCREASE
FY 78 DECREASE

oo RY 77{'
' COAL CONVERSION $150.3

COAL UTILIZATION 744

ADVANCED RESEARCH AND N
' SUPPORTING TECHNOLOGY 37.1.

DEMONSTRATION PLANTS 1003
MAGNETOHYDRODYNAMICS ‘
< (MHD) © - 40.0
PETROLEUM AND NATURAL

GAS 43.2
ou. SHALE AND K

CINSITU TECHNOLOGY 310 -
MODIFICATIONS ATERC'S = 69

$2333 S 183.0

790 v a7’
403 +3.2
125.9 +25.6
505 +10.5
76.7 +335
415 +10.5
9.6 +2.7

TOTAL - . = $4832

$656.9  $+1737

. PERCENTAGE DISTRIBUTION
" OF FOSSIL ENERGY BUDGET
_ESTIMATES IN FY 1977 AND
FY 1978 SHOWN AS FOLLOWS:

FY 1977%
FY 1978%

77-2656M/1-4




left, some 483 million dollars, approved for '78. This does not
count some actions by Congress this last week,.thié 656 million
dollars. I think what they did, netted out, we hope, poéitive, but 1
am not real sure of that 'till I see,ail”the'report language. But it
is of that order of magnitude. |

Most of thoese funds are f§r”coél~because, of course, the
demonstration plants arérall, at this point, on coal processing.\

Since MHD is also a coal proCess;‘in reality well over
three-quarters of the work of fossil ié ditecte& to coal. In addi-
tion much of the advanced research and supporting technology, as
previously described by Alex, is coal-related.

So really, only the shale and petroleum and natural gas
parts are not coal-related, and the work in these areas constitutes
some 20 perce;t of our budget.

Of course, the reason for this budget-split is twofold.
First, it is a reflection of the considerable private sector work
done in oil and gas and, to some degree, in shale. Second, our
domestic coal resource is so large and thus so important in terms of
national interest, it's clear that we need to know more about it.

The next slide which shows where the work is done, is
a matter of some interest to this group.

(slide 2)

-~We do have a breakdown by each sector, but I don't

have that detail here this morning. This is not changing much.,
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FOSSIL ENERGY BUDGET ESTIMATES
BREAKDOWN OF FUNDS BY R&D AGENCY
- BUDGET AUTHORITY (DOLLARS IN MILLIONS)
= | s % OF S . (%OF
CEY1977  TOTAL)  Fv1978  TOTAL)

ENERGY RESEARCH CENTERS 8470 @7 - $608 = (93)

NATIONAL LABORATORIES U382 73 30 (52)

UNIVERSITIES. w2 @8 21 (40

INDUSTRY . = = 3189 (78 5263 - (80.1)

 GENERAL PLANT AND E("AJT’UIP-‘MENT,

CONSTRUCTION, OSHA AND
 “ENVIRONMENT AT ENERGY R S P
‘RESEARCH CENTERS ' 69 0 1 . 96 (14)

TOTAL. - sa832 ' $656.9




Almost all of this work is done outside with industry, réflecting
very large cost—-shared contracts with the pilot plants an&'demonst;a-
tion plants particularly. But the other,vthe in-house WOrk, atthe
energy research centers, accounts for about 50 percent mdre, almpét
.twice as much a year as the national labbratories; This was, IV
think, an early figure on national labs. That is likely to change.

The universities, account forrabout 4 percent in both
years. This was our estimate at the time we put the budget togetﬂer.
One of the things we are doing in ERbA Fossil Energy isrto try to:
increase the work done out in the field.

We _expect to do a lot more in the field as we go through

the rest of the year and FY '78. Therefore, I think these numbers on

how much is done in the national labs and energy research centers are

quite likely to grow. Now, let's look at some of the details. We'll

talk about coal conversion first,

(Sslide 3)

Here are three basic subprograms: liquefaction of coal,
gasification to produce high Btu or pipeline quality gas, and the |
gasification to produce low Btu or fuel gas for use in industry, the
sort of gas we got out of the old coal town gasifiers many, many
years ago.

Funding for each ﬁype of gasifigation is about the same

and the total for gasification exceeds that for liquefactiom.
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COAL CONVERSION

BUDGET AUTHORITY IDOLLARS IN IVIILLIONSI

EY 1977 T Ry 1978

LIQUEFACTION = 3730 $107.4

© . HIGH BTU GASIFICATION sa42 $ 515
T Low BTU GASIFICATION 8331 . 5744

—

1977 ACCOMPLISHM ENTS

© H-COAL PILOT PLANT CONSTRUCTION UNDERWAY
o COMPLETE CONSTRUCTION ‘IO TON PER DAY SYNTHOIL PDU L '
o SUCCESSFULLY START UP BIGAS SYNTHANE AND STEAM IRON PILOT PLANTS

L+ COMPLETE REFIT OF CRESAP TEST FACILITY FOR ADVANCED TECHNOLOGY TESTING o

1978 CHANGES : ::’7 :

e ?\CONTINUOUS OPERATION OF PRESSURIZED FLUID-BED GASIFIER (Ii)ﬂa W-j"‘-m‘“I

MAJOR CONSTRUCTION OF HYDROGEN FROM COAL FACILITY Ss(a,-\k

‘INITIATE PILOT PLANT PHASE OF CATALYZED GASIFICATION PROCESS

©e0 o

ISSUES/PROBLEMS

© CONTINUED UTILIZATION OF EXISTING PILOT PLANT FACILITIES
© EXTENT OF FUTURE DEVELOPMENT WORK IN HIGH BTU GASIFICATION

- CHANGE (%)

+ 47.1
-+ 165
+124.8

~INITIATE DONOR SOLVENT PROCESS PILOT PLANT DESIGN AND LONG LEAD ITEM PROCUREMENT

‘MAJOR CONSTRUCTION OF LOW BTU GASIFICATION COMBINED CYCLE PII.OT PLANT (POWERTONI




k4

There are some pertinent accomplishments. For example,
the H-coal pilot plant is under . comstruction. |

H-coal is a precess-developed by tﬁe Hydfocarbon Researeh /
Corporation, who teamed up with a number of companies to- help support
that contract whlch is cost—shared with us. o

‘The other pilot plants, which a year ago were in the
,coﬁsfructien7stage, have all stefted up this last.year, Bi—Ges at
:Homer City, Pennsylvania;-Synthaneheygo at Bruceton; and Sfeam I;bﬁ;r.
' ;a processuﬁhich”IGT is developieg in-éhicago. >'

We are still struggling to finish retrofitting the Cresep.‘
‘facility for advanced technology testing in liquids.

What do we see for '78? We see a continuation of some
of these pfojects——and the operation ef the fluidized bed gasifier,
under deve}oﬁment at Westinghouse.  With respect to the hydrogen-from-
coal faciiity, we will probably choose a contractor shortly. This
‘plant will aim at the production of hydrogen for industrial use.

We expect to start the Donof Selvent process developed ,
by Exxon Company. The pilot plant design and long leed item procﬁre-
ments will certainly take place in '78. |

We. also expect to build therlow'Btu gasification plant
at 2pﬁerton,~in<111inois,'in which low Beh gas will be fed to a
gas/steam combined‘cycie. This gives prqgise of an increased

‘efficiency for electricity power generatibn.
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What are our problems? The two listed here probably
give us the most concern.  One is the utilizing‘of,our existing pilot
facility. We've been criticized for having more facilities in
paraiiel than we really need, and spending too much ' of the taxpayer's
mdney:;his way. I think,if's a somewhat valid criticism, although
each of those pilot plants was justified for somewhat different
purposes, and at theﬁtiﬁe;seemed ;o,be thechrréct.thing to do.

| But as we b;ing in new processes we want to use the old

faciiities,‘shut them déwn when appropriate andiputnin.something new.
It may be just a change of the gasifier, ,f much of the supporting
systeﬁ‘cgn be used and b.;e a great deal of money and a great deal of
time. |

.Then, the:g:is‘the whole question of howimuchrmore ERDA/
FE work to do on high Btu gasificatién.t At.what;poiﬁt should we say,
all right, we now have a process on-line, maybe a commercial plant, .
demongtrating it can be doné? ‘Secpnd gepefationlprocesses, there are
,pilotjplantg being piloﬁedg There isglgbora;ory work on ;hird‘!.
genergﬁiqn‘ppocggsgg, Is it now time to end the Federal Government's
role and say; private industry, you ;gke.i; from here? If there are.
process imp;ovements to befmadg by further_fes?érﬁh, that is youf
1ogica1 job, angvyop,dobthap,t}This is a‘?hilpgpphical question which
we hgvenft‘;eal}y’rgsplyed,_4‘ o ,;

The other part of the coal progrggﬂis,upiiizgtion,”as

you see in the next slide.
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~. (Slide 4)

Here is a much smaller program. There are two major °
parts: ~advanced power systems and direct combustion.”

Coal utilization involves hooking up eithér a gasifier
or a fluidized bed combustor to a-turbine combination. :In either
case, the two major problems are (1) the control of the system,
because it is a system that has to be very carefully integrated, and :
(2) the cleanup of the gas after it leaves the gasification or
combustion zone, because turbine blades and vanes are vefy‘sénsitiver
to corrosion and erosion.

The question then is how far do you clean up thevgas
and how ﬁuch can you improve the blade technology in order to make
them more resistent? And that is the thrust of the matter.

Now as far as the accomplishments, we did issue a coal-
oil slurry PON. This is a sort of quick and dirty way to conserve
petroleum by replacing part of it with coal in the form of a coal/oil
slurry. The point now is to see if these slurries can be fired in
industrial installations with minimal retrofitting and, if so, will
they meet air pollution standards.

It is a wéy to use coal without much retrofit;ing;

'We have awarded a'nuhber of contracts for small afmosphefic
fluidized bed combustors to burn high sulfur coal mixed with iimé-;
stone so that the sulfur oxides'are'absorbed in the bed rétﬁer than

by scrubbing stack gas. Some of these units are available in the
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COAL UTILIZATION
BUDGET AUTHORlTY (DOLLARS IN MlLLlONS)

EY 1977 EY 1978 : CHANGE (%)

ADVANCED POWER SYSTEMS . - $225 . $257  +142
DIRECT COMBUSTION .- 8519 ¢ $534 -+ 29
ADER T U N SRA /lvv
1977 ACCOMPLISHMENTS coa g yu

@ COMPLETED 1000 HR COMBUSTION TEST OF COAL-OIL SLURRY IN A ILER ° @\—j\C—)
© MULTIPLE CONTRACTS AWARDED ON INDUSTRIAL AND INSTITUTIONAL APPLICATIONS OF AFB COMBUSTION

~© OPEN CYCLE GAS TURBINE EFFORTS UNDERWAY ON VANE AND BLADE COOLING CERAMIC 'COMPONENT AND
S "MATERIAL TESTING - :

© BEGIN OPERATION OF 30 MWe FLUIDIZED- BED BOILER PROJECT IN RIVESVILLE ‘W, VA :
© MULTIPLE CONTRACTS AWARDED 0. QEMONSTRATE COMBUSTION OF COAL-OIL MIXTURES IN EXISTING BOILERS

1}76 cianges o L%WS W\‘\&L F\H L
/ © BEGIN CONSTRUCTIONJOF ATMOSPHERIC SSURIZBD FLUIDIZED@MBUST!ON CcTIU
749 OF THE 13 MWe PRESSURIZED, FLUIDIZED-BED COMBINED CYCLE PILOT PLANT

FABRICATION OF PROTOTYPE AFB’ COMBUSTION SYSTEMS FOR INDUSTRIAL APPLICATIONS. :
L @‘tON G-LEABTP—ROCU REM ENT‘:FORW E“ GAS-TURBINE-TO-PERMIT-VE| RfHGAﬂUN‘TESﬂNS-_

ISSUES/CHANGES

o FEASIBIL!TY OF COMBINED CYCLE
© FLUIDIZED BED COMBUSTION, STACK GAS SCRUBB!NG COAL BENEFICATION TRADE-OFFS




country today; and we're trying to simply push them and demon-
strate them because they can be appliéd to different induStriéé:‘
We have ha& a number of joint contracts to introduce these. o

To get higher thermal efficiency, the temperétuie ét
the inlet to the turbine must be raised séveral hundred degréééf:
This necessitatés deQeloﬁing'techniques to cool‘thoserbladeé éﬁd;
vanes. The efficiéncy of a gas tufbiﬁg ¢bmbinétionris much bettér if
you can raise the temperature. By réisiﬂé it from 1600 to 2400,Vone
can achieve ﬁore efficiency.n So, there is a good deal of work going
on, and much of that advanced power systeﬁ budget for '78 is‘going’to
be devoted to that sort of work on turbines.

We have avbig fluidized bed unit in Rivesvillé operating
in an actual utility. We have not énly that test we mentioned
in the first line, but a number of awards on coal-oil mixturés in
existing boilérs. |

We plan next yeér to build what we call a CTIU, a
component test and integratiénvunit, designed to be able to change
things back and fofth, to be the sort of workhouse for developing
both pressurized and atmospheric fluidized bed work. One of these
will be at the étmospheric one at Mofgéntoﬁn, and the éthei will

be a pressurized one at Argonne.
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glide-~

A‘Flexibility must be built into ajstudy of atmospheric
fluidized’bed combustion.: Flexibility_was the main thrust behind
creation of CTIU at Argonne. A 61m11ar k1nd of work" for pressurlzed

flu1dlzed bed combust1on 1s ong01ng at combustion eng1neer1ng 1n

Wlndsor, Connect1cut. And we re d01ng the’ same thing on taklng

data on the small f1u1d1zed bed as I mentioned for this year.

Next year we hope to actually start some fabr1catlon of a full,
larger 81zed f1u1d1zed bed combustxon system, and even the long lead
procurements of a prototype turb1ne. | |

An issue in thls case is the fea51b111ty of this comblned

_cycle. The comblned cycle 1s,pot being practiced on coal today

anywhere iu the world except London and Germany, and that one doesn't
work very well.

There is a real problem of feas1b111ty. There's also

‘m%ithe question of where do‘you clean up sulphur? 1f you clean the ¢{v7b\

coal do you use a f1u1d1zed bed or. do you put 1t on a Scrubber? -

That s the last line there. And th1s problem is comp11cated by the

fact that we are worklng on flu1d1zed beds, EPA has stack gas scrubb-”

”i 1ng, and the Bureau of M1nes has coal cleanlng.v Maybe if ve got a

Department of Energy start1ng next week, or ‘the week after, we could
qulckly resolve that amblguzty.

Advanced tesearch and supportlng technology is the next
(Slide 5)
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ADVANCED RESEARCH AND SUPPORTING TECHNOLOGY
MATERIALS AND EXPLORATORY RESEARCH
BUDGET AUTHORITY (DOLLARS IN M!LLIONS),

FY 1977 FY 1978 | CHANGES (%)
$203 $31.9 +89

1977 ACCOMPLISHMENTS

©® DEVELOPED SIGNIFICANTLY LOWER COST, ENVIRONMENTALLY ACCEPTABLE PROCESS TO MAKE GASOLINE
FROM COAL

@ COMPLETED PROCESS RESEARCH ON NOVEL, SIGNIFICANTLY CHEAPER CATALYTIC COAL GASIFICATION
PROCESS .

© CORROSION STUDY ON CONSTRUCTION ALLOYS UNDER COAL GASIFICATION CONDlTIONS

©® MADE SIGNIFICANT PROGRESS IN DETERMINING RELIABLE MATERIALS AND VALVES FOR COAL
CONVERSION PLANTS

@ INITIATED STARTER GRANT PROGRAM TO STIMULATE FOSSIL ENERGY RESEARCH AT UNIVERSITIES

1978 CHANGES

© NEW EMPHASIS ON EXPLORATORY RESEARCH TO REDUCE COST OF PRODUC!NG SYNTHETIC FUELS FROM
COAL
© COMPLETE LAB DEVELOPMENT OF PROMISING PROCESSES FOR SCALE up OF FOSSIL TECHNOLOGIES

ISSUES/PROBLEMS

© RELIABLE MATERIALS AND COMPONENTS FOR COAL CONVERSION
© ACHIEVEMENT OF MAJOR PROCESS IMPROVEMENTS

C | o C




--The budget here is ahont $31 million for 178, not
enough to keep pace witﬁ inflation.- We are trying tozget them a
little more. money, and I think welll make it go. I think he's
probably covered that pretty well because it is really a subject of
this meeting. I don t th1nk it is necessary for: me to spend any more
time on it other than to give a p1cture of where it is in the total
s1ze of the budget. | |

v _ The nert one-e

(Slide 6)

—is qulte thejcontrary,;e nueh bigger one. We have |
demonstretion plants. And here we'yephsn a sort of a rough go in
trylng to get going on this whole‘aree.l?we started with a cleani
boiler fnel plant. fThis“year weltookvenother look “at it, and decideo
there were some pretty serious weaknesses in the bas1c data, and we
essentlally stopped work on that’ plant except for small—scale stud1es.

‘Butvthere is no work now other than paper Studles on the bu11d1ng of
a demonstrat1on plant for the so-called Coalcon progect.

U:i; We did, however, s1gn the contracts just- the other day
on the synthetlc p1pe11ne gas demonstratlon plants; two of them. One
w1th Conoco and the other Wlth the 1111no1s group. We have two
kothers under negot1at10n for a fuel (low Btu) gas, and we're startxng
much smaller ones on an 1ntermed1ate level.; We're aiming to have a

spectrum of plant sizes for fuel gas demonstrations and applications.
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 DEMONSTRATION PLANTS
BUDGET AUTHORITY (DOLLARS IN MILLIONS)

FY 1977 FY 1978 CHANGE (%)

OPERATING EXPENSES $53.0 $50.9 - 4.0
PLANT AND CAPITAL EQUIPMENT 473 75.0 .+ 58.6

$100.3 $126.9 a + 255
1977 ACCOMPLISHMENTS

- @ RE: EVALUATED CLEAN BOILER FUEL PROGRAM
© INITIATED CONCEPTUAL DESIGN OF HIGH-BTU SYNTHETIC PIPELINE GAS DEMONSTRATION PLANT
. © INITIATED CONCEPTUAL DESIGN OF INDUSTRIAL LOW-BTU FUEL GAS DEMONSTRATION PLANT
- @ INITIATED CONCEPTUAL DESIGNS FOR SMALL INDUSTRIAL LOW-BTU FUEL ‘GAS DEMONSTRATION PLANT

1978 CHANGES

O BEGIN CONSTRUCTION OF HIGH-BTU SYNTHET!C PIPELINE GAS DEMONSTRATION PLANT AND LOW-BTU
FUEL GAS DEMONSTRATION PLANT .

@ START DESIGN FOR DIRECT COMBUSTION DEMONSTRATION PLANT
© START DESIGN FOR SOLVENT REFINED COAL DEMONSTRATION PLANT

lSSUESlPROBLEMS

© COST SHARING FOR MAXIMUM INDUSTRY PARTIC!PATlON
© OPTIMUM PROJECT MIX TO MAXIMIZE PROGRAM BENEFITS : '
Q HELATIONSHIP TO ALTERNATIVE FUELS DEMONSTRATION PROGRAM Moo

77:2656M/2.4




In '78 we'll certainly begin the first stages of construc-

tion on both these plants, and we will start des1gn on a demonstrat1on

plant for the f1u1dlzed bed d1rect combustion and; we hope, on

.
[

solvent refined coal.
I didn't mention, liquefaction. We have a major pilot

plant on solvent refined coal at Takoma, Washington, which has run

o

for several years. 1Last year we made 3000‘tons of solvent‘refined

eoaI; And Just a couple of weeks ago, we started burning it in a
ut111ty in Albany, Georgla, which I am happy to say, provides the

power for P1a1ns. It is working beaut1fu11y.i This is the fxrst time

we've taken a solvent ref1ned coal, wh1ch is l1ke coal except it is

very f1rab1e. It melts at about 400°F—~1t gets very sticky. It has

very . 11tt1e sulfur, ‘very 11tt1e ash,'so, it is nice 1f it will burn 1 -

r1ght, but it is a problem of how you handle 1t, and we seem to be
able to handle 1t. | H -
Magnetohydrodynamlcs, the next s11de-;1
(Sllde 7)

We see three competxng ways to burn coal for power genera-

tlon w1th 1mproved eff1c1ency. I prev1ous1y mentloned advanced power:

systems. MHD 1s another advanced power system.‘ Here one takes coal
burns it at a very hlgh temperature 'passes 1t through a channel
wh1ch has electrodes under ‘a very h1gh magnetlc f1e1d- and uses

pota531um carbonate seed to raise the electr1cal conduct1v1ty. The

hxghfveloclty conduct1ng gas pess1ng through the magnetic field
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MAGNETOHYDRODYNAMICS (MHD)
BUDGET AUTHORITY (DOLLARS IN MILLIONS).

FY 1977 = FY 1978 CHANGES (%)
$400  $505 262

1977 ACCOMPLISHMENTS

© INITIATED CONSTRUCTION OF CDIF TEST BUILDING o

© INITIATED DEVELOPMENT OF FIRST CDIF GENERATOR CHANNEL : ' .
- DELIVERED BY-PASS SUPERCONDUCTING MAGNET FOR SOVIET U-25 FACILITY 8
L) INITIATED MHD SUPERCONDUCTING MAGNET FOR CDIF :

© INITIATED ETF SYSTEMS ENGINEERING AND CO_NCEPTUAL DESIGN

1978 CHANGES

© INITIATE DEVELOPMENT OF 2ND CDIF POWER TRAIN -
© INITIATE HIGH PERFORMANCE GENERATOR CHANNEL TESTING AT AEDC

© m%ggéil_in%\f’“STEMS AND DESIGN ANALYSIS TO SUPPORT AND GUIDE COMPONENTS DEVELOPMENT AND

© DELIVER MHD GENERATOR FOR TESTING IN SOVIET U-Zo FAClLITY

lSSUES/PROBLEMS

© COMBUSTOR AND CHANNEL PERFORMANCE
O SEED/SLAG MANAGEMENT




- surrounding part of ithe channel producesaa current in the eleetrodes.
The .overall efficiency will probably be somewhet over 50 percent with
a possibility of attaining 60 percent.

. The ‘Russians are doing.a lot of MHD work. - You may have
seen_an announcement. in the paper in the,last few days about our
shipping them a supef-conducting magnet. That magnet was just flown
to Moscow in the first C5A ever to go to Moscow. It refueled in the
air twice on the way over. That made a great'story, and we hope that
our joint project produced.some useful results.

‘.,We“have‘started‘to build the buildings at Butte, Montana,
on this and we're -building. a generator channel for it. 'We see all
this coming along next: year in a program which I believe Congress has
now‘ﬁeised; and-it's for '78, from 50 million up to. about 65 or 70,
if my?advancediinforma;lonlis cOrreet.: -

| <There is-a lot of MHD work going on in a number of places,
not only at Butte, but also at Avco Laboratoriee at Everett, Massa-
chusetts, at the University of_Tennessee,,end Stanfogh,.and elsewhere
afound-the country.f'E§entually,;we'11:notfooly have that channel,
that: magnet over; in Moscow :but _also aygeneratorrworkingfon a slip
stream of the U25 magnet. |

'MThe,proolems'hereiare still very much-technical ones.,

MHD is:a very tough technology to develop, requiring :very high

\

:temperatures. Mater1als problems -are troublesome. Othervdlfflculties
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: inciude 5ir preheating; seed recévery/regenération developing optimum
combustion to minimize nitrogen oxides, and components problemsi

The Soviets were delighted when they got the channel -
to run for 250 hours; but in the case of a utility, that is not'very
long. - One must recover the seed and recycle it out of thejslaghif
‘there is going to be success..

- Petroleum and natural gas--the next slide--

(Slide 8)

--ig gbout a $75:million program, as we saw earlier.:
Here we work almost entirely in the oil side of what we refer to as
enhanced oil recovery, getting at the oil which is left in the:ground
by conventional production and water flooding through one ofAtﬁree
major techniques~-warming it up, either with fire or with steam;
lowering its viscosity with carbon dioxide, and finally, washing it
out with a detergent just like you wash a dirty greasy spot out of
clothes.

Mani%ing this 5,000 or 10,000 feet underground though,
is a little tricky, and we have a lot of pilot tests going on with
industry. The number is steadily increasing; and just yesterday we
talked about adding another one.

We have had some criticism from the Office of Management
and Budget on this because of the large private sector activity in

this area. Sometimes we've gotten into these programs, we just sort
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PETROLEUM AND NATURAL GAS
BUDGET AUTHORITY (DOLLARS IN MILLIONS)

EY 1977  py 1978: CHANGE (%)
- %32 g167 +775

1977 ACCOMPLISHMENTS

INITIATED THREE COST-SHARED FIELD TESTS FOR ENHANCED OIL RECOVERY |
DETERMINED CHEMICAL SUPPLY AND DEMAND FOR MICELLAR-POLYMER AND CO, PROCESSES ~

COMPLETED PROJECT PLAN FOR CHARACTERIZATION AND STIMULATION OF EASTERN GAS SHALE (DEVONIAN
SHALE PROJECT) R A , " e

INITIATED TWO PROJECTS TO INCREASE DRILLING SPEED AND REDUCE DOWN TIME .
IMPLEMENTED IMPROVED MANAGEMENT PLAN FOR ENHANCED OIL RECOVERY o
COMPLETED PROJECT PLAN FOR CHARACTERIZATION AND STIMULATION OF WESTERN TIGHT GAS SANDS

000 000

1978 CHANGES SRS P : b A

o PILOT TESTING TO DETERMINE ECONOMICS OF MICELLAR-POLYMER PROCESS
o EMPHASIZE STEAM FLOODING EXPERIMENTS AT VARIOUS LOCATIONS

ISSUES/PROBLEMS

© KNOWLEDGE BASE VS IMPLEMENTATI_ON FOR ENHANCED OIL RECOVERY
© DEVELOPING VIABLE TECHNOLOGY FOR ENHANCED GAS RECOVERY

77-2656M/4-4




of respond to targets of opportunity. ‘Some company makes a proposal, '
and if we think it looks good,rwe go ah;ad.

. OMB asked ﬁs if we had a systeyé;ic plan. For the first
time, we sat down and-tried tovw0rk out eXéctly what the total
program should be, and just whftvtypes éf:formations shbuld be ...
tested, and how many.tests shou}débé‘in§bl§ed; That is what we did
laéf year. .We found gil of us mofei;omfortgble with a whéie program - .
and now we havg that in-house,-héw wé'ré:dding the same'thing for
gas. | | ‘

o In.the’ca;e of gas, we'fe looking at not what is lgftr

in fhe grouqd, but at some gas feserves that normally greﬁ‘t con~
;idéred gas reserves Qhen one hears about 10 fears or 20 fears of
ﬁatural gas. Iﬁ ghat case they're talking about conventional gas
that flows out by itself. But in the Devonian shale, the western
tight sands of the Mesa Verde formation in Colorado, and in the coal
seams in the East, there is a lot of natural gas. It has usually
jusf been stripped out and wasted for a safety measure, and now we're
ééiﬁg after it as a resource. Using those unconventional resourceé]
givés us about 50 years of gas, and if you believe Wall Street
Journal headlines about 1000 years of gas. There's only one place
tﬁat could be, and that is in that geopressured zone in the Gulf
whefé there is a lot of salty water saturated withvmethané. Maybe it

is there and maybe we can get it out.  We don't know what it will
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cost, -but it potentialljvcbuld‘be a very large resource of great
importance.
& So we are working on that.
I think you probably had a chance to read what we did
pretty much as far as noﬁinal'impfoﬁeménfé;'Twé are doing a little
bii;ofvdrilling‘research he;e as well, trjihg‘foiimbrOGe'drilling
speed, and_reduce}SOme of the instrumentation to'feduée the'so—cailed
down-hole time. jSome.of this work is cooperative with industry and
some is work leaning very‘heaViiy on' Sandia and other national labs
where there is this type‘of technology developed as an offshoo£>of
the nuclear program and its need to drill for nuclear éhots in
Nevada.~:For,that,reason;'they'havé'déVé10§edra Ibﬁfbf”driiling
technologye - .+ E

A We ‘expect torjuétfcontinﬁe‘muéhfthé same'vaf'fdt‘i78.
We are particularly pointing at that last bullet unéef"78; the
acceleration of:Eastern»gas;:vhére-WE‘afé‘tfiiﬁg ébzbeefiﬁp‘tééting
of Devonian Shale. The wellsvare sha11ow,‘ﬁﬂd*hot¥Véry producfivé;'
but there are Q‘lotf6f~them;"We”fhinkjif wéfcéh/fihd § way to 1 |
fracture them, &nd if we.c#ﬁ*impfOVé fhéif'ﬁfbductiQity,'théy'éh; be
valuable. ~They have the attractibn‘df‘béiﬁg'%lbsé’éo'the market in
the East where~we‘need-the‘gas.““fﬁ*t

‘Our'p:oblems hére‘are“théFkﬁQWIedgé5baééfﬁnd iﬁpiementation.,.

We~don!t”have good’fesource data fdt”gas;’and for biI; wéjnée& t&j"

N

increase our general knowledge~of*thatffié1d.
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Another one in thisvsame division is--on the slide--

(Slide 9)

--the oil shale and the underground coal gasificatipn.
These two may not seem to fiﬁ,tqgether, but in oil shale we're
working equusiyely on vhat is referred to as in situ'retbréfpg, :

where we retort underground rather than mining of shale, bringing it

up and retorting it. And because they both involve the same sort of

technology, we've handled them in the same organization. fBﬁﬁ;it's a
rather modest area. They are increasing significantly_fo¥ ﬂgxt jeaf,
but are still, a minor part of the program.

Wé have had a number df contracts under negotiation now
for in situ retorting of shale——sharedqcontgacts ﬁith indﬁst?y. For
the first time we completed a test at Rock Springs, Wyoming 6f what
we call true in situ. We didn't do any mining. We just stuck a
sh#ft down, set in some explosives, did some rubblizing that way and
then set off a fire, and collected o0il out of an adjacent well. It
worked, but not very well.

The Antrim shale in Michigan is a different sort of project.
Here's an qdd type of shale, Wﬁich doesn't produce oil, but which we
can gasify. Dow Chemical has done a lot of work in this field. We
have now joined them to try to imﬁrove that-technology.‘

Moving to in situ coal gasification to the so-called linked-
vertical well, in which several wells are first linked by combustion

and then by gasification. We.burn some of the coal with a lot of
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OIL SHALE AND IN SITU TECHNOLOGY
BUDGET AUTHORITY (DOLLARS IN MILLIONS)

SRR : FY 1977°  EY 1978 | CHANGES (%)

IN SITU COAL GASIFICATION . $82 $126 53.7‘
1977 ACCOMPLISHMENTS ' R | S

COMPLETED COST-SHARING CONTRACTS FOR SEVERAL IN SITU RETORTING EXPERIMENTS

f COMPLETED DIRECT-COMBUSTION SHALE-OIL PRODUCTION TEST AT ROCK SPRINGS WYOMING
’ INITIAT:D MICHIGAN ANTRIM SHALE GASIFICATION PROJECT !

COMPLETED LINKED VERTICAL-WELLS PROCESS (LVW) TEST =

INITIATED FIELD GASIFICATION TESTS ON PACKED-BED PROCESS

.STARTED FIELDING FIRST COMBUSTION TEST ON .DIRECTIONAL WELLS

DESIGNED STEEPLY DIPPING BED ISDB) PROJECT WITH INDUSTRY )

@900990

1978 CHANGES

o COMPLETE DESIGN OF A MULTI-TON OIL SHALE GASIFICATION FACILITY
© BEGIN HANNA IV LVW FIELD TEST '

© CONDUCT THE FIRST STEAM/OXYGEN IN SITU GASIFICATION TEST AT HOE CREEK 2
© START SDB FIELD TEST PROGRAM

ISSUES/PROBLEMS

® ENVIRONMENTAL'IMPACTS AND ACCEPTABILITY , |

© FUTURE OF IN SITU VS ABOVE GROUND SHALE OIL PRODUCTION
® DEVELOPING ACCEPTABLE ECONOMIC INCENTIVES FOR OIL SHALE
© MARKETS FOR IN SITU COAL GASIFICATION PRODUCTS




steam present and have a typical water gasification reaction of that
‘coal and can take a good 175 Btu gas out of’the other wells. We did
this in Wyoming very successfully last year{brdducing a good ﬁuality
gas, a very even composition, which is one of tﬁe tricks. - |

We have some other approaches to driiiing the ﬁeils,énd
to fitting other formations a little better,"and that is one of the
things we hope to look at, inc}udiﬁg steeplyvdipping beds. We expecf~
,fd keep on doing this same sort ofrthing nexf‘year. §

Now both of these préjecés‘have tri;ky environmental °
problems, which wé are trying fé address. We know that they are
potentially there, but in case;‘like this whéré you've got to.do
the work in the field;kthere's no way to know the extent of the
problem, until you get out there aﬁd try it.k

Groundwater is one problem. If‘thére are underground
aquiférs, you retort the shale thch is leachable, and fﬁat leaching .
can get into the aquifer.

If you do gither of these, and a lot of it, yoh obviously
have a subsidence problem, and the ground leyel begins to droﬁ'above"
your retorted formation, and thgt is not aécepthble in mostrlocationé}4
How bad is if? What we can do‘iaﬁéonttbl it?‘ ihesg are;thg things

 we stiil have to learn. I'm sureVin:théidiscﬁséions;thi; afternoon
;nd tdmorréw, we'll have a chance to;explofe;whét some of those

areas are.
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This gives you a sort of general p1cture of the total
_Pprogram; where the emphases are; and some problems, as I see them.
jI m not sure I could answer that quest1on’that Alex said he didn't
”get a high enough salary to answer and I guess l don t either, but.
I might offer -~ toss in a few th1ngs as we get Lﬁ;oagh. |
Thank you very muoh. .
(Applause).
DR. KANE: He has a car waiting, but he will answer a
few questions. o s |
MR. LODEL: In the demonsrration plants program ERDA
had been considering three categories for low Bru fuel gas. The
industrial category, 1 believe, is going ghead. I wasn't able to
sort out from your plans‘whether in fact you plan to go ahead with
the utility category? °
DR. WHITE: I'm yaiting until I get the language of
the conference‘report on the appropriations to be able to answer
that question. I asked it myself»yesterday, and I couldn't get
an answer. 1 tnink‘we have == l knowjﬁe have authorization, maybe
‘we'Ve got money, but maybe ve've got language that says, don't do it, -
or‘maybe we've‘got language that says, do it. I don't know. It is
just hanging in thar balance right now. And if we are told not to do
it, we will have to drop that project. It is too early to answer,.I'm
sorry. Within a few days, we should know. I just haven't been

informed.

173




DR. KANE: Thank you very much B111.
. DR. WHITE: Okay. I 11 be back rxght after lunch. .
DR. KANE: Very good. He' '8 been on the gr111 81nce 7 00

this morning, enjoy your lunch.
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DR, KANE: I've‘deoided to, with your forbearance, juggle

the program one more t1me. And we have another gentleman here who is

'golng to talk to you about synthetlc fuel pr1c1ng. ﬁe, too; hes been

..‘

‘on the grill for a long t1me th1s morning, and he'd l1ke to get out

" of here so, I th1nk I' 11 1mpose on you, and we'll have a talk now by

Chris’ Knudsen.
hDB. KNUDSEQ{ Ulhank you very mueh.\”

I have'been .asked to talk about the cost of various proc—

;'cesses that we sare d01ng research and development on 1n ERDA. Copies

of my slides are here on. the table.

1'11 try to'make th1s a‘short talk so that you can'get on

: w1th your luncheon plans.

My wife has been w1th me all morning, and I asked permission
to go ghead and g1ve 1t now because she has been sweatxng it out w1th
me, and I promised to take her ‘to lunch and that's the most important
thlng to me at this moment. ;

(Laughter.) |

(Sllde 1)

1 want “to beg1n with several slldes about the methods used

- in cost estimatlng.‘ The first sllde 111ustrates d1fferent types of

cost est1mates of differing accurac1es. Many people compare one
estlmate with another of differing quality, a back of the envelope

estimatelwithAone from a detailed study, and*sonetimes draw conclu-

sions fron’this.' We try not to, because an estimate is a function
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HARDWARE DEVELOPMENT LEVEL

CURRENT AFE ECONOMIC ESTIMATES

- ORDER OF

PROCESS COST ESTIMATES

PRELIMINARY

DEFINITIVE

© DETAILED

C

VSTUDY |
MAGNITUDE ($2-5 X 10*) ($2-5X 10%) - ($2-5X 10°) ($20-50x 10°%)
1$2-5 > 10°) | SEE
LABORATORY| MORTGAGE USBM
(BENCH) MODEL - PEG |
USBM -
PDU MORTGAGE PEG FLUOR COALCON
| ‘MODEL PARSONS |
KELLOGG BRAUN
PILOT MORTGAGE UsSBM | B%'Z'}',"N' BAD.GER,: comoco
T MODEL PEG PARSONS et |CGG
AMOCO
DEMON- MORTGAGE
STRATION MODEL
COMMER-| BRAUN SASOL
CIAL
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of both the enginéefing effort that is put into it, and;the data
available. |

Hardwa;efa;Qelopmen; level is’indicéted vertically on the
slide. As shbwn, data quality ranges between laboratoryiand commer-
cial. Horizontally, the cost levels of various types;of:estimates are
iﬁdica;ed by order of magnitude.  For example, a study &ésign might

cost $20,000 to $50,000 of engineering effort, a preliminary study

1$200,000 to $500,000, a definitive study $2 to $5 million, and & -

detailed study $20 to $50 million. The detailed stud§ is the typéAof
estimate needed for actual construction of a project vhere detaiiéd

¢ . . - .
mechanical drawings are needed.. ' ‘

The order of mggnitude;type of estimate of‘"Mottgage Model"

has been developed within ERDA based on past information. We have

¥

‘made correlations of gasification, liquefaction, enhanced oil recovery

and other processes baéed on R&D experienée. These cdr;elations allow
us ;o‘make a érude estimate of the coéf of a prdpoSed process develop-
ment unit (PDU) or pilot“élant.‘ |
(slide 2) ’
: ‘Let me define the dif?eiendeé'betwéén'th;eeit}ﬁes of cost
ééfimaﬁeé on the lgst‘élide: gge'prelimihéry, d@finiﬁive,‘and

detailed cost estiqateé.e The first tyﬁng that is?doné,in any cost

‘jeétimate,,of COUrsé; is iﬁe design bééis. All three estimate types
. require the same t¥ype of"desigh?basiéﬁinfofmation,fwith_the exception

"that the site specjficatiﬁnﬁfofffhe £hree'differsa For example, a
[ ¢ i L : PR
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DESIGN BASIS

PRELIMINARY ($0.2-0.5 x 10¢) DEFINITIVE ($2-5 X 10¢) DETAILED ($20-50 X 10°)

o PRODUCT SPECS . DO e DO

o FEED SPECS e DO | . DO

o DESIGN ASSUMPTIONS e DO .+ DO

o PROCESS DESCRIPTION e DO . DO

o UTILITY SPECS e " po . R e DO

o GENERAL SITE e HYPOTH'ETICAI‘-;SITE’N o ACTUAL SITE




detailed design, including detailed mechanical drawings, requires
specification of an actuai site withkcere drillings to determine
foundation design.

(slide 3)

The next phase of a proeess estimate is the design itself.
Differences in estimate accuracy are most obvious from consideration
of the vary1ng efforts expanded in thlS step.

In a preliminary deslgn, the effort ends with an equlpment
list, but in a deflnrtlve design, piping and 1nstrumentat10n specifi-
cations are prepareda‘ This additional'informetion requires a great
deal more engineering,effort}to develop.: A detailed estimate includes
the latter plus detailed engineering drawings and plans which may
require hundreds of thousands on manrﬁours. Process plants contaiﬁ
piping and instrumentation that may represent 40 percent of the

capital investment, so that preparation of P&I diagrams, for example,

‘significantly improves estimate accuracy.

(slide 4)
. The last step is the esrimate'rtself, process economics.
For preliminary esrimates, cost curves,‘experience factors;'and rules
of thumb are used; whereas for a def1n1t1ve est1mate,va more detailed
estimating procedure is requ1red.4 Vendor quores, spec1f1c cost
indexes, and progected f1nanc1a1 condltlons are approprrate. For a
detalled study, one seeks vendor blds, flnances under actual condi~

tions, and 1ook into actual labor and product1v1ty.
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PRELIMINARY ($0.2-0.55 10°)

« FLOW DIAGRAM - |

o MATERIAL BALANCE =

. ENERG‘Y\“BALANCE*

o OPERATING comomoms

o PLOT PLAN

o ENVIRONMENTAL ASSESSMENT

o MAJOR EQUIPMENT SIZED
o EQUIPMENT LIST

PROCESS DESIGN

DEFINITIVE ($2-5 % 10°)

. oo

® i ris Al Do

. oo

) ALI. EQUIPMENT SIZED

o EQUlPMENT LISTAND -~
DETAILED SPECS o

e P AND I' DIAGRAMS
e PIPING SPECS -

e PROCESS RELATED
STRUCTURAL SPECS

DETAILED ($20-50 %10°)

° DO

* DO

e /DO o
. . DO

i Do

o ENVIRONMENTAL IMPACT
- STATEMENT

.., bo.

e DO, -
o COMPLETE STRUCTURAL

‘DRAWINGS

. DETAILED ENGINEERING
DRAWINGS

o PLANT ELEVATION
DRAWINGS

e PROCUREMENT AND
- CONSTRUCTION PLAN
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e COST CURVES
o EXPERIENCE FACTORS

e RULES OF THUMB

e GENERAL COST INDEXES

e ASSUMED FINANCIAL
- CONDITIONS

PROCESS ECONOMICS |

PRELIMINARY ($0.2-0.5 % 10¢)

DEFINITIVE ($2-5x10°)  DETAILED ($20-50 %10°)

e DO e VENDOR BIDS
e VENDOR QUOTES e ACTUAL LABOR COSTS
ON MAJOR ITEMS AND PRODUCTIVITY

e EXPERIENCE FACTORS e DETAILED ENGIMEERING
BASED ON MORE EVALUATION
DETAILED DRAWINGS |

e SPECIFIC COST e FINANCING UNDER

INDEXES “ACTUAL CONDITIONS
o PROJECTED FINANCIAL "

CONDITIONS




A vendOr bid is usually much more accurate than a quote and

may requlre payment for the eng1neer1ngrtlmerrequlred to make it.
| Actual 1abor costs and product1v1ty areAextremely 1mportant

factors wh1ch are generally overlooked. The avallablllty of sk111ed |
craftsmen and unroh rules‘vary in d1fferent parts of the country and
have a large effect on the f1na1 cost of alplant. ‘ |

PrOJect contlngencles and‘process cont1ngenc1es can be
assigned to account for the inaccuracies brought about by the est1;
mating process and the‘uncertalnty of the ava11ab1e data, respec-
tively - the horlzontal and vert1ca1 cateéorles of the first s11de.
These contlngencdes redulre anaiy81s of past est1mat1ng exper1ence to
determ1ne and we have v1sxted compan1es 11ke Exxon, Gulf and Mob11
to beg1n developlng them. 0ur flgures are therefore a reflectlon of
what we have 1earned because we are not a large construct1on or
operatlnglcompany. “We are a- small branch in the government, and we
are re1y1ng on ava11ab1e 1ndustr1a1 1nformat10n.f |

The prOJect contlngency one mlght a881gn to a study estlmate
would be typlcally greater than 20 percent. At the pre11m1nary est1—
.mate level a 15 to 20 percent. At the pre11m1nary estlmate level, a
15 to 20 percent pro;ect cont1ngency mlghtvbe approprlate. For the‘h
def1n1t1ve estlmate 1eve1 a 10 to 15 percent prOJect contlngency 1s:

1nd1cated. F1na11y, for the detalled type of estlmate, a 10 percent

contingency would be appropriate.
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Note that the prOJect cont1ngency reflectsAonly the uncer-
tainty cf constructlng a glven desxgn for a g1ven cost and in effect
assumee known technology. Therefore, even for a deta11ed estlmateA
late in the'actual construction perlod the p:OJect contlngehcy is
still cipically about five percect co‘accoﬁntifofvthercilisryéteto
arcive, labor and material probieme in complecing coﬁetructicﬁ;ﬂen&
possible ‘start-up problems. ’A - | |

:Tufning to the.process cohtingency; some experience
indicates cﬁat an estimate based on laﬁoretory data requiree a:
contingency of approximately 100 percent to account for additional
equipment later ‘found to be necessary durlng the PDU, pilot plant
and demonstration develcpment stages leading to‘commercialization.
Perﬁaps a 25 to 50 percent contingency is appropriate for the PDU
stage, only @ 15 to 25 percent contingency at the pilot plant stage,
about 10 to 15 percent at the demonstration stage, and as little as
5 percent at the commercial state.

Application of the contingencies is made as follows. The
procees contingency is added as a percentaée on the on-site brocess
equipment, whereas the project concingency is applied co total
1nvestment, including off-sites and the process contlngency; 1'woulc
caution that these types of add-on contlngencles should be used thh

care, as they are meant for guidance.

(slide 5)
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< Let me taik‘n°w abOUtrsome receﬁt éoS;'eétim#fes. This
éiiée shows estimates for various gasification proces;es‘uéiﬁg wesf%}n
subsitﬁminous‘coal'tp producé’250 milliqn:stgndard cubic feet per day
éf SNG' This report Gas.PUblishédxin chobef;197§, and it examines'
fhe?investmepts, operating costs, and fésuiting prices of the HYCAg;i

BI-GAS, CO

2 Acceptor and Synthane processes compared with similar

figures for Lurgi gasification technology. Note that constant prices

can bé’plotted as stréight lipeé to afclosé approximation.
One sees théf?the HYGA$ steam-OXYgeh caée é;ems to be tﬁé

most attractive prqces;‘at approximately $4.25 per million .BTU.

Lurgi is plotted”at-abqut $5.50 per million BTU.

I wan;,to qaﬁﬁion that these arezéstimates of process at
varying levels of deVeloéhent and that we will continue to review
them. Cdnditions>other than those assumed in the Braun study affect
therresults andAéomé feel that-the HYGAS Steam/Iron énd the Synthane
casés could be cast in a more favorable light by a new basis. Let me
point out, however, that although a 15bbercent project contingency
» was'included in all of the Braun estimates, no process ébntingencieé
were applied to reflect the varying technical informéﬁion évailable
for the processes, Lurgi daga iS‘commerciélaquality while the other
proéésses have data of;PDUVQr pilotrplant_quality. ff one applieé
proéesé contingenéies accordiﬁgly, one ﬁould find that all of‘the
estimates wbuld changé pqsitions on the plof in a différent mannef.

Lurgi, of course, would have the lowest process contingency of about
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five percent. As a resuitﬁof this, new plot ;ould show much less
priee advantage for the,newer proceeses compared with Lurgi.

We do not have a couparable plot for coal liquefaction at
this time, although we have uEde’comparieons between the H-Coal,
Exxon Donor Solvent and'Solvent Refined Coal processes. A common
accounting basis was used - the eame'discounted cash flow rate,
.depreciation‘rate, and so forthr-’but large differences still remain
that are a function of the ihvestment. _We realize that this is the
regu}t_of having different firms produce.the basic deSigns; We are
now planning to visit Sterus'Roger, Fluor? and Exxou, to attempt to
‘reeolve;differences in.desigu methods and to put'the investments on
a uoretconsistent basis. |

Until we have confldence that the engtneerlng procedures are
on a consistent basis, we Can t make a comparlson of the processes.

However, on a pre11m1nary basls, 11quefact1on processes are
1nd1cated to produce synthetlc crude at $30 per barrel or hlgher, a
fuel 011 product may be $5 per barrel less. Thls assures a 15 percent
rate of return on a d1scounted cash flow, 100 percent equlty basis.

The next three slldes show come comparlsons on an. e1ectr1c
utility basis. They are der1ved from a recent report done by G11bert
with fuel costs added. 4 | f | |

(s1ide 6)
This slide shows neu plents using various liquid tuele.

The bars indicate capital, operation, and maintenance, and fuel costs
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components, respectively. The fuel cost component is slanted to show

a range oflfuel-cost, giving an indication of sensitivity.

Us1ng a cost for No. 6 fuel oil of $2.12 to $2. 86 the cost

of electricity’ ranges from 28 to 33 m1118 per kllowatt hour. For
natural gas whxch costs $.52 to $2 per m11110n Btu, the range is 16

to 24 mills per. k1lowatt.

SRC hot 11qu1d and heavy synthet1c coal 11qu1d both est1—““

mated w1th1n a range of $3 to $5 per m11110n Btu, produce electrlclty

xat a. cost between 35 and 50 mllls per kllowatt hour. The medium Btu.

‘ n,;off—slte case assumes -a cost for the gas between $3 and $4 per m1111on

Btu and produces electr1c1ty between 35 and 42 mllls per k1lowatt
hour. These last three cases are more expen31ve than us1ng fuel oil
or natural gas, but they are based on coal wh1ch is much more secure
as a commodlty. : 7

(Slxde 7

Solzd fuel comparlsons ‘are shown on the next slxde for new
electric ut111t1es.t Low sulfur coal w1thout flue gas desulfur1za-
txon, is very attractive.. The fuel cost range assumed 1s $l to $1 25
for a million Btu. H1gh sulfur coal 15 aSSumed to cost 75 cents to
$l per m1ll1on Btu at the ut111ty and requlres flue gas desulfurxza-
v t1on. Thls.results in greater cap1ta1“aud operat1on and ma1ntensnce
costs, but the fuel cost is less. :

Low Btu gas on site, requires additional cap1ta1 and oper=-

ating and maintenance costs, but again the fuel is the cheaper high
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sulfur‘coal. Solid SRb, without flue gas desulfurization, is assumed
to cost $3 to $S pet m1111on Btu and produces by far the highest cost.
of electr1c1tys‘ Cleaned coal, w1thout flue gas desulfurization, uses
high sulfur coal and is very compet1t1vefw1th low sulfur coal. High
sulfur coal 1n f1u1d ‘bed combustion is also an attract1ve alternatlve :
as is the case of h1gh sulfur coal in a low Btu gas comblned cycle
appllcat1on. |

“(slide 8)

The effect of retrotitfoh'the delta cost ofyelectrici;y in ?,
mllls per kilowatt hour is shown in this sl1de. For sol1d fuel plants,
flue gas desulfur1zat1on adds about 10 m111s per kllowatt hour. Solid.
SRC adds qu1te a bit. Clean coal adds the least of the three.

For llquxd fuel plants, the retroflt of $3 to $5 per m11110n
Btu heavy synthet1c coal llqu1d adds about 20 m1lls. And in the coal-
oil slurry retrof1t, substltutlng coal for part of the No. 6 fuel oil,
a small sav1ng results. |

Low Btu gas on - s1te, u81ng h1gh sulfur coal; replaczng No. 6
fuel 011, produces a savxng that results in no added cost. .Finally,
medium Btu gas bought off site adds about 10 m111s. f;:‘

(Slide 9) |

The last sl1de vas & study done a. year ago that 1nd1cates
the cost of new 1ndustr1a1 b01lers. As you see ‘for h1gh and low
sulfur coal, and low sulfur fuel 011 there is. not .a lot to choose fromv

on the basrs of,overall cost. The plot makes the point, however, that
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capital and operating costs can be minimized by using low sulfur fuel
0il, which may not be available in the future at current cost levels,
Otherwise, large capital and operafing costs are incurred in order to
utilize coal.

That is all I planned to say. Thank you‘féf your attention.

(Applause.) o

DR. KANE: Any questions? | » ot

VOICE: Those last four slides, are they available?

DR. KANE: They are in the handout.

VOICE: Very good.

DR. KANE: fes.

DR. BARON (Shell):.

I thought that the‘figurgs you showed were very realistic
and so were your contingenpy factors., And the numbers you‘showed are
in the believable -range. The point that I want to make isrthat wé 
are dealing with not a free market situation, but with a monopoly
situation in which the OPEC countries acting as a monopolist have a
problem of setting their prices.

In & situation normally, when a monopoly. is permitted to
act, they set their prices somewhere betwggn the flooi and the
ceiling, the floor being whatever competitive source there may be to
compete with their product. And the ceiling being Fhe maximum they
can get away with, without a revolution bf'soﬁe kind. - The revolution

may be due to economic causes, disruption of society, or other.
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The mgjor point I want tqﬁpake‘hgrgris that in our case,
thggfloo¥ willlbé sét b} the priées.you,havé_sbown;i_Say,:min;mpm:$20,
as much as $30 a barrel, on»fhe‘ongr of $5 per million Btué, some-
thing like that.

But interestingly enough, the ceiling which normally would
be the ceiling, which the OPEC countries have chosen, evén after you
allow for impoftation and everything, is more like about $14, §15 a
barrel.  So we have a fantastic situation, in which the ceiling is
below the floor. I'm using this poetic way of expressing myself to
make the point of terrible dangér, and that any government action
that would arbitrarily and unnecessarily widen the gap between the
ceiling and the floor, will contribute to inCreased-instability.

Thank you.

DR. KANE: Further questions or comments?

If not, Dr. Phillips has an announcement, then we will let
you. g0« | | 7

DR. PHILLIPS: Well, the first announcement is that‘I think
we can all be baék in an hour and éévén minutes, ﬁamely, at 1:45,
please, for the afternoon session. | |

i,point out to all of ybu thét there a;e'restaurant facili-
ties .available, both in this Quality Inn and acrpés the street at the
Hyatt Regency. 7

Would you élease fill in the,forﬁs if you wish to participate

in tomorrow afternoon's smaller discussion groups.
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(Whefehp, at 12:38, the meeting was recessed, to reconvene
‘at 1:45 p.m., this same day.)

i
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AFTERNOON SESSION

DR. KANE: I have a’oouoie of announcements to make before
we commence;jv' | ‘ |

Let me remind all of you thet wish\ro partieipefe in our

smaller discussion grohoe £Omorro§5efferhoon; &eﬁoo:requeEt that you.
'1nd1cate that, and it would be helpful if you would £ill out onme of
those checklists that The MITRE Corporat1on has supplled.'r
' Because of the uncertainties in foss11 energy research
meetings, we got somewhat out of order in our program this morning,
but‘i’belieGerﬁe’ﬂoo have the opportohit§ to get back into the agéﬁ&a
as>itvwes”ﬁritten”uoﬁ'rso we will have firsr a relklby Dr. Kropschot,
the talk on Overview of ERDA Researeh;'egency;Wide: That will be
foilowedboylthextelk'by Wérkins;"the?faikvoy Holzer and Zucker; we
have already done the talk by Dr. Alex Mills, snd then wé will
proceed on throogh’rhe §rogi;m';s it‘is brinted.
. " 8o I now call oﬁ ﬂr§’Richer&7Kropsoﬁo£44bverview£’ ERDA

Research.

DR. KROPSCHOT: I would just'likevto soend a few minutes
rputt1ng the program, for the rest of the next day and a half, in
*'perSpect1ve and.to call your ‘attention to the fact that ‘what wve
were do1ng this morn1ng was an attempt at g1v1ng you an overv1ew of
the broad based program go1ng ‘on in ERDA and how I’ would 11ke to

deal’with the'reéearch, the programfthet Dr. 2h1}11ps and“I have been
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working on, and the reason for thisrmeéting; and address what we are
trying to do in soliciting your help ip getting fee§back to provide
input into the planning session aﬁd the planning activitieé,fot the
research in‘ERDA.

The Energy Reorggniza;iqn.Act‘ofi1974 assignedrto the
Administrator of ERDA the central resppnsibility_for policy p}anning,
coordination suport and;mgnagemgnt ofAresearch,,develépmeqt, énd
demonstration for all the emergy sources. (Slide 1) :In addition,
theré are other elements of the Act but it is this legislative_issué
that we are trying to respond to today. For the remainder of our
~meeting, we would like to discuss the energy-related research in the
near, mid, and long-term program.

We must recognize that the definition of "research" means
different things to different people and we have great difficulty in
obtaining a consistent definition. (Slide 2) However, research
| (Basic, Applied, Technology Base) as defined in ERDA IAD 0800-5 can
and must be one of the Agency missions and should be justified as
such.,

In our,definition, we include the basic regearch developed
from the fundamental sciences and the broadly-applicable technologies.

What we do not include are the programs which respond to
the pilot and demonstration plants. And, again, part pf_those pro-
grams can and do overlap into the research. The boundary is fuzzy,

but the definition is many times only a problem in semantics.

J
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‘Using this definition, the ERDA-side program in research
(Fossil only being a part of it) is $400 million annually) We have
excluded the High Energy and Nuclear Physics program and the Environ~
ment and ‘safety Research from our inventory. The foss11 research
component is about $40 million annually and managed b§ four different
Assistant Administrators (AFE, ASGA, AC and AES).

i‘ About a year ago, as Mr. Fri and Dr. Kane mentioned this
morning; the Administrator of;ERDAYand the Assistant Administrators
developed a group of management goals. dne of thesetgoals was to
strengthen the Basic-Energy Sclences (Slide 3) Program within the
Agency and'they assigned to Dr. Kane the respon31b111ty for the
quality of‘that Prograrm._w Dr. Ph1111ps and I have been assisting Dr.
Kane in his quest for an snswer to this diffxcult task. The Federal
role that we ‘see emerging is outlined 1n Slide 3 responding to the
Reorganizatlon Act as ‘well as other key elements which justify
Federal 1nvolvement.;ii |

| Slide 4 shows the key elements for a strong research pro-

gram. Where are the needs_for research; what.are the‘opportunitxes;

do we have the resources and can we’provide{theiieadershig? We have
asked each of the speakers not only toﬁaodress whst’they are doing,

but to point out new opportunities. Do we have an infrastructure in
place to take advantagevof opportunity in an adequate way and can we

provide the leadership to complete‘the‘job.‘
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Slide 5 is our schedule for the meeting. We have compléted
the Introductory Session. ‘For the rest of the time through tomorrow
noon, we will present to you the Foésil Energy Research Program and
the research opportunities. We must recognize that in order to
respond to these opportunities, we must provide adequaté resources
(Industry, Multidisciplinary laboratories and Univérsitieg).

In our handout, we addressed several iséues and questions
(Slide 6) that we have developed in concert with groups of people
within the Agency.. They are the key issues and are_askéd when deter-
rining thernature‘qf the research program; the quaiitf_and adequacy
of the new research, the balance, etc. 1Is the balance between
research and the demonstration program cor:ect? Howléan we use your
input to make these decisions?

As Dr. Kane mentioned, the issue of crosécutting tech-
nologies needs serious consideration. Dr. Phillips and:I felt that
there were several»éreas (Slide 7) that deal with the.broad-based
disciplines: materials, combustion, instruméntation;.nondestructive
testing and so on;rthat have impact on more than one technology and
are falling through the cracks. |

The feedback seminars that we planned tomorrow aftermoon
are (hopefully) designed to get your input. We will divide up into
smaller groups of 10 to 15 each and, with the aid of the stgff from

The MITRE Corporation, provide a mechanism for obtaining your input.
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To ask for input from you with this limited information is
perhaps unéair, difficult or maybe impossible, ,3ut many of you (most
of jou) are working in the field of fossil energy and know a lot |
about the ERDA program. So we're starting at a.pretty high level of
knowledge. Also, I would like to call your atteﬁtion{tc the fact |
that the decision making process of FdssilaReséarch is'being done
during each budget cycle. We're asking for your heléfin providing -
input to that decision process. |

(No response.) /

DR. PHILLIPS: We will then proceed with our program.

The next speech will be a topic in fossil energy division
research, oil, gas and shale technology presented by J. Wade' Watkins.

MR. WATKINS: Thank you. Ladies and gentlemen, I had the
same problem Dick Kropschot mentioned in trying to categorize research.

In 30~odd years, and some of them have been, indeed, espe-
cially recent ones. In 30-plus yéérs of being involved in gover;ment
R&D, it's never been clear in my mind, the line of demarcation
betweén basic or fundamentalrreséarch,Aappliedrresearch, engineering
development, et cetera. R 4

I think ofher people have tﬁersame difficultyf

in preparing this preseﬁtation - ;

(Laughter.)

=— 1 assumed that I was to focus primarily on bgsic research

as compared with our entire program, which is what I had planned, and
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therefo;g,A;rgy np; going to gojingo{detailfgbqu;vour cpst;shared
cog#rag;srwéth ip@ug;ry!fbr field demonstrations or similar in-house
programs gné sqye,pf ogr othervactivi;ies,hbut more the overall
genéral'progrép asygpmga;ed Vith whaf wejyhigk%pay_berbasic research,

Z:Ifq_likegtqﬁpoint_ou; that there's an a;tréctive young lady
in the’back of the room who has a limited number of‘copies, hafd
copies, of the vug:gphqﬁllwill‘present,‘whicﬁ,alsq includes vugraphs
I will not use, because I'm not going to touch in detail on our
aPPl164 programs.

_In trying to rack up what we have in basic research, I took

~ all of our headquarter's contracts and went through those categori-

cally myself and said, well, this either is or is not basic research,
which ignored such activities as cosi—éhared industry.contracts,
suppp;t_:egea:gh;t#pmputer godeling,renyigonmgntal_compliance, like
EIA's, EIS's, EDPig,ﬁand¥a host of other things that just by no
stretch of the jyagingtionvcputqll qgg#ider”;orbe ﬁasiclresearch.il
:Ahd 1 ygqti;qﬁﬁhe Energy Research Centers and National Lab-.

oratories and gaid, "Look, p1q@§e ;ellxhé what you ‘think you're doing:

 for us that is basic research.".. . . -

-,An§.that reinférced{my;qonfusion nqwend, beca#ge'17had some
of tﬁé National‘Lab diréétors come back énﬂ say,'well,flqok,.wé're~
nof doiﬁg'énything fér you that's basic researéh.”\l;’s-all applied
:esegrgh;»;conversely,vI»hgdqone;ERc‘di;eétor shy,_everythihg wve're

doing is basic research.. .
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I knew this'coﬁldn't'be'fighf, so I rather'categori;ally
excised some of the things that had been in there, aﬁd then finaliy '
came up with a.total, which I am not prepared to &efend when I show
it fo you later. 1 can assure you it's not off by an order of
magnitude, but it could be 25 percent more or less or something like
that. |

Okay. May I have the first slide, please.

(slide 1) |

You prdbably have seen this already: It identifies where
we are, the Division of 0il, Gas and Shale Technology, one of seven
divisions under Phil White.

Next one.

(slide 2)

- This is our division organization. We have two assistant
directors, Jerry Hamm, for oil and gas, with 3 branches, Charles
Perry, in petroleum stimulation or, better known as enhanced oil
recovery, Don Ward, gas stimulation or enhanced gas recovery and Don
Guier, drilling and offshore technology.

On the other side, Larry Burman, for in situ technology,
with two branches. Jerry Ramsay, shale conversion, and Paul Wieber,
underground coal gasification. Okay.

(slide 3)

Objectives. I'll let you read the objectives, aﬁd point

out that under implementation we do put a very heavy emphasis on
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ERDA DIVISION OF OIL, GAS AND
SHALE TECHNOLOGY

R&D OBJECTIVES ‘, .

° MAXIMIZE EFFICIENCY OF PRODUCTION OF DOMESTIC DEPOSITS OF NATURAL GAS,

PETROLEUM HEAVY OILS OIL SHALE TAR SANDS AND UNDERGROUND COAL
CONVERSION s :

IMPLEMENTATION

° PROVIDE FUELS AT LOWEST POSSIBLE COST AND MINIMUM ADVERSE
EFFECT ON ENVIRONMENT AND ECOLOGY

o EFFECT RAPID TECHNOLOGY TRANSFER T
- symposiA - . T
~ QUARTERLY PROGRESS REPORTS
— PUBLICATIONS AND PRESENTATIONS




rapid technology transfer. We do this through symposia. We have an
annual symposium on enhanced oil aﬁd gas recovery, and periodic ones
on such subjects as underground coal gasification and oil-shale
ret;rting.

It's also done through quarterly progress reports on all
of our contracts which have a very wide distfibution, and it is’done

through technical and scientific publications and presentatioms.

(Slide 4)

Our research targets are some 290»bi11i¢p«barrels,of normal

gravity oil, more than 100 billion barrels of heavy oil, at least 30 ‘

billion barrels of bitumen in tar-sand deposits, principally identi-
fied in the state of Utah; more than 600 trillion.cubic feet of

natural gas in low permeability formatioms in the Rocky Mountain

basins, and an unquantified but sizable amount in similar deposits in-

eastern shales, coal seams and geopressured aquifers.

In our contracts we h;ve been shooting for at least 50 pér—
cent funding from industry and actually have exceeded that.

Our gbals are to add to proved reserves by 1985, 3 billion
barrels of oil and 10 trillion feet of natural gas, as a result of
our program, and to increase daily production by an increment of -
800,000 barrels of oil and 3 billion cubic feet of natural gas.

(slide 5)

In in situ technology the fesourceé are tremendous, and

i
please remember, I'm talking about resources and not reserves. 1.8
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PETROLEUM AND NATURAL GAS

e RESOURCE TARGETS

290 BILLION BARRELS OF NORMAL GRAVITY OIL
107 BILLION BARRELS OF HEAVY OIL

30 BILLION BARRELS OF BITUMEN
600 TRILLION CUBIC FEET OF NATURAL GAS

"o‘«"EXPECTED INDUSTRY PARTICIPATION

~~ ABOUT 50 PERCENT

@ EXPECTED ADDITIONS TO RESERVES BY 1985

3 BILLION BARRELS OF OIL |
10 TRILLION CUBIC FEET OF NATURAL GAS

e EXPECTED INCREASEDPRODUCTION BY 1985

800 THOUSAND BARRELS OF OIL PER DAY
3 BILLION CUBIC FEET OF NATURAL GAS PER DAY

° PROVED DOMESTIC RESERVES AT END OF 1975
32.7 BILLION BARRELS OF CRUDE OIL
228.2 TRILLION CUBIC FEET OF NATURAL GAS
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IN SITU TECHNOLOGY

RESOURCE TARGETS
1.8 TRILLION BARRELS OF OIL EQUIVALENT FROM OIL SHALE
1.8 TRILLION TONS OF COAL AMENABLE TO UCG

EXPECTED INDUSTRY PARTICIPATION
UP TO 50 PERCENT |

- EXPECTED PRODUCTION BY 1985

150 THOUSAND BPD EQUIVALENT FROM 0|L SHALE
50 THOUSAND BPD EQUIVALENT FROM UCG




y

trillion barrels equivalent of shale oil,'l.S,hlllion barrels of oil
equivalent from coal fOrmations thatine feel'should'he amenable to

underground coal gas1f1cat10n and that at the present time are not

, considered to be econom1cally mlnable.‘

Here, agaln, we are shootlng for 50 percent, at least,
from 1ndustry, and we would expect 150, 000 harrels of oil per day
from 011 shale by 1985 and 50 000 barrels equlvalent from underground
coal ga51f1cat1on.'g L e f | |
(slide 6)

MEA; Th1s 1s 81mply the locatlon of the. 1n-house programs at the :f
National'Laboratorles and the Energy Research Centers, start1ng with
the ERC' 8, Morgantown,{West V1rg1n1a, Bartlesv1lle, Oklahoma, Laramie,
wWyomlng, the national 1aborator1es, Oak Rldge, Argonne, Los Al amos,
MaSand1a, Lavrence Berkeley,»Lawrence L1vermore, and we doghave a small »“

: :

contract with Mounds wh1ch 1s not on- the map.

The operatlons offlces w1th whlch we deal are Oak Ridge,

Chicago, Albuquerque, San’ Ftanc1sco,}and~Nevada,'whxch also is not on ﬂ:

the map.,'

(Sllde 1)

}i Our budget, 1f you look at the bottom l1ne, you see 1t

S

E1ncreased from $64 3 m11110n in-'76 to $73 4 m1111on in '77 and

#

'whereas thls shows $110 1 m11110n in '78, the report that came out of
fthe conference comm1ttee Fr1day, places thls at $115 mllllon, wh1ch

?results frOm a $4.9 mllllon add1t10n to enhanced gas recovery, _which

- on th1s line is 1dent1f1ed as nonnuclear fractur1ng.
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(

ERDA DIVISION OF OIL, GAS, AND SHALE TECHNOLOGY
: R&D PROGRAM FUNDING1 "

($IN MILLIONS)

Fy1976 | Ta | Fr 19772 | Fy 19783
_ OIL & GAS TECHNOLOGY w2 | Ba| (29 (71.1)
 FLUD INJECTION %7 | 46| 2s 46.1
NON-NUCLEAR FRACTURING | 136 | 31| 149 220
~ EXPLORATION, meuNG ) | |
 0CS, RIO BLANCO TSTG | 22 | 7 2.4 1.6
. PROCESSING&UTILIZATION 18 | 5 1.8 14
IN SITU TECHNOLOGY (1.0 | @o| (305 (39.0)
OIL SHALE - 137 | 20| 210 280
| COAL (UCG) 61 | 17| 82 1.0
SUPPORTING RESEARCH 13 | a3 13 -4
TOTAL 643 | 120 | 734 1101
1BUDGET AUTHORITY

2ACTPLO94-373

3REVISED PRESIDENTIAL BUDGET

4FY 78 SUPPORTING RESEARCH INCLUDED [N OIL SHALE

= 6.0

(/5-©




Okay.

"(Slide 8)

In ERDA, fossil energy has 7.6 pgrceht of the funding in
FY '77, and 8.3 percent iﬁ,FY '78, as the President's Budget went to
the Congress.

© (slide 9)

Our division's Share in '77 was 13.4 percént andiinf'78,9;7
percent, again based on the President's ihigial budéet,

(slide 10) “

Personnel wise, Fossil Energy has four percent of the
total. We have nine percent of the Fossil‘Energy share.’

(Slide 11)

In FY '77, we were putting $24 million into enhénced oil

recovery, $21 million into oil-shale technology, 8.2 million into

underground coal gasification, $15 million into enhanced gas recovery, »'

$3 million in supporting research, and $2.4 million into drilling and‘jf»

offsﬁore technology. And this»is going to industry-$35 million,
National Labs $14 million, Energy Research Centers abouf $20 million,
‘.gnivérsities $1.6 million and suéportiﬁg research, ofher government
agencies, $3.5 million.

(slide 12)

Now, this is my rackup on what we are dqing in Basic
research which, as 1 said, may or may not be right and may be open to

question.
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OGST'S{ SHARE OF FOSSIL ENERGY'’S FUNDING |

OGST

$113.2m

- $74.2M -
(17.6%) ‘

(15.4%)

FE

- FE

FY77 S FY 78

1BUDGET AUTHORITY INCLUDING OPERATING EXPENSES AND PLANT AND CAPITAL EQUIPMENT

—




cte

'ERDA

PERSONNEL RESOURCES

FE

320 (a%)

|

Y

8,351

FY 77

OGST




£TC.

= f,\”,,HOW AND WHERE OGST SPENDS ITS MONEY |

FY 77

UNIVER-
SITIES
$1 sm

v"” \

_ INDUSTRY
S $3.5m

SUPPORTING
RESEARCH

$3.1m OTHER GOV'Y
AGENCIES

| $3.5M

. DRILLING
. s e D
$73 anm EXPLORATION $73.4Mm
o s2m
BY TECHNOLOGY_‘ ~ BY RECIPIENT

10PERATING EXPENSES ONLY
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OGST BASIC RESEARCH
FY 1977 |

ERC'S - - NL'S

UNIVERSITIES

APPLIED'AND " INDUSTRY AND
DEVELOPMENT -~ - OTHER AGENCIES

‘(' BYCLASSIFICATION ~ BYRECIFENT <t (T
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(. EXAMPLES OF PRESENT AND ‘POTENTIGL

- OGST BASIC RESEARCH

o t;,ou. SHALE CHARACTERIZATION AND BEHAVIOR .

o oIL IDENTIFICATION 5 o “
PROPERTIES AND BEHAVIOR OF EOR CHEMICALS -
EOR TRACERS | -
© ROCK MECHANICS

T mi"‘SURFACE CHEMISTRY | ’

T THERMODYNAMIC PROPERTIES OF FLUIDS

| REACTION KINETICS

'ENVIRONMENTAL QUALITY AND REACTIONS




I totaled it up as 4.9, say $5 million, out of a total
budget of $71 million, which leaves 68.5 in nonbasic research. Of
this amount, the Energy Research Centers get $1.1 million, National
- Labs about $1_mi11ion, universities ‘$2.3 million, and induétry an&
other agencies a half-million AOllars.

(Slides 13-23)

Now, I started to preparektwo vugraphs here, showing what
we are doing at present in basic research and wh#t the needs might be
in o0il, gas, and shale technology for additional basic research. And
as I tried to write this down, it occurred to me that I cannot
differentigte the two. Possibly our immediate needs, if not our
long-range needs, are simply more of Vhat we are doing in some
areas.

But let me run through thgse rather rapidly. One thing is
oil-ghale characterization and behaviof. We have several projects
going in this area. 0il identification, we have one at the Bartles-
ville Center. Properties and behavior of enhanced oil recovery
chemicals; Here again, we have several projects at universities,
National Laboratories and in-house at Energy Research Centers;

Enhanced oil recovery tracers, one project at Oak Ridge.
This is to follow the subsurface flow of injected fluids.

Rock mechanics, applicable to virtually everything we're

doing, because everything we're doing is in situ or underground, and
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FOSSILENERGY RESEARCH PROGRAM

PETROLEUM AND NATURAL GAS

o STIMULATION OF PETROLEUM AND NATURAL GAS PRODUCTION

o EXTRACTION OF HEAVY OIL AND OIL FROM TAR SANDS |

* CHARACTERIZATION OF PETROLEUM RESIDUES AND BITUMEN-LIKE MATERIAL
e QUALITY OF CRUDE OILS AND PRODUCTS

© IDENTIFICATION OF OIL SPILLS

e THERMODYNAMICS

o IMPROVED DRILLING TECHNOLOGY

OOFFSHORE TECHNOLOGY L
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FOSSIL ENERGY RESEARCH PROGRAM

IN SITU TECHNOLOGY

f ‘IN SITU RETORTING
 —  PROCESS DEVELOPMENT

- SUPPORTING RESEARCH

I CHARACTERISTICS OF OIL SHALES
-OIL SHALE: NEW PROCESS TECHNOLOGY

'MAINTENANCE OF ANVIL POINTS FOR OBSERVATION OF RE-

SEARCH BY DEVELOPMENT ENGINEERING, INC.

ENVIRONMENTAL PROBLEMS ASSOCIATED WITH OIL SHALE
PROCESSING AND UCG |

UNDERGROUND COAL GASIFICATION
—  PROCESS DEVELOPMENT
— - SUPPORTING RESEARCH

IN SITU SHALE GASIFICATION (EASTERN AND WESTERN SHALES) |
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($INMILLIONS)

C

%)  EOR FIELD TEST CONTRACTS SUMMARY

~ERDA

INDUSTRY

- ERDA
- PERCENT

| MICELLAR-POI‘.YMEB}‘ ,
| co,FLooome

| mpRoVED wATERFLOOD |

THERMAL RECOVERY

PROJECTS |

356
1.5
; 9.0 |

105

515

16.4

24.0

TOTAL
ma |
12 |

254 |

34.5

30
20
35

30

TOTAL

19

1560

1036

150.2

36
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EOR FIELD TEST CONTRACTS

TOTAL FUNODING GOVERNMENT - ’
PROGRAM (MILLIONS) CONTRIBUTION PERFORMER LOCATION STATUS

MICELLAR-POLYMER FLOODING 131 54 CITIES SERVICE, INC. EL DORADD, XS UNDER INJECTION

98 3a PHILLIPS PETROLEUM €O. BUABANK FIELD, 0K POLYMER INJECTION

42 22 PENN GAADE CRUDE 01t CO. BRADFORD FIELD, PA DRILLING COMPLETE :

5.0 25 GARY OPERATING CO. BELL CREEK FIELD, MT PILOT DEMONSTRATION UNDERWAY

1.0 s CITY OF LONG BEACH WILMINGTON FIELD, CA INJECTION WELL YESTING

4.0 14.0 MARATHON 01t CO. ROBINSON FIELD 1L - SITE PREPARATION UNDERWAY

€0, FLOODING 32 12 GUYAN O1L CO. GRIFFITHS FIELD, WV - BEGINNING INJECTION
‘ 14 0.5 COLUMBIA GAS TRANSMISSION CORP. | GRANNY'S CREEK FIELD, WV | INJECTINGCO, .

2.6 16 PENNZON CO. ROCK CAEEK FIELD WV INJECTING WATER

SHELL 01L COMPANY WEEKS ISLAND FIELD, LA INITIAL DEVELOPMENT
IMPAOVED WATERFLOODING kX 12 KEWANEE O1L CO. STANLEY STRINGER PRODUCING YERTIARY OIL
FIELD, OK
18 2.2 SHELL D1t €O. EAST COALINGA FIELD, CA UNDER INJECTION
14.0 5.6 CITY OF LONG BEACH WILMINGTON FIELD, CA DAILLING INJECTION WELLS

THEAMAL RECOVERY 13 25 HUSKY 01t CO. PARIS VALLEY FIELD, CA INJECTING AIR

os 0.7 CARMEL ENERGY CO. CARLYLE FIELD, KS INJECTING GAS AND STEAM

81 20 GETTY O CO. CAT CANYON FIELD,CA CYCLIC STEAM STIMULATION

8.2 n CITIES SERVICE, INC. BELLEVUE FIELD, LA INJECTION TESTS

8.2 w2 CHANSLOR WESTERN 0. MIDWAY SUNSET FIELD, CA INJECTING STEAM

13 0.5 O1L DEVELOPMENT CO. OF TEXAS UNDER INJECTION

WILLOW DRAW FIELD, WY




TR

OIL DEVELOPMENT €O. OF TEXAS

(

POTENTIAL FOR ENHANCED OlL RECOVERY AND LOCATIONS
~ OF SELECTED ERDA FIELD TEST CONTRACTS

CRUDE ml IN SANDSTONE AND CARBONATE

- WILLOW DRAW FIELD, Wy LITHOLOGIES POTENTIALLY RECOVERABLE
8Y ENHANCED METHODS
MPF . MPE M — HIGH, GREATER THAN 7 BILLION BARRELS.
GARY OPERATING CITIES SERVICE OIL in M — MEDIUM, BETWEEN 1 AND 7 BILLION BARRELS
ALASKA M | : CARLYLE FIELD, KS BLANK ~ NEGLIGIBLE
KA - MPF
T - MARATHON
SHELL On. it PENN annggrcnuus on
EAST COALINGA ‘
" FIELD, CA - - BRADFORD FIELD, PA
. al M
BRI - .
. ~ HUSKY OIL " )
b PARIS VALLEY T - . cby -
= FIELD, CA -~ PENNZOIL
: ROCK CREEK FIELD, WV
o
CHANSLOR WESTERN
MIQWAY SUNSET FIELD, CA €0,
X | coLumeia 6AS TRANSMISSION
L GRANNY'S CREEK FIELD, WV
TR :
~ . GETTY OIL
CAT CANYON FIELD, CA
- (i}
GUYAN OIL
e MR GRIEFITH'S FIELD, WV TR
"CITY OF LONG BEACH SHELL O
WILMINGTOR FIELD, CA - WEEKS ISLAND FIELD, LA
W WIE o LEGEND:
CITY OF LONG BEACH KEWANEE 0L MPF — MICELLAR POLYMER FLOODING
WILMINGTON FIELD, CA meF SYANLEY
: PHILLIPS PETROLEUM STRINGER " €0, - €O, FLOODING
N. BURBANK UNIT, OK FIELD, OK | | CITIES SERVICE 1L IW - IMPROVED WATERFLOODING
’ BELLVUE FIELD, LA TR - THERMAL RECOVERY (IN SITU

COMBUSTION AND STEAM
FLOODING)
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(S IN MILLIONS)

EGR COST-SHARING CONTRACTS SUMMARY

PROJECTS

- 'ERDA

| npusTRY

- TOTAL

1| ERDA

PERCENT

MASSIVE HYDRAULIC
FRACTURING

CHEMICAL EXPLOSIVE
FRACTURING

DEVIATED WELL

125

24

.6

16.2

2.3

28.7

47
8 |

- 43

51

75

TOTAL

10

156.5

187 |

342

T
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~ CURRENT MAJOR EGR CONTRACTS

 TOTAL FUNDING _

GOVERNMENT e -
PROGRAM ~ ~ " (miLLIoNS) CONTRIBUTION PERFORMER LOCATION STATUS
MASSIVE HYDRAULIC FRACTURING 36" 20 CER, INC. [T RI0 BLANCO CO., CO FINAL TEST NOV 26
: T a3 = AR COLUMBIA GAS SYSTEM, INC. 'LINCOLN CO., WV IWELLS ORILLED; 3OF 9
— .- . . S o STIMULATIONS COMPLETE
L a8 25 COLUMBIA GASSYSTEM, INC.. - | OM,WV, VA, KXY DRILLING SELECTION
10 22 GAS PRODUCING ENTERPAISE, INC. . | NATURAL BUTTES,UT | 2WELLS STIMULATED; 10
e : , o V REMAINING
66 .28 MOBIL OIL CORP. .| UINVAH BASIN, UT. DRILLING SPRING 77
24 1.1 PACIFIC TRANSMISSION SUPPLY CO. | SANDRIDGE,UT - - | DRILLING OCT 78
CHEMICAL EXPLOSIVE FRACTURING - |~ PETROLEUM TECHNOLOGY CORP. . | 1. PERRY, LESLIE, o
- e a1 24 : : : o - LETCHER €0S., KY{ | STIMULATION NOV 76
= PETROLEUM TECHNOLOGY CORP. ~ | 2. suTTONCO.TX || '
PETROLEUM TECHNOLOGY CORP. 3. LINCOLN CO., WY
DEVIATED WELL TESTS R | 8. CONSOLIDATED GAS SUPPLY CORP. | JACKSON CO., WV ORILL SITE SELECTION
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POTENTIAL AREAS FOR GAS STIMULATION AND LOCATIONS
OF ERDA CONTRACTS

AHF
GAS PRODUCING ENTERPRISES
NATURAL BUTTES, UV

AHF

PACIFIC TRANSMISSION SUPPLY
SAND RIDGE, UT

AHF
MOBIL DIt
PICEANCE CRK.,CO

AHF
CER, INC.
RI0 BLANCO, CO

ILLINOIS

COLUMBIA GAS SYSTEM

owr
CONSOLIDATED GAS SUPPLY
JACKSON €O, WV

BASIN, - :

CEF
PETHOLEUM TECHNOLOGY

SUTTON CO., TX

AHF

OH, WV, VA, KY

CEF |
PETROLEUM TECHNOLOGY
PERRY CO., KY

CEF
PETROLEUM TECHNOLOGY
LINCOLN CO., WV

. NPIES: L4

SHADED AREAS INDICATE
TIGHT GAS FORMATIONS
WHICH ARE PRIMARY AREAS
FOR GAS STIMULATION

AHF-ADVANCED HYDRAULIC
FRACTURING

CEF-CHEMICAL EXPLOSIVE
FRACTURING

DWT-DEVIATED WELL TEST

C
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CURRENT DBILLING EXPLORATION & OFFSHORE

TECHNOLOGY PROJECTS -

TOTAL FUNDING

GOVERNMENT

PROGRAM (MILLIONS): | CONTRIBUTION PERFORMER LOCATION. - .| . STATUS
DRILLING & a.00 . 2,00 TELECO, INC. - 'MIDDLETOWN, CT :i«msmummr DESIGN IN
EXPLORATION \ | ” o FIELD TESTS

2.07 .99 'GENERAL ELECTRIC | HOUSTON,TX - RESEARCH CONDUCTED
A5 45 SANDIA LAB ALBUQUERQUE, NM RESEARCH CONDUCTED
27 21 ‘TERRATEK, INC. SALT LAKE CITY, UT | ' BIT AND ROCK SIZE
AR | DETERMINED
OFFSHORE T8 015 GURC ~ HOUSTON, TX _FINAL REPORT PENDING
TECHNOLOGY .| -, Lo o : | _~ pbytngly
- 3 . | 38 'SANDIA LAB " ALBUQUERQUE, NM FINAL TRANSMITTER

TESTING
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WITH INDUSTRY

CURRENT MAJOR OIL SHALE PROJECTS

ABLE GVERBURDEN
DISTURBANCE

' MAJOR PROJECTS PERFORMER LOCATION | 'sTAT.us |
“ANTRIM SHALE DOwW MIDLAND, MI 4 YEAR CONTRACT
| ~ AWARDED
TRUE IN SITU TALLEY-FRAC | ROCK SPRINGS,WY co“mnACt UNDER

| NEGOTIATION
SOLUTION MINING EQUITY RI0 BLANCO COUNTY, CO 4 YEAR CONTRACT
| AWARDED
VERTICAL MODIFIED OCCIDENTAL | DEBEQUE, CO CONTRACT UNDER
INSITU | | S NEGOTIATION
HORIZONTAL MODIFIED | GEOKINETICS | UINTAH COUNTY, UT CONTRACT UNDER
IN SITU WITH NOTICE- NEGOTIATION
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_CJURRENT UNDERGROUND COAL .

GASIFICATION PROJECTS

mo’secr

_FYZTFUNDING |
(MILLIONS).

- PERFORMER

" rocamion

" sTATUS

LINKED VERTICAL WEI.LS
(INTEBMEDIATE THICK)

R R

: lER‘é; sta- |

HANNA, WYO.

| TEST30NGOING
| TEST 4 BEGINS SEPT.

'PACKED BED, (THICK) f_' _

| HoE CREEK, wYe. |

'FRACTURE EXPERIMENT

PLANNED

DEVIATED WELlS

mmswmurmm

1.0

| merc . -

|. PRICETON, W. VA.

PRELINHNARY TEST

DESIGNED-WILL BE

FIELDED IN THE FALL

DIPPING & DRY BEDS

& ADVANCED CONCEPTS |

12

ANL, ORNL,

LASL, UNIV
INDUSTRY

~ VARIOUS

" RFD ISSUED
 RESPONSE EXPECTED

m
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(8}, (9), (10}

COAL FIELDS OF THE CONTERMINOUS UNITED STATES

LERC ) (XXX

LINKED VERTICAL . | PACKED BED CONCEPT
- WELLS PROCESS HOE CREEK
HANNA WY : GILLETTE, Wy

w '
1 NOHTHENN GRLAT ’

1 . PLAINS REGION " ' ) o 'M \
\ 3 % ) f‘”?;'(; . '
e , y,

));,"%‘?‘;'E
V. - ¢

B)cu&“f il F,?';

J Bagy :i‘a A
e 7‘\ - ?,A /) ' ”:S_IN
."4$m' v‘";‘ %y ‘ DLNven

r——
s WISIEHN
1 INVERIOR £

HASIN

HATO
’Ml SA
FitiLp
N

EXPLANATION

Nothriscnte and semranthig e

MERC
LONG WALL
GENERATOR
PRICETOWN, W. VA

faw sabatide b cot

Modinon and high-vabatike

Brtumineony cond
"

Subbstunrinons cand

i1

Lignite

L

AT

TOTAL COAL TO 6000 FEET (BILLIONS OF TONS): 2029 103]3.263] 620 | 352 - 6.367 TOTAL
ESTIMATED UCG RESOURCE (BILLIONS OF TONS): 640] 15] 920f140 | 80- 1,795 TOTAL

*DIVIDE THESE NUMBEHRS 8Y 1.1 TO OBTAIN TONNES.




all of our technologie;li;volve some kind‘ofﬁﬁérmeability~enhahcehent,
usually through fracturing. °

Suffaée chemistry,'very.bqsié, particularly to our enhanced
oil—:ecovery‘progfam. |

| "’ Thermodynamic properties of fluids applies,p:imérily‘té!
EOR,‘but%secondérily;to enhanced gas reébVéry.
' Reaction kinetics is important ‘in underground coal gasifica-

tion.

J

i%'»dil shale in situ retorting and gasification and thermal

methods Sf‘énhancéd oil recovery. -

Aﬁd, of course,.éﬁﬁirbnﬁéntal qd#lity and £eﬁc£ions, the
reactions partfdfiﬁhich iﬁcigdésltheVenéironmeﬁt31 R&D,*as distinf
guishgd fromvenVirbrnnent-#compliance'aétivitvi'es.' Vo

That's a rather rapid rackup,“Iadiéé‘and géntlemeﬁ; ‘I think
I've stayed”within'my'time,?tbiallbw;tiﬁe for anyjdﬁéétiOns.

DR. PHILLIPS: Thank you. |

. This ta1k is open for cdmmeﬁts*and'diééuSSion;' Yes;7 Give
yourfnamegéplease.‘ff"'”“‘”;
MR, HILL: .George R. Hill.
*D§ you.have‘anyfwork goingkon’in safefy‘iﬁ‘produétiéﬁjjoff-
shore drilling, preventing oil spills? - |
. 1s :hat'in“yodf‘bailiwiCkfht'gll?‘jb
VMR WATKINS: - Preventing oil épiiiéfﬁs hotg the prevention

of and ‘cleanup of contamination of oil spills is considered to be a
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province of the;Coast_Guard. -We are doing work on o0il identification
from which you might be able to identify the source of an oil spill
- upon water from knowing. the --

MR. HILL: -- depending upon a technique development to
" prevent ;;?

MR. WATKINS: Right. In safety, our work is only peri-. .-
pheral and it's very largely done in cooperation with our division of
ESP, environmental and socioeconomic programs and in Dr. Liverman's

- shop. But we a:grbécoming more. interested in.saféty?in our production
and stimulation operationms, yes.

DR. PHILLIPS: Dr. Holloway.

- DR. HOLLOWAY: Holloway, from Exxon., What limite the amount
of basic research you do in universities? And a related question, is
it possible it's too small by an order of magnitude?

MR. WATKINS: In answer to your question, the only thing
that limits it is the amount of supporting research that we feel we
need to be viable with our applied research programs. Perhaps we do
need more. I wouldn't say by an order of magnitude. My own opinion
is that in the properties of mycellar and polymer chemicals, for
example, we probably have all going on that is necessary.to support
our program,

Conversely, in the area of carbon dioxide and some éf the
cher,things, perhaps we don't have enough. So,ﬁthere is nothing to

prevent our program being higher. If fact, ‘it has been increasing -
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year by year and;very»possiﬁlyrit should be quite a bit higher than
it 'is at present. -
DR. PHILLIPS: . If I might take the Chairman's prerogative —-
MR. 'WATKINS: ' Surely.
-:DRs PHILLIPS: I mnote there is nothing here on this list,
sir,.about instrumentation.
iy It would seem:to me that-in . the in situ world that your-
group:lives;in, instrumentatiqn>for,knowing'what is going on down:
there‘must‘bervery‘;mportant.~ :
< MRs<WATKINS: Ohj it is.. It is, indeed., - -
. DR, .PHILLIPS: - :Can you:say something about that?

MR. WATKINS: ,Yes.' We have a~vety:aﬁpréciable-instrumenta-
tion:effort being conducted primarily ‘at SandiafLabofatoriés. This is
instrumentation to determine what is happéning in our in situ:oil-
shaleﬁretorting~téstsrand'in our’underground coal gasification, as
well as being-applicable torenhanced»gas‘recovery; where we are doing
fmdésivefﬁydraglic*fr@cturing:aﬁd/or cheﬁical?explosiée»fraéturing;r
”Thié*ié*an appréciable—effdrt,: I»donft*know'how much of -it wa§
racked up into the basic~résearchrcategory.thatJI'caﬁerup with or the
1¢o£317figufes;~but3part'of~itiié€ihstrumént devéldpment and part of

it, of course, is instrumentation for support of the project. But we

/7 DR+ ‘PHILLIPS: ‘Miss Fox?
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MS. FOX: Phyllis Fox. You stated that your activities
were confined strictly to in situ. Are there any activities ét all
in the area of surface retorting of oil shale?

MR. WATKINS: At present, no Phyllis; except where70ur'
supporting, basic research and environmen?al resggrch might be
appligable tp above-ground, as well as under—ground'processiﬁg.
There is, certainly, some overlaprtﬁere. Now, we don't knﬁw what is
going to happen in FY '79. We are trying to-get an initiati;e“into
the budget for research on advanced above-ground retortiﬁgré;bcesses,
but from here to OMB to the Congress is a long hard road, y;ﬁ know;

DR. PHILLIPS: 1If there are no other questiomns, weffhank
you, Mr. Watkins, and proceed with the meeting. ~

I will call next for Fred Holzer and his talk on In Situ
Research.

_MR. HOLZER: My purpose here is to describe to yéu very
briefly the kind of in situ research being done at the national
laboratories, to the best of my ability. But I really can't do- that
without also talking at some length about the work being done at the
. energy research centers.

Much of the work that I will describe is,interdisciplinary
in nature, with lab and field w;rk - both theoretical and,computa-
tional - and much of it has also been done‘by industry.

Most of the work that I will describe is being done at the

Los Alamos Scientific Laboratory, the Lawrence Livermore Laboratory,
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Sandia Laboratory at Albuquerque, the Laram1e Energy Research Center,
and the Morgantown Energy Research Center. And 1f I am sllghtlng
those or_others,:please forgive me, . '

Let me start. w1th my own def1n1tlon of in situ research —-

(Vugraph #1)

; - the study of underground processes 1ead1ng to a conver-

sion of(a solid 1nto elther a gas or a 11qu1d. I've restrlcted myself
to coal g381f1cat10n and shale oil from 011 shale, although I would

like to po1nt out that in situ methods can have much wider appllcat1on

- than that. For instance, a very active industrial process is now

being carried out in uranium leaching in situ and recovery of oil
from tar sands and heavy oilgksome tar sand work has started at

Laranmie.

The motivation for this work is shown on the next vugraph.

(Vugraph #2)

Asrde from thevtempting targets'of yery large reSourees
are the potentlal advantages of be1ng cheaper and qulcker with less
env1ronmental impact, and last but perhaps not least, the potent1a1
for recover1ng those k1nd of resources wh1ch.seem very d1ff1cu1t,
if not 1mposs1ble, to attack by convent1ona1 technlquea at th1s
time, I am pr1mar1ly referrlng to the deep, low-grade resouces.

I would l1ke to concentrate on two examples.

(Vugraph #3)
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IN SITU RESEARCH IN COAL AND OIL SHALE

DEFINITION

THE STUDY OF UNDERGROUND PROCESSING METHODS

~IN WHICH CHEMICAL REACTIONS ARE INITIATED‘AND

SUSTAINED IN A PREPARED VOLUME OF COAL OR SHALE.

LEADING TO THE PRODUCTION OF A GAS (OF USEFUL

ENERGY CONTENT) OR LIQUID PETROLEUM FROM THE
ORIGINAL SOLIDS. | |
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‘MoTivaTION .

1.

,1233;’_

POTENTIALLY AN ALTERNATIVE .TO MINES AND
SURFACE PLANTS.

;POTENTIALLY CHEAPER, BY ELIMINATING OR
;DRASTICALLY DECREASING THE AMOUNT OF
;MATERIAL THAT MUST BE HANDLED.EV *“‘

’POTENTIALLY QUICKER, SINCE NO LARGE PLANTS

ARE REQUIRED. o
PdTENTIA;LYHLESSﬁENVIRbﬁMENfAL>C0NSEQUENCE.

POTENTIAL FOR MAKING DEEPER nEPossz, LOWER
GRADES RECOVERABLE. Fro o
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IN SITU OIL SHALE RETORTING - -
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Thls fxrst one 15 the. so-called mod1f1ed in situ retorting

of o11 shale. It;requ1resithe phys1ca1 removal of about 10 to 20

~ percent of.the'vo;ume_toibeﬁretorted and ‘the redistribution of this

10—20 perCent an interstitialﬁvoid between the particles after

i break1ng up the rema1n1ng 80-90 percent of the rock.

‘ Beyond that, the concept envis1ons a vertical retort sim-

11ar to what m1ght be carrled out‘on the surface, with air injection

: at ‘the top and gas and oil recovery from the bottom.

1 mlght Just po1nt out that the amount of low Btu gas
involved in«in’sitn'retorting of shaleiia a very large amount; if its

Btu value can be'kept steady and high enough; the gas can be utilized

1?tojgenerate electricity at the mine.

‘The second example =~
(Vugraph #4)

K --315 the in situ g381f1cat1on of coal, pr1mar11y of flat-

1y1ng beds. Here again there are a numberiof versions; some for

~ instance, deallwithisteeply‘dipping beds.‘

I'm going to'primarily talk about the methodain vhich a low

,i'permeab111ty channel is created by one': means or another between two

: wells, and the coal between them is then ga81f1ed.w,~u

The in situ work on 011 shale probably began between 10 to
15 years ago with its prlme'proponentS'be1ng;the Lawrence L1vermore

Laboratory and the Laramie Engineering Research Center. Coal gasi-

fication is a very much olderwsubject, first_suégested in the last
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century, aﬁd in 1931 it was started on a research basis in the
Soviet ‘Union. . The Soviet Union“has,iinffacf,wputfthisifechnéiogy on
a commercial,basis,ﬁstartiﬁgfin?thé late *50s or-early '60s and is
still operating three fairly sizable préjects in?infsith underground
coal gasificatién. -

- In this :couﬁ:ry,;while ‘there has:been sporadic effort fol-
lowing WorlﬂiWaxbil; probably;gniyjinrthe;lést;six]or;seven years has
any sizable effort taken places : - . ,. ;; S

(Vugraph #5)
_ Ihe»ﬁar:igrs;to;ghi§§type,offwofk;;of course, ;are many.
The primary one, perhaps, is thatvppétO;néwyfﬁith;pu:~resource and
reserve availability, there has been no overridiﬁg need for it.’

And i;;i§>§if§iéq1§._‘J;;igbdiffiéultf;p adjust knobs and

~ read meters,‘when;yqp':gfdgaligg;withwprgcggsgs,ugéeggrpund.

0f course, all of these fhings; as you may havefguessed
and I am sure know, add up to higher costs;

I wouid like to guide you thfbugh a'few'of the,items here
to show you the status of these selected teéﬁnqlogies gnd:indicate
the need for future vork. . | |

| (Vugraph #6)

This vugraph shows tﬁé_majofireéearéﬁftoéics Qe ﬁéiieve

need to be addréSsed.':A good'nuﬁber of:tﬁeﬂ aré beiﬁg addressed in ,

developing these technologies.
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BARRIERS

b,

Up To now LITTLE NEED IN THE U.S., AND VERY ~

- LITTLE EXPERIENCE WITH UNDERGROUND CHEMICAL

ENGINEERING.

METHODS FOR DEPOSIT PREPARATION ARE STILL IN
EARLY STAGES® OF DEVELOPMENT, AND MUST BE IN-
VESTIGATED ON A LARGE SCALE IN THE FIELD.

- REMOTE MEASUREMENT AND CONTROL OF THE REACTION
PROCESS 1S NEEDED. R

MANY OF THE RELEVANT PROPERTIES OF COAL AND
OIL SHALE ARE ONLY NOW-BEING'DETERMlNéD.
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MAJOR RESEARCH AREAS & TOPICS

LABORATORY:EXPERIMENTAL RESEARCH
@ - REACTIONS, KINETICS, ANALYSIS
®  LAB-SCALE RETORTING |

LABORATORY CALCULATIONAL RESEARCH
®  BED/DEPOSIT PREPARATION
@ PROCESS MODEL |

F1ELD ‘EXPERIMENTATION -

& DEPOSIT CHARACTERIZATION
®  DEPOSIT PREPARATION

®  INSTRUMENTATION

. Pkocsss'EVALUAfION

. 1 .
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1'd like to add one word to those brought out by some dis-
cussion, par;icularly the eqvironmental-aspects;' I"perébggily quite
~ firmly believe that research in the envirommental aspects has to go
‘hand in glove with, and at the same time_as, research in the basic
technology. 1 think doing one without the other is not very prodic-
tive. | |

(Vugraph #7)

This vugraph, then, shows some of the coal reactions, both
coal and char, with air, oxygen, steam, in the variéus temperature
regimes of gasification,‘pyrolysis‘and drying, that go on when a
temperature wave, which now is fairly broad, moves througﬁva coal
deposit}

A vefy similar graph shown on the next vugraph holds true
for oil shale.

(Vugraph #8)

Again, pointing out the very close relation between these
two subjects, I might point out that the reactions in shale are con-
siderably more complex than the ones that we're déaling with in coal.
Not only do you have to deal with the decomposition of kerogen in oil
shale, but subsequently, you have to deal with the reactions of the
carbonate material left behind in the rock which makes up most of the
shale. The reactions of carbonates with water vapor, carbon dioxide,
and carbon monoxide, particularly in the presence of very finely

divided silica, is something that is not at all well-undersood.
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There 1s a very strong suggestlon now from the work that has been
,done that these reactlons are: really much more 1mportant than people

‘have perhaps reallzed. ;

A good part of exper1mentat1on, aside from purely analyt1ca1

E k1net1c and react1on chem1stry 1s somethlng that I m1ght l1ke to

W

srcall macroscoplc experlments, and 1s done 1n controlled and 1nstru-

~

‘mented retorts.@ill’“
,B1g nressure yessels can be 1nstrumented and controlled
/'rather.closely. These vessels span the spectrum of S1zes.
(Vugraph #9) | i[: ,;-"4f: gh.fl ‘ ‘?kh" |
Thls shows two very large ones ln operatlon at the Laramle
Energy Research Center for 011 shale, the larger one of the two is f

able to handle 150 tons of shale..vw

(Vugraph - photo not avallable)
‘5f§ The next vugraph shows a much more modest one that Lawrence
L1vermore Laboratory uses to study reactlons 1n coal here the -

1nstrument cables are dlscOnnected and the th1ng rldes on trunn1ons

rfor eas1er loadlng.fzgiéjl
Data from both the mater1a1 nr0pert1es and the retorts are
41ntegrated 1nto a computatlonal framework 4 model 1f you w111 wh1ch
.\f~serves to determ1ne the sens1t1ve varlables, ‘to plan retort experi-
ments, to establlsh des1gn cr1ter1a, and to optlmlze and control'in

situ. retort1ng des1gns.» l

":‘.'
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The 10-Ton and 150-Ton 011 Shale Retorts
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(Vugraph #ll) ‘"T
4 - o
This vugraph shows a conceptual schematlc -of a central

role that I believe, we will see these rather complex computer-
based models take on in the near future. | \

Just to give yOu some 1dea of what 1s 1n some of these
models that are in operatlon, the next vugraph llsts the contents

of an. 011 shale retort 1n operat1on at the Lawrence leermore Labora-

5 |
,A:~

t(‘.)ry at- thls time. . [ P

v

(Vugraph #12)

It 1nc1udes hot gas and combustlon retortlng and takes
into account partlcle SIZeudlstrlbutlon, temperature compositions,
flow rates, end y1e1ds as an output, and not on1y5011 yield and rate
of recovery, but the detalls.of temperature, pressure, and composition
within a retort ‘during the retort1ng cycle.‘ll (

| This partrcular model 1s st111 in. the process -of being
added to and developed, and the next vugtaph—-

(Vugraph #13) .

f-depicts the need for turther deuelopmentpot this type
of model. | - | L * o |

rrJust to giue you an example of the hind of output that
a model like thatvcan produce, this next graph shows the temperature
front as it is calculated to exist‘after passing some 40 meters

downward into an in situ retort for two rather distinct particle

sizes differing by an order of magnitude.
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RETORTING - EXPERIMENTAL APPROACH

APPLIED RESEARCH

BASIC >l bl ReioRT

, Tt ogooee | 7] L |
prh b PP L | prrinewts
_

~ INTEGRATED UNDERSTANDING
OF RETORT PROCESS DIRECTLY
APPLICABLE TO:
o OPTIMIZATION
o SCALE UP
o CONTROL

1

248




51724

~ SCOPE OF PRESENT OIL SHALE RETORT MODEL |

o Hat-gas Eeic»mng and ‘corbustion r@wrtmg
o Shéle par;ucle sazo dnswﬁbu cu@n. ‘ |

o Témp@ramre and comvmsatudn of shaie pariuck.,s .o
O Témpera ure, ‘ ‘cbmposh tion, a»hd ki Iow rato m g@s sxréam

0 Oll ymld rate of oil recovery, and rate of water recovory
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FURTHER DEVELOPMENT OF MODEL

O O

ooo_o

O

Improvement in the numeruml methods

Improvement in the values ov the sens:tlve chemacal
and physical properties o

Inclusion of additional gas and solid components
Variations of initial bed [@ropertles in axtal direction

Chemical reaction of water with carbon residue

Change of bed permeability due to sof*téning of
high-grade oil shale or due to accumulation of
high-viscosity oil

Loss of gas or heat to surroundings

Water intrusion from surroundings

Sweep efficiency of input gas




g
I thinh you can see that the smaller.particle size distri-
bution undergoes considerably different reactions. and reaction rates
than the larger ones.
In practice, of.course,.depending on how.one prepares .
.the depos1t, whlch is a separate top1c 1n itself, one might find
:an average or the s1tuatlon peaked towards one or the others.
'QiI ve mentioned that an important,‘and I believe vitei,
;component in this kind of business is;field;experimentation;‘
| iet ‘me take you very qulckly through the status of some
?of these f1e1d act1v1t1es.‘f' |

il

(Vugraph #15) = o

~Here I show you.a plan vrew of 1sotherms as a function
%of t1me;‘of what I- believe is the most euccessful underground
‘coal gasxflcatlon experiment conducted to. date, the one by the
.;Laram1e Energy Research Center near H&nna, Wyom1ng. :
' "(Vugraph #16) i

, o Thenext ivu&grai‘;h'ege:"m%depiet%‘s what can be done inﬂ the vay

?of a. model these are model calculat1ons of: those 1sotherms, start1ng
j;wu:h an 1n1t1a1 channel geometry, deplcted 1n ‘the- upper left-hand
;square, and you can see that the channel was not very stra1ght. It's
determined by the initial permeab111ty distribution of the material,

.and it is a credit to the 1nstrumentat1on developed pr1mar11y by the

'Sandla Laboratorles to even e1uc1date where that channel was.
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" HANNA 1l GASIFICATION PATTERNS
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(Vugraph #17)
In thls vugraph I attempt to list some of the instrumenta-
iirtion that has been employed at Hanna, as well as at other 31tes.
Instrumentation consists of primarily two k1nds.' One, simple‘and
practical 1nstrumentatlon ofstemperature, pressure,Vgas composition,
ﬁband ‘the other, remote monitoring 1nstrumentation, in which acoustic,
’seismic, as well as electrical systems, are used.:,r,d

. It is especially those latter ones that I personally feel
need to be developed and pushed very v1gorous1y, not only for ‘their
1, obvious utility in these experiments, butAa8fwe go deeper, measure~
ment becomes more expensive andfdifficult. AFor"a number'of‘reasons,
we need to look beyond the borehole, -and I think mention has already
been made~of the Devonian shale problem, 1n which fractures beyond
the borehole may be a key to the efficient recovery of gas from the
resource.“ - ‘ ;l

I know 1 have left out many 1tems and topics. ‘Hovever,
1et me Just conclude by givxng a summary of the research needs and
;i opportunities, as 1 see them.;. i | ‘
(Vugraph: #18)
I have talked very}little,~as‘youﬂcan tell, about deposit
"preparation vhich entails the science ofvrock mechanics,: both in the
fragmentation aspect and the stability and subsidence aspect. There

is a great deal more to be done in field instrumentation and field

experimentation.
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SUMMARY OF TOPICS IN NEED OF FURTHER WORK

MATERIAL BEHAVIOR

9 MECHANICAL PROPERTIES
e CHEMICAL REACTIONS AND KINETICS

~Depos1T PREPARATION

-8 RUBBLIZING, CHANNELING
~© STABILITY, SUBSIDENCE

- Process MopELs

o SENSITIVITY OF VARIABLES' FLUID INFLUX
'® RETORT OPERATION, OPTIMIZATION ;"

INSTRUMENTATION

O DEPOSIT CHARACTERIZATION
0 PROCESS MONITORING .

'IFIELD;EXEERIMENTATIONIM

e OIL ‘SHALE FIELD EXPERIMENTS o
e STEAM‘OXYGEN COAL GASIFICATION o
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We really have not had a good oil shale fiéld exéerimep;,
although there have been one or tﬁo'iﬁdustriai experimeﬁts. But the
informatién frpm ﬁhose e;perimenté is ﬁoﬁ avéilable. |

In the coal gasifiéation areé, even though things look
exceedingly promising, much work needs' to Bé &one invér;ing to tqilor
a lihkage between two wells, rather th#nllét nature dictatevwbqprghis
linkage looks like, and work is proceeding on high explosive develop- f
ment, including shaped charge devélopment. in order to upgrgdevgas
energy content, gasification with steam and oxygen, instea§ éf qut
air, seems a very promising and certainly indicated gpﬁroach.

Thank you very much. - '

(Applause)

DR. PHILLIPS: Thank you, Fred.

DR. PHILLIPS: The Floor is open fdr comments and discus-
sion. Yes, Dr. Smith?

DR. SMITH: Roland Smith, General Electric. You and
the previous speaker both mentioned the work I believe Sandia is
doing on instrumentation. How much of this instrumentatigﬁvis
applicable to, say, a commg;cial operation, as opposed to development
operations, and how do you anticipate ge;tiﬁg}that-information
transferred to industrial use?

MR. HOLZER: I believe a good bit of that is applicable
to commercial operation. Clearly, one would not want to go with the
experimental type of instruments. I personally believe that one must Q;'j
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go with the most reliable ones, whlch, at the present t1me, are

thermocouples, although the emplacement of suff1c1ent thermocouples

4

wh1ch after all only measure the s1tuat10n and temperature at any

one speclflc poxnt has 1ts obV1ous 11m1tat10ns..

I th1nk however, 1t is absolutely necessary for control
and mon1tor1ng ofvan underground burn in order to know when to r
1ncrease the flow rate, when to decrease 1t; and when to change‘the

mixture of gases.’ In 011 shale retort1ng, for 1nstance, one has the

11berty of changlng the oxygen concentrat1on or addlng n1trogen, or

water, in the form of steam.

h ) I feel qu1te confldent that a11 of the government 1nsta1—
'latxons hav1ng exper1ence and capab111ty in 1nstrumentat1on (and that

.

does not Just 1nclude Sand1a, of course)/stand ready to transfer th1s

» Texper1ence and knowledge to 1ndustr1al companles. And there is a

' S R ST VAR ;

very good base already there. There are a number of 1ndustr1a1

P il

compan1es that w1th very l1ttle add1tlona1 exper1ence, would be very

capable of doing this. EG&G is one company that comes to m1nd and I

.t E g

know there are others.

| DR. PHILLIPS: Yes. o
"bﬁ.jﬁELédNiv Nelson. 'I‘presumeythls 1llustrates arlack of
knowledge about the technlques that, in some degree; control the ’l
temperature rn your in s1tu retorted shale o11, is that rxght? |

| "MR. HOLZER.: To some degree, yes. - o

39




-’Dk.'NELSON:' That being the case, I would anticipate o
’th;t the kind of problems are whether‘the‘carcinogéps to be fd:ﬁéd in
tﬁev§arious cfaéking:will vary in accordance with the temperatures.

‘Is ‘there an orderly postured program‘£o‘characteriié ‘
these compénents? Iﬁ other words, are you exploiting thisrpfeséﬁt
piloﬁ stage tobget that additiqnal infOrmation?

MR. HOLZER: Yes, I think thgre déf@nitely is. Whether
‘it is of the séme order'iﬁ all exéeriménts, I cgn't really tell
you; I suspect if probablyui; not. But I do know that aﬂalyéisifor
organic materials, things like phenols, and so on, are being analyzed
and, in fact, the next experiment that the Laramie Research Center is
carrying out at Hanna is specificélly slanted towardé the eﬁVifén-
mental monitoring. I know the Lawrence iivermore Labotatory in ‘their
coal gasification expériment near Gillette, Wyoming, has monitored
phenols and particularly their transport in the groundwater system
around the expérimental site.

DR. NELSON: These are not carcinogenic, per se.

MR. HOLZER: You're correct.

DR. PHILLIPS: I would like to return to the first quéstion
onvinstrumentétion. I think that those of you that know thelhig;ory
of one of the predeéessor organizations of ERDA, AEC, knowithathou;
of AEC - injf#ct, the high energy physics prog:am anﬁ nu;lear physics
program - came a line of instrumentation called KEMAC, and many factor-
ies across the nation and the world use fhat type of ingtrumentation. (‘ﬁ/
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I am sure you have a lot of NIM and KEMAC 1nstrumentat1on in your
hosp1ta1 Dr. Nelson. ;
So this is a sample of the crosscutt1ng technology that

came out of the f1e1d that .can certa1n1y help other f1e1ds, as
well.i S : R : J
Are there other comments or questlons?
MR. HOLZER. One more quest1on, I th1nk.
i MS, FOX: Phy111s Fox. Ph11 Whlte, th1s mornlng ment1oned
some of the problems that may be assoclated w1th the 1ntrus1on of
Vgroundwater 1nto abandoned in situ retort chambers., Do you have any
research program in the area of 1dent1fy1ng the 1mpacts of these
abandonments 1n in s1tu retort chambers - how the groundwater reacts,
both on. the short-term and long-term? B B
- | MR. HOLZER You must reallze that there are very, very
few of the in s1tu reortlng volumes in ex1stence at thls time, and
they certalnly have not been in ex1stenceﬂfor very long.’ So the
long-term quest1on is a very dlffzcult one. to answer.v But, yes,
indeed, these srtes are be1ng mon1tored by both gas and 11qu1d
, w1thdrawals from wells around here, and analyzed for organlc, as well
" ; R ‘
as 1norgan1c substances. And I‘mlght add, in that respect ERDA, and
the AEC prevxously,'have a very long h1story of not walklng away from

'those kinds of s1tes. I know we are monltorrng s1m11ar exper1menta1

81tes that were done 15 years ago.,
/
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MS. FOX: Have you thought about and ant1c1pated what types
of‘control technology mlght be utlllzed if a problem 1s 1dent1f1ed
of which s1gn1f1cant envrronmental 1mpact could be expected’ |

'MR. HOLZER. I'ma very poor person to answer that quest1on,
vPhylliss Perhaps, there is an expert who 1s’w1111ng to do that for
me. -

MR. HAYNES: rBill Haynes. 'lln(not iéa11§ an expert.VVI
-thlnk Phyllls, we are trylng to ant1c1pate these problems.r The

81mu1ated in 31tu retorts, the blg ones that he showed the p1ctures
ofs” We are taklng the spent material from that, soakln; at.up in
water, and try1ng to see what kind of th1ngs we would have. Flrst,
you have to see what the problem 1s, ant1c1pate it, then you try to
go at the control. But you have to see if you can ant1c1pate th1s.
And, true, it's kind of hard to do rt down underground but we're
trying to do it on a - what shall I say, rather a large-small scale?
MR. HOLZER: I think the important thrng is not to 1et the
opportun1t1es for this type of monitoring and evaluatlon and early
detectlon of potential problems slip past us.
\I personally be11eve that's exceedlngly 1mportants Ano,
as 1 say; I've always taken the posxtlhn that technology and env1ron—
.mental research are two very closely related aspects and need to be.
done concurrently. | 7 - a 7p |
"~ DR. PHILLIPS: I think that;sAcertainl;lriéht: ﬁe all

agree on that. If it weren't for envirommental questions, we would
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all stillfbe.burning:coa1~and.allxcitiesewould 1ook like Pittsburgh
used to look when I was a young man. Thank goodness it doeen't look
that way nows . s
I believe we must‘proceed‘then with ouroprogrem. The next
tefk, again'on,National>Laboratory research; is by Alex Zucker.
-~ DR.7ZUCKER: 'Coal, gas, and-0il are time-tested energy

resources. : Why, one may ask, should it:now suddenly be necessary to

- mount multi=million dollar research programs:in technologies where so

much is known, so- much experlence exists?- The answer is very s1mp1e.

clrcumstances have changed and created condltlons which require

actlon, and ‘moreover the fossil energy- resourcé is crucial to the

future;of the nat1on. What we do about it in the next decade will:

affect our wayfof/life for generatione;:~We define four Fossil Energy

Imperativeeﬁ

i)':Easily recoverahle oiloand;ées will be exhausted within
the nekb“feu oecedes.\ This it means that we have- to produce transporta—
ble fuel: from other sources, that we have to extrect 0il and gas from

more untractable formatlons, and that we: have to develop alternate

technologles..“We have to do someth1ng.-

2)% Wh11e there -are ‘many: optlons .open to us, only a few

xcanﬁbe“developed?toimaturevtechnolog1eswbecause the:costs are so high

in terms of capital investment and technical skill. We can not do

severything.: oo o o arinl o sl
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3) The energy industry is enormous, and its impact on -
the ecdnomy, and finally on the well being'of each us, is profound
and difficult to alter with any short time constant. What we do.

can not cost too much.

4) - The enormity of the energy industry reflects not
only on the economy, but also on that vast and intriéate.system in
which we live, that currently goes by the name of environment,3ﬂg,'
safety, and health. A small deleteribus,effect; tolerable in an
industry of modest size, can become ruinous when examined in the.
context of billions of tons. Doubts~in.thiszarea can, and should,

slow things down until the answers are clear. What we do can not

harm us.
- From my vantage point the situation calls for a research
effort of proportions commensurate with the industry:

a) we depend on research to provide data, systematiza-
tions, and ideas which will enable us to develop
alternatives to oil and gas at a price that will not be
ruinous to the economic ﬁelfare of our citizens;

b) we depend on research to explore, by laboratory scale
research, by mathematical modelling, by scientific
analysis, the plenitude of options, and to narrow these
to a promising few;

c¢) we depend on research to inform us of those deleterious

consequences of energy industries that we now perceive
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only dimly,‘énd4thus avoid>cos£1y and time-consuming

béths that lead nbwhefé;‘ |
 National Laboratories are large multiprogram research
institutions that have some characteristics which make them usefui
and producti#e partners in a field like”foééilrenérgy research.

@+ Pirst, National LabofatOrieéipééségs;a:riCh'tradition.'-
of successful research. ReactOrs; accelefhfbrs,‘quion devices;
fuel éﬁblés;Aahd»weapbhé;‘all’bffer‘cdnérefe:eVideﬂCe‘that‘National‘
Laboratories can prbdﬁce'cﬁhdrete resulﬁs; eThe?vast panoply of
research papers shows ‘that mﬂltifateted‘scientific‘reSearhh, from
qqarﬁé;to“éortoéion;'ffom neutrino phjsics'tbfﬁu'bOdiésfih chromatin,
has found fertile soil there. "MnchéknbwlédgebréIéVant to fossil
enefgy"eXiSté”iﬁ‘thése Laboratories, ‘and in many cases, for example
matefiafé:science,'aquebus cheﬁistry;"ofééﬂvir6nmental reééa;ch, the
Laboratories lead the world.

Secénd; National Laboratories conduct their research
in éﬁﬁﬁltidiébiplihéryffrémewofk'wheré”orgénicféhemists’might'ﬁofk
along with atomic physicisté;'or chemiéal‘éﬁgineers with microbiolo-
gist?i Ehig;kiﬂd:ofisbieﬁ;ific*enyifOnﬁgﬁt;éﬁthes the scientist to
attack‘éféfébigdgiﬁ;g holigﬁiéiféshioﬂ;‘wﬁilelat the same time the
Qery’siié:of?a‘NatibnallLaborétoryiplaces’at his disposal equipment
to which:he w&ﬁl@féthéiﬁiéé'pét{hayé §asyWéé¢éss;.‘Fﬁrthermore; the
tabsfétOry envirbnment pfdvides’stiﬁuléiiﬂg”gkéhénges-of ideas that

not‘infreduently lead to important discoveries. :
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Third, in many National Laboratories research is carried
out alongside mission-funded teepnicel development; ihis assures a
cross fertilization whereby realjlife development probleme‘are known
to the scientist who mey be doing long-range research and affect his
line of ﬁork, vhile, conversely, it serves as a conduit of‘;he newest
scientific information through the ecientist to the engineer who
might be having problems with his process.

I'11 illustrate the thesis set forth previously - namely
that research is indispensable to the utilization of fossil epeygy
under the new ground rules, and that National Laboratoriesrcan and
are making important contributions toward the solution of fossil
energy problems. I'll mention some representative examples, not
their importance, and relate them to the overall fossil emnergy
program. It is worth pointing out that in many instances National
Laboratories, through the knowledge and experience of their staffs,
have been able to provide quick fixes for acuterroblems, contrary to
the popular belief that the payoff in scientific research is decades
away.

Slide 1. Sandia accomplishments in materials research:

a) extend drill life by a factor of five; b)
altering 310 stainless steel alloy increases
sulfidation resistance; c) developed T1B2

coating resistant to erosion and corroslqp,v

Slide 2. Argonne has drawn on its high energy physics

expertise to build superconducting magnet for
MHD development.
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Slide 3. 0Oak Rldge. microprobe analyses show varlatlon
of organzc sul fur d1str1butlon 1n coals.

Slide 4. Solvent refined coal pilot plant has pipe-
plugging problem. X-ray diffraction.and micro-
probe analysis at ORNL diagnoses the trouble and

nvdsuggests a cure. .. . - : -

Slide 5, Thermocouple failures plague synthane gasifier

B " pilot ‘plant. Argonne séientists diagnose the
problem, recommend hlgh-chrome sta1n1ess steel,
and f1x the problem. '

Slide 6. The Argonne Biomedical and Environmental Research
Program concerned with coal shows the breadth of
the problem. Parallel efforts with different
program elements are carried out at Brookhaven,
Berkeley, Oak R1dge, Los Alamos, Battelle North-
west L1vermore.

'Slide'7;i Knowledge of chem1ca1 bondlng in coal compounds
may ensble us to break linkages at low tempera—
ture and pressure. Oak Ridge chemists show that
methyl-like bonds can be broken at 400 C with

vitrinite as the hydrogen donor. .

Fossil energy research is not a frill, it can not be'

regarded as an act1V1ty to be tolerated wh11e the real work on coal
oriented achievere. Research in fossil energy is essential if the
goals set out earlier are to be achieved at a price,that is within
our means. Let me illustrate. 'Slide 8 shows a conceptual design of
a HYGAS coal gas1f1er. Note ‘the enormous size. (220 feet tall), the
high temperatures (up to 1900°F) and\the complex 1nternal structure.

Now we examine in Slide 9 metals currently avallable for hlgh tempera-

‘ture service.. Engineers 11ke to design equlpment for service at .
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SANDIA LABORATORIES
RESEARCH ACCOMPLISHMENTS

MATERIALS RESEARCH

DRILLING

USE OF A HIGH TEMPERATURE, HIGH STRENGTH BRAZING
TECHNIQUE HAS EXTENDED THE LIFE OF THE GE ComPAX
DRILL BIT BY A FACTOR OF 5.

SULFIDIZATION RESISTANCE

ApD1TION OF 2% T1 or 3% AL To 310 SS SIGNIFICANTLY
INCREASES RESISTANCE TO SULFUR ATTACK WITHOUT
CHANGING PROCESSABILITY.

EroOSION

A VERY HARD TIBy COATING HAS BEEN DEVELOPED THAT IS
VERY RESISTANT TO EROSION AND CORROSION.

1. Sandia accomplishments in materials research: a)
extend drill life by a factor of five; b) altering
310 stainless steel alloy increases sulfidation
resistance; c¢) developed T5.32 coating resistant to
erosion and corrosion. '
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SLIDE 12 is not available.
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MICROPROBE ANALYSES OF ORGANIC SULFUR IN MACERALS OF

COAL NAME
HAZARD NO. 7/
NO. 9 COAL
DEAN SEAM

NO." 5
BLOCK SEAM

NO. O
ILLINOIS

3‘

ORNL

FIVE HIGH-VOLATILE BITUMINOUS COALS

MACERAL GROUP

LOCATION SULFUR CONTENT

(STATE) EXINITE VITRINITE INERTINITE
EAST. KENTUCKY 600 330 200
WEST. KENTUCKY 1925 810 250
TENNESSEE 1250 | 800 300
W. VIRGINIA 600 330 270
ILLINOIS 1000 630 300

Oak Ridge: microprobe analyses show variation of

organic sulfur distributioniin coals.
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SLIDE 5 is not available.

272

P e




BIOMEDICAL AND ENVIRONMENTAL RESEARCH PROGRAMS
CONCERNED WITH COAL

- - (W. K. Sinclair - -*Associate Laboratory Director for
Biomedical and Environmental Research)
Proardfn Investicator _Division
1. Multistate Atmospheric Power Frenzen RER
L | Production Pollution Study Cunningham  CEN '
bl ur CEN
: 2. Stack Pollutant Characterization Cunningham
Study , s
, 3. Effects of Foss{l Fuel Effluents in  Edgington RER
Water Agquatic Ecosystems (Non-nuclear Harrison EES - -
portion of Great Lakes Program) Sharma EIS
4. Effects of Fossil Fuel Effluents on  Mlller RER
‘ Land Utilization
Land : FES
5. Land Reclamation after Strip Mining Carter =l
(revegetation,. etc.) , Cameron
6. Fossil Fuel Effluent - Norris BIM
Rio- " Toxicology in Animals , "
edic , .
7. Projects in Besic Biomedical O'Connor BIM
e Research h :
‘(8. -Biomedical and Social-Costs~ Grahn BIM
» \ . of Energy Prooucticn -
- ‘Assessment
and 8. Regional Studies Program Hoover EES, EIS
‘Policy ‘(National Coal Assessment) BIM
10. Environmental Policy Analysis . ::Leppert OEP
Environ- 11, . ECT for Coal Power Generation L Sather o g}:}?l\’d CEX
- mental %12: “ECT for Eastern U.S. Strip Mining - Johnson EES
Control ' Sites v

. Technology

BIM - Biomedical Research

CEN - Chemical Engineering
CHM - Chemistry

EES - Energy and .Environmental Systems
. 6.

EIS - Environmental Impact Studies
OEP - Office of Environmental Policy
RER - Radiologi;al and Environmental

The Argonne Biomedicel end Environmental Research Program concerned
with coal shows the breadth of the problem. Parallel efforts with

. . different program elements ere carried out at Brookhaven, Berkeley,
u Oak Ridge, Los Alemos, Battelle Northwest, and Livermore.
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T ~7L Knowledge of chemical bonding in coal compounds may enable us to break linkages
' at low temperature and pressure. 0Osk Ridge chemists show that methyl-like bonds

can be broken at L400° C with vitrinite as the hydrogen donor. (:"
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ORNL-DWG 76-1513¢

) -RAW GAS
COAL SLURRY —=—s- -
“ DIAMETER: 24 ft ID
HEIGHT: 220 ft OVERALL
. | . WALL THICKNESS: 7Y% in.
-1-1-1-|-|,-|-|-|-|-| | - WEIGHT: 1700 tons (METAL)
o rs0er L | REFRACTORIES : 1070 tons
e JUU,_JL : TWO UNITS PER PLANT
[ 1200;75! T S
,. - |1900°F
R
,OXYGEN;"‘g
i
Le——WATER
. . ASH;SLQRRY
, - » Hygas Process :
8 , Fluadnzed Bed Oxygen Addmon, Dry Ash Gasafner.
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CONVERSION SYSTEMS

* From: The American Iron and Steel Institute Nuclear Steel Making Task Group - Mcy 1975
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streéses'between 10 and 50 kei, especiallyuwhen high tenperatures can

sl

PP

induée"larger‘thermal stresses. One hundred ks1 ‘would be better.' 1t
is thus plain why coal converters are 11ned w1th refractories that
restrict the designer 8 freedOm, and why parts that absolutely must
““be metal can only be in the cooler locatlons, and can bear no stresses.
In fact the only metals avallable at these cond1t1ons, and they are

)
very marg1na1 at that, are superalloys that are difficult to weld

poorly understood very costl“féand have heretofore only been used in
a1rcraft engznes 1n th1n sectzons.; Int1m1dat1ng as it is, Sllde 9
does. not even tell the whole story. Materrals used in coal. conver-
sion reactors must, be51des standlng the h1gh’temperatures, survive
‘decarburzzat1on under hydrogen, oxygen and sulfur- be resxstant to
'su1f1de stress cracking, rema1n duct11e for twenty years, resist
‘eros1ve'attack of" part;clesrconta1n;ng quartg crystals; etc.*‘There
are only two so1utioﬁé'£d5thisf§fbb1¢ﬁ:f76s;, deyelop'newhneterihls
that can wlthstand;thehhigh-tennerature hostile environnent;uor.two,
deVelon”ﬁrocessesfthat;can"oﬁerite’af nuch lower“températures°and
pressures and preferably be econom1ca1 1n smallet un1ts than the
mastodons of coal convers1on that we now contemplate." |

“ Both’ solutlons imply large and long—term researchlprograms,
Vcarefully pIanned and managed. Manyepsrallelnl;nesxproceedget flrst,
folloved by gradual culling, uatil resources ave more and more

concentrated in the promising salients, even as others are carried on
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at lower levels of effort, as reserves, in case of the unexpected-
collapse of a front rumner. | |

We have already seen the generayxproblem in materials
:esearch: develop’metalsAand refracto:iee that cae take theiheat!
AndAnot only for coal conversiom, but also for MHD,fandvforifiqidized
bed coal combustion.

Slide 10. Key' develoPment issues in fluidized-bed
combustion. Note important materials and
chemical problems that have to be solved.

We now turn to the possibility of lowering the tempeiéture
and pressure of coal converters, or more generally impacting oﬁ,the,
entire coal conbersion process. It is the thesis of this papervthat.
fundamental understanding of the coal conversion process is a neces-
sary and perhaps a sufficient condition to advance our cause in this
instance. An example of this kind of research is contained in a list
~of projects currently carried out at Brookhaven:

e desulfurization of hot combustion gases;

e kinetics of reactions between gases and carbonaceous
materials;

o reaction mechanisme in the transfer of hydrogen between
coal and solvent (SRC)

e chemical reactivity of carbonaceous material at high
temperatures.

Then, of course, there is the whole panoply‘of questions that goes by
the words coal structure and constltuents, cata1y31s (heterogeneous,

homogeneous) , process 1nstrumentatlon, modellng, etc.
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- EROSION AND DEPOSITION |

~ LIMESTONE REQUIREMENTS AND
" SOLID WASTE DISPOSAL

.. HoT FLUE-GAS CLEANUP ~
" TURBINE BLADE CORROSION, .
_ EROSION AND DEPOSITION
* COAL, SORBENT. AND ASH
 SOLIDS HANDLING SYSTEM

" SORBENT REGENERATION AND
_* SORBENT UTILIZATION

' IMPROVEMENT ..

NoTE:

IN FLUIDIZED-BED COMBUSTION

- 'ATMOSPHERIC

L2 T T
LA L

‘“uAlr ‘

I T X1 N

No. OF STARS INDICATES RELATIVE

IMPORTANCE OF ISSUE

10. Key development issues in fluidized-bed combustion.
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Another list. from Sandia deals with MHD-related research:

e particle behavior; o e

e heat and mass transfér;

"o .seed interactions and condensation. T

There are lists of research areas on an even deeper
level that bear on many questions in fossil energy. A partial list
from Lawrence Berkeley Laboratory includes research in fluid'dynamics,
thermodynamics, chemical forces, catalysis of hydrocarbon réactions
by metal surfaces, etc. e

We maintain that the economic utilization of fossil‘energy,
in a way that is safe and environmentally prudent, is an incoﬁplete
technology. To bring it on stream in the next two decades calls for
an expanded far-flung research effort. The National Laboratories
stand ready,»and are capable, to contribute to such a program.

‘National Laboratories have the staff, the equipment,
and the management with a proven performance record in the basic and
applied sciences, in engineering, and in synthesizing the results of
many disciplines toward specific goals. By virtue éf existing
scientific strength, in a sjstem that encourages multidisciplinary
research, and by their deep involvement and commitment to the fossil
energy technologies, the National Laboratories can: provide data
needed by the developing technologies; explore the undérlying physical
sciences; provide quick responses to critical problems; work effec-

tively in the complex area that spans science and engineering;
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perform vitally needed enviroment, health: and safetyireséaréh; and
may uncover new phenomena which would revolutionizeffhé whole energy
picture.

They can do this in partnership with industry, with. universities,
_and with the Energy Research Centers. ' It'isfalso‘neceésary-to”"”;
consider the time.scale; Some things the Laboratories;mustfdo'fast:
for example, would be to provide data needed by:the developing
ffechnolpgies and_td‘provide;quicki:esponseé:to critical problems.
Others must be carried out in an orderly fashion over ‘a long time
period,uavgiding if possibleIrapidnfluctuationSain direction.and
funding._*Explorigg the undéilying;physicalfscienCes and performing
vi;allyuneéded eqvironment,‘héalth;and~safety;research;.fall»into
;his‘pategoxy. It might be ﬁecessary;toisay heré,-that;Withbut
research in the physical, envitonmentgléénd health séiences, the
development of fpssiinenergy«teéhnolpgies;will 500n~gtind to a halt:
for a. laqk .of knowledge.: Wbrking :’effectively:.in ‘the’ coinplex’area :
that :spans science»and,engineering;4Wélban even-ﬁeetﬁmilestones;
but there is no guarantee that we'll uncover new,phenbmena which
wouldw;evqlutionizégtheuwhdle“ehergy‘picture in'a year-or .a decade.
All we have toﬂgqién;isupa;tvprecedént‘éawhen,éb1e sciehri§tslwork“’
diligently fp.deepen,ourauhderstandingroffnatural éhenomena,?useful'
things'emerge,;sometimesgin,the;mbst>unexpected ﬁays.“jThere'isvﬁo~»
reason to believe that this will not happén:in the;case bf fossil

energy.
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- Thank you.- » - 70 ..
.. DR..PHILLIPS: Thank you, Alex. -
We are open for comments and discussion.
"..'MR, BORIS: I'm Mr. Boris, formerly with a boiler manufac-
turing organization. ‘I think my remarks -bear more on that théﬁgon'my
present employer.: - S o
;> .Your options seem to-lack a -feeling for the prdblémég‘
that the people who have to put the hardwaré into the field ‘and ‘make
it work look at. = You referred, during your talk, to the HYGAS
problems = and I mention this only because‘it's‘representatiﬁguof'a~
family of these. The solutions that you've indicated include the
development of materials and the development of processes that can
work under less demanding circumstances.

-1 would submit that given these as problems, a third
option, which was not mentioned, is the one that will probably be
taken in most of the cases, and that will be to modify the design to
use today's materials and today's developed processes, to put this
hardware into the field and make it work in the near term.

To seek other options is going to put us into the far
term. To develop new materials-~if you wish to develop a new steel,
as-an example of this—--will require very ‘lengthy-testing; and to get

boiler code approval is not an edsy thing; nor is it inexpenmsive. '~
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i thetefﬁre; feel thétftﬁét kihavofbbptibﬁ is ho; gbihga
to be too viable. The dévelopment of a new process takes a long
period of timégibenéﬁ#ééélé'Pﬁﬁ pilot plants being examples of these.

"I would like to sﬁégesfﬁtﬁét further thought and atféﬂfién
‘be g?Ven to what ‘must be ‘done by fh&se‘éharged'w{th'tbé fésponsibility
of moving technology 9head. Along the lines of wh#fsff takes to move
technology ahead, I believe 'a comment abdué’técﬁnoioéy moving to a
hélt'wasvmehfioﬁed;:“”

I think tgéhnolééy"téﬁdévto stop moving ahead when it
encounters ‘s variety of fégﬁiaidriyﬁhinéé«tﬁat consume much time.
; The R&D pédﬁléfhaVé‘ffied”ﬁErd to §éveib§ these new processes ﬁut can
ohli‘take'thém so far until ‘other kinds 6f(fhiﬁés'ﬁéed’égﬁﬁélgdtten
out of the way so that those who must can géﬁ'thésexiﬁtbifhe field.

N S R S S e e ]
DR. ZUCKER:' Let me ‘comment on your last point first.

P
& .

Government intervention inffééﬁhblog{és is not fotaliy;
capricians;bicb§éfnﬁent ihtéiﬁéﬁfibhfihfféhﬁﬁaiogiéé in ihny cases is
"éle"'signédi’tbpr"ééétwfé' ‘thé health of the people and of the environment.
The problem is’ that Gefyiofkéﬁfa“iéchhaiog§’is‘déveibbed”éithd¢¥”6Q§
regﬁfd3t6Tﬁéalth;”ééféfy;géﬁa‘énVifbﬁﬁgﬁgai*ﬁéfférs:‘ana‘fheﬁ:fhatu
7’té&ﬁhbioi&?gfiﬁas'ib;a‘héffr;quis“ht“legﬁi'Eéth;ded in ics aevé16p-
ment¥f7f“ﬁ5u18fhot%Eﬁii“tﬁéfﬁ;iﬁplé §3Vérﬁﬁé%ffintef%érén€e;fﬁj
' Your first point is Very well taken. Of course, it takes
35 to 30 years to qualify a'material. But I would suggest that the

time to start on’ its" development is now, and mot 25 years from now.
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I ﬁuite agree that the most 1ige1y-thing to happen is the scenario
you suggesc; ] |

Bug'the questioq is'npt:, Dd we dé?elop a HYGAS process?
Rather it is: At vhat p;ice are we going to supply a million Btu?
If we do that at $6 or $8i,is that é serious confributiop? If we do
that at‘$3, that's a different matter. |

So it is not simply & matter of whether.technplogy'cqn .
do something. It is priﬁarily a question of whether technology,can
do something at a price. My pqint is that if you want to lower
the price, a time-tested mechanism is to try to understand the
problem on a deeper level and see if it can not Ee solved by that
understanding. There is no guafantee thqt'it,will be solved@fﬁgt 1
think it is worth trying. | 7

MR, LEE: Lee of IGT. You're_stepping too close to
HYGAS so I have to say something.

I believe your comment--I have nothing against research.
I'm all in favor of that. All of us look for better materials. But
I th%nk your éicture is distprteﬁ in that you show a situation
wherein you expect a metal that takes simultaneously 1900 degrees, .
whatever it is, and 1200 psi pressure, when in fact»thé,HYGAS:;eactor
and the‘many other reactors operates with standard, conventional,
buy-it-by-the-ton quantities refractory for %ining, and the metal is
standard carbon steel shell, and Fhere are all the stresses taken on -
tpe pressure vessel, which only takes pressure but not temperature.

| -
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DR ZUCKER: I know that.

MR. LEE: ‘I'returned recently from visiting South-Africa,
‘‘seeing '3000~-degree molten slag gasifiers O§efating under pressure.
Now, obviously the part holding pressure doesn't have to see 3000-
degrees simultaneously. -

We've also seen coal gasification plants in operation,
producing products,‘using conventional techniques, using»ébﬁvéntionai
operatore and teghnical key personnel like ourselves.

- That doesn't say we.shouidn't}develop.new maﬁerials,
but tb,paiht a picture as if nothing is going to worki we're going to
start, from scratch; developing1hewfpateria1;-1”think that's throwing
the'R&Dfpicture“out of focus. So I'd like to Suégést thét; fine,
let's do R&D work; lét's find better material; let's find better

: { . ) )
technology; let's understand kinetics better~-I'm all ‘in favor of

~tbat; - But don't paint the picture as if coal converting is not a
'doéble}technology with today's material and today's manpower.
DR. ZUCKER: At what price? 5
MR. LEE: The prices are well established in the market
‘price. - If you réad the désign‘reports-—they'te not $6; they're not
$8. And if you’téke'it from the end-use point, from coal to your
finalkp@intbof use,‘there are repofﬁs‘théfiaré”availéﬁlé--l'd be -
happj té’gi§éfit to ydyé—thaf itfs‘much cheaﬁet tﬁan‘nucléar 5

powers
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DR. PHILLIPS: This is a very profound point, However--
énd it is certainly totally germane to our comsideration of ERDA's
research efforts in fossil energy, but this.is not a group meeting of
economists or people of that sort, and in particular we are not
‘ discdgéing details of demonstration‘plants and pilot plants. . .

Let me remind you to refocus your attention upon the
. definition, at this meeting, of research—- .
| MR. LEE: He raise;/the.cost picture.

DR. PHILLIPS: Yeah. Well, I think that is a very impor-
tant point, because this morning we heﬁrd two speakers--that‘ﬁhey :
consider a number like 30 plus dollars a barrel as.the‘presené state
of the art for méking synthetic oils from coal. Now, if there is a
different opinion on your part, I think .that we all wouldylikekto
know about it.

However; I do not think this forum is the place to discuss
it, but rather, if you would send us in some supporting material and
vhatnot, then we will distribute it in our final report.

DR. ZUCKER: Let me just make one point. -

I do not wish to single out HYGAS as a particular farget--
nor did I say, in fact~that the pressures and the stresses are all
applied at 1900 degrees. I merely put the slide on the screen to
.show what kinds of enviromments, what kinds of temperatu:ég, what

kinds of pressures one has to deal with. And the object of research,
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" commercidlization or demonstration. o

'problems~and fikes was rather simple. = AR

wh1ch you agree with, is ‘to try to ameliorate that s1tuat1on, and to
work in areas where we can do’ th1ngs at lower temperatures, ‘at lower
pressures, and perhaps'at lower costs.:
R That's really all I want to say.
Dk. PHILLIPS: Are‘there.othergconnents?or questicnS?‘
'MR. ZMOLA: Paul Zmoiag"Ccmbustien Engineering.
»I'm'nct‘certainqthat:this bnefncn't'be‘ruled\ont of order
also, but I feel that I have to ask. I wonder if Dr. Zucker would
comment on ‘how ‘some of the technelogy'that's being developed would be
effectlvely transferred to the pr1vate sector. | | | |
| I think he can take a rather broad approach to that, but
1 wanted to p01nt out that‘I th1nk‘most of us are 1nterested in how
to getffntoithe‘situaticn ofléetting;algeodf'rapid‘fik on problems we
get intc;“:snd'usuall§'it jugtEcannot‘he:obtained”éirectlyvfr&m the
bookuhr the“dataqhankffthere's’some apnlfcaticn%?hat has to be
madei“ o
“DR. PHILLIPS: I rule’ that in order. '1t's very germane |
to talk about’scieénce and~£é¢hﬁoiog§'f}ansfér frém”fégéarih“ta‘c |

DR. ZUCKER: I can comment on that starting from our

' exper1ence ‘in nuclear energy, where the laboratorles and the nuclear

1ndustry grew up together, where the transfer back and forth of

,:‘:’
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This is not so here. The transfer of technology and the
coope;atipn between.the national laboratqr;es and the ERCs is now
pretty good, and getting better. The transfer of technolggy_yetween
the laboratories-~(I don't know about the ERCs, but maybe.D#, Wender
will spéak to that)--and industry is complicated.

It's cqmplicated by the patent question. . And ip some
~cases, the transfer of technology is complicated simply because we
hgyekworkéd together only for a few years. . I believe iF,cgnﬁQg
aqgogplished. There is interest in‘the léboratories--in fgct}‘
enthusiasm in the laboratories--for trying to do this kind oflthing.
I suggest there is also a measure of capability to do it.

DR. WENDER: Wender, Pittsburgh Energy.

Addressing the last question of course, the question
of cost sharing has come up as one way of technology transfer.
Another way, of course, is that the energy research centers,_in
contrast to the national laboratories, are completeiy open; and as
such, the synthane process, the gasification, liquefaction processes,
combustion things are open for inspection, for complete questioning
outside of meetings and transfers. So there is a very good Fechnology
transfer that way.

DR. PHILLIPS: I think i;'s perhaps also impprtan; to
point out, Dr. Wender, is it not true that the ERCs traditipnglly
have had a significant measure of their support supplied by industry,

not exclusive government support? Is that correct, sir?
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DR, WENDER: - Yes.,

DR. ZUCKER:

There is the precedent. in nuclear energy;

we havé been able to make it work. There is really no good reasonm,

except our own stupidity, if we do not succeed in fossil emergy. - =

DR+ PHILLIPS: OtheL QGeStions,or»¢0mménts?

; “V"I‘WOu1d=just point

nic Canonico, Oak Ridge National Labs.

out that the laboratories, too, are open |,

to the' public.  I've been there a number of years and I have never

had any problem having people

‘come in for technical exchange in any -

vay. >I%m sure Alex would totally support that position.

Gentlemen, YOu’re>all”in§ited. Any. time you’want—iahd

ladiés-—come‘visit'us.'
“*" DR, PHILLIPS: Very
“ I think it's a good
15-minute coffee break.
4:00.
©.27:(Recess) ! o
DR. PHiLLIPSt ‘1 wou
'to;ordgt;‘please. o

©7-I"'think that we are,

behind our SChédule;védnSideii

Capital Hill today.

‘ “3 rI”waﬁt\to'take¥this.

our plan for tomorrow afternoo

well.

‘time, right now, to take about a °

Let's come back at about 20 minutes of

1d like to call:the meeting back

remarkably, & small amount of time -
°

ng‘thevunplanned‘écfivities.overuon~f'

opportunity to saylagain to you'whétl

n is. We hope that we can get together
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»
as many small groups of you as possible to discuss with us the
questions that we want you to respond to if possible.

I believe that each of you have a sheet that is called

"The Purposes and Requested Responses of the Meeting." If you do not

have one, it's available on the table up at: the door. Attached to

LE

that--the last page, 1 believe~-is a list of questions. LTﬁere's
about seven questions, that all have to do with the basic queétion
that the administrator asked Dr. Kane to address and he in tu?ﬁ asked
Kropschot and‘I to examine, which we now in turn are throwingrfhe‘
ball to you. -

I believe that is all. Let's proceed, then, with our pro-
gram. We have three more speakers for this afternoon.

Representing the energy research centers, research over-
view by Irving Wender. |

DR. WENDER: The handout, available up front, contains
more vugraphs than I will show.

I read some time ago that the head of GAO 'said that envifon—
mental effects will become more important than economics. I'dAlike
you to think about that statement in terms 6f a word that I've heard
a lot today, and that is "cost." I can imagine a very cheap process

that someone comes up with, that works beautifully —-- but no.ome :. .

wants to furnish a site for it, and its environmental effects will, -

of course, be too much for anybody to accept. It is important to

keep this idea in mind.
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I have not really listed research opportunities on my
vugraphs. However, thereiafe four pageé of reseafchnépportgnities
listed at the end of the handout. |

““;Oné5§f them, to bring it to yoﬁf attention, is to determine
the healfh'éfféétéHOf“Soz andiﬁarticﬁlhtés,'and to ask if SOz'étanJ‘
dards are properly set. Although this problem must be SOIVed, most
pééﬁleJQre'avéidiﬁg it.5.Fdrtﬁﬁﬁtely,‘EPRI'has“iﬁstitutéd a research
prograﬁSin this area. ’

I, in particular, have never had any a}fflculfy in defining
basic reSearch."I've'ﬁéén'hAppj”ﬁith'my‘defiﬁition - pérhapé as
happy‘aé\ifil’h'iﬁ"my‘right‘ﬁin&J”

| (Laughter.) : | e

" ‘Basic ‘research ‘to me has a1way§;hdhjﬁre&°ﬁp'the‘picture'of
‘a fellow who's doing research to discover ‘some phehdméhon'éf‘to
verify an'ﬁypbthééié;“fAt*fhé”énd of thé”éxpérimen£{£héjanaiyzes the
daté‘andrfheﬁlﬁé'ddésktﬁe neif‘éxbé?lmeﬁtibaéed‘bn deducfidns,
iﬁfetestihg’bﬁéﬁbmeﬂaJhéyhas5Hiséo§éiéa;:défé ﬁeéﬂed'to vef{fy"br‘1'
iValidat’é‘ﬁié"hypdtﬁésié}"ofwjdétjbéfhaﬁﬁrtf"oA séii%ff‘h'ﬁhim or'a T
curioéify:*yﬂe Haé‘nofpracticél“gbaiiih”his\ﬁihd;f” o
o 5i£;;howévéf; he‘héﬁ‘a’goaf‘in°hind; he will'use his fin&ings
" to help reach that ‘goal. ‘Ihat's what the British call, and what Br.
Mills célls;'bésic'aﬁbliéd‘f¢§éaréhf5f“

The'Eﬂé&gf?Rééearch'Cehtersi(iﬁé'ERCs)tESSéntiall}'dd“mbéfly,
I woqid say about 90 percent, basic applied féEéérbhff:Iﬁ“fﬂé pasf\‘;
they did moré b#sic research. |
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(Slide 1)

Those yellow dots on that map indicate the locatiomns of the
five Energy Research Centers. I'll start in Pennsylvaniagwfhatfs the
Pittsburgh Energy‘Reggarch Center, called PERC} and the one}ﬁelow,it
in West Virginia is Morgantown and that's called MﬁRC.‘ 7:
Then in Oklahoma you see Baftlesvillé. Tha:'sféélng BERC.

And the ERC in Laramie, where the pink color iqdiéaéesﬂ

[

deposits of subbituminous coal, is called LERC.

Finaily, we go up north{ahd, the acronym is somewhat funny,
that's called GFERC for the Grand Forks Energy Research Centerf

(Laughter.)

The Energy Research Centers are situated .in regigngfﬁhat
would lead one to believe that they are there because the;féééhrce is
there. That's only partially true. For iﬁstanqe, the Gfand‘forks
Energy Research Center is in North Dakota. I guess, because‘Fhe
lignite is there. However, the ERCs are national and international
in scope. For instance, if you look at Texas you'll find a long band

of lignite. It turns out that the personnel in Grand Forks are

consulting with the utility people who are building%a vhole series of

lignite-fired plants in Texas. The Grand Forks Energy Research
Center is working with the people in Texas because, among other
reasons, Texas lignite presents a very bad alkali ash problem; FGERC

has excellent experience and know-how in this area.
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The Director of the Grand Forks EnergyrResearch Center
'.;returned recently from a tr1p to Bulgarla and Ruman1a, helplng them
wlth some of their problems w1th‘10w rank.cpals. And the'}ERC

‘ Director has just.returneq frqm Creece and Hengary;Aie conneétion
with problems related to'sﬁstitﬁminOﬁs eeal and oil shale. :

The Bartlesv111e Energy Research Center is near the center
of our oil f1e1ds. But 1f you look at the1r act1v1t1es, they cover
the whole United States,’orl fields all over the country and even in
the Gulf of Merico. |

Visitors te the Energy Research Center in Pittsburgh -
who number in the thousands by the way -- come from every etate in .
the Union and from all over the world. So the ERCsiare truiyinational
and international in scope. They also serve as regional eetters.‘

(slide 2) |

The Energy Research Centers have been in existeneetfor 50
years or so and one is some 60 years old. As trme has gone on,
they've had, as you see, minimal and qﬁite iqadeqﬁate funding support.
The coal budget in 1970, for instance; for 511 of the Energy Research
Centers pies the Oftice‘of Coal Research wes $26Jri11ion., |
| In 1949 coal liquefaction‘plants vere actualiy built, as
most of you know, in the town of Lou131ana, 1n the state of Mlssour1. )
Both ‘a coal hydrogenation plant and a F1scher-Tropsch plant were‘

;bullt there.
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;e ;4,SOMEA-‘ E‘Rc
° FROM 1950 TO EARLY 1970’s, THE U S HAD MINIMAL AND
INADEQUATE EFFORT ON COAL RESEARCH AND :

~ CONVERSION (IOM & OCR BUDGET IN 1970 WAS
_ $20 MILLION). , |

| {: © ERCS OBTAINED SIGMIFICANT SUPPORT (SOMETIMES

' MORE THAN 50%) FROM INDUSTRY AND OTHER

- GOVERNMENTAL AGENCIES




The coal hydrogenation plant was opérated from 1949 to
1953, producing several million gallons of gasoline. This was .used
to run a train from Louisiana, Missouri, to St. Louis, which is about
with these synthetic fuels from coal to demonstrate’thé»usefulpess of
these fuels in current engines.

They also ran a Fischer-Tropsch plant. Here they only
produced some 40,000 gailons 6f liquid ﬁroduct. This planf'was
started up later than the coal hydrogenation plant.

Then in 1953, someone came alopg with a big pair of .scissors
and cut these plants at the root, and:they all died because of a glut
of gas and oil. Hindsight is always better, of course, but it would
have been of immense value to this coﬁntry if those plants had been
allowed to continue. I'm sure they'wouldvhave been modifi?d as
demands and times changed and technology improve&.

The second point is the one referred to by Dr. Phillips.
With diminishing support from the government, we were forced to turn
to industry and other government agencies. Fortunately, we were
successful in this endeavor. We continued at a very low fundiﬁg
level with, at times, as much as half of an Energy Reséarch Center's
budget coming from outside sources. And we could have had more
outside support but, for various reasons, the people in Washington

"insisted that everything done at the ERCs be related to fossil

energy. So that we had to turn down quite a few industrial contracts.
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‘It's eh ihterestiné sidelight;that‘theePittsburgh Energy
- Research Centerrweekthe laboratory which, because of its background
in high pressure technologf andibecahse of the equipment it had,
performed erosion‘end corroeioh testing of the Qelves and piping for
Admiral ‘Rickover's nuclear'shbmerines:‘ That's sort of an odd turn-
around. :

(slide 3)

The program of the Department of the Interior -~ as you
know,  the Bureau of Mines 1sv1n the Department of the Inter1or -
fkept'uS'at'aelow‘rundlng level;:but it was a low level over a long
period-of‘time;' Under thie?set‘ofieircumstenees:the Energy Research
Centeré‘managed to do a lot‘of;goodfwork;aahd'itrresulted in some
Veryqueful»ahd'tiﬁely findingsjwith reshltaht industrial applica-
tions'” | s .

We:ihvehted the edkcalled;Benfield:proeessrfor the cleanup
of gasffrom.oil or from coal;vh;'ll‘taik~abeut this later. There are
now some 400’hnits;—*vandvthese'are ierge‘uhits“é— in manjkcountries,
on every contlnent. They are even bexng buxlt in Red Ch1na now. -All
this came Out of bas1c app11ed research on what is now called the
SYNTHANE process for the conversxon of coal ‘to hlgh Btu gas.,

- PERC also patented the process for the two-stage combustion

of coal with low NO_ emissions. .»‘ |
And then ERDA came along.f Dr. Neuworth, for instance, told

'you this morning that catalytlc gasification is a th1rd-generat1on
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SOME ERC BACKGROUND (CON'T)

© COMPREHENSIVE, LONG-TERM PROGRAM OF THE DOI
PROVIDED SIGNIFICANT ADVANCES IN COAL SCIENCE AND
PROCESS TECHNOLOGY

¢ ERC RESEARCH PROVIDED TECI iNOLOGY BASE INVENTED
NEW GAS CLEAN-UP SYSTEM - NOW 400 PLANTS AROUND
WORLD, PATENTED 2-STAGE COMBUSTION FOR LOW NOx,
ETC.

@ TO SUCCEED, A FOSSIL ENERGY PROGRAM MUST PROVIDE
AN ADEQUATE AND SUSTAINED RESEARCH EFFORT




process in'the sensé thatﬁit'dOesh't.heed a"dEterégeejshitt reaction
and practiéally‘né“methénatiOn;:’AQVety\pfhﬁiéghg, siﬁpie’ahd:diteet
gasification process was ih%ehted by the Pittéhﬁrgh’ﬁhefgﬁﬁkeseatchv
Center. - ThisthDRANE'(Sf hydrogaéifieetieni1550ces§¢in€ol§es:the
‘non-catalytic treatment of coal with hYdfdgehﬁet‘eheutjioooéC.u'The
product ié”eseeﬁtiEIIy‘héthaﬁe'éith'ﬂevtere. 3N6 wetet”gae'ehift |
reaction is needed ana“%é£§i11té1é’ﬁé£haﬁati8n§ié*ﬁéqéifed;' I think
that a procese development unit for this process should be built
shortly. Its simplicity and high efficiency.willAﬁeke:fef.a cheaper,
more reliable reutefthqhigh;ﬁtulééh:ffd;'cdaltl
":Sbwwe‘ﬁetéeréa&y:ﬁith‘these &iéeehetiee“and>ﬁreceeses when
ERDA ‘‘came ihtewheihg. Khd?eiiithieﬂteshltea frohrehbbdrt 6§éf5$'1Ahg
period of time, at e'low Bureau efxﬁiheefEthihérievei; ﬁiﬁs eignifi-
bcant help from industry and other governmental ageneies. Zﬁver the
peSt yeéfg,'thejERCs:hehe hé&‘163§-Eéfh.¢65£;32£§;wiéﬁ eeﬁevlarge
indﬁStrieiﬂfithé. They gave the Energy Research Centers’money to‘

carry out needed research. And remember, the flrms 1nv01ved in these

coﬁtfécté”éithgthe:ERésjhad to give up all patent rights to the

government,

-

Thls br1ngs us to a most 1mportant po1nt. TOHEdeceed; 8
fOSSll energy program must prov1de a sustalned and adequate 1eve1 of”

fundlng. If 1t ien t sustalned, you throw away what you have dLS’

covered or 1nvented waste money, destroy morale - and Just don t

get'anywhere.'h;:t
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1 visited Japan:about two years ago, at their invitation.
They used to mine about 60fpddrmi11ion tons of coal a year. They are
down to about 18, The result isla 99 percent dependence on oil.
Unfortunately, they practically(ended work on coal in theirvygsearch
institutgs and their cogl laboratories. They are now.tryingf#é»build
them up again, but it is an extremely hard Fhing to do. Thegéadre
remaining is scattered andAhaﬁ gotten a bit old. And thatviéré
lesson to all of us. ;

(Slide 4)

As to the ERC missions, I think this has been covefé& so I
won't spend much time on it. We do_thevthings shown on the vugraph.
In tﬁerpest of the time, I will try to tell you some of fhe things
that clarify and enhance this slide.

1

(slide 5) .

Remember that the Energy Reéearch Centers are comp?isedvpf
about 825 people who are all fedeial employees. The National:Labs,
as you knéw, are government owned and contractor operated. The ERCs
have a different sort of outlook and a diffgrent mission, and{one of
our missions is to make the government a good buyer.

Fossil Energy headquarters often asks the ERCs to go out
and 1ookvat a plant and then write a report. The ERCs have to be at
the f;;efront of technology to be able té do this. The only way to .

be at the forefront of technology is to be doing something that is

close to the cutting edge. And that is one of the important things

C
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MISSIONS OF THE ERCS

PERFORM WORK IN FOSSIL ENERGY TECHNOLOGY AREAS

| BASIC APPLIED RESEARCH AND .TECHNOLOGY DEVELOPMENT

- © INCREASE OiL AND GAS RESERVE IASE BY ENHANCED
‘ RECOVERY | 1

o 0 RESEARCH AND DEVELOPMENT TO OBTAIN CLEAN

ENERGY FROM COAL.

- 0 MAINTAIN AND ENHANCE STRONG SCIENTIFIC AND
| TECHNOLOGICAL BASE. |

' © SOLVE PROBLEMS ARISING DURING R&D STAGES OF
. SCALE-UP.
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MISSIONS OF THE ERCs (CON’T)
PERFORM WORK IN FOSSIL ENERGY TECHNOLOGY AREAS

PROVIDE MEANS TO:
® MAKE GOVERNMENT A GOOD BUYER
9 TRANSFER TECHNOLOGY TO INDUSTRY.
© UNDERSTAND AND RESOLVE ENVI/RONMENTAL ISSUES.
® SUPPORT HEADQUARTERS PLANNING/IMPLEMENTATION.
© MANAGE PROJECTS IN THE FIELD.

© INTERACT WITH INDUSTRY/ACADEMIC/PUBLIC/OTHER
GOVERNMENT AGENCIES SR




the Energy Research Centers,have to do to make the{gouernment a good
buyer. ‘ |

B Ahegarding the transfer‘pfrtechnologywto industry, I want
to’say that ourrrelationShips with industry over the years have been

excellent. Somehow or, other, 1ndustry has never cons1dered the

S Pl

Energy Research Centers as rxvals,J=Some>of them havevactually sent

people.who worked at our lahoratories. We,haveihad any  number of .

visitors from industry, Our publications have been used by industry.

Some tlme ago we wanted to Jazz up our pub11cat10ns from the old, .

gray Bureau of M1nes format, and we heard v01ces roarlng back that.

said, "For G?d.s sakef,thetrs our bible. Don't put pink end yellow

stripesLon it, because when we seevthatlgray,gover\we;hnow,we~can$,
S : B , : ST : ,
depend on it
- ;i I' 11 come back to env1ronmenta1 1ssues later.! Thevsupport
of headquarters and plann1ng 1mp1ementat10n are things . that we. do
constantly, back and forth. We should do these even more. thoroughly
in the future. I think it vas mentioned this morning by Dr. White
thgﬁ?hé envisagesethat.more ptojects wrliebennanaged inlthe;fieldaﬁv
| It's 1mportant that you, reallze that the Energy Research
Centers have been sort of. 8 connectlng 11nk you mlght -say, between
Lndustry and'gqyernment. We also have. excellent relat10nsh1ps with:
the un1vers1t1es. we work w1th other government agenc;es.,.Research

and technology transfer take place through the Energy Research

Centers\w;th ease, 7 N TS T o
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* (slide 6)

About our so-called strategy, I think that the first one
listed is Véfy*impoftéht: ﬁb maintain a'proper mix of in-house
‘expertise. What do I mean by that? Well, theipeople that we éﬁpiéy
come‘ffbm'the coal industry; they come from the oil in?ﬁstry; tﬁé&
~ come from the chemical industry; and they comé;diréctiiroﬁf'of'

school. "We have a mix of ﬁeople’who have a lot of eXpefiénée iﬁihigh
- pressure technology, in coal and pefrdleuﬁ desulfurizatioﬁ, in”thé:‘
basic chemical scienée} énd we have a mix of chemical eﬁéinééfé,
mechanical engineers, chemists, some physicists, and arféif number of
mathematicians. This is the basic mix of personnel that we look fdr,
and it's been very successful.

Maintaining the balance between in-house and oﬁt—of-housé
research is a constantly ongoing thing. We're working thét out nowe.
We identify and define promising areas of research 4-'as:&oes'évery-
body, ‘I guess.

We do research which includes special know-how -- and I'll
enlarge on that —-- and in high-risk areas, which are by definition
areas that government people should be in.

I guess now is.about'as good a time, as any to discuss
environmental impacts‘s;emming'from:fossilrenefgy research. ‘We take
this area, of course, extremely seriousiy, as does1everybody in this
room. -In our Energy Research Centers for inétanCe, the process

people are responsible for the environmental consequences‘aﬁd health
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effects of tﬁeir process from the time they are initiated. At the
same time, a;”fERC, we have another group, called the Environment and
Conservatioq‘pivision, which looks over the shoulders of the process
people,yﬁb make sure that they are carrying out their environmental
duties;; it'gétoq‘éasy to ignére environmental and safety problems
when you are trying to get a:process‘on stream. In spite of the fact
that you say you're all for the environment,‘whén some#hihg comeg
along that, in your reéearch and‘deQelopment,;ybu just w#nt to gét
done as soon as possible, the attitude is: "Well, I'1l take care of
that later,"”and the problem manages to get swept ‘under the rug. But

we have an overseeing group_ﬁho go around and talk to the process

" people; in several cases, they've identified potentially harmful

environmgntal problems and pointed them out early in thévgame. We
believe ihis ;verseeing group is abéolutely necessary.
| (slide 7)

I think ghis just gives you a flavor of what an Energy
Research.Center is. It by no means gives you the type of facilities
in the Centers. Fred Holzer of the Nationél LaPoratories told you
th;s mofﬁing all about Laramie; it w;s a good talk, so i'll omit
that. |

But we do have high-pressure/high-temperature continqbus
process units, up to a ton a day. We're building a proceés devélop-
ment unit for coal liquefaction that will process up to 10 tons of -

coal per day.

306




Log

ENERGY RESEARCH CENTERS ie

A HAVE SPEC!AL FACILITIES KNOW-HOW AND SKILLED
OPERATORS

;_f’;HIGH-TEMPERATURE HIGH-PRESSURE
- CONTINUOUS PROCESS UNITS

e LARGE COMBUSTORS :
- PRESSURIZED GASIFIERS |
HIGI a-PREssunE commuous CATALYTIC UNITS
ENGINE TESTING FACILITIES

. OUTSTANDING ANALYTICAL AND SUPPORTING
: EQUIPMENT o

PERFORM AND MONITOR LARGE SCALE FIELD TESTS




We have'large combustors,_one of whlch ls:a SOOIpound per
hour combustor,vtheglargest youfll find outside_ofla:utilitv. It's
an experimental unit.

We have pressurized gasifiers, and the rest vou‘can read
from the slide. | 1

The last line on the'slide.mentions?somethihg that's very
important. The Energy Research Cepters monltor and perform large-
scale field tests, espec1a11y at’ Laram1e Morgantown and Bartlesville.

There are huge amounts of Devonlan shale in Ohlo,
Pennsylvan1a,;Kentucky and contlguouspstates.;pyuch~f1eld’work'is
required to obtain gas from this_shale. I‘doa't know what percentage
of work at the ERCs ls actually'carried out im”the field but it is
large. At P1ttsburgh we have a 75 ton per day coal gaslflcatlon
pilot plant and a supportlng process development unlt. One of the
advantages of hav1ng such unlts near you is that they feed back
rather basic problems, problems that couldn t have been foreseen and
that you go back to a laboratory andjdecxde, my gosh; I will have to
put someone om this right-away.. Occa81onally, the researcher will
have to start pretty far back to solve the problem. In science; you
always find out'that you know less than you think you did.

(slide 8) b

Let me illustrate this. br; Mills mehtioned'the-oxy-
desulfurization of coal. I bring this‘up to give you some idea as to

how the ERCs do things. That process involves; as”somebody said
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today at the break, the basic elements: earth, air,‘fire and water.
The oxydesulfurization procesé;involves treating coal with water and
air, and you get out all of the inorganic sulfur. Ordinary coal
cleaning onl& gets out about half of the indrganic sulfur., In
a&dition, the process may reﬁbﬁe’up to 40 perééntwof the organic
sulfur. | :

| Now, where did that process come from?‘ Well, if you just
read your literatu;g a bit, youf organic ché@istry,'or in fact any
chemistry, you will.find that the f;ee energies of>£ormatiog of very

stable molecules, like CO,, CO, NO, water, SOZ’ etc} are very favor-

22
able, and there is a tendency for these small}molecules to form in
what is called an extrusion reaction. So we said,:iet's take dibenzo-
thiophene as”é model compound.  If ybu could oxidize that to a
’

sulfone, (the sulfur atom in dibenzothiophene‘hasﬁtwo oxygens on it),
SO2 should extrudeﬂyery easily. And 80 we treétedzdibenzothiophene
sulfone with alkali and got a qﬁantitative yield bf 1-phenylphenol.
In other words, all the sulfur was rémoved by this\treatment.

We went from this to coal. Now I don't know if that's
basic research or not, because the extrusion reaction was known and
this is an extrusion to coal. :it wés an application of basic research
to the removal of sulfur from coal.

The second one on fhe slide was on the solubilization of

coal. Nobody has been able to really measure the molecular weight of

coal, but we did this by reductively alkylating coal. I won't explain
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what that is, except to say that it s1mp1y adds a long hydrocarbon
chain to’ coal for 1nstance we added a hexane chaln to coal. And we
l

found that when we did, coal became soluble‘ln benzene, and even in

“hexane. And then we were able to determine the molecular weight of

solublized coal.
" Another exaﬁpleris the COSTEAM reaction. We sAia to a
‘researcher one dé?;r-; everyBOdy'hydrogeoates coal oitﬁ‘exoensive '
hydrogen:gas —- your job is to go into the laboratory and fiod a.wey
“of hydrogenstiﬁg coal usiogtsome other (preferaoiyvcﬁeaoer) gas. And
don't comé back until you've found it. AR
Ahd»heicéﬁeroecﬁ with a‘coalliiqoefactioo’process that;uses
'the“éas;”cerbon”moooxide, in thé'péésenbe‘ofjﬁéiéf."Thingéd to the
COSTEAM ‘process, whichtisfeopiiCabieA we foﬁod 5£‘£i£s£;’to'io§{§;ni
coals. The Austra11ans, who have lots of low rank coal as do we,r
are also very 1nterested in th1s process.:rx‘ | o o
At flrst, we thought th1s process was.noncatalytlc, but it
turns out that the alkali in the 1ow rank coal is a catalyst.u Sodlum
formate is undoubtly the necessary 1ntermed1ate, and a hydrogen atom
from sod1um formate is transferred to the coal. ’ g 7
The hot carbonate ges“cleaoup process'(the;heofiefo“;;ocess),
with some 400£pIEnts now built or building, caﬁe:ootfof#the simple
reaction that s in a11 the chem1stry books' water plus pota581um
’ Th1s p1cks up Cco 1 When you

carbonate‘plus CO gives you “2KHCO.

2 3‘ "2

heat this solution uP,bcozis releaseo. The Benfield process also
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~ removes hydrogen sulfide. This process cgrtainly stemmed from a
basic‘reaction gnd is a good example of basic applied research.

.Dr. Mills/funded this last example on the slide,rdealing
with supéréritical gas extrac;ion; That's something that,thgrBritigh
have devélopéd to treat coal with a low-boiling solveqt'aboié its
critical temperature. In this manner, they get out 20 to Bé?percent
of low-boiljng material. rﬁut their process results in a large amounf
of residpe. | :

iYou know tha; one of the big problems in the,liqué%action of
ééal is.sdlids-liquid separation. We have taken the solid-liqﬁid
mass after most of the oil has been removed and treated it with
toluene under supercritical conditions. We find that we canicleanly
remove all the usable o0il from the residues with a quantitgtive
rec;very of toluene. Our remaining problem is to make this a con-
tinuous process, which does not seem at all difficult.

These are just a few examples of how work is conducted in
the Energy Research Center.

(slide 9)

I think I will just let you read this. I've éaid most
everything on it. Next slide, please.

(Slide 10)

The next slide is an_important one,

As Dr. White told you, tests are going on in Albany,

Georgia, some 40 miles from Plainé, on the burning of solvent refined ‘
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’coal (SRC). SRC, 1t turns out, is ne1ther f1sh nor fowl. It's not a
sol1d, 80 you can 't burn it as you would 1n an ord1nary coal combustor,
it's not a 11qu1d, so you can t burn it in an~o11-type burner.

‘ The combustlon group. of the Plttsburgh Energy Research
denter,‘wh1ch has been d01ng basxc and applled work in coal combust1on,
was asked to figure out a wayvof properly burn1ng SRC. Well the
group dev1sed a sat1sfactory method to burn SRC 1n a very short time
and th1s is how the SRC 1s be1ng burned in Albany, Georgla. Some
‘three weeks ago, we had to send a man to Albany, Georgla to make sure
that the SRC burned well. It burned beaut1fu11y and the test wae a
success. It s 1mportant to note that the Energy Research Center was
”ready to respond to th1s challenge in a short t1me. We must. be and .
are ready for taskshot thls 39?t'v‘7

Take the.coal—oil slurry aS‘another example.' We were asked
n‘lf-we coulddget a coal-o11 slurry un1t set up 1n a very short t1me.
In less than three months we hsd one operat1ng at PERC.i We found an
rold Bureau of Mlnes bo1ler, set up a coal-011 slurry un1t,_and
iﬂfurnlshed a11 the steam heat for the ERDA 1nstallatlon at Plttsburgh
.;last w1nter.r Thls un1t ran for over 1, 000 hours. 2‘”i,

We are now bu11d1ng a 700-horsepower un1t.? This”uinter, we
”hopevto put”several of‘these coalforl slurry_un1tsi1nto,smalllindus- |

~ tries in the mid-Atlantic area.
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A very good job has been done réceﬁtly at BERC on the re-
" refining of lube oils -— these oils have béén tested and théy'meet
all specifiéations. |

Devonian shale has been coveféd,'hatutal gas from methane
 seams has been &iscﬁésed and I have t#lked about envifbnmental |
pfoblems. Let's see what's on the next slide.

(slide 11)

Let me talk about this, and then probably end up.

Most of the liquéfaction thaﬁ we have talked about has been
hydrogenation of coal, which is something I believe in. In other
words, adding hydrogen to coal is a promising route ﬁb low-sulfur
liquid fuels. But you make a lot of aromatic (benzenoid) and poly-
molecular materials during the hydrogenation of coal.

We are advocating a large program on what we call Project
PLUS. One of the advantages of Project PLUS (Petroleum-like Liquids
Using Synthesis Gas) is that you first gasify the coal to synthesis
gas and then convert the gas to petroleum-like (aliphatic) oils. It
should be pointed out that, even when you hydrogenate coal direétly,
about one third of the coal must be gasified to make hydrogén én&how.
In other wbrds, you have to go through the gasification route to make
your hydrogen in the first place. We know that in tﬁe next c;uéle of
years, there are going to be several‘good pressu;ized’gasifiers.” I
think a number of people in the audience may know better th#n I what

they are.
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If you start out from carbon monixide and hydrogeo (synthesis
gas), you can go to petroleum-like liquids via the Fischer-Tropsch
route as does Sasol in South Africa. That's fine. They are now
building another plant ten times the size of their present olant.

Byt'it is possible, by using a selective catalyso, not
necessarily a FischerfTropsch catalyst; but an oxide catalyst or a:
zeolite,ketc., to obtoin a high yield of a gasolioe fraction,ror you
vcoold make a diesel oil fraction.

Dr. Mills has supported work which shows that‘you'oan go to‘
methonol and then to an aromatic gasoline. And work is nowrgoing on
in making aromatic gasoline directly ffom carbon monoxide and hydrogen.

The Pittsburgh Enefgy Research Center has found that you can
make ethyl alcohol from methyl alcohol using a homogeneous catalyst.
And of course, you can make ethylene from ethyl alcohol. Ethylene is
one of our most importont petrochéhicals»and it will éventuglly’be
‘made from coal, probably via synthesis gas.

Formaldehyde and acetic acid are made from methyl olcohol
today, the acetic acid synthesis using methyl alcohol and cafbon
monoxide. The Union Carbide Corporation has recently shown that &ou
‘can make eﬁhYlene glycol from synthesis gas. You make hydrogen from
synthesis gas and you make ammonia using the hydrogen. We now know
how to make the important petrochemical, styrene, from toluene uoing

synthesis gas, but I won't take your time for the details.
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Project PLUS:thus gives us an epyirpnmgntally clean route
to gasoline,.to diesel oil, and to other fuels and petrochemicals..
All the sulfur ahd,qll the nitrogen are removed during gésifigation
and the final products are not carcinogenic.

~_About 33 billion pounds of synthétic ammonia is made in
this country every year.. Happily, there.is work going on transplant-
ing microorganisms, Phizobium species, which grow on the roots of
certain nitrogen—fixing plants. It may be possible. for these micro-
organisms to be transplanted'po“wheat,,rye, and oats, etc. : It may
well be a good idea for. ERDA or someone;else to ‘subPOtF-;WPfk to make
all our ammonia (fertilizer) via microorganisms on the roots of
growing plants. It is_ipterésting,to note that 100 billion pounds per
year of ammonia are fixed naturally in this way each year.

... Indeed, why not fix all our nitrogen in this way? If
successful, .this: .could prg;ty_muchhwipe,pu;rtheAammonig industry. It
would be tohoﬁppadvantqge to do tpis.,!Wbﬁyquld_sayg éll_the fuel .
necessaryltoimake_gﬁmon;a._xpg:hépq,_gvgn_mqte»impoggéntly, we would .
be replacing the hpmusgso;quly;néeded in thghsqil./;At:present, we
must addfincreaqiqg,amogéﬁs;ofifgxti}iggfAeaph year beéausejhugpguisw
nbt-:eplqpég.igThe’pﬁgefamqunf Qf_syn;héqiéhammonia‘gesults in
eutfopﬁiéation,gf'qur‘xivqrﬁ{yithjgésultgqt @illing_gfﬁ;he fi§h¢’
presents . .o e 0 v ounnt ” |

.. So this is a plan where I advise avoiding the petroleum -

or fossil energy route altogether. , Instead put all your money into
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agricultural research. If you could get the dollars and will do
this, you would not need the ammonia industry and it would be a
tremendous boon to agriculture and to the environment.

Thank you.

(Applause.)

DR. PHILLIPS: Thank you. Now, I am going to ask you a .
question. What was your next slide? Couid we see it, please?

DR. WENDER: I have taken up more than my allotted: time.
The rest of the slides are in my handout.

DR. PHILLIPS: Are there other questions or comments? -
Yes.

VOICE: What is your ratio between in-house and out-of-
house research work?

DR. WENDER: That figure is not in the handout. 1It's
a hard question to answer because most of the out-of-house work is
funded from Washington. Bartlesville, for instance, monitors over
$100 million worth of outside work. Is that not so Mr. Ball?

MR. BALL: That is right. We have about $7 million worth
of in-house work, and $110 million worth of contracts.

DR. WENDER: That}s an exceptional example. Morgantown
has fluidized bed combustion. We only do direct combustion at the
Pittsburgh Energy Research Center. The number you ask for is a hard
\‘number to come up with because these are really contracts that
emanate from Washingtqn, and we get to be the TPOs of these contracts. B
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bThetfigdferie/avéiiable;;I think; from Dr. White.
' DR. PHILLIPS: Other comments or questions?
'(NOQrespdnse;) o 7
::Vefvaefl.rbThank you, sir.
‘ We;vi11‘go on then fd:ourunext-tOthe-lasf~talk'fer todey's

sessions, university research overview by William Reynolds, Stanford

University.

DR. REYNOLDS: Thank you very much.

I am delighted ‘to ‘have 'this opportunity to provide you with

" information and perspective on the current and potential role of uni-
" versities in fossil energy research. As Chairman of the Institute

" for Ehéfgy Studies and efuthEADephrtﬁent of Mechanical Engineering’
: . .

at Stanford I have had the occasion to aieeﬁes"thefERDA'pfbgram with

many colleagues. In preparing this talk I spoke with several key

peopiefet leading univefsifieé:td”gétjEﬁeir'ViewE“én'the'ﬁeéseges,i
that I°should deliver todayéy 1 wili present my analysis of the
situatiop/eﬁasiﬁtefﬁfetétibﬁﬁef!eoﬁe:yidel§fhe1di§ieﬁs;

My talk is orgaﬁized in two parfs.‘ Fitst, I will put forward
a caée;tﬁeeiéﬂeﬁﬁng;efsitiee:ﬁe;eeﬁ;cﬁ-te'contribuee'tO’ERDA's' |
fossil:eneféy‘progrems, but'thet many of therbest minds have yet to
be directed:tbwards ERDA's‘ieeearch needs; some'steps that ERDA
might take to 1nvolve more of th1s t0p talent w111 be suggested.

Second, 1 w111 exam1ne the balance between research and development

in the ERDA foss11 energy program, and.po1np tota ser1ousﬁgap,wh1ch I
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perceive exists between.the very basic research and the very applied
development programs; recommendations will be made,fo;\ways in whiéh
the universities could assist in bridging this gap. 'Alpng'the way
you will hear a number of things that I hope you will fiq@ useful.
‘Universities have been the'priﬁary performgrsﬁqf basiq::esearch,
not only for the federal government but,fog‘tbg‘natioprag alwhole.n
Table 1 shows the distribution of federal research Supportqug-uqiT:
~ versities, industry, and governmentulaboratqries fo; FY76. No;e that

universities are involved in both basic research, which is the advance-

ment of knowledge potentialiy useful in a number of applications, and

applied research, which is research for new knowledge undertaken with

parcicular applications in mind. 1In addition, universities are some-
times involved in develog&ent, which is the technical~activity con-
cerned with non-routine problems encountered in translating existing
knowledge into specific products or processes.

TABLE 1

FEDERAL OBLIGATIONS FOR BASIC RESEARCH, FY76
(Billions of Dollars)

Basic Research Applied Research

Universities 1.0 1§Qq_”
Industry 0.5*% & 1.5

Government Labs** 0.3 o 0,4

*Mostly aerospace
**Including those administered by universities

Source: NSF 75-323
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Measures of un1vers1ty strength and product1V1ty pert1nent to
foss11 energy are g1ven in Table 2 wh1ch shows the sources. of recent

pub11cat1ons in two maJor referred Journals reportlng research rele-

E

vant to foss11 energy, Combustlon and Flame and the Journal of Catal-

| z31s. Note that nearly 70 percent of these pub11cat10ns are der1ved

£

from work conducted at un1versxt1es. Two pertlnent reV1ew Journals,

,Progress in Energy and Combustlon Sclence and the Annual Revxews

of Fluid Mechanlcs, use un1vers1ty people to an even greater degree.

In the recent electlons to the Natlonal Academy of Sc1ences, 80

percent of the new members were from un1vers1t1es. The fact that as

1

many “as 37 percent of the members of the Nat1ona1 Academy of Englneer-
1ng are 1n un1vers1t1es attests to the h1gh concentrat1on of applica-

A

{
thnS"Ol‘leIICEd talent in unlversa.tl.es.

MEASURES OF RESEARCH CONCENTRATION
. i

: v INDUSTRY GOVERNMENT UNIVERSITIES
et b el e (incl. ‘labg)

Referred, Journals v vkt nEo "Oh.” CUen e
Combustion & Flame (1/75—6/77) 19% - 12% 69%

. Catalysis (6/75=5/76) = = .~ 232" ° 10% IR 7/ S
Rev1ew Journals =~ . . ¢ ot Lwresiie T o o A
Prog. Energy & Combust1on Sci. 232 ‘ 5% ... 13%.
"Ann. .Reviews of: Fluid Meche:i @ 528 o m 1%« <00 T 81%

(74-77) ) S L
Academy Membershgg_ L ;« - , c
~ Nat. Acad. Sciences (1977 10% 10% ' 80%

elections) '
Nat. Acad. Engrg. (all) 55% 9% 37%
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Research is conducted by hniversitiés for several réasdﬁs{ §t is
‘the primary vehicle for training advanced>students foAEhércutting—
edge'in their disciplines; it is oné imﬁortant way for a\faéﬁléy to
‘étayrcurrent and to advance knbwledge;git’is a wﬁy fo:(fhéw%;génizé-‘
tions and people involved to cbntribute‘to ﬁhe soluﬁidﬁ 6f}iﬁ§brtaht
‘iédcietél problems. Therefore,vrééeafcﬁ.is mutualiy beﬁefici;i to
both the sponsoring agencies aﬁaAthe uni?ersities. R

Although‘ﬁahy'univefsitie§ invélve ﬁgéte¥s lévei stu&égi;uin
reséarch, work at the frontier?vfequires'tr#ining béybn& th;"ﬂ%sters
degree. Therefore, while in'some'instaﬁces ERbA ma} be able Eoir
benefit from Masters-level research, the primary contfiﬁutioﬁ to
ERDA's high-technology programs will cbme from universities iﬁvolved

in Ph.D. level research. Hence, the quality of a'university‘s Ph.D.

program should be a significant factor in considering ERDA-ﬁniversity

N

interactions.

I would like to dispel any notions that Ph.D. programs simply

‘pfoduce more professors for other institutions. For example, Stanford

is a major producer of Ph.D.'s in engineering and the sciences but-

only about one third of these go to academic institutions, the remain-

L] B
der go to government and industry. If the nation is to maintain a

strong position in advanced energy teéhnology, this flow of fresh

Ph.D.'s to industry, government, and other universities must be main-

tained.
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‘There have been maﬁy“suryeys of the qualif},of graduate education

and research in engineering and the sciences., Table 3 shows some

results of a :ecentusurveyvandllists engineering schools by their

1

rénkingnfér;the overall quélity of graduate education. Note the range

of undergraduate-to-graduate enrollment ratio (UG/G), the Ph.D. produc-

tion‘peyﬁfaqgitysmgmber per year (Ph.D./Fy), and the range of annual

research'support.per faculty member (Res.K$/Fy). Note, however, that

the research investment per Ph.D. produced {ReS.KS/Ph,D,) at these

\

institutions lies in a-ga:yow_rgnge;arohnd $100 K per Ph.D..

‘For a variety of reasons, the engineering and science-oriented

schools gqnerhllyﬂconsidereq‘to;be the strongest were slow, as a

group, to become involved with ERDA. To illustrate this fact, let me

note that only 11 of\75,univeg§itigs'mresearch programs mentioned in

ERDA 77-33 as prgvidipg advanced research to the fossil energy program

. TABLE 3.

RESEARCH PRODUCTIVITY PARAMETERS FOR LEADING ENGINEERING SCHOOLS

- Institution -~ Faculty

UG/G  Ph.D./Fy Res. K§/Fy Res. K§/FPheD.

321
212
Cla2

372
Vo270
323

. 83
o 214

CHTE QMM QW

%

.85 7 .5 3.9 128
147 .. .69 57,5 . 83
50 1.11 130.0 117
. 2,58 .34 46.2 o136
3.19 .33 36.7 B § § I
'3.78 .33 32,8 99
2417 .31 51.8 o 167
3,12 G327 7 U 31.3 Y97
3.62 47 79.7 -, 169

Source: SUNY-Buffalo Survey, corrected
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were placed at universities ranked among.the'tpp 20 in this'survey;
This does not imply that the projects were placed at échools not
qualified to do the work, but it does suggest that there is a great
deal of top university talent that could be brought on-board &he.
foésilxenergy program. '

' Table 4 shows a breakdown of funding, by agency,‘ithhé“threé-top
institutions in Table 3, each of which could make significant contri-"
butions to the ERDA program. Note the breadth of high-tééhﬁology“

~

agency support and the magnitudes of their annual research budgets;-

7$60-70 million. These clearly are three véry‘seriods'technological

activities. Note the relatively small fraction of ERDA éépport in’
each case (National Laboratories managed by these institutions have
not beén included in this summary. In the case of institution B, an-
ERDA laboratory operates predominantly with faculty/Ph.D. student
teams, and makes major contributions to the university research pro-
gram.) Now let's look at the university funding nationwide by these
same agencies; Table 5 gives this detail. Excluding DHEW, which is
nof primarily a high-technology agency, the NSF is.the largest sup-
porter of research in universities, followed by the DOD, ERDA, and
then NASA. Now consider Table 6, which gives the ratios of ERDA-to-
ﬂOD and ERDA-to-ﬁSF support in all univetsities and in the three we\
have considered. Note that these ratios for the thfée top instiﬁu-
tions are significantly lower than the national averages. This is a

clear indication that these three outstanding in#titu;i@ﬁs; and -
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TABLE 4

: R . . .
RESEARCH'.EXPENDITURES.';AT THREE LEADING UNIVERSITIES, UFY76

Institution

» Agency**i G B c
- DOD 13.2 6.6 7.6
ERDA 2.9 09 1.7 -

NASA 7.0 3.7 5.1

NSF 20.8 14.8 1504

DHEW - o 17.3 - 26.4 34,0
Other Govt. 5.0 7.4 3.2 .

EPRI =.7 L =b 1.2

o 66,9 60.2  68.2

Industr1a1 funding not included

Kk
Not including federal laboratorxes managed by the
institutions. :

Source: Institutional Private Communication

{F

TABLE 5

R&D SUPPORT IN UNIVERSITIES
(M11110ns of Dollars)

Outlay _Est Est. .
FY76 . FY77 FY78
‘pop” . T 1282 1312 353
ERDA e 129 152 1200
DHEW . . 1459 1287 1415
NAsA. . m . 16 119
‘“NSF b el AT »446 . 463 . 512

Source: Spec1a1 Analysis, Budget of the Unlted States
Government FY1978, OMB.
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TABLE 6

COMPARISON OF AGENCY FUNDING IN THE THREE UNIVERSITIES -
WITH THE HIGHEST-RANKED ENGINEERING SCHOOLS*

[ ]

All Universities A B C A+B+C
- ERDA/DOD 0.46 22 .16 .22 .20
ERDA/NSF 0.29 .14 .06 .11 11
*FY76
TABLE 7

FEDERAL SUPPORT FOR FIVE MAJOR
UNIVERSITY MATERIALS RESEARCH CENTERS (UFY77)
(Millions of Dollars)

A B c Q R
ERDA 0.05 7 0.5 0 .1
(%) (3%) (90%) (8%) (0%) (5%)
Other . 1.61 1 6.4 4.1 2.3

(97%) (10%) (92%2)  (100%) (95%)

TOTAL 1.66 8 6.9 41 2.4

Source: Institution Private Communications

328




probably many'other'first:rate institutions, have a great deal of
high-technology research talent that could be brought to bear on ERDA
problems, Progress in th1s regard 1s be1ng made, (An institutional |
arrangementfbetween ERDA and one of these unlvers1t1es is now br1ng1ng
more’facultgvto'ERDA's research programs. The Universitygkesearch
Program under the Fossil Energy Program now 1nv01ves about 150
unlver51t1es, compared to only 23 in 1976.) but I be11eve the
un1vers1ty~potent1a1 is Justubarely belng tapped.

Let's examine this:hypotheSis'in a particular research*area of
direct concern to the fossil energy program; materials. Table 7 shows
the diVision:between ERDA support and'other federal support at five
of the major centers for materials research established at these
universities over a;decade:ago‘as}part:of_agnational'"centers of
excellence" program. The institutions»arefdesfgnated'as in Table 3.
Inst1tut10n A also has other mater1als research, 1nc1ud1ng a s1gn1f1-
cant amount from ERDA Wthh 1s not funded through it's mater1als
center. Center B is part of an. ERDA laboratory, and is funded almost
entirely’by ERDA.:.Howener;'in bothfbenters Bﬁand C practically all
,of the 1nvest1gators are regular faculty ‘at the1r 1nstitut10ns, and
the "workers are Ph.D. students.' Thus; these twO'are_qu1te'81m1lar
in structure'and'capahilitiesg'but.one;is‘heamily supportedvhy‘ERDA
and the'other only'modestly.' Institutions Q and R also have .good -
materials'programsj'one?isfveryiclose:to another ERDA laboratory, but

neither is an ERDA laboratory; the ERDA support for each is very °
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" small. One can draw two conclusions from these data. First, univer-

sities with an in-house ERDA laboratory have been able to syitch'
thei;rgffp;ts‘to energy research much more‘rapidlyrthan have those
which:do:nqt operate ERDA laboratoriess Second, there is a great
deal of capability in materials research that as yet is not being
exercised on ERDA problems. .

Let me close this analysis of the Fossil Energy Program with the
comment that many university people have pe:ceivedvﬁcqrrectly or

incorrectly) that the attitude towards university research varies

- greatly among the Program Divisions. In particular, the Division of

Magnetohydrodynamics makes extensive use of several universities, and

has given universities respongibility for some very large—gcgle
experiments. In contrast, the Division of Coal Conversion and‘Utilit
zation makes practically no use of universities, whicﬁtcould make
some very important contributions through, say, applied research on
combustion in a large-scale combustion research facility. The
Division of Materials and Exploratory Research has an excellent and
growing university research compoﬁent, and I have hgard a numyer of
compliments about the way their program is being handled (gg»yell as
expressions of dismay at the small size of ;he»Division budget!).

I would like now to discuss the special requirements for con-
ducting quality research in the unive:sityvenvironment, as ;hesg may
shed some light on why some of the most.highly‘regarded universities

have not become involved with ERDA as rapidly as others.
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A critical mass of activity in the .general area of the research

is most desirable; while there are a -few instances .of the lene 4
ﬁproféssor and his student doing outsténdinngork in an isolated ' -
situation, the best work seeméltOVCOmé from departments in which
there are a»numberfof>good peoplé, and good students, working on
similar problems,.surroundéd:by;good supporting departments.

Flexibility in the details of the work is highly desirable, es-
pecially in the most basic research;-a research team which keeps the
general objectivés of the spomsor i; mind should have the freedom to
makeAmid:cpursefadjustﬁgptghin the details of the research if this
serves the objectives of the program.

_Deadlines should not be too tight.  Strict deadlines, which are
essential in development programs, are not:conducive to.good research,
and can force the taking of data before .an experiment is fully

debugged;.:ln the,interestaof!qualitj research this pressure should

be .avoided..

A research team :should haveka:sﬁpport commitment for a periodJOf
several'years;lth:geryear:gréhts'énd contracts are most preferable,
éindé,this ie the length of tiﬁeJthat}a;typi¢alsPh.D,_student spends

on a research project.

;,Stébility of. support :is essenpiai.' The :larger the,reééarch»”if
team, the more stable the support needs to be., Transfers of support
from onevagency,to~ahother, from one set of contract monitors to

-another, from one- set of long-term objectives to. another, which we

i
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have seen in the energy area over the past several years, are very
disruptive, often leaving pefiods of months during which research
teams ‘do not have adequate funding; ‘An industrial research organiza-
tion might absorb such discontinuities by transferring people frdmv
one department to anothef, or by reducing the technical staff, but
universities cannot operate this way; universities cannotvfire stu-
dents and faculty one month and hire feplacements three months later,
or transfer students and faculty from Physics to Electrical °
Engineering on short notice.

Finally, support must allow for inflation and other appropriate

cost ‘increases.

Critical mass in a research area usually requires more than one
faculty member, and a number of Ph.D. students. Table 8 shows the
total budget for a hypothetical research team consisting of four
facélty members, 2 résearch associates, and 16 Ph.D. students. There
would be a continual flow of students in and out of the program at
the rate of about 6/y¢ar. With,funds for salaries, equipment,
travel, and the inevitable indirect costs, the total annual research
budget for this team might be about $600K. This might be prdviésd by
1 large contract at $200 K/year, 2 medium contracts at $100 K/year
each, and 4 small grants at $50 K/year each, perhaps from 4 different
funding agencies. The group's researcﬁ.would be in a coherent area,

such as high-temperature materials, superconductivity, MHD, combus-

tion, or catalysis, and might span a spectrum from very basic research

332

-




through‘epblied reseerch, perhaps even’ineludingya modest amount of

prototype development‘; - ‘

Research aetiVit{eS'in‘many large universities are eondnete&.by
teams and sub-teams of this genmeral size. A team WOrking in, say,
catalysisucould decide to turn some of its attention to problems of
special interest in the ERDA fossil\energy program. What would

o
induce a team or one of its members to do this? The obvious f1rst
thought is a need for fundlng. But, I have heard repeatedly that the
good people at the good institutions are fully,committed.f They have
momentum in their;researeh, and well-deveioped;relationships with
their 8ponsoring_agencies. So, an alternetiyeiSOUree of equivalent
fnnding would'heroly seem suffieient to capture their attention. If
ERDA seriously wants to 1nv01ve the best un1vers1ty mlnds in fossil
energy research then ERDA w111 have to present them w1th fundlng
opportunities and procedures that are at least‘asfettract1ve as those
offered b&rthe other agencies; - o . | |

With this problem in nind;‘let's exemine}the Un{verSitf'Program
of the Division’of FossiikEnergy Research. Aceording:towERDA 76-10,

most of the university programs involve at least three years of sup- -

port. Thisishows'eXcellent‘SenSitivity to one of:the'noSt‘imPOrtant

criteria for goodﬁuninerSityﬁresearch;'endfﬁr.‘Alex'Mills and hish
staff are to'be'congrsthlated for'this'sensftivity;Ahseeond,‘the’size
of the contraets:reflected‘inlERDA“76-10'Shows similar'ewareness of:h
what good research requires; funding levels range from $25 K/year,

l
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which is a bit on the low side, to about $800 K/year, which_shpuld be
quite adequate for a substantial team effort. For about half the
contracts ;he spending rate is in,ggcessvof $SQ K/yéa:, and about
one-third are at the ré;e of $1507K/year or more. This géne;gl

balance seems consistent with the mo4e1 of Table 8.

TABLE 8

TYPICAL BUDGET FOR A UNIVERSITY RESEARCH TEAM

I. SALARIES (and Benefits)
4 Professors _ :
2 Research Associates - $290 K
16 Ph.D. Students
Technical/Secretaries
II. TRAVEL, MISCELLANEQUS -10 K
SUBTOTAL $300 K
III. INDIRECT COSTS ’ 150 K
IV. EQUIPMENT | 150 K
: . TOTAL $600 K
Output: Will produce 6 Ph.D.s/year. , ‘
Sources of funding: 1 large contract at $200 K/year, 2 medium
"contracts at $100 K/year each and 4 small grants at $50 K/year
each; 4 agencies. '

In an attempt to stimulate new fossil energy research in univer-
sities, the Division of Fossil Energy Research early this year
announced a program of Starter Grants in coal research. A;easlof'
interest mentioned in the program announcement were "research. directed
toward...converting coal to liquid and gaseous fuels...coal combus—:.)
tipn, and...materials...for coal proqggsing equipment."‘ The S;ar;er‘

Grants were limited to $20 K; the program budget‘wés,$4007K/year for

2 years.
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: o : .
I believe that the $20 K grant size in thiefstarter program was

too sma11.~;G¥ants¢of this size may be approprigte;forothe»new_
Professor,.juet,startinggtoobuild:hiSJreeea:oh;progqaﬁ;. But I do not.
beiieve.that,this will prove to:be enough;to\entice}manyeestablished
Professors, perhaps membershof.productivedresearch teams of . the type .
shown in Table 8,ftoralterfthe nature ortfundingtofutheir research, -’

.However, this program may have - rece1ved some proposals from good
faculty who, for one reason- or another, are*"between agencies." In -,
reviewing theseiproposals,<ERDA mxght~look;carefo11y fo:vthlseoppor-,
tunity.;,If%soch;cases.areidetected5EERDAvshould;make;a;promot;~;
on-site assessment:of the;capebilities;of'the:group;invoived,—work,
.with them to identify the«reseerch1that:wi11;be conductedi,and move .
swiftly;tooprovide the,necessatyéadditionelnfundingfto keep the good -
team together and get: them mogioé.oﬁ_ERDAeectivitiest(before the .. .
starter. workiiS'finished!).'b |

As the work under the rest:of -the: starter proéram progresses,:
ERDA w111 undoubtedly become avare’ of some spec1a1 Opportun1t1es to .-
help young groupsfbulldfup~product1veuresearch;teamsa~ When these. are
identifiedstgDAvshould buogetffor,a’phaeefoo offtheee;activitiee.to:
aﬁgood'levelfoffsuppoft. S It is unlikelyfthet,a;$40 K graot\foliowing:
a $20 K starter will produce theldesitedftesults;7theasecood;awaids;.»
shooldibeuCIOSef to $100 K;:end should - be oeeignedito igcfeASe the
‘numberiof'peoole wofkiog insthe“team.;fCare;muet%beStaken‘thetvtheAe

program does not expand: beyond the supply.of good Ph.D. students.. -
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" What might ERDA offer to the we114funded, established teams as

incentives for participation in ERDA's programs? Opportunities to

obtain expensive special equipment, or to upgrade facilities,:or-to .

add more’suppdrting staff, might be considered. Let me offer a
specific suggestion that I know many "saturated" departments would
find ‘attractive; thefoppdrtunity to add junior faculty. In-the:
19508 universities were able‘to respond to the needs of NASAvand the

DOD by facuity expangion, but today the faculties of most of-our

universities have reached steady-state limits imposed by physical and-

budgetary constraints. Many institutions will not have many retire-
ment vacancies over the next dozen. years, but then retirements will
begin to come in rapid succession: Then it will be possible to add
new faculty who can work in areas of interest to ERDA. It would be a
bold step of leadership for ERDA to act now to guide these replace~-
ments, say by providing interim funds, on a cost~sharing baéis, to
support advance replacements. A program to provide $500 K per yeaf
for five years would support half of the base salary of 50 ﬁéw'young
professors. If allocated to productive institutions, where each
professor carries $100 K per year in sponsored research; ERDA would
have planted the capacity to handle $5 million annually in university
research in areas of ERDA's choosing.

In summary, there are active steps which ERDA could take to

bring more of the best university talent “on-board" the ERDA fossil

energy program. I believe that steps such as those suggested would .
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- strengthen therpeseereh;base for the program, and ‘that it would be
very muehrin\}he long-term interests of the programto ‘take these
ectione now. , . . 4
I would }ike:pow to examine the balance between basic research,
applied research,. and development in the ERDA fossil energy program.
To begin, let's look atwthe.balence,in the oil industry (Table 9).
”The industryvspendsiebout half of its R&D budget on research.
Indus;ryrwide,VapproximatelyAS percent is;devoted‘to basic research
end_4ﬁ»pe:cept to;eﬁglied research. The four largest firms together
~ spend considerably more on basic research.(almost 9 percent ‘of their
-total R&D expenditures). Note that the total spent on basic research
be the indest:yyis cqmpareb;e‘with the high~technology researeh
% »bedge;e,of single universities. .
. TABLE .9

R&D:EXPENDITURES,QF»IHE OIL COMPANIES: -
’ "(Millions of Dollars - 1975)

.ga«_‘xasic‘ *[*"Applied“

~ Research , w,geseerchj . Develqpmen;_: Io;al

| 4 largest firms 26,7  138.7  114.8  278.2.
« e e o 0o (849%) 0 (49.8%) 0 T (41.3%) (100%)
all others ~ .7~ 8.8 7 133.9 19905 34202

- (2.67) (39.1%) (58.32) (100%)

industry total 33.5 272.6 314.3 6204

LS. U (43.9%) 0 (50.72) T (100%)

Source: David Teece, Stanford

337




- ..-.The basic mission of ERDA is to accelerate the impléméntatidnlof
alternative energy technology. ERDA does this by becoming a pérfner
with industry in major deQelopment activities, and by supﬁorting,the'
research needed to provide a' sound SCiéntific'énd’eﬁgfnééring base
for future technologikal developmenf. This is not the same as‘fﬁe
mission of the oil industry, and so one would notiexpéct the‘percént-
ages in Table 9 to apply to the ERDA fossil energy program. ﬁcbﬁo-
mists argue that the social benefits of basic research far3outﬁeigh
the private benefits, which is‘a way of saying.that induétfy'inVéSts
less in ‘basic research than it draws from the national pool of basic
research. The larger firms are able to sustain a higher proportion
of basic research, as Table 9 shows; but it falls upon the government
to be the primary supporter, and the universities to be the primary
performer, of the basic research which ultimately supports technologi-
cal development. Therefore, I would argue that a government agency
which matches industry 50-50 for development costs should be spending
considerably more than does that industry on basic research. In view
of the numbers in Table 9, it would seem appropriate to spend - some=
thing like 10 percent of the total R&D budget of the féséii éﬁérgy
program on basic research in areas likely to contribute significantly
to future fossil energy development. For a $500 million program,
this suggests a basic research component of the order‘of $50iﬁiilion

per year.
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- The oil, industry fléures‘might-provide a better guide as to the
amount of a Epl1ed research that is necessary to support future

technological development 1n fOSSll energy. The 011 fxgures suggest

that an agency which matches lndustry 50—50 for development costs

should be spend1ng about ‘as much for applxed research as it spends on
the development prOJects. For- the ‘fossil energy program, this would
translate to about $360 million per year.

My assessment (The FY77 Budget Authorlzatlon Leglslatlon document
was used as the‘baslsvfor,th1sucomp11at10n. Each:proJectﬁwas reviewed

and the NSF definitions of each type_of activity were applied (these-

;o

,definitions were also applied in Table 9). In the case of the . Basic

Energy]Sciences program, the fraction of each area ap§1i¢aﬁ1§f¢a

fossil energy, as estimated by ERDA, is given in the documentsiwthA;
76-10 was used in somefcases'to guide the classifioatlonfo%ha-project.)
of the breakdown in the ERDA fossil fuel program isishown in'Table;:;
10. - The amount shown under the Baslc Energy Sciences program is:
deceptlvely large; 1 have shown the, dollar amounts for research whlch

couldfbe app11cable to fOSSll energy. Much of thls also could be

, appl1cab1e to solar, geothermal ~and other ERDA energy development |

programs. Therefore, had T 1nstead 1dent1f1ed each pro;ect in the
Bas1c Energy Sclences program Wlth only one 0f the. ERDA development

programs, ‘the" basxc research total 1n Table 10 would only be abOut

$12- m1111on as shown’ in the bottom 11ne of this table. Thus, from an

overall agency point of v1ew, the funds allocated to bas1c research
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TABLE 10

. ERDA Fossil Energy R&D
FY77 Budget Outlay Estimates
(Millions of Dollars)

‘,Baéiq .. Applied e s
- Research ~° Research -~ Development
i /
Fossil Energy Program I 4 o o
‘Coal - 43.1 314.9
Petroleum and - Ty S Sl e
Natural Gas : 0.2 1.6 -30.4
In Situ Technology e .2.3 e 1748
Basic Energy Sciences* - :
Materials 29.5 - ——
Molecular Sciences ©.17.2 - ; -
Geosciences 2.6 - -
Math/Comp. 2.1, - —_—
Conservation i
Heat Engine System - 1.0 -
Improved Efficiency - 4.3 -
Environment and Safety
Coal - 1.8
0il and Gas : - 1.2
TOTALS 52.6 . 55.3 . . 363.1

GRAND TOTAL  $471.0

(11.2%) (11.7%) (77.1%)

Based on FY77 Budget Authorization Doéﬁments; does not include
equipment. ‘ - - -

*Non-additive analysis: the additive numbers are tabulated below.

Additive Analysig 12.6 55,3 363.1

GRAND TOTAL  $431.0

(2.9%) (12.62)  (84.2%)
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, A , , SN .
in support of the fossil‘energy'program are more like 3 percent than
11 percent of the total foss11 energy expendltures. Note that

applied research const1tutes’only about 12 percent of the total

program. . ..

Theee!nunbersﬂeupport‘tﬁo opinions,that I heve heardrfronrnany
: colleaguee.' The first is that too ‘much empha51s is belng placed on
development, and not enough on research: in the ERDA program. . The
second 1s that there is a “gap" between the basic research programs
and the development programs, that ‘applied research 1s not rece1v1ng
C suff1c1ent emphaszs.?,i } ' | } L 't”li?f;,m o

“There is other ev1dence to support this pos1t1on.~ T&ble 11
shows the support for basic research 1n the phy51cal sciences and 1n
rthe engineering sc1ences as estlmated by the NSF for FY76. Except
for‘the_materlals area,,the,ERDA:emphas1s on'ba51c research~clearly
has been in the phy31cal Scrences. Th1s .18 due to the fact that 'ERDA
also hae-respons1b111ty»for“support'of hlgh energy“and nuclear:
fphys1cs. In view. of thls respons;blllty, 1t is not 1nappropr1ate
that ERDA spends more on basxc research in the phy31ca1 sclences than
does the NSF. However, in vzew of ERDA's m1881on An. energy technol—

ogy, the dlfference between NSF and ERDA support for basic research

in the engineering sc1ences=is%alarm1ng. B
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TABLE 11

SUPPORT FOR BASIC RESEARCH BY AREA - FY76
(M11110ns of Dollars)

Physical Sciences

Engineering Sciences

port for applied research in the physical sciences and engineering

sciences for FY76, as estimated by the NSF.

" Note that ERDA, which ~

has a total budget comparable to that of NASA, spent far less on’

applied research in the engineering sciences.

alarming for an agency with a primary mission to implement ‘and

advance high—technolégyaenergy systems over an ‘extended period of -

time.
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7 Chemical Mech/Aero Materials/
Chemistry Physics :Other  ~ Engineering Engineering Metallurgy Other
10.8 34.5  10.8 1.8 W 33,0 35.4
63.8  180.8 3.5 0.2 0.0 16.2 3.0
55:4 °  193.6  217.7 0.0 22.7 7.7 11.3
48.2 72.5 36.8 8.5 10.2 16.3  26.9
Source: NSF-75;323
The "gap" is further demonstrated by Table 12, which shows sup-

1 regard this as very




" TABLE 120

' SUPPORT FOR APPLIED RESEARCH, BY AREA - FY76
-.(Millions of Dollars) . . . ... .

Physical Sciences Engineering Sciences

’ I Chemical =  Mech/Aero  Materials/
-Chemistry :Physics . Other - Engineering Engineering Metallurgy Other

3207 e6s 38T ses sez7 807 51946
30,8 147,07 5.4 38.2 0 sa . 1437 435
1.5 5.9 sl e 7 aesie 1007 688
b’iyf.3§fiiif?2?§2“ﬁf:{9;1i‘v}:ﬁ f1;11'7ﬁ?f-';;;iﬁT;ﬂi*fig‘ 4.3 22.8

Source: NSF-75—323

TEIAETY AR T

The FY78 ERDA budget proposal 1nc1udes 1ncreases forsresearch

1n the eng1neer1ng sciences of combustlon, coal chem1stry, and

-;fuel-formlng cataly51s 1n the 3531c Energy Sclences Program. ,Aﬁ
analyt1cal research chem1stry and coal carbon1zat10n laboratory is

proposed by the F08511 Energy Development program.i These are p051-

,,,,,

t1ve s1gns that the sc1ent13ts and developers are mov1ng to f111 the

200 g Tiew o T -2 i s . k R FAPR R

I BEREE

gap * 5 - - - -
| What bas1c and applled research mlght ERDA be d01ng that 1t is

inot d01ng now? There have been a number of workshops devoted to
'1dent1fy1ng cr1t1cal problems that requ1re research espec1ally as

R

: related to coal. These have led to very detalled recommendatlons for

343




basic and applied research in materials, coal chemistry, coal combus~
tion, and coal planning analysis? and identified a great deal of
needed research in these areas. I think that more might also be done
in the area of high-technology underground mining, to name just one
_other_possibility. | | | W
. There are four areas withiﬁrmy own specific exper;ise which do
not seem to be receiving sufficigﬁt attention. Oth%r; with différent’
expertise undoubtedly can identify areas that they feel are peglected,z
My suggestions for additional emphasis are:
1) Basic boundary layer heat and mass transfer in high-tempera-"

ture systems. This would provide needed information for
future systems. '

2) Recirculating and separated flows. Low efficiencies in
turbomachinery and associated equipment are generally
associated with flow separation; recirculation .is usually
the key to high-performance combustion.

3) Scaling to larger sizes. Problems are always encountered
when one scales results obtained in an experimental situation
to the much larger sizes associated with commercial devices.

4) Combustion
There ére a number of universities with eng}neering'depg:tmgnts
ﬁelinualified to do researéh in thése four areas, as:weil as a few
industrial research centérs, but. to the best of my knowledge these
areas are not within the special coﬁéefence of thé’ERDAliaboratories.
However, there afe special insﬁrum;ntation and‘comédtatién
céﬁabilities in the ERDA laboratories which could $é>véry us;fuliin

an\intégrated ERDA/university/industry attack on these problems.
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Let me now concentrate on the research opportunities in combus-—
tion. Certain ERDA laboratories, with their high concentration of

scientific talent, have developed some remarkable tools for combus-

_tion diagnostics and computational chemistry and fluid mechanics.

However, they have not as yet had much experience in practical

combustion“systems;’and;Vas'Table‘Z shows’, théyfdo not have the track

“:,records that a number of univer81t1es do have in producing useful

“combustion results. (The Energy Research Centers 1nher1ted from the

;;Bureau of Mines do have some good but very Small, combust1on research

' teams w1th substantial records of accomplishment ) The labs have

excellent tools to apply to problems, but they need con31derable

1nput from _more experienced combustion groups as’ to what problems are

,31gn1f1cant and likely to contribute to the development of new emergy . . .-

»technology. Universities, certain Energy Research Centers, and

certain 1ndustr1a1 concerns, are 1n a good pOS1tion to prov1de this

'guldance.: The mutually benef1c1a1 1nterp1ay that has recently

developed between researchers at the LBL and’ faculty in -the Department’

of Mechanical Engineering at Berkeleyfls perhaps a paradigm of the

‘university/agency cooperation that could give ERDA the beginnings of

an excellent%coordinated program in'basic and applied combustion

research. Figure 1 shows the spectrum of combustion'research and

areas in which university laboratories‘and industry could contribute.'
I believe‘that~the ERDA fossil energy:programpvould benetit from

a set of:carefully—developed research plans and record of ongoing
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\ . FIGURE:1l
POSSIBLE R&D SPECTRUM IN ONE FOSSIL ENERGY AREA

BASIC RESEARCE ~°  ° ~  APPLIED RESEARCE '*ﬁzvm.omm
*+Laser Physics- - Diagnostics . —e
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40 Scaling rules - ' >

ERDA labs have spec:lal expertise
Universities have special expertise
Industry labs have special expertise
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: research., These .plans should.be- developed by teams of experts from

universities, industry, the.ERDA labotatories,.and the fossil energy

, ptograms. They should be-published as ‘a guide to organizations

seeking to participate in the program,:and-updated continually as
some rgsearchfqequ;are'covere& and new needs .are identified. The"
plans shouldvindlude both basic -and appliedfréseéfch;‘.ln the ‘materi-
gls areg;”many,of fhe;elements;of such a plan now exist. But!plané
must berﬁeve}opedfinkthe other areas as well. .

;‘; In addition to' the plaﬁs;,the groupS'ih ERDA which support these
programs sﬁould develop competénéy'files,fand'then‘seek out ‘the most
qqalifiedfgroups_or~§ombinations:of-gfoups'to;wqu'on*the problems
identified.A,The ERDA~1aboratories1shou1dshﬁve to compete for funding
with universities and‘industrial research laboratories on an equal
footing, withvthe;résearthoutput,;bignificance,“and quality, and not
agency budgetary :espéﬁsibilit{;s; being1theiprimary deciding factors.

The ERDA laboxgtoriesgshou1d1be‘encoutagedttofteam up*with;uniVersity

- researchers to.provide balanced:research teams; laboratories strong
- in bagié_resea:ch should-seek cooperation fromuuniversityfpeoplé
’fstréng'ip.applied;reSearch,;andpvice versa. The universities will"

‘have thcontributeito;such¢joint{efforts3from.positions-pffstrength;

they. must be givén:gobd,finanéial support, and not merely "bones"
tossed by the, laboratories. :
Each .research program area should have-an external Technical ~

Advisory Committee consisting of individuals who are capable of

~
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‘gvaluating and assessing the research. One would expect that'fhese
committees would have good-‘representation from active university
researchers in the field. The Géneral Technical Advisory Committee

- for the Fossil Energy Development Program is an exéellent group to
provide overall program advice, but is not the best possible group to
-‘critique the specific research‘pfograms. o |

The integrated research plan for fossil energy research would
not only identify the work that is needed, it would tell how muéh
~should be budgeted for basic and applied research.‘rI would not be
surprised if the fossil energy research plan showed that the basic
research component should run at about' $50 million per year and that
the applied research component should be about $200 million per
year.

Let me close with a suggestion about the administration of
research within ERDA. Funding for applied research is at present
centered in the development programs. The longer-range character of
this research renders it vulnerable to the shorter range urgencies of
the development programs. It is natural for those charged with
meeting demonstration deadlines to concentrate on the near-term needs
at thé expense of the longer-term research which is the life-blood of
future technological development. Many industrial firms have solved
this problem by separating organizationally and budgetarily the

research from the development activities. :Such a separation may be
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_necessary to redress the balance between basic research, applied -

research, and development in ERDA's energy programs. :

With the coming .of the Department of Energy, an opportunity

exists to take this step. The Moss Amendment to HR 6804 requires the

estdblishment of an Office of Energy Research (OER), the Director of

which will administer the Division of Physical Research (DPR) program
transferred to DOE from ERDA. The amendment permits the Secretary of

Energy to assign the OER Director the responsibility for supervision

and support of research activities carried out by any of the Assistant

\ Secretsries. The Director of the OER would report dlrectly to the

Secretary of Energy, and. therefore could defend. the long—range inter-

Y

ests of the natlonal _energy R&D program before the senior authority.

I believe that it mlght be a very good 1dea to g1ve the D1rector of

;the OER th1s respons1b111ty and concom1tant budgetary control. The

D1rector would then be in the p081t1on to admlnlster a coherent,

vpurposeful program of baslc end applled research, involv1ng univer-
,_sxt1es, government laboratories, and 1ndustry, that is necessary if

;we are to cont1nue to be the world leader in energy technology

development.

‘ To summarxze, I belleve that the research program that supports

-fossil energy development in ERDA is serlously underfunded especially
in the area . of appl1ed research, partlcularly in the: englneerlng

-sciences. There is a gap between the very ba81c ‘research supported

)
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by DPR and the work of deVelopment‘proérems,‘and this gap should be

filled now in the interests of future development.  With the creation

of DOE and OER there'are'new opportunities for ‘coordinated planning

and support of f03311 energy research act1v1t1es, there 1s much that

the universities can contribute ‘to both the plannlng and conduct of

this research. C A—
3.. Summary T

_—

‘The major points that I have made todéy‘are'as'follows:

1.
2.
3.
4,

5.

6.

'70'

Much university expertise could be brought to bear on fos-
sil energy problems.

‘Active steps could speed the rate at wh1ch the best unxver-

sity groups are brought on—board the f03311 energy program.

Research funding levels are insufficient to suppOrt'the
long-term foss11 energy program obJect1ves.

The gap between basic research and’ the hardware development
projects needs to be filled now by a significant increase in
the funding for applied research.

A fossil energy research plan 1s needed to give structure
and direction to the programs.

Universities can assist in formulating the research plan and
in performing much of the basic and applied research requ;red
to meet the long-term program objectives, and can assist in
some of the development activities.

Consideration should be given to the possibility of resting
the responsibility for the quality and support of both the
basic and app11ed research programs with the Office of
Energy Research in the Department of - Energy.

DR. PHILLIPS: Thank you very much. This platform is open

for comments and discussion. Dr. Mills?
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'DR. MILLS: ° I would like to aodfees;two aspects: obvi-
ously there were a number ofivefy'inteieStihé points you'wereﬁﬁaking.

I must say, in fossil energy, we have struggled hard, and
theh get the message back that we’are’ﬁottreally‘io tuhe‘with the
universities. |

Just a couple points.’ ERDAisoppotts'oﬁ—cémpue research,
$160 million; the largest health and safetyf'thetsecondilﬁrgeét‘
-divisiou'of“physical'reseétcﬁﬁ'the‘thitdjlorgéstbiaﬁfoesiifenergy;
and''the on-campus research/doesn't‘ihcidde"tﬁe Mohtéﬁa'eetiﬁité;fZZ

SIENt We are trying to build'tﬁis'ﬁﬁ: ‘we’efeilettiné'eontracts
“for three and four%yeats.fiwe;have some"of'$600f060 ot more per‘yeer
of; M.I.T., U Utah, Pemn State, Cal Tech, and one or tﬁofothers.‘

So we ‘are strugglxng thh unlvers;txes "to come to' a mechan-
isg to meet our ﬁoint’needs:and;0pportun1t1es, iAnd apparently, we
are part way there, but far from what is satisfactory. So:that‘ghoﬁe
ooint,'just‘to;put‘e?couﬁlethnﬁbete'iﬁ”théteéﬁ %

Now ‘there isiaﬁbthe:’pointﬁthathlfﬁoudeiikevto‘mAEe,”eﬂd
this is perhaos.not”so*pleasent;l'We\afe tufﬁing“down“uine Outfof‘ten:
proposals from: unlversxtles as’ be1ng 1nadequate. L
One gets back to the s1tuat10n that coal has not been a

very attractive uhiversify*hct1v1ty,‘and therefore, it's taking &

long time to attract people to provide interesting activities. =~ -

351




A related question is, where is;itvbes; to do basic
research? 1Is it in the industry, is it in the energy research: .:
cepters, i§ it in the national labs, or is it in institutes?

I could remind you that many of . the big progresses which
were made in the past were at the Max Plank Institute; Burgess,.Peer,
and”so on, who were winners--Burgess won a:Nobel Prize for his
work--were not at a university.. = . .. - SR

One of the questions is universities versus nonuniversities.
And the qther is basic research versus non.

You said that funding opportunities are not as attractive
to the university community from ERDA as others. I am sure you.have
some specific points on that as to what it is we should do differently
in order to provide this attractivemess.

DR. REYNOLDS: Thank you, Dr. Mills. I am sorry if I . .
sounded critical of your activity. I certainly didn't mean to, only
trying to give you some help.

I was trying to reflect a lot of comments that I have heard
from colleagues around the country about what they perceive. Now,
this may or may not be fact. It's what they perceive.

And this is not particularly fossil fuels, your program.
This is a general sort of perception of the agency. It's highly
fragmented; the approach to university research in one group is -

quite different than another group, and the statement has been

352




made_to.me,about,the~fossi1ﬂenefgy»program in:particular, that you
have to know a top guy'tnget any action on their .proposal.
In many cases there arefmonthly letter reports that ére
due. These gre‘not;;héraCteristics of the;ééenciés that have been
\?wshpp§rting most university' research. .-
1 would havégto get,personéllyssbécifiélfo,cite instances,
_and I don't think I'd better do that. in this' forum, ,u_buc'rwoula be
,1?5h§ppyito talk with you'more about thét;rJ‘;“i: SN
o MR.. DEVLON: Mﬁrk»Devlonffrom.A;goﬁné'tabdrafofies.
PR ‘ I think you~hévé“a'vety good‘point§on yourrlast vugraph.
#iYour point .6 wag-a,desire,forxldrger_unive;sity!and laboratory
. “ipartnership. . .
My -question to_yqu;is:; Some -of the national laboratories
_are operated by conéottiafof,univeisitiéé7who,hé%e'boatds of directors
who have responsibilities ‘for planning. ‘Do you look at that as an
~_adequate or.an appropriate,way.f§r this{partnershipftoftake place, or
'*ﬁdo,fqujhaversome‘qtheg:approach?
DR-»REQNOLDS‘-Q L ~ani,th“1nking ,m’bré of partnerships -at
WQQrkingwlevéls. 1There’ismaﬁ‘exce11entfcooperatibﬁ noﬁ’betweeh,LBL7
 ,:anﬂ the‘quartmenﬁuof Mechanigal;Engineéringfat»Befkeléy,,in the
combustion area. I think this is a paradigm of;whaﬁ;ought to'haﬁﬁén.
| .. There is an exshang¢ d£;peop1ePinkthe/departﬁent;‘Mechanical

;;Engineering Depqrtmen;:fthey,knowﬁthé,appiied research needs, .they
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 know what combustion research is all about and how to do useful
combustion research.

‘People in the laboratory’know how to get good measurements
and do good calculations. Putting these tﬁé*together in a very i
constructive way; that's more of what Ifﬁéén; | ‘

.Iiwoﬁld 1ike't018eé; for'exaﬁple;*thé proposals that come
from the laboratories for support be asked to see if they havehégé
right mix of univerﬁity support. Izéouid like to see univefsitiés be
encouraged. to go team up vith“laboratofieé'to“gei hold of some of the
expertise that .is there. | o

‘DR. PHILLIPS: Any other questions or comments?’

DR. BARON: I think we have come here to consider thé
efficiency of ERDA's research. And I~proposé that we keep that in
mind when we use such words as "basic research" and "applied‘reéearch“
and what not.

There are lots of ways to use them, and I guess all nomen-
clature is to some extent arbitrary. But when you are asking‘spe-
cifically; is some research efficient or not, I suggest that an
entirely different'definition of the work;"basic" should be apélied.

When that is done properly, very great light ‘can be ihfown
on the efficiency of research.

Let me give a brief illustration. 1 am in charge of a

party of gold prospectors, but I am stuck in Nevada. ' The commercial
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xobjeetiveﬁis‘to flnojgold,in»californiag, The problem is:to get
across the Slerras. ot | |
, By the way, 1f I were 1n Hawa11, ‘the problem. would be to
rbnildva boat. So you can have different problems correspond1ng to
,the same obJectlve, depend1ng on where you - are. -

Now, there are two ways of doing this, one whlch 1 yould
leons1der correspond1ng to basic, research, -and the other to someth1ng
Aelse called exploratory, or some other way.;, —

| The one that. would correspond to bas1c research would be
{to hlre the Nat1ona1 Geographlc Society and ask them f1rst to make a
geologrealﬂmapwof:;heF51erras,,then‘make,an;eleyatron:map of the
Siggyasr : S , ) R
And then you h1re the Nattonal Botanrcal Society, and they
would make a map of vegetat1on and 80 on and so forth. farh

And on the end, you would have all these _maps, and you

could clearly then find the su1table;mopnta1n;pass;fespecially if you
‘had maps of’hardness and rocakformations, nd what not.:vu
;g yov,thlgacorresponds}tolbasicfresearch. -In- fact, the very
eword “baszc means that evetythzng you found  is already based on.some
other.foundatlon. That 8 why bas1c end fundamental research are the
same synonyms of, each otner. Q»»g,;;y i fﬂ;ggﬁéiffb'?ﬁﬂ"? ol
Now the other way of 601ng it,.which-in th1s case we all -
J?9“}4>49! Iﬁgm_su;e.%ls»goihxre Jlm;Bowregand say find me a mountain

Pa8Se~ i iomg gelenie e a0 b
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‘This is exploratory research. The reason that we would do
it this way is simply that we all know intuitively that in the first
case, we would have to find an awful lot of knowledge which is unrela-
ted to our problem.

So whether you ‘use basic research or not is simply'a ques-
tion of how much of the knowledge that you must ‘discover is related:
to the problem that you are addressing. |

I am submitting to you that it's best to think of basic i::
research as a method competing with other methods of dbing it, and at
an efficiency and a deficiency of any research program, be it Ekxoﬁ‘s
or Shell's or ERDA's, should be assessed on the criteria of wvhat .part
of the totai.knowledge that is acquired by doing this research in
fact addresses itself to the problem.

And only when you do that can you answer, should we do;
this in a basic way.or some other way.

DR. PHILLIPS: Thank you.

Alex Zucker.

DR. ZUCKER: I just can't let that one go. This is great;
if }ou know exactly what the future holds."

But let me illustrate sbmething;that has come to mind just
recently about utilization of research where you havé no idea that
the problem really even exists.

It turns out that nuclear accelerators have beenvbuilt; oh,

S

for the past 50 years, with the idea of examining properties of

356




inﬁclei. - It nmow turns’ out that they.form one of the great foundations
Jfor many of the high técﬁnblogy areas of'th; future..

. No one would have accused Cocidft and Waltbn, or Lawrence
of looking at producing energy by fusion. ¢But in.point of fact,
‘accelerators seemAtO’ﬁffefﬂaiWay,for;inertial’fusion‘that could not
have:been foreseen.: '

In-a similar way the whole accelerator technology is
important for the ionﬁimﬁlant:gaﬁe;?and thetproduCtioﬁ of small
?CaICulatois; T
The whole question of producing fissionable isotopes~-
Sbreediﬂg'fissionable;isotbpeéyby;acceleratbré“offefs'a new, nonpro-
lifetatiﬁg nucléaf:tecﬁnblogy.‘fiii
The situation is such that the basic science uncovers those
areas.which we cannot prediét; =Jim'Bowie's trip would have been
totally useless ifrit hadn;t,béen.fot’thé‘sciehce?of‘éértdgraphy.
He could not have/cqme back and told the guy whére California is.-

.80 the whole question of measuriﬁgrin a ‘short ‘term what you

'ate'getting_is,mislégding.’iIt’wéuldglead, for example, in the 19th

. century to a great science of pulleys and belts rather than developing
electric motors. B

¢ ‘And it is ‘just’ a totally blind alley." -

« »DR.iPHILLIfS: I‘believe—this‘invery~ex¢iting‘and:réman-v

tic to search for gold in California, and not know where California -
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. is and things like that, but I believe it's a little bit off our’
subject nov. |

1 declare it slightly out of order, although very inter-
esting. ‘Other questions at this time?

" MR. SMITH: I wanted to ask Alex Mills a question'earlietﬁ
as ; result of Bill Reynolds talk. I am ready to ask him.

One of the curious things I noticed about.that map, where
you had contracts with universities, was a total absence:-of dots in"
the Boston area and the Palo Alto—Berkeley regions. Is there any - :
particular reason for that?

'DR. MILLS: We have a large project at M.I.T., whicﬁ is not
in Boston, but Cambridge, if you will aécept that. | - ' N

(Laughter.)

MR. HILL: Let me respond a bit to that. We have been
trying for years to subvert bright, university types into coal
research.

Ten, fifteen years ago, I think there were three, maybe four

universities?that had a medium level of effort or a high level -of-

-effort.

The Electric Power Research‘Institute, in cooper%fion?wi;h
Alex's shop, prior to that incorporation with NSF-RANN, tried to
funnel money into coal research sponsorship, and found the very thing

you say is true, Bill, that established research groups with their

own pattern looking at dirty, old coal had a very hard time getting
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éxcited gbout .it, particularly since there wasn't a format that gave.
the longevity to contracts, |

| X can't{hglp,menﬁioning, when I got my;firgt:éontract with
OCR years ago, Bill Cochran, bless his heart, said, "Hey, we've never
had any contract with:ﬁqivégsities’beforg,§;et:me5§ge,wiftyou will,
the contracts you've had .from other agencigs,";if:

;.Stuﬁidly,;l.gaveghim the contract from ONR, AEC and Air

Force Ofiicé of Scientific Rggearqh. And .the contracts people, bless
their hgar;s,isu§ceeded;in putting together every:restriction that . .
each 6f those. contracts had, including'ﬁonthly‘reports, permission to
.talk had_tqlbe;gbtained-byfgetting written permission from the office
before you could talk about your research,

Well, thaﬁ wﬁs backed away from. And:then when I was here
in Washingtou,;wetréa11y~backed,aﬁay from it, and'Iﬁthinkiyou've got
a-good system.nowe - -: ﬁxﬁ;fdt;fi,-a'e

But'the‘pointvI'm’makingzisithat:it'has been a case of. .

;tryiﬁg»to get people to come into_the>fie1d from- the purer: fields.
‘And;thisfrequi:es.a;lot:of-efforﬁ.l‘:ﬁ S
bygfJ~Ls’~We;haditolset-upaa department, avprogram'area;'tO“receive..
éropdsals from univérsities,-because everybodyfwaﬁiéd»to.study the
| kinetic:formatiohfofwmethane.:gAndfgﬁat'waSnft-énefbfathgﬁthings that
FEPRi, foP example, had interest in. |
.quw~Ahd solVeuhad{tO‘have:SOméﬁody that would work with the

professor and turn his proposal to where it would pass peer review,
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And in that way—;what,do you have, 150 different sites that were not
doing work before.

And they are not the big ones, because they are already . -
established by and large, except M.I.T.

“DR., PHILLIPS: Other questions or comments?

Yes. I think this will have to be the last comment. . -« -

MR. CANONICO: Domenic Canonico, 0ak Ridge Nati@nal Labs.

I would just point out something that Dr. Mills said
earlier that over almost 50 percent of his unsolicited'préposals come
from universities. And I would hate to leave us here today with the
idea that the universities are not interestea in fossil energy
research, |

DR. PHILLIPS: Very good point.

Very well, we will now go on to our last paper, which will
be a short one concerned with production of research manpower in the
fossil energy area, by Ricki Kobayashi.

DR. KOBAYASHI: Thank you, Gerry.

On the way back from lunch, you said you would give me five‘
minutes, so if you will push the warning button, I will get started.

DR. PHILLIPS: Go. '

DR. KOBAYASHI: There are many comprehensive documents and
papers such as: €

(1) A Study of NASA University Programs, (NASA SP-185,

1968),
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(2) The Unrvers1ty andlEnv1ronnenta1 Quallty (Report to
the Pres1dent s Env1ronmental Qual1ty Counc11 Off1ce of Sc1ence and
Technology, September, 1969), S | N

(3) Fossil Energy Techn1cal Manpower' forecasts of“Supply
and Demand (Prepared by Bernard s. Fr1edman for ERDA October,
1975), and S | |

(4) Eng1neer1ng College Research and Graduate Study.' A
Ten Year Statlst1cal Analys1s by W. J. Fabrycky and I. D. Moon,
Eng1neer1ng Educat1on 66 452 (1976). .
and s1m11ar compllatlons prov1de stat1st1cal data, both hlstor1cal
and prOJectlonal on U S. sc1ent1fic and technlcal manpower.

| Rather than delve 1nto a mass of stat1st1ca1 data, I shall
present a few comments regardlng manpower‘needs to meet "national”
energy goals, E j | |

Although our act1V1t1es in foss1l energy exploratlon have
been 1nternat1onal in character for‘several decades, we have not been
engaged in the optlnum ut111zat10n of 011 and gas in forelgn lands
except perhaps in Canada.' The sudden change in proceedxng towards\a

near optlmum productlon and ut1llzat1on of 011 and gas in the OPEC
natlons could not be cap1tal1zed unt11 after the 0il embargo in 1973.
Slnce that t1me sc1ent1f1c back—up and eng1neer1ng work for and 1n7‘
the OPEC nat1ons have 1ncreased several fold. Our ult1mate 1nvolye-
ment in forelgn lands w111 cover all the fossxl energy areasvaa wew

develop expertlse in shale, tar sand and coal utlllzatlon and

361




advanced recovery methods for o11 in the years ahead. Thus, a
serious assessment of our manpower needs must 1nclude our deep
1nvolvement in f0831l energy prOJects throughout the world as well as
those deslgned to 1mprove our fossil energy posture here -at home!
o As recently as 1974~1975 we actually exper1enced a rather
severe dec11ne in the number of bachelors degrees in eng1neer1ng
awarded. Englneerlng enrollments 1ncreased sharply, however, in
1975-1977, §0 that enrollment in eng1neer1ng schools throughout the
country has 1ncreased drastlcally in the last two years. The Arab
oil embargo followed by the declaratlon of PrOJect Independence and
the general sh1ft towards the pursult of profe881onal degrees are .
probably the main reasons, At any rate, a mass Shlft from the pure
science to the appl1ed areas of eng1neer1ng has taken place. An
imbalance of scientists to eng1neers and of bachelors degree to fh.D.
degree recipients will almost surely occur in the coming years. “
The burgeoning enrollment in englneering schools throughout
the country is now a fact. Enrollments in the earlier years in '
eng1neer1ng schools throughout the country have 1ncreased up to a
factor of four, depend1ng on the curr1culum and the un1vers1ty. This
has, however, 1mmed1ately led to the shortage of qual1f1ed personnel
to teach them. The teaching problem dur1ng the f1rst two years of
the1r careers starts in the phy31cs and chemlstry and math depart; |

ments, particularly in the all important teachlng ass1stantsh1p and

tutorial type of relationships. A general laxity in the teaching of
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|
the language skllls“has‘reversed‘xtself'and’even there a greater
: \ ) - ) .

amount ‘of 1nstruct10n w111 be needed.
In chem1ca1 eng1neer1ng alone, approxlmately 100 new faculty
poslt1ons have sprung Open in the last year and a half. Although

exact flgures are not’ yet ava11ab1e, probably two to three t1mes that

many'new‘fadulty p081t10ns have become ava11ab1e in a11 of'eng1neer1ng.

Many of the positions, as-our own, w111 have to be f111ed by temporary

1nstructors, because 'we are unable to f1nd ‘or compet1t1ve1y bid for

”candldates possess1ng the requlslte qua11f1cat10ns. The academlc
demands for Ph.D.'s together'w1th'81m11ar 1ncreased demandSFOf

: 1ndustry has ‘led to & dearth of new Ph D. s in a11 areas of engineer-
‘:}1ng. The shortage w111 only be reduced ‘as a result of a comb1nat1on

" of the following factors'
(1) ‘the job market t1ghtens for the B.S. /M S. graduates,
s (2) a more’ favorable d1fferent1a1 salary scale between
’the B.S./M.S. englneers and the Ph D. develops,’

’“é (3) substant1a1 1nfus1on of tra1neesh1ps and research

!

' fund1ng becomes avallable to draw tralnees from the swell of under-

graduates, and/or - f“ ”Lk*"~“;"

o i -
(4) retra1n1ng of Ph.D. 8 from the sc1ent1f1c d1sc1p11nes

“‘"_wlth an’ appllcat1ons bxas.i e

The pornt is’ that a11 the agenc1es°r’ﬁSF,”DOb'7Na9a, etc.,

‘have essent1a11y phased out thexr support of graduate research

' s1mu1taneously: In the s1xt1es, the NASA’ unlver31ty programs alone
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were ;esponSible for t:aining;over one thousand graduate students per
year. Iﬂ contrast, the Emergy Sector, which impacts almost 40
. percent of our GNP, has just -begun a rather feeble training program.
Discipliﬁes Qﬁ education are interdependent. The basic
: disciplines;of education: science, literature and thévarts, are
interdependent. = Since the ultimate goal we seek for individual
7 development is interdisciplinary, the symmetry among the various
discip%ineg‘ig‘our educationa; institutions;sbould be largely pre-
served. The weakening of one discipline in relation to another will
ultimately lead to weakening of them all.

One of the quickest ways to transmit enthusiasm and ideas
to t@e.university campuses would be to provide summer faculty appoint-
ments to fossil energy-oriented research facilities at governmental
aqd private research and development centers throughout the country.
Existing fossil energy research centers are amongst the most sophisti-
cated research centers in this country. A cooperative program to
stimulatgyfaculty members who in turn would transmit new understanding
and enthusiasm to students is in order. In some cases,gppoip;ments
up to a year may be advisable, keeping in mind that the university
~ teaching load hasrincreased drastically.

On the occasion of the receipt of the 1972 Redwood Medal of
the Ins;itute of Petroleum, Professor Fred Rossini gave éﬁ address
entitled "Chemical Thermodynamics in the Petroleum Indugtry"'inrwhich

_he summarized his involvement in the study of the therdodynamics of
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chg@ical_comPounds eng@un}efed in the petroleum industry over a
pe;iog‘qf over three decadeég‘.;n:retrospect, realizing that his
, studies we;e c;osely_related,;q:v
(1) the pfgdqctibn“qf:petroleum,
(2) tthe,gpanspprﬁ of petroleum,
(3) _the refining of petroleum;.
(4) the production of petrochemicals from petroleum, and
(5) _the environmeptai problems associated with the petro-
leum indgst;y, woqld{wanotjconsider his studies as mission oriented?
His work not bnlyrrepresen;é‘gpéd bééic;science;but also served to
i ) , ST . k
helpy@irec; a_multifudelof.successfu1~missipns. A corollary observa-
«tion_isythat_g fqpufistic;viey,hightflead_t§.the;conc1usion that .a.
givgn rgsegrcb;endgavor'waS«vgry basic,.qr abstract,-while an histori-
cal view of the ‘same endeavor would class it as obviously mission
or;gnted. Many, many. s1m11ar examples could. be made of other."basic

studies.? The point ;,Yish_;qymake;ig,that:we;should take heed not
to define the wo;k'"miéﬁipnﬂﬁt;éfnatgowly,x.,'

: ~ In his éddress,tqrthe,Célﬁmbia ﬁniversityfGraduate School
of Buﬁinesgwin May, 1968, James -E. Wébb;;qhen admiﬁistrgtor-of,NASA,
delivered a series of'falks entitled "Goal Setting and Feedback}in,
,Lgrgenga}e,Egdeavogg,f‘ Wevare,;i,presume, engaged,in.av”large scale

endeavor" or "endeavors." One of the most important p01nts made by.

Mr. Webb is that care should ‘be taken in asses51ng the relat1onsh1ps
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between the ‘primary goals and the accompanying sub-goals of'"sﬁB-z
missions" in our case. Hé claims that the second- andithifdlbfdéf
effects, good and bad, must be better evaluated to'prediéf the total
impact of large endeavors on society. We have seen ah&?are begiﬁhing
to see some of the secondary effects of the space progfém on ouf‘
society. The sécondary effects may_éven become és‘largeras oqr 
primary goals in the years ahead.

In concluding my talk, I quote from an addréés to the
Educational ‘Section of the International Congress of Mathematicians
in 1912, by A. N. Whitehead, "I recur to the thOughtlbfythe Béné6i;-
tines, who saved for mankind the vanishing civilization of the
ancient world by linking together knowledge, labor; and moraiieﬁetgy.
Our danger is to conceive practical affairs as the kingdom of evii;
in which success is only possible by extrusion of ideal éims}l'I'
believe that such a conception is a fallacy directly negativéd by‘
practical experience. In education this error takes the fbrm of a
mean view of technical training. Our forefathers in the dark‘ageé
saved themselves by embodying high ideals in great organizatioms. It
is our task, without servile imitation to exercise our creative A
‘energies."

DR. PHILLIPS: It is open for discussion.'jAﬁ§‘¢6mments}0£
discussion? |

Dr. White.
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- “PR. WHITE; 1I“waqt §9 qpmmentiquthe;qgestiqn.,bpp,l_m.,
certainly second your'enthggiagp\fq: tthappgihtmgp; ofgfgculty:"w
‘peoplg‘gpf spmmer:gmplqyyqu ?Q;ic EBC(Q,T{Ag far_as I personally am
conq?rneg,_ITutgg my;ﬁel}py gi:gctogsvtg;dpygyerything,;hey‘can
wiqyén ppdgg; }imitatio§§:~ﬂi;ghin§‘thqgjigféslngyﬁqrusefql exercise
uq}ess‘i; ig poséib}e to_g%yévgbgprmag_gqmiﬁg inﬁaﬁrgallyvmégpingfu}
assignment. And it seems like that should be easy, but if you got 10
or 15, then to go to 20 or 30, it becomes a real challenge in a
laboratory which is, as some of them are, relatively small with
re.le#ivelx small supervisory staffs, I just mention that side of that

problem. H;f‘you_féel«wevare_ppt:qoing enough, it may be that it is

P s,

_eguf.l_ly\_,im?ertant' to quantity, . . .
- DR, KOBAYASHI: I certainly agree with thats . ... .. ..
., DR+ PHILLIPS: . Thank Y°u A#Ygc.the,r,;qué?ti_on?u-,o_r comments?
Are tye;e;gnyiggnera1 §opmegts;ori&isggssion}aqune~w§pts
toglve /in regard to tOdaY's Progrm",/i B A
. ... DRy WHITE: 1 sué_ssave, will;h"a.v,e, a session tomorrow om . :.
.ideas, but sometimes you have conflicts in times for meeting. -1 just
wanted to mention a thought, I had in the shale area, RETURR
B There were a numbér}of?poin;s qp;tﬁefg;aboutgﬁheéengineering
jgépeégg_ofbrecqgging,‘iihergﬁa;gjotbérﬁﬁafsjofigettingethg material

out of shale than just retorting, I.know back when I was at-AMOCO.on

= d
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hydro retorting, also solvents, and these sort of'things can'b;“ésne’
and they are in some ways very attractive. ERLE
One of the things, for example, the hydro~rétorﬁiﬁéjf;g>
clear’énqﬁgh 80 that in order to begin to talk-inteliigehtly and
"liSten intelligently about some of the claims, I suggested to onme of
the fellows, I think it is one kind of thing that might be done in

the university.

’x

:

We had a Fisher-Assay for a pyrolysis step‘ih tryinglfﬁi
assay Western shales. We don't have anything eqdiQaIeﬁé; ény'hfdéé
retdrtiﬁg step, which is a standardized test procedure that ybﬁﬂé;ﬁ
say, well, if you treat it by this test, you will get 50 gallons a
ton, or 20, or whatever it might be. One of the intéresting ﬁhiﬁéé
is this, Eastern shales, Devonian types, which are no good at'aliLfor
normal retorting; they don't respond and they are very low Fisher-
Assay, but you give them hydro retorting and théy prdéuce some very
surprisingly high volumes of reasonable liquid yield.

Now, these are the sprt of areas that we don't~underétah&;
what are ‘the differences, but I know in some of our work, some of the
solvents are intriguing. Now that may be‘entirely’impractiéal to use
c0mmercia11&, but, on the other hand, maybe some further basic work
" ‘there could give some useful answers.

Another problem that is-similar, isn't related at‘all;‘éoft
-of in-between the shale and coal, and that is some of our heavy oils.

There are some very large amounts of heavy oil deposits, not only in
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California, but also in the East--excuse me, in the midcontinent,

Missouri and Kansas area,~which are nbt recoverable by any normal
technique and it is a real challenge to find a way to get those out.
The economics are going‘foﬁbe critical here.

“One of the things we are tryigg to pound into our fellows,

any time we are thinking about it is, remember, we do have to- face

‘that net energy, no matter what the dollar cost is. You may say,

"nge day thé cost.may rise enough, so even if my méthod is expensive,
%;nwill bé worthwhile to get those out, so go ahead and work on the
qgthpd.,

But if you ére spéndiﬁg 150 Btu's to get it,but; totally,
ggd you are only gettiﬁgiéug 100; I don't care what the price is,
igfs still not going to be very attractive.

DR. BARON: On that point, it is rather amazing, we plan
tq‘calculaté what amount of o0il.will be recoverable by using only the
&ritéria thaﬁ I can't expend more;energy'than I am geitiﬁg. I got to
§Orbillion barrels as‘opposed to the normal_io, 2libi11ion-barrels
Fyétwwg talked about as_beiﬁg,reasonable. (

DR. WHITE: I~never~hea:dvthat figure beforegﬂ_ o ; o

DR. PﬁILLIPS: I -have &n interesting nﬁﬁber-in:regard t§

the geopressured gas, brines. As you know, roughly-a month -ago it-

was reported that, Irguess it was 17 cubic feet, is that right, . Phil,

‘per barrel-- .
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DR. WHITE: 20 to 50. In our current well ERDA is pro-
ducing, it is running 50 cubic. feet a barrel.
DR. PHILLIPS: Okay. Take my number and multiply it byv

about 3. However, I remember the number, it corresponds to 3.4 cents

per barrel. However, that is not the number that interests me. The

number that interests me is that of the grav1tat1ona1 energy that
would have to be expended to raise the. barrel from 10, 000 feet to: the
surface, and then assumlng that the second lowest value, it wouid
take at - least that much to put it back in the ground, that comes out
to almost 75 percent of energy content of the barrel. It seems to
me, if anything, thst might prove that this is where we need‘an in
situ technology.

We don't want to have to bring it up and put it back down.

Are thereiother comments?

DR.uWHITE: There is a real challenge.

DR. PHILLIPS: A real challenge. Very fundaméntal.
Dr. McBride?

DR. MCBRIDE: Frank McBride, Colorado School of Mines.i
You have asked us to think about the basic science future of your
agency, andiwhether what you are doing is good basic science. And I
don't mean 1t is appropriate at the moment, but it could be 1mproved
upon.

It.prompts me to ask you whether or not you or anyone else

has in your laboratory a group of scientific generalists who .do
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f noth1ng but th1nk about thls k1nd of problem? As I Slt here l1sten—

1ng to these processes, I am sure that Irv1ng Wender doesn t need my
adv1ce about any of the thlngs he is currently do1ng. I suspect that

i

some of my fellow 1nv1tees and all of the part1c1pants would say the
same thlng. But 1t m1ght be if somebody thought very drfferently
from Irv1ng and had the challenge to thlnk d1fferently from Irv1ng,
he mlght come up w1th an answer)wh1ch would surpr1se all of us.’ And

' th1nk1ng for only a day andﬁaihalf about these problems is really not
*enough. You have to put your feet up on the desk w1th Dr. Wender and
say,."Now, damm1t all, 1f you can do thls, what would happen?" That

‘is’ the k1nd of talk you need:;;uﬁ
| . I guess my suggestlon‘to‘you 1s--1t is probably a half-l
baked suggest1on, is that you establlsh a sc1ent1f1c 1nternal audltor

gadfly group that does noth1ng but go around and put 1ts feet up on

g

the desk and say, "Now, daumlt all why are you dozng 1t thls way?"

- % LI F R

Do you have such a group? et ‘ ' S T
8 DR. PHILLIPS. That is sort ot the‘purpose of thls meetlng,
as a matter of fact‘ Doctors B .i i
DR. MCBRIDE. I understand that but I am suggest1ng to‘
you that thls meetlng 1s probably go1ng to be 1neffect1ve for that
| purpose. You need an 1n-house gadfly. i ' |
. o s «

DR, PHILLIPS. Sure. I th1nk you certamly must be r1ght.

However, I th1nk our 1ntent10n is to get 1nformat10n from the out51de.
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We certa1n1y want your first cut at it. That is for sure. In fact,
in that regard I th1nk we should close the meet1ng now.’ But l would
'agaln remlnd you, if you oant to part1c1pate 1n our study groups |
tomorrow, please let us know by turnlng in one of these sheets w1th
your name. | | | |

ToADr. McBride's discussion; we are_mainly‘ooncerneo‘with“
questions of balance. There ls a tendency for organlzstlons,to
become'ohsessed with the current oroblems and activitlesf Once
again, that is natural, if counterﬁroductive; When‘existlng problems
are frﬁstrating, exhaustihg,ylittle eneréy is left for detached
appraisal. There may be room for something like a soecial assistant
for devil's advocacy charged with the responsibility of challenges to
prevailing concepts. | |

Through a structurally-recorded position of partial inde-
pendehce, he may be able to save his leader from longer-run-slips,
arising from every occupation, of the current problem.

Useful dissent, which might otherwise be ground in natural
bureaucratic conflict, would have a greater chance to emerge.

(Applsuse.)

I thank all of you. We will convene again in the morning
at 8:30.

(Whereupon, the meeting was adjourned st‘5:30 p.m. to

reconvene Wednesday, 29 June 1977 at 8:30 a.m.)
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. MITRE CORPORATION

~ and the

U.S. ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

. PUBLIC MEETING
~on

FOSSIL ENERGY RESEARCH

Quality Inn

. 415 New Jersey. Avenue, N.W.
Federal Ballroom South
Washlngton, D. C.

. Wednesday,: 29 June 1977

The meetlng 1n the above-entltled matter was reconvened

pursuant to adJournment, at 8: 30 a.m. Dr. R.H. Kropschot, pres1d1ng.\
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PROCEEDINGS

DR. KROPSCHOT: Good morning. May I please call the meeting
to order:

We would iike to proceed with our‘presentations, and since
in this progrém thé\exception iéltﬁe‘rule, we are goiﬁg té Aeviate
slightly from our schedule again. ’I would like to introduce the
second péper on your agenda rather than the firsf one., The Environ;
mental Safety Research, that is entered under the direction of the
Assistant Administrator for Envirommental Safety. The.Special
Assistant to Dr. Liverman, Dr. George Shepherd; Qill present that
work. |

DR. SHEPHERD: Thank you. I am coping with a bout of
laryngitis. If I fade out in the middle of the talk, those of you
who wish to follow my remarks can read my lips. For the rest of it,
I tried to make the slides self-explanatory.

(Slide 1)

The Office of the Assistant Administrator for Enviipﬁmental
Safety is represented by the third box from the left.

(slide 2)

Factors influencing the commeréialization of an energy
technology include technical feasibility, environménF31 acceptability,
and economic marketability. While this is An:ovérsimblificétipn, | ‘

there is an envirommental factor in acceptance of a technology.
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(Slide 3)

The Env1ronment ~and Safety Program goals are to ensure that
energy technolog1es are developed with adequate considerations for
environment, safety and health.requlrements;1n our operating facili-
ties and to conduct general life science and:medicalhapplications
research.: ; | | |

(slide 4)

lhe enviromment and safety program,rrun by the Assistant
Administrator for Enylronment and Safety, has ‘three. maJor components
to it; energy technology, overv1em and assessment research and
environmental health and safety assurance. |

(slide 5) . .

The AES Prbgram objectiVes in research are to assess the
health, biological and env1ronmenta1 affects from energy generation;
to characterize, measure and monltor energy related pollutants; to
conduct ‘studies in general 11fe sc1ence m1ssxon3' and to conduct,
w1th1n ERDA, the reactor safety research programs of NRC.

(slide 6) k

The AES organization is composed of a,number of organiza-
tional boxes., We are going to concern ourselves with the hottom 5;
Biomedical and EnvironmentalaResearch;voperational Safety, Control
Technology, Safety Research Coordinationiand‘Technology Overview.

(Slide 7)

The prime responsibility‘of'the Division of BER, Biomedical
and Envirommental Research, is research._ The Office of Reactor
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ENVIRONMENT AND SAFETY PROGRAM

¢ GOALS

® TO ENSURE THAT ENERGY TECHNOLOGIES ARE DEVELOPED WITH
ADEQUATE CONSIDERATION OF ENVIRONMENTAL, SAFETY, AND
HEALTH REQUIREMENTS FOR COMMERCIALIZATION. : .

e TO ENSURE ADEQUATE CONSIDERATION OF ENVIRONMENTAL, SAFETY,
AND HEALTH REQUIREMENTS IN ERDA’S OPERATING FACILITIES.

@ TO CONDUCT GENERAL LIFE !CIENGE ANB MEDRIGAL APPLICATIONS
RESEARCH.
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AES PROGRAM OBJECTIVES

RESEARCH

® ASSESS HEALTH, BIOLOGICAL, AND ENVIRONMENTAL EFFECTS
FROM ENERGY GENERATION

o CHARACTERIZE, MEASURE, AND MONITOR ENERGY-RELATED |
POLLUTANTS

e CONDUCT STUDIES IN GENERAL LIFE SCIENCE AND MEDICAL
APPLICATIONS

° COORD!NATE WITHIN ERDA THE REACTOR SAFETY RESEARCH
PROGRAM OF NRC
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Safety Research Coordxnat1on, has as‘1ts prime responsibility,
research. The DlVllen of Technology OverV1ew finctions as an over-
view structure; that’is, it determinesfthe relevance of research
program activlties., i

The Office of Environmental Policy Analysis is, as its
name 1mp11es, a pol1cy group which contributes pollcy statements
and concepts to management or research programs. The Office of
Env1ronmenta1 Informatlon Systems; agaln self—explanatory, is
concerned w1th computers, software and data management.

jEnvlronmentaI;Control Technology has both overview and
research responsibillties,;and are concerned with control technology
devices and the appl{cations:thereof,‘ National Environmental Policy
Act Coordination"cooroinates;enVironm;ntalgimpact statements opera-
tions. And~0nerationa1;Enyironmental%Safety is;concerned‘with'
occupational'safety:and<hea1th.¥

(Slide 8)

'irhﬁ,biYisiéi of Biomedical and-Environmental Research has
fOur programs. Biomeoical programs,‘environmental programs, human
health stud1es, and phy51ca1 and technolog1cal health studies.

(Sllde 9) |
The summary of the technology breakdowns in dollars for
'77 and '78 are as you see here. The category mult1tech" includes

research programs wh1ch are relevant to two or more technologies.:
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- AES FY 1978 BUDGET
_ OPERATING BUDGET

*}}BIOMEDICAL AND ENVIRONMENTAL. RESEARCH:

SUMMARY BY TECHNOLOGY
: (DOLLARS N 'rHousmns) '

- FY 1977
- ESTIMATE

FOSSIL = S T N 1A
SOLAR . IR IR S 12
CONSERVATION = | 20

NUCLEAR = S 54.9

MULTI TECHNOLOGY = - o 35.3

TOTAL $ 1239

FY 1978
ESTIMATE

$ 347
16

3.7

1.8

57.8

36.3

$ 1360




For example, a program in cadmium ﬁoxicity might well relate to more
than one technology, since this metél occurs in several Technology
Fuel cycles.

(Slide 10)

If we break tbe foééililine gown further, you find that
dollgrs’are distributed amoné huﬁaﬁ;ﬁealth stuéies, health effects
and biological systems, envifonmental‘studies, and‘physical and
technological studies.

(slide 11)

If we look at environmental, we can break down fossil into

extraction, combustion, gasification, liquefaction,'oil and gas, and
oil shale; but the dollars are as you see here.

(slide 12)

Health Effects in Biological Systems (Fossil) can be broken

down into combustion, gasification, extraction; and shalé; The
dollars are as you see here, totaling $10.6 million and 13.5 million
for '77 and '78.

(slide 13)

(slide 14)

Human Health Studies can be broken down in fossil into
these fou; categories; combustion, liquefaction, oil and gas, and

oil shale.
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AES FY 1978 BUDGET
OPERATING BUDGET

BIOMEDlCAL AND ENVIRONMENTAL RESEARCH: FOSSIL

(DOLLARS IN THOUSANDS) W |
| “FY 1977 FY 1978
ESTIMATE ESTIMATE

L8E'

HUMAN HEALTH $TUDIES $ 24 $ 34
HEALTH EFFECTS RESEARCH IN BIOLOGICAL SYSTEMS. 106 1356
ENVIRONMENTAL STUDIES\ B R I Y I | & 145

PHYSICAL AND TECHNOLOGICAL STUDIES o 24 | 33 -
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BIOMEDICAL AND ENVIRONMENTAL RESEARCH
OPERATING BUDGET

'ENVIRONMENTAL STUDIES: FOSSIL
(DOLLARS IN THOUSANDS)

FY 1977  FY 1978
ESTIMATE ESTIMATE

COAL EXTRACTION, STORAGE AND PROCESSING s 12 | }‘s' 18
'COAL COMBUSTION SR IR B A O 78  ee
COAL ARG ATION AND LIGUEEAGTION - S0 L i i 0 180
OlL AND GAS | B S T 1.7

OIL SHALE - | 1.1 14

TOTAL $ 123 $ 145
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BJQUEDICAL AND ENVIRQNMENTAL RESEARCH
 QPERATING BUDGET i

HEALTH EFFECTS RESEARCH IN BIOLOGlCAL SYST EMS FOSSlL |
(DOLLARS I THOUSANDS) s T

ESTIMATE ESTIMATE

COAL EXTRACTION, sTonAeE AND PROCESSING 6 $ 2
'COALCOMBUSTION R Y .50
‘COAL GASIFICA‘NQN& uauepac‘now B L TR X | 72

OIL SHALE F GBI o s 1.0

TOTAL $ 106 $ 138
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o
BIOMEDICAL AND ENVIRONMENTAL RESEARCH
OPERATING BUDGET

PHYSICAL & TECHNOLOGICAL STUDIES: FOSSIL
" (DOLLARS IN THOUSANDS) |

FY 1977

ESTIMATE
COAL GASIFICATION & LIQUEFACTION $ 20
OIL SHALE s

TOTAL $ 24

FY 1978
ESTIMATE

$ 29

4
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BIOLOGICAL AND ENVIRONMENTAL RESEARCH
QPERATING BUDGET

HUMAN HEALTH STUDIES FOSSIL
(DOLLARS IN THOUSANDS)

COAL COMBUSTION

COAL GASIFICATION& LIQUEFACTION

OIL AND GAS

oiL SHALE' :

" EY 1977

FY 1978

ESTIMATE
$ 9
9
5
05

TOTAL $ 24

ESTIMATE
$ 19
1.4
J
05
$ 34




(Slide 15)

"Envirommental Engineering. Again we are talking about the
fOSsilyeﬁergy, solar, nuclear energy and mate:;al transportation.
The dollars are as you see here. |

(Slide 16)

The envirommental energ} engineering in the fossil catégory
breaks down into coal, petroleum and gas, and oil shale components.

(Slide 17)

. Technology Overview deals with the aSsesgﬁent of health of
| energy éystemé, the assessment of envirommental aﬁd socioecbnomic|
impacts and the assessment of impacts of emergy production in local,
regional and national scales. I am sure that many éf you hgve come
in contact with some of our programs in your respective various
regions.,

(slide 18)

I1f we 1ook at the total funding summary, you will see that
Biomedical Envirommental Research, ECT, Operational Safety, and so
on, have the budget!outlays that you see here.

Now, where doesfthislmoney go?

(slide 19)

Our ERDA“resou;ces, d;llars, are going to a variety of
places, including ﬁﬁiverﬁities;»o;hef agencies, natiopal laboratories

and energy centers., We do have funds going overseas to international
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| | AES ENERGY RESEARCH AND DEVELOPMENT
B T ~ QPERATING BUDGET

ENVIRONMENTAL ENGINEERING
IDOLLARS IN 'I'HOIJSANDSI

. FY 1977 FY 1978
. ESTIMATE  ESTIMATE -

FOSSIL. snsncv S o '$ 52 '$ 82
-._SOLAR GEOTHERMAL&!NERGY comsznwmou o 12 13
NUCLEAR ENEROY B 17 - 36

'ENERGY MATERIALTRANSPORTATION f _' 23 3a

STOTAL ©~ § 104 $ 144
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AES ENERGY RESEARCH AND DEVELOPMENT
OPERATING BUDGET '

ENVIRONMENTAL ENGINEERING
FOSSIL
(DOLLARS IN THOUSANDS)

FY 1978

FY 1977

ESTIMATE
COAL $ 36
PETROLEUM AND GAS : | 14
OlIL SHALE e 3
TOTAL | & b2

ESTIMATE
é | 3.6
19
7
8 62
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' "—”Ags ENERGY RESEARCH AND DEVELOPMENT
QPERATING BUDGET o

1 'TECHNOLOGY OVERVIEW
INTEGRATED ASSESSMENT

(DO LLARS IN THOUSANDS)

s SRR FY 1977 FY 1978
| | o ESTIMATE © ESTIMATE
ASSESSMENT OF HEALTH OF ENERGY SYSTEMS $ & 8 5

. ASSESSMENT OF ENVIRONMENTALAND -~ - R
8OCIOECONOMIC IMPACTS OF ENERGY SYSTEMS 4 4

ASSESSMENT OF IMPACTS OF ENERGY PRODUCTION ‘ '
IN LOCAL, REGIONAL & NATIONAL SCALES 44 6.0

TOTAL $ 63 $ 6.9
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AES FY 1977-78 FUNDING BUMMARY

(OPERATING EXPENSEM

~ (IN MILLIONS)
X | B/O IN MILLIONS
QRGANIZATION FYT7 FY78*
BIOMEDICAL AND ENVIRONMENTAL RESEARCH 164.7 7.0
ENVIRONMENTAL GONTROL TEHCNOLOQY 168 27.0
OPERATIONAL AND ENVIRONMENTAL SAFE‘I’Y - 6.9 77
OVERVIEW AND ASSESSMENT -~ - 180 18.0

REACTOR SAFETY RESEARCH COORBINATION 210 21.6
| m.u/ 248.2
*PRESIDENTIAL

BUDGET (DOES NOT INCLUDE POSSIBLE CONGRESSIONAL ACTIONS)
V/NCLUDES RESTORATION OF DEFFERAL FUNDS (8.9M)




~ UNIVERSITIES -
~ OTHER AGENCIES
© NATIONAL LABS
| ENERGY csmens |
nsssmcn ms'nnms
cowsncm. CONCERNS
su're ORGANIZATIONS |
LOCAL ORGANlZATIONS

] E"‘DA RE:OURCES ..._..{ >—> ERDA R&D NEEDS

: PUBLIG INTEREST GROUPS
NA«TIONALJ;ACADEMIEVS :

* INTERNATIONAL BODIES -
~ OTHER COUNTRIES .




bodies, and we may egpand thisnfurther through the Agency for Inter-
national Development.

(slide 20)

I tried to break down as best I could the distribution
of dollars by national laboratories, colleges and universities and
others for oﬁr entire budget, for research and development}'"While
the Nationél Laboratories are carrying a large parj: of the load, a
fairly good proportion oonuf'resdurces go iﬁté colleges ahd univer-
sities. | | |

Earlier today I was asked how we determine our priorities,

how we determine what is relevant and what our needs are, and how we"

avoid overlapping wh#t people in other agencies are ddingft

ERDA conducted in '74, '75, and '76, and is conducting in
1977, a federal inventory of energy-related environmental and safety
research. I have here, a copy of our 1976 executive summary. Addi-

tional copies are available from the National Technical Information

Service. We asked agencies to provide us with descriptions of all of

their projects dealing with enviromment, safety, and health-related
energy research., In the next slide, a listing of responses from .
various agencies may be seen, /
(slide 21) | | '
DR. RAMSEY: 1Is the response defined as a project?

DR. SHEPHERD: The response is defined by a project. For

example, you might find that the Department of Agriculture, where

4

\

398




66¢

” AES ENERGY RESEARCH AND DEVELOPMENT

NATIONAL LABORATORIES

COLLEGES AND UNIVERSITIES

OTHER

QPERATING BUDGET
* OPERATING BUDGET
* (DOLLARS IN THOUSANDS)
R FY 1977
 ESTIMATE
$ 79.1
31.8
. 39
TOTAL 8 1508

FY 1978
ESTIMATE

-8 872

36.7

1 50.8

$ 174.7




(410174

INVENTORY OF FEDERAL ENERGY-RELATED ENVIRONMENT

AND SAFETY RESEARCH (FY1 976)

FEDERAL AGENCY RESPONSES

DEPARTMENT OF AGRICULTURE (DOA)

DEPARTMENT OF COMMERCE (DOC)

DEPARTMENT OF DEFENSE (DOD)

DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE (HEW)
DEPARTMENT OF HOUS ING AND URBAN D!VROPNNT (HUM
DEPARTMENT OF INTERIOR (DOI) |

DEPARTMENT OF TRANSPORTATION (DOT)

ENVIRUNMENTAL PROTEETION AGENCY (EPA)

'ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION (ERDA)_ |

FEDERAL ENERGY ADMINISTRATION (FEA)
NATIONAL SCIENCE FOUNDATION (NSF)/RANN

~ NATIONAL AERONAUTICS AND SPACE ADMINISTRATION (NASA)

NUCLEAR REGULATORY EOMMISSION (NRC)
TENNESSEE VALLEY AUTHORITY (TVA)

67

NO. OF
RESPONSES

7 .

1

3

263

1

80

9

305

20

18
200
65




there were seven prOJects, also subm1tted a total input of §7 million,

You mlght find ‘that ERDA wh1ch deals with pr1nc1pa1 1nvest1gators

and less with aggregates, in the health area, reported a large number
ofi$10,000 to $50,000 projects.

~:(slide-22) = -

. Next, we analyzed these projects accord1ng to the1r indi-
vidual. relevance to R&D needs 1n env1ronment, safety, and health for
f08811 energy. 7. | o |

(Sllde 23)

-°Now, 1f*we breah donnrwhat iS‘gOing on'infthe Federal

:Government in env1ronment and safety research by each of these s

departments, you w111 fxnd for example, that we can break it 1nto
fossil, 1nexhaust1b1e, nuclear and others. This is a falrly recent

“glide put together yesterday, we Just didn' t have the data before

then. This is go1ng to be ava11ab1e as an ERDA publ1cat1on sometlme
in,August.

Usrng th1s 1nventory ana1y81s we can go back and 1dent1fy‘

‘each of these programs and f1nd out what a g1ven agency 1is doxng.

(Sllde 24)
Thls 1nformatlon went 1nto a data base at Oak Rldge and

is avallable on an 1nteract1ve or batch basrs. Other agenc1es are

t1ed 1n through RECON, and thrs 1nformatron 1s essent1a11y available

| to the publl.c.
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INVENTORY OF FEDERAL ENERGY-RELATED ENVIRONMENT
AND SAFETY RESEARCH (FY1976) -
SUWWARY OF AMALYSIS

FEDERAL AGENCY
DEPARTMENT OF AGRICULTURE (DOA)
DEPARTMENT OF COMMERCE (DOC)
DEPARTMENT OF DEFENSE (DOD)

'DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE (HEW)

DEPARTMENT OF HOUS ING AND URBAN DEVELOPMENT (MUD)
DEPARTMENT OF INTERIOR (DOI)

DEPARTMENT OF TRANSPORTATION (DOT).

ENVIRONMENTAL PROTECTION AGENCY (EPA)

ENERGY RESEARCH AND. DEVELOPMENT ADMINISTRATION (ERM’ 1.
_ FEDERAL ENERGY ADMINI STRATION (FEA)

NATIONAL SCIENCE FOUNDATION (NSFIIRANN o
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION masm
NUCLEAR RFr" ATORY COMMISSION (NRG)

TENNESSEE VAUEY AUTHORITY (IVA)

YOTAL

 PROJECTS REPORTED . Eouwmm PROJECTS
1 e 18 0.2
" | a0 us | %6
3 14 3 1.4
20 2.6 @ | s
1 (0 1 (o)
® 2.9 1 2.4
’ 0.4 ’ 0.4
©.0 Q) .8
ey | ers B0 | .4
2 17 n 1Y
B | 12 n 1.2
5 | 13 S 3.0
20 | ms o ff 0 mo | M5
e | uns I - n 1 24
e s || 615

o) = Im than 00 05 Milllons




INVENT ORY OF FEDERAL ENERGY RELATED ENVIRONMENT

~ AND SAFETY RESEARCH (FY1976)
| SUMM\RY OF ANALYSIS BY ENERGY TECHNOLO(-Y

 FEDERAL AGENCY
'DEPARTMENT OF AGRICULTURE (DO”
DEPARTMENT OF COMMERCE (DOC)
DEPARTMENT OF DEFENSE(DOD) - - .
DEPARTMENT OF HEALTH, EDUCATION, AND WARE (HM
DEPARTMENT OF HOUS ING AND URBAN uvuomm (mu

| oDEPARTMENTW INTERIOR (DO1)

- DEPARTMENT OF TRANSPORTATION (DOT)
'ENVIRONMENTAL PROTECTION AGENCY (EPA)

E?(@EE'lz?gAY) RESEARCH AND DEVELOPMENT ABM!NI!MTION

FEDERAL ENERGY ADMINISTRATION (FEA) .
- NATIONAL SCIENCE FOUNDATION (NSF)/RANN

N(\N'I'Agx‘ﬁl AERONAUTICS AND SPACE ADMINISTRATION

NUCLEAR REGULATORY COMMISSION (NRC)
- TENNESSEE VM.!:EY AUTHORITY (TVA)
33 OAI. OJL & GAS OIL SHALE
3

GEP™ - i consmvmon
nssnonmnmcnﬁ

GENERAL SClENGE AND nggCTS NOT APPHGAOEE TO ISSUES AND REQUIREMEN'I’S |

(a) = LESS THAN $0.05 MILLIONS -

m (2) 3. :
‘,?3;5,_2" msxmusmu NUCI.EAR omt-:n“’ TOTAI.. .
L UMEER‘ FROJEeTSIs‘MILUONS)‘““““‘“"
911,00 S 2.2 R | |
1 ™o 2101 | 343.8 iws,’lj mlso 6
vl Ny e el e
0820.8 11,0 1.8 M2 | 3.8
Roe . - - 1Ke) Ma)
(TR WLe Wy | wsae | nuea
. 1 . . - 0.3 8/0.3
muss2 | w1 | s Y | a6
1119/138.8 e Inees e | 23306094
9/0.2 5.0 | Me %03 | B0
0.2 800 - 8.7l 1Bna
| w23 | 4 20.2 - 0.1 14130
0.8 | - 'ieazao : W58 | 21084.5
3216.7 me | w3 | zas | maal
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(slide 25)
We can retrleve frOm th1s base in a variety of ways._ ‘This
4 Just gives you one example of a recovery matr1x.j>

(Sllde 26)

€

: Here are examples of 1ssues for oll shale on the left. The
Ecorrespond1ng requ1rements are llsted on the rlght. The issue 1s
‘somethzng that concerns us, while the requlrements are the sorts of
th1ngs you need to do 1n order to satlsfy or take care of that issue.
These are examples of the tools we ‘are u51ng to ensure that ‘our R&D
‘program act1v1t1es are relevant and do .not overlap those of other

agencies.

DR.AWHITEtﬂ:ban you leave that on.a second7 ‘Ilam’bothered

-.about something theres _The 1ssue 1s degradatlon of air quallty, but

1 don t see anythxng 1n the requlrements that says you are goxng to

1mprove 1t or lower the release of em1ss1ons. You are gozng to get

,better standards, “you are g01ng to assess the 1nformat10n, base line

v data maybe, and _see what happens after they leave, but 1n terms of
:eutting them down, wh1ch ‘seems - to be the prlmary requlrement of o11

I don t. see it there.’

o

DR. SHEPHERD.r I am g1v1ng you the March 22 11st of issues

'and requ1rements, whlch we developed w1th you people. That requ1re—

.ment has 51nce been added to th1s l1st.

W

T

DR,;WHITE:L Yes. Okay.. '
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INVENTORY QF FEDERAL ENERGY RELATED ENVIRONMENT
| AND SAFETY RESEARCH (EY 1976)
ANALYSlS OF QIL SHALE RELATED PROJECTS

ISSUES

DEGRADATION QF WATER

_ RESOURCES

EFFECT OF REDUQED AIRI

~ WATER QUALITY ON MAN -

EFFECT oF REDUQED AR/

WATER QUALITY ON ECOLQGIQAI;;_ e

SYSTEMS

LAND RECLAMATIQN AND ~
ENVIRONMENTAL IMPACT OF
PROCESSED SHALE -

OCCUPATIONAL RISKS

.
. ATMOSPHERIC RELEASES

Wae

o ls"sue‘ DEGRADATION QF AIR QUALITY

G e T ’..“?,:FREQU]REMENTS
e DEGRADATIQN QB;_ALB QL!AHIX f

Assess AR OUAUTY INFQRMATION FOR smscu:lc
SITES .

_DEVELOP uvwnﬂy,ea SIANﬂABDs FOR mu.ymm
MONJTOR ING.~

ACCUMULATE BASELINE DATA NEAR EXPEB'MENTAL
- AND COMMERCIAL FAGILITIES o

ANWAWLYZE CHEMICAL GONSTITUENTS RE LEASED
'DURING RETORTING QPERATION e .

CHARAGTERIZE CHEMlQAL TBANSFQBMATION OF ‘

IMPROVE ATMQSPHERIG TBANSPQRT AND DlSPERSION
-MODELS

PROVIDE ADVISORY RESPQNSE TO MAJOR |
‘ACCIDENTAL RELEASES




~ DR. SHEPHERD; What'we have nov'is a revised set which has
your most recent 1nputs, as well as those of other Federal agenc1es.
Those are now be1ng put together. They should be ready at the end ”
of this week. / f
DR. HOLLOWAY: Whlle you -are belng 1nterrupted what do -
you do about the fact that the air qua11ty in Colorado and the oil
shale area 1s already above health requirements. | -
DR.'SHEPHERD: That is a fairly complicated questioh.
We are talk1ng here about research ‘and development, and I th1nk the
answer I would,glve you would have to relate to research and develop-
ment. Your specific. quest1on mlght requ1re a number of th1ngs f’l‘h
1nc1ud1ng monitoring reg1ona1 air, qua11ty. It would requ1re d01ng
research to determlne the nature of the mater1a1 being monltored.
1f you don't see such activities here, perhaps they should be_added.
DR. HOLLOWAY: My point is that the natural conditions
already exceed the federal conditions.
"DR. SHEPHERD: I understand. In this context, I am‘afraid
I can't give you the answer you are looking for.
DR. WHITE: EPA knows the problem.
DR. SHEPHERD: ~That's right.
DR. WHITE: And they are wrestling with what to do about
it, Theylhave sort of got.themselves“in a Catch-22 situation, I
am afraid. E

DR. SHEPHERD: ‘Nextislide;‘please.
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(slide 27)

We'have slotted programs against'those issnes'and require-
. ments. We have given examples of ERDA EPA, Department of Inter1or,

1.

4 and NSF- programs dealing. w1th a part1cular requ1rement.
(slide 28)

Now if we look at the‘issue,'degradationiof éir’quality,

~and look at the requirements, we can break out for each of the
" agencies the numbers of»projects and the nature ofiactivities for

' each. 0f course it is not suff1c1ent to. 81mply say that we know how

“

many dollars apply to one part1cular issue or omne partxcular requlre-’-
I .
ment . Y0u must also determ1ne whether or not those pro;ects and

‘ those dollars are be1ng applled in a manner’ wh1ch sat1sf1es those
-reqn1rements. | | |

7 We have just gone through that process, and we are putt1ng
together, if you w111 an ana1y81s of the content of the suff1c1ency
of Federal R&D by spec1f1cL§uel cycle and the needs of each. The -
results should ‘be ready by August. Thls is the means’ by whlch we arel
determ1n1ng the relevance and the appllcabllxty of our R&D programs .
f: that we are fundlng both in unlversxtles and nat1ona1 laboratorles. ;
| DR. KROPSCHOT' Questlon or comments? ' |
DR. PHILLIPS" I guess I am 1nterested in know1ng’what

i on the 1nte11ectua1 content of these requlrements, how does one’

' cr1t1que that? In other words who are the 1nte11ectua1s that make

the 1nte11ectua1 Judgment?

-

409




OT¥

INVENTORY OF FEDERAL ENERGY-RELATED ENVIRONMENT
SAFETY RESEARCH (FY1976)
ANAL S OF QIL SHALE RELATED PROJECTS

ISSUE: oscmmnouw AIR QUALITY

Requirements

® Assess air quality information for
specific sites

® Develop improved standards for pollutant
monitoring

@ Accumulate baseline dats near experimental
and commerciel he_llltlgs

® Analyze chemical censtituents released
during retorting eperatien

® Characterize cherieal #aasfermafien of
; stmospheric releases
® lmprove atmespherie transpor and disper-
~ slori medels

® Previde advisory reSponse to ma]or
aecidental releases

oA _0g¢ 00!

EPA

ERDA

'NASA NRC

- (Number Projects/ $ Millions)

- |- |- laor jvoz |- |-
v2.1|vo2 | - | 12123 121|210
VeS| - |- |w09 V02 |- |-

- |« |- |46 |303|- |-

. ol 5 _l_l(a) 1/0.1‘ - -
4e.5 a 1/(@) = |809 |- [V
KK L ST
() - loss than 80,08 milliens. C
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. AND SAFETY RESEARCH (FY 1976) -
ANALYSIS OF QIL SHALE RELATED PROJECTS

C ISSUE OEGREDATION OF WATER RESOURCES B |
REQUIREMENT DEVELOP IMPROVED STANDARDS FOR POLLUTANT MQNITORING'

No. 012003 (NSF) = ’ ‘
-| WATER QUALITY ASSURANCE AND INSTRUMENTATION

. .No. 064038 (DOI)-

“No. 070028 (EPA)

No 087680 (ERDAI

TRAGE ELEMENTS IN NATURAL WATERS 'f =

| Acenev: erpa’ e
'FY 1976 FUNDS: ERDA $66,000

TECHNOLOGY MULTITECHNOLOGY
PROJECT DESCRIPTION: TO UNDERSTAND

_ METAL PLUXES IN THE ESTUARINE. svs’rm-}fﬁf
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DR. SHEPHERD: That is a good question; For this last
analysis we brought in aphroximately 40 acientists‘from the envi;on—
mental and health éoience fiEida'ffom the;national laboratories. ‘We
also had participants from other agencxes.‘ We sat‘them doﬁn in a
room w1th a packet of prOJects from coal combustlon and the 1ssues
and requirements for coal combustlon;_and asked them to (1) slot the;.
ﬁrojects according to %ssues and requirements and~(2) provide a‘

,&?it§9n analysis of whether or mot the projeets unde:fa fequireﬁeht
.actually satisfy that requireﬁent.

By and large, the progects that we have found are not
lwholly satlsfylng the entlre spectrum of needs under each requirement.
;There tends to be fashions in éc1ence; as you know, and we tend to
"find things lumpedrand aggregated. According to these fashlons
have gaps and we have some overlaps between agencies, in the Judgment
of these professionally trained people.

Does that satiafy your qoestion?

DR, WENDER: Did they take a vote or did you average them
out? How did}yoa get an answer? | |

DR. SHEPHERD: They sat down and argued theae things
out among themselves.* We had people from our organization sitting in
with them, helping to resolve these problems. They argued very

strenuously, and in some cases had a majority and a minority opinion. _

DR. NELSON: What was the primary opinion_from this exercise?

412




DR. SHEPHERD: The primary inputs from these 40 for thi.
exercise were the abstracts as reported in this federal imventory,
" which represent the SIE.
| DR. KROPSCHOT: Could I remind the questioners to identify
" themselves' in asking qﬁéstions? - | |
DR. HOLLOWAY: I have two questions. The first one,“yaﬁ
“had a Chart‘thaf'iﬁdicatéd‘thaﬁ a’pfoje;t should be technically
feasible, economically feasible, and envirommentally and healthwise
‘géasiblé; something to that effecﬁ;‘ Ftdﬁ the’ discussion yesterday,

I got the iﬁ#ression people in fossil'éfe fesﬁohéibie for the techni-
‘cal feasibility hﬁdjtb’séﬁé:éifent,“thé ecoh6mi¢, but yOu_are respon-
q@ble'for enviromental and health. 1Is that the correct impreséion?

DR. SHEPHERD:' Ovérﬁllgthat”isga‘cbrré;t'imﬁreSSibn. Ve
vshére‘theéé rééponsibiiitiés with fossil and ﬁe'tr&“ib‘wofk”togéther
"with them. We db@héée'coofétatiée progréﬁs géing,‘aqg I think
Dr. White would testify that they work very closely togethér in
th;S'atéa;'A : | ORI v

" - 'Do"you want“tqkaddréés the technical aspect?

‘DR. WHITE: Jim and I have talked about thie. And the way
“we generally tried to divide‘this is that téchhidaliﬁéfk'bn'pbliﬁfion
coﬁttoifﬁp7ioffﬁé pbiht‘bf‘leaViﬁg'the perimeter of ‘the' facility ie
xsqmethinéfﬁezhévé*ﬁo’&ofty about . 'éhngCtéfizihg{whét is ig there,

“"and doing research on how to remove it.
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_Also the effectrfhat may take place as it gets out into the
air stream or the water stream on human health or biologica}.effects
or aquatic effects; but they also have the overview of whether we are
'&oing our proper responsibility or our. part of the job. And‘this,
sometimes leads to a little bit of discussion back and forth, and we
kind of work it out. o

~DR. HOLLOWAY: I didn't see much in there for.overview in
dollars.

DR. WHITE: There is plenty. iThey»dop't‘need,much.',Thgy
can overview with a few fellows.

DR. HOLLOWAY: The other question I have déglt with, yoﬁr |
relationships with other agencies such as EPA and HEW. Let's take,
forrexaﬁple, coal combustion. One of the necessary features of
combustion might be a stack gas scrubber. Who is re;ponsiblebfor
seeing that there are satisfactory scrubbers or new developments in
stack gas scrubbers?

DR. SHEPHERD: Again, that is not simple question, and
there are two parts to it. Let me address the first part, which is;
What are our relationships with EPA, HEW and other agencies? While
you are probably speaking of the regulatory end, let me provide you
with an example of interaction involving the President's Energy
Message and -his Environmen;§1 Message. The Energy Messagé,sgid the
President was going to appoint aAspecial commission to detg;mine the

adverse impacts of increased coal utilization.
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The Présideﬁt's\EnvifoﬂmentalfMeSSage directed that HEW,
EPA and ERDA work togethet fb“déterming the adverse environmental
impacts of advanced coal technology. The accompanying fact sheet
added "as well as the ‘adequicy of federal RD&D." Recently we
“teceived a letter from President Carter asking Mr. Fri to take the
-lead to get the envirommental message response moving. We have
stheduled meetings ‘with Se¢retary Califano and ‘with Administrator
Costle of EPA and their reppesentatives on July 8 to discuss this
matter. The result is a lot of close cooperation going on now.

' The ‘responsibility fér control technology in this country
is split. Phil's fossil energy people have ‘a vety'reélvinterest in
this because it must be part of their technology. Tﬁey cannot build
something‘thét3is’eh§it0nmén£d11y'safe and -socially acceptable if
they don't knbw‘the‘envirénménta1=control‘technology options and.
design for tﬁose options,’ -

We in AES have a program which:exercisesvovérsight'over
thié activity. ﬂI{thinkitheréiis“a‘majOr responsibility for :ECT.
control teéhﬂoldgy in EPA fbr?their régulatbry»purposes and they
are developing programs of ‘which &ouaaré aware.

"' Industry; of course, has a major interest in this area and
has a‘fair1§ lafgé”budget forfdeVelOpiﬁg different kinds of control
technologies. If I were sitting‘in’yourrchair;,I'would-ask How all
these things afé‘going‘to be put together;: I'don't have an answer

to this problem,
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MR. HILL: George Hill. Two questions. One you just
touched on. Who decides the juriédictional disputes where you do\haég
obvious duplica;ion? And second, throughout this whole thing, I.
haven't seen in the tabulation anywhere what is being done outside of
govermment. There is, I think, quite’ a bit of overlap and duplitation
here. ' : R SRR it e e

DR. SHEPHERD:. ThoséAare two very good pointé. Who decidés
'jurisdicpional disputes whenvthere arefoigrlaps?'rln government we
try to settle‘our'diépdtes,betwéen"agenéies at the lower, working
levels. Disputes:which cannot be resolved are referfed to.higher~5”
levels. We have had to settle some problems by reference to the
Executive Office of the President, via CEQ and OMB.

I think the other question you-asked is a good ome. It -
is something that concerned me, and I wéuld be .very happy to have
some input from you.

Somebody has the respomsibility for determining, I think,
whether or not R&D in the entire country, (industrial, academic and
federal, as well as state, regional and local) is satisfying the
problems that we perceive. We need participation of all:these -
segments of the R&D community in defining needs and in providing the
R&D data base for analysis. I think Qe‘need to include in our
inventory the kinds of projects you are referring to. We;are.not_

taking enough cognizance of industrial research in this inventory.

\
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RAMSEY: Since CO7 is common to essentialiy a11’
f03511 fuel things, are you d01ng much to look at the p0531b1e
long-term effects of COZ? , o A

o DR. SHEPHERD' Yes slr. we have a maJorzlncrease in our.
program for next year on that partlcular questlon, c11matolog1ca1 o
changes, long-range weather changes as a result of 1ncreased Co,
,productlon. ‘ S ,ls ’ ”/g |

o DR. NELSON" 601ng back to the quest1on of coordlnatlon, as
you know, there was in. the last n1ne days of OST, a comm1ttee for the
coordlnatlon of env1ronmenta1 health research.‘ That comm1ttee was
succeeded by a shadow, an effectlve shadow, the‘HEW Conmlttee on
Tox1cology program. As far as I can see it has been most effective.
Informat1on has been exchanged at th1s level.

DR. SHEPHERD: We are members'of that Comnlttee;

DR. NELSON. I knowdyou are. 1 th1nk that 1s very good.
Nevertheless, it has the punch that comes from good w111 rather than
authorlty. I th1nk 1t has been qu1te effect1ve.. There has been ‘
urg1ngs on Dr. Press to reestab11sh, on the broader base, some
permanent organlzatlonrto glve over51ght and to help ch1de OMBM .
’wh1ch after all, is the f1na1 and most forceful group for deter— .
‘mlnrng prlorxtxes.} And my‘ouestlon 1s, is there any ev1dence of 11fe
in that:push to derelop~aga1n a government-w1de coordrnat1ngvgroapbi
wh1ch w0u1d talk to OMB? | i |

You may not feel Just 11ke answering at the moment .
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DR. SHEPQERD: It is a good question. it is arfouchy one,
of coufse. Let me say, first of all, that one of thé options we ére
considering in our reséonse to the fresident£s Environmehtai Message
is asking Dr. Press's office if they}arelintergsted in-ﬁofking with .
us in putting these things togethef as an overview gfoup.'

As jqu know, CEQ is staking out 8 claim in this area. And,
~as you knpw, there is soon to be announced a Presidentialvaéﬁoiﬁtée
for the Toxic Substances Céntrol Act, wi;h hisventire staff put in
piaéé andvfunning.‘ And they will belstakingvoﬁt a fairlyumajér roié,
perhaps the coordinating role you mentioned. Untiirthis coordiﬁétihg
role is better definéd,vhowever,ﬂwe in ERDA have a respoﬁsiﬁility for
those toxic substances and impacts of fossil energy and chér eﬁeigy
technologies developed by ERDA. |

DR. WHITE: I might be able to answer that a little further.
There is the r&irth of the Federal Cbordinating Council on Science,
Engineering and Technology, which was beginning to be reactivated,
but with Guy's departure,‘things are sort of in a hélding pattern.
I'm on one of those committees, not‘the envirommental one, Sﬁt theA
research one -- and waiting for Press to see how he Wantsfitrﬁandled.
I would guess this would be at least one ﬁechanism that would be used
for this coordination purpose, becauée that is exactly what it is
there for.

DR. NELSON: Yes. EPA doesn't want to assume a dictatorial

role,
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MR, CANONICO: . You indicated a major task in the afe&nof
reactor safety research coordination. Can you explain?
;: DR, SHEPHERD: I would like to do this,fbut’am°limite&yin
fthis~preséntation to fossil research.

MR. .CANONICO: :'I‘would argue against that because I think
,;fthat:ig,onejof.the-major problems in the future as far as commerciali-
zation of fossil energy, but I think reactor safety is going to be a

question we will have&£0faddre58-ourselvetho'evéntually.

- DR. SHEPHERD: All I can say is that we do have major :
:;progtams‘inAfeactor safety, and if you are not familiar with them
_apraKTRidge,-yodjdo have‘on-site’thé'be;t‘libtaryfand3bur'prbgtam
.. available..

MR, CANONICO: - . You"have the-HEC program where the metallurgy
.program is attached to. \I'am:jdst ﬁdndefing where your coordination

ey
T

. in that comes through.
...« DRe .SHEPHERD: .ijt‘en'erally "through Hal :Holiis’tef' s shop. The

Envirogment&andisafety Group,~as~one‘pafttbf'if;*fof’thé occupational

1sé£¢ty;,and'through‘our'reactorASafety1and5ieseétch“grou§ for the

~actual physical gnd-mechénical*aspects.;r‘ sodmndel g

| DR; KROPSCHOT: - One more question.

~MR.- STANFORD:: I was::héping ‘you might-give us a“little more

binsightthW5the €0, problem willibe addresseds . *- u
. . 7:DRe SHEPHERD: WelleI’can éive*ydu:fﬂe*ﬁaﬁé of the person

that .can give you the specifics. I think that would be the best ‘use
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of my remaining 30 secopds. Dr. Swinebroad is the Manager of the =
.EnvironmentalyPrograﬁ at-ERDA. And he has working with’him Dave
Slade, who has ERDA's responsibilities for: atmospheric, }Shg-tefﬁﬁJ
research énd 002 worke. |

ﬁe.aie also working~with'NASA:iﬁFthis‘dréa, as you probably
knqw. We &o have some satellite and atmospheric monitoring prééééms
which we are ‘going .to be~gefting into. = .

.DR. KROPSCHOT: Thank you very much.

(Applause).

DR. KROPSCHOT: Sorry to have to cut off this very interest-
ing discuésion but I woul& like to now proceed to the next presentation
of the programs on fossil energy research being undertaken'iﬁ the area
of comservation under .the Assistant Administrator for Conservation
with ERDA, and introduce Dr. Karl Bastress.

DR. BASTRESS: Good morning.

My title is Chief of the Combustion and Fuels Technology
Branch in the Division of Conservation Research and Technology.

The activity in my pfogram is principally applied research,
and I think it is that reason for,ﬁhich 1 was-asked to ﬁaké this
presentation. Also, my part of the conservétionfreigarch aétivity'is
_ perhaps most closely tied to the interest of fossil energy ;esearch.

I am very happy to make this presentation on'behalf of ‘the
conservation office because of my interest in general in the research

activity here at ERDA. I think I would like ‘to start by posing two

420




.-questions. The first would be: Whyvam‘I here, or more specifically,
iawha;ﬁgaan”pontributé_to'ﬁhis;meeting»qn fossil energy research? And
-segopdlx;j What,can;thié méeting;do for the conservation research. .
program?
{ﬂ7;;~,.,_jThe answer to.the first question: Why am I here?, is '
rather easy. “That,iswbeqaqse;thé«consetvation:prbgram is or can be
fegarded as compleméntary ﬁo the,foséil(ené;gyvprogram in ‘many ways.
We think of the conservation program as being concerned with the use
" of fossilvfuels, whereas we: think. of ‘the -fossil energy program as
Qgriﬁgrily concerned. with the supply of -fossil fuelss " ' -
e it;isAdiffiéulttto:separatewthé-areasﬂﬁf\technology in
_the two progtams.;ﬁlnwfact;,we~g£gthe;p:0gram manager level find it®
' nggegsary;and_desiiable:tochordinate¥ourfeffqrts*frequently’and
closely with our counterparts: in the fossil energy office. I must
T SR ; _
say,‘thatgthié;activity&prpCeedsfvéryrsa;isfactorily;:;Therefore,flr
5thipkﬁit-is very appropriate for conservation to-have ‘a spot on this
‘agendé;:sinée tﬁe conservation #ctivity, inva sense, can?bé“rega:ded
gs»an.ex:egsioh of the general subject of‘quéil éhergy'rQSearch.‘

: The;second{quegtion,uisglfWhaé5cahithiézmeetingﬁdo for the
conservatién progrpm?,:lathiﬁkithié:can»beuanswered~by ﬁayingithéth
théjconservéﬁion?:esearch'acti@ity:aléo needs to beladdreésed; as we
are~gddressing?£he ioSsil;energy:reSEatcﬁ'ﬁork;féWe;canréhafactefize
the qonser#atibn feséérch program pefhéps in the same wéy that' the

fossil energy research program was discussed or described yesterday.
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" -as to fossil energy.

The appligd research_activify gufferS'from loﬁ funding, and
. there is a gap, quite’perceptible; betweén the réséaréh activities in
,gonsérvation and the basic research activities in the'Divisidn'of
Basic Energy Sciences. So I would, in answer to the second question,
request of both Dr. Phillips and Dr. Kropschot, that the output of
this meeting as far as possible be'addreése&~to conservation as well
A

Our conservation program isrqgite analogous to the fossil’
energy prbgram in ERDA. We have in the Eonservation office, six {
 program divisions with a widely varying program of:activities. In 20
minutes I cannot begin to describe anywhere near all that goes on in
the conservation program. Therefore, to be consistent with the theme
of the meeting, I will discuss only the research activities. ' There-
fore, please keep in mind I am addressing a very small fraction of
the overall conservation program. - You will not hear anything of
the major thrusts in the technology development areas of conservation
this morning.

(slide 1)

‘The overall objective-of the conservation effort is the
development of improved technology for energy utilization meeting. -
these requirements: Increased efficiency, compatibility with avail=
ﬁble fuels, and compatibility with the transiékon to" future energy

sources.
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- Conservation RD & D
. Overall Objective

Develop Technologles

- “For
Efficient Energy Use
Compatlble With Available Fuels
And The

Transition To New Sources

ENERGY EFFIIENCY
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Now, ﬁﬁis term "transition” is used in ourrconsérvation
office to refer.to a éeriod of time, staiting>more dr 1ess at the
pfesent'and exteﬁding’into the future_to some time when we reach
a point whéfe wé have stabilized new enéfg;‘soﬁrces.

(slide 2)

The transition goal is to ?educe‘total energy use in

‘general, and oil and gas use in particular. .

»

‘The intent hére,is, as far #s'possible, to stretch ;hr
domestic supplies of o0il and gas and to reduce our dependence on
imports.,

(slide 3)

We have defined 11 strategic objectives to furthér fdgus
our conservation program. Seven of these objectives are directed
Vtowards’what we have defined as the three ﬁ;jér energy use sectors;
transportation, fesidential and commercial, which is primarily
energy used in buildings, and the industrial sector.

*We have defined four additionalvstrategic objectives,
which are cross-sectogal in nature. That is, they apply to problems
which are common to all of the three energy use sectors. |

(Slide 4)

The organization of the conservation office is related to
the strategic objectives. We have three program divisions which

correspond to the three energy use sectors. Buildings, industry,
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ACCOMPLISHING THE GOAL —

THE STRATEGIC OBJECTIVES

TRANSPORTATION

¢ INCREASED EFFICIENCY
e ALTERNATE FUELS

RESIDENTIAL/
COMMERCIAL

® UPGRADE BUILDINGS

- @ INCREASED EFFICIENCY HVAC,

APPLIANCES

® ALTERNATE SOURCES FOR HEATING/
COOLING

© INCREASED PROCESS EFFICIENCY
© ALTERNATE FUELS '

- CROSS-SECTORAL

© ELECTRIC ENERGY SYSTEM EFFICIENCY

e ELIMINATE OIL AND GAS IN ELECTRIC ~
GENERATION

K2 COGENERATION/T OTAL ENERGY

SYSTEMS
© UTILIZE WASTE ENERGY SOURCES

77-2524/8-14
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and transportation, and the gctivities in these divisionskaré—focuéed
on the energy uses Qithin those sectors.

We have threé bthef divisions which can be regardedrﬁsfbf
cross-sectoral in nature. Thét“is, their activities are focu#eéiéﬁ
the more generai proﬁlgﬁs inrenergy ﬁse. The Division of Eleétriéal
Energy Systems iérself-explgnatory. The Division of Conservatibhx;
Research and Techﬁoiogy”actuﬁlly'is devoted to the area of energ§ ‘
conversion. And theﬁ, finally, the Divisipn of"Energy_Storage again
is self-explanatory. ' | | 7

| (slide 5)

Now, to the research activities in cgnsérvati&n.

The projects which arevactive in conservatioﬁﬂfall into
two categories: one called supporting technology projects, the other
qalled systems-related projects.

The supporting technologies, which are listed there and
consist of six different projects, are independent, app}ied research
projects and are directed at sﬁbjects which have broad applicafions
in energy utilization.

In contrast to that, the systems related projects are
efforts whicﬁ aré'integral with systems or technology development
programs and these efforts are directed towards the particular téch-
nologies which are being developed under those programs.

Now, I have listed here only a few examples of these

systems related projects. In fact, every technology development
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Conservation Research Projects

A4

Supporting
~Technologies

Aerodynamics
Combustion o
Fuels Research
Heat Transfer
Materials

Tribology »‘ |

_ System- related
Pro;ects o

_ Battery, Electrochemlstry

Heat Engine Component Design

" Fuel Cell Electrocatalysis -
" Thermionic Power Generation
.- Physical Energy Storage -

Chemical Energy Storage

o "Thermal Energy Storage

77-3578M 4-15
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C

progfhm iq cdﬂéefvation”to some degree has a research ag;ivi;y‘:
associgted with it. | |

In the nex;ifewislidé§~1 will focus only on these suﬁﬁdttiﬁgf/
téchﬂ§19g§;§f95éef;‘f6f £§o‘pf;;tica1.f;asons. One is*thatwﬁﬁeser |
grélprima:ilyrresearch gépivitiésfand 80 they ére most ;pb;op¥iate i
to'the*spbj¢q§~of{the'méeting, but secondly, they are more easily |
defined beéa&séﬁ@hé égtiyitfeéfﬁhére are entirely research and the
budgéts and scopes of thbsé éfo}eéts are very clear.

The totalbefforﬁ in these supporting technology projects
in FY'77 isl$2;1 million. That-is éiigﬁtly more than 1 bercent of

the to;gl copservatioﬁ-budget. So again, I remind you that I am
deaiing with-a>very small fraction of the total conservation‘effort.

Next slide, please.

(Slide 6)

All of these supporting technology projects are discussed
to some degree in the handout which you have. I will only talk
about three of them here in order to give examples of the nature of
these activities.

The combustion project in conservation is concerned with
increased efficiency and fuel switching in fdur 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
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-~ COmbustlon

Objectlves- o )
° lncrease EfflClency

o . Increase Fuel-swntchmg
Strategy. | 7
® lmprove Current Equip‘m"'en’t o
. Evaluate New COncepts R
Status. kR

o Actlve lC Englne Pro;ects
Lean-burn Engine
 Direct Injection Stratmed Charge

° Actlve CC Engine Pro;ects
' Improve Current combustors
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some rather significant accomplishments, For exgmple, we have ini-
tiated avcooperative research project in tﬁe aréa of direct injéction
stratified charge enginés'for automobilés; andﬂthis project'involvgs
researchers f£om uhiveréitiés; ﬁatidhal”laﬁbéatories and one of the
major automobile manufacturers. The significance of this project, we
feel, is that it brings gogethgr the research community and the
automobile coﬁhuni;y periodigallyjtqrreview gheir combined efforts
and achieves both‘a dégree of coordination of the work and.:eady
;echnology transfer. -

A second accomplisﬁﬁéntrih ﬁhig‘éémbuStion area is the
initiatiou of a reéeargh project‘undgf‘thé International'Energy ,
Agency,vwhich brings together researchers in the various government
agencies in the IEA countries to coordinateitheir research activities
and therefore stretch the research dollars of the various countries
as far as possible.

The next slide, please.

(Slide 7)

The combustion project offers many opportunities for addi-
tional research in all the areas to which it is addressed. Hdwever,
we have to be very selective in the activities that we undertake
because of our budget limitations.

We estimate that if we were to attempt to pursue all of the

new concepts and research opportunities that we have identified, we
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Combustlon

Addltlonal Research Opportumtles-

e |C Engine Research ; |
Dual-chamber Stratified: Charge
. Diesel Combustion

e Contmuous Combustlon Engme Research
Premixed, Prevaporlzed Fuel lnjectlon
Catalytlc Combustlon o

D) Borler and Furnace Combustlon Research
Pulsed Combustlon
Feedback Control -
o Industrial Heater Combustion Research
e - ‘Recovered Heat Utilization -
-Oxygen Enrichment ... -

77-3¢
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wogld?requireia,bugget of:the:order of $15 million per year. Our
_budget thls year 1s $650 000.

e i R, s N ¥

Next sl1de, please.

(Sllde 8)

K -:‘.a'k':;

The fuels research progect is d1rected towards ut111zat10n

r'a;-. . ,.u, .m»',“-

ﬂ:of two groups oféalternate fuels.t

ool

We speak of pr1nc1pa1 alternat1ve

o fv"'_. ﬂ i ;'

‘fuels as those whlch have been or w111 be der1ved from coal or shale.
R £ k

" - WLt e & ;.,‘.. f

"zwe speak of secondary alternate fuels as b1omass and 1ndustr1a1 waste

mater1a1s. SR ’f‘\‘?}; FeSd PRI /Y“ S Tedhl

‘The focus in this prbjétt%féfdﬁ*tﬁéﬁfuels'and tﬁeir combus-
tion properties. . That issrwhat,does%tﬁeadesignerfbt combustion
equipment need to know about a‘ fuel:in.order’ to design his equipment
to accommodate' new fuels that are coming in the future.

So far, we've activated efforts in this project in areas
of hydrocarbon fuels research and we have a rather active program now
in the area of wood fuels. I would just comment on that by saying
that there is a rapidly growing awareness and interest in utilization
of wood residues in certain regions of the country. Obviously not in
Arizona, but in areas sﬁch aé‘ the northeast and the southeast -and the
northwest. There is a growing awareness that wood residues, I don't
mean timber quality wood, but wood residues from various  sources can
make a significant impact on energy supplies in certain regions.

Next slide, please.

(Slide 9)
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Objective:

Strategy:

Status:

Fuels Research

f’DeveIop technology base for switching

from premlum fuels to alternates

ldentlfy fuel combustlon charactenstlcs

which influence equupment design
‘and performance

Measure combustlon charactenstlcs of

alternate fuels

;.R&D plans developed

Project activated in
J Alternate hydrocarbon fuel kinetics

: lndustnal wood resndue combustion

Resudentual fuelwood flre box combustlon

)Obtaln data base for hardware de3|gn

Crramem o2
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FueIs Research

Addmonal research opportumtles

® Charactenzatlon of fuels from |
' Processed biomass
~ Industrial wastes -
Coal and shale

® DeveIOp crltena for conversmn of
secondary fuel sources " |

® Develop design and performanCe criteria
for combustlon equnpment for alternate
fuels

11 3788\

436




The fuels research pro;ect also’ offers 1nnumerable research.

opportunities in such areas as character1zat1on of alternate fuels,

definition of desired properties of‘fuels as they emerge from:variOUs,;ifA

conversion processes, and the development of spec1a1 equxpment for
combustion of alternate fuels. And agaln,_wood“rs‘a good example
of that last opportunity.

Next sl1de, please.

(Sllde 10)

~1‘(’ ety _"d‘:v ,,1.

The last progect area that I 11 dlscuss is heat transfer» )
where in this project the effort is d1rected pr1mar11y towards
1mproved heat exchanger technology to enhance the energy ‘conservation

potential in all use sectors and in- partlcular to ‘enhance the potential

for the recovery ofewaste heat. We have<efforts in thls pro;ect

L

. Ve A s e

actlvated an four dreas whlch are’ shown.on the‘sl1de.‘

Next slide, please.

(Slide 11)

The heat transfer project, like the others, offers a
variety-of additional research opportunities. We feel-the‘most
dramatic possibilities for improvement lie in heat pipe applications
and in enhanced surface heat exchangers.v The potentlal for recovery
and utilieatiOn of waste heat through unique types of,heat‘transfer
equipment is truly verj significant.

Next slide, please. |

(Slide 12)
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Heat Transfer

Strategy: < | -
- e Improve Component Effectweness =
¢ Increase Reliability and Life
° Reduce Costs

Objective:
~ o Improve Energy Conservatlon Through Improved
~Heat Exchanger Technology o

Status-
Active Projects in:
~® Tube Vibration
e Tublar Ceramics
e Fluid Bed Heat Exchangers | ‘
~ o Ceramic Heat Pipes and Recuperators
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Addltlonal Research Opportumtles-ﬁ“ o

RS T R

y® Heat Exchanger: Fouling-and- Corrosnon
* Low-cost:Alloy Fabrication Techniques

e Heat Pipe Materials R
¢ Enhanced Surface Heat Exchangers
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Summary

Status of Conservation Research:

‘o Active Projects in Selected Supporting Technologies
¢ Active Pvroiects Related to Energy Systems Deve!opment

Research Opportunities:

¢ Improvement of Current Systems
¢ Development of New Design Concepts )
e Utilization of Unused Energy Resources
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Inwsummary, let'me>say°that the conseruation program S
iugiudes active research in two general typessof'projects; ysupportiug
technologies;'of whichilihe‘described three‘examples, and a wide
Variety'of'appiied researchfactiuities-ss,atpart;of'our'systems
development projects“iu‘areasisuch as batteries;'fueldcells,'heat
engines'and'so;on;‘j

The"budget at:the:present time,'that isiihrfi '77'ahd
FY '78 for this app11ed research effort that is in both types of -
projects, is approximately 10 percent of the total conservatlon h
budget. V |

' The source of that ihformatioh(is clear in the case:of )
the support1ng technolog1es pro;ects because the1r budgets are
spelled out separately.‘ As far as the quant1ty or the level of’

researCh in the systems related prOJects, that.lnformatlon wh1ch is

in your handout, by the way, came frOm an 1nventory of research

‘act1v1t1es conducted approx1mate1y a yesr ago and is based ‘on the

program manager & est1mate of how much ‘or what fractlon of his
program W111 be devoted to applled or bas1c research. | »

7 I th1nk that the budget est1mates for the systems develop-f
ment research pro;ects 1s perhaps a b1t soft or uncertaln, but I o
think the 10 percent est1mate is the rlght order of magn1tude;

' The second conclus1on ev1dent is that research opportunltles

in conservat1on ‘are abundant., The pursu1t of these opportun1t1es

is limited only by the budget. In the meant1me, the program managers

. 441 -




in conservqtion'are making every effor;’tp stretch the budgets that
we have in three ways.

‘Fi:st of all, by assessing”;hg‘benefits of each:poten;igl
research prpjgét‘gskc1§se1y as possiblg:andvseleqting thp;e which. .
appear to have the greatest benefit»atvtbgiegrliest ppsgiblertime.

‘The second method of stretching budget dollars ierov\‘:u
initiate cooPerggive efforts such as the cooperative effort in
internal combusgion engines thch I mentioned we have set uplwiﬁh,phe
automobile industry.

And fihallj the third mechanism is to coordinate our efforts
with other agengies. We're all aware that‘the;e is an extensive
amount of energy-related wo:krand copservation—related'wo:kkgoing_on
in other agenciés in this country and elsewhere. We are making every
attempt possible to take qdvantage of work being done elsewhere and
to minimize thevduplicatiqn of effort.

Can I have the slide off, please?

1'd 1ike to make a few closing remarks in the form of
good news and bad news. The good news I think you've hegrd. That
is, conservation, in the context of this meeting, has initiated some
independent research projects and the budgets for thgserprpjeéts are
likely to increase in FY'78.

I personally feel that conservation_should be commended
for this effort. Here is an area of indepeﬁdent research activity in

support primarily of the overall comservation effort.
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Then the bad news.: It is mytofinion‘thét thesé*reseéfbh”
activities will not survive, - Tw0ﬂweeks€ago:1 attendedré'meetiﬁg‘here
in Washington :sponsored by the AAAS which some of ybu‘élsoJmay have
attehdéd. ‘The subjeét'w3svanding of R&D in:the federélkbudget:

A variety éf'meéségés"éaﬁéJfrom that meeting. But one
which Qas very clear is that research budgefssdfe ¢onEfo11£b1e.
Controllable is a euphémiém7mehnihngu1nefabie‘tb%¢6§f;éutting.
Uﬁfoitﬁnately, we have an”iﬁhédihte exahp1eibf‘théEVih‘dﬁr'own
program. - - poo »f"J,f SR

: R'um'o,r,ﬂ has it that our suppbfting‘— feéhnolog}r~aitc‘fiility, which
you have heard described here, haé been cut b&‘fhérﬁbﬁéé;Séhééé"
Conference Appropriations-Cbﬁmittéepby.$S.4‘million3jor5FY"78. That
ié'ﬁore than ﬁalf:of the iﬁteﬁded-hﬁdget f&r’that acff?ity.f .

" . Because: of this“sort)bfsekpériénce, the Supportihgvtééhhol-
.ogyvacgivity:willsnotaappearAinithe.§OnéérVati6n«Budgeﬁras én'explicit
item aftef‘FY-778., We dén!tffeél we make{oﬁrsélvéQEVuineféblevto‘w=
'budgét<cutting¥byihavihg’appliéd~fééeatéh aétivitiééfafpéérfexplicitly
in -the budgets .. - - A |

: :That;doesn't"mean:the»activities“wili?bngéne,?bﬁ#?fhéy?‘3
will be buried fgr;b‘udget‘ purposes. However; ,it':éﬂzl'ikéll'y t_l‘jat“’-"‘t':héy""-
will;be_buriédrorgauizgtionally andiultimatély‘théy‘ﬁili diséppeﬁr; |

foMy conclqsion‘ithhat?thegOutlookiis notsbrightcfofhapplied
research in the conservation pfdgrémakeAﬁd“Ifdonft‘thinkahéﬁéutiook

will improve untilAsomefmechanismaforVresearch support is prvideda;
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In the words that were spoken yesterday, I don't think the outlook
~will improve until the career of .some assistant administrator or ., -
division director is tied to the quality of research in the conser-
vation program. °© . . S

Thank you.

(Applause.) . - .. S -

DR. PHILLIPS: : Questions or comments?

MR. OETERMANN: .Oetermann, General Electric. I noté thgt’
you do not address cogeneration. Is that because you don't belieyve
‘there is research required in that, or is it out of your organizay
tional component? .

DR. BASTRESS: I did not explicitly address cogeneration
because it happens we don't have an applied reseafch project in
conservation which is specific;lly direcfed to that subject.

However, cogeneration is a suﬁstantial activity in conser-
vation. As you can see, it was one of our 11 strategic objectives >
and it is supported by the activities of several different branches
and programs. The combinations of cogeneration are numerous--they
can involve either heat engines or :fuel cells and a wide variety of
heat recovery devices, bottoming cycles, topping cycles and so on.

.'So-it's -a broad area which permeates several of the divi-
sions in conservation with coordinatiop~at the top.: So 1 would say
in the context -of this discussion; which is applied research,:co-

generation is addressed specifically in those subjects such as heat
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transfer and combustion as well as certain éyéfems related projects
such as heét-engines and fuel cells, but we don't have & research
activity labelled4cogeneration.' :

. Personally, ‘I don't ‘think itiréally\fits’in‘éngeneric way
along with things such@as~materialsf aefodyﬁamics hh&fso on. It
vldoesn't mean we're not doing it.  It's very important activity in
conservation. -

'1DR.vPHILLIPS:*iCould‘you'uéé”tﬁé miéfbphoﬁé, biease. The
reporter‘tells me he can't pick up the voices.

MR. GUINAN: Guifian, Pullnar-Kellogg.
I was just wdhdering’how’this°$éd'newé will affect your
.fuel cell program? - |
‘ ' DR. BASTRESS:* The bad news éppiiéd?oﬁly to appliéd‘;’
reéeafch. That is, the independent fesearchrpfdgraﬁs in cOnéervation.
My understanding is that ‘the overéil?édﬁservdtidﬁrﬁudgét is likely to
increase r#ther than decrease'and‘iﬁ'partiéhlat the fheltéelicptoéram
is ‘strong:and healthy. ’ |
DR. RAMSEY: "1 first heard'ofifhe'viituéé of the éfr&éified
fuel 1n3ect10n w1th Dick: Arwxn s study about seven years or 80 ago;
. It sounded in‘about thergame’state'as ‘reported here and I wondered
why thlngs were that slow in securxng a hlgh level push at that t1me
and -is it makzng much progress “since;’ ‘or ‘how long béfdre'ﬁe get

;aresults?w';'f
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DR. BASTRESS: You're not asking why are we Qorking on it.
We'get that question frequently. I'm driving a stratifiedrcharge«
engine made in Japan; why is ERDA worrying about this?

That same question could be addressed to many types of
technology. There's room for improvement in nearly everything, but
that doesn't answer your question, however. /

DR. RAMSEY: My question is the reverse --

DR. BASTRESS: The question is are we making any progress?

DR. RAMSEY: Why does it take so long?

DR. BASTRESS: I can only respond to that in a rather
unsatisfactory way by saying it's a very difficult problem, The
particular concept which we're pushing here is the direct combustion
stratified charge engine which has certain advantages in efficiency
if we can make it work.

‘ But the problems of trying to achieve high efficiency and
controlled pollutant emissions over the full operating range of an
automobile is a difficult one and our approach is_to try to under-
stand what is really happening in the fuel injection process and the
subsequent processes of air and fuel mixing. We're not actually,
with our limited budget, as you might imagine, developing new engines.
We're leaving that to Detroit.

But our role, we feel, is to focus the talents of universi-

ties and national laboratories with their resources in instrumentation

and mathematical modeling and the understanding of these processes,
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on that one ¢ombuétidn'coﬁcépt;‘to'try'éo eiuciaéﬁé the problems for
the benefit of Detroit so that' they can move a little faster in their
engine development activity.
n“i‘shbuld"point out that even' though ‘these projects are.
labelled with hérdﬁaié’éohﬁdiug names, the nature of the work is
primarily fundamental. The work that we ‘are supporting here is pri-
marily in the national laboratories and tniversities or the research
ofgéhiiations of industry'and we are focusing théfwork,'as far as
posSible, on the fundamental understanding of ‘problems in combustion,
in fuel chemiétfy,7iﬁ"heéf'franéfér and ‘in the other areas to provide
a sfronger technical base for the engineers in industry.
MR.VKELLER: Lou Keller, Oak Ridge.
Yesterday a rathe'r} interesting question about the practi-
cality of the return to coal for residential heating came up. 1
wonder if that's an appropriate question for your group.:
DR. BASTRESS:f’WeII, we have ‘discussed:the ‘various .applica-
tions 6f~éoéiibuthiﬁg'wiﬁﬁ»Ouf'couhtérparts?in fossii’energy and we
have defined for ourselves a ratherindistinct boundary between our .
jurisdiction and theirs which priﬁafily says- ‘that coal applications
‘are primarily a fossil éneggy responsibility. However, we are con-
cerned about that subject’ because ‘the areas do overlap.
! I'mgoing to have to agree with the comments made yester-— .

day about COalibufhing-in‘iesidential applications. - My view is that
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the development of impfoved combustion equipment is.é relatively easy
problem compared to the problems of logistics of coal supply and the
control of sulfur emissions and particulate emissions.

I think you could just as well ask tﬁe/same question about
wood burning, which we have taken on as our‘responsibility., Therg3
I think that there are envirommental questions and supply»questions
which need to be addressed, and we are addréssing these. We don't’
think that the environmental questions are quite as difficult with
wood ‘as they are with coal and that's why we're proceeding with fﬁe 
development of improved technology for wood burning in residential
applications.

DR. KROPSCHOT: Thank you very much.

(Applause.)

DR. KROPSCHOT: I would like to proceed now with the next
two papers which describe work in research and fossil energy; the
area of the Assistant Administrator for Solar, Geothermal and Advanced
Energy Systems; and to lead off with these two pépers, I'd like to
introduce Dr. James Kane, who is the Division Director, in this case
for the Division of Basic Energy Sciences.

Jim. .

DR. KANE: I'm sure you must be dreadfully confused by now
why a person who's in the solar, geothermal and a&vancgd energy group
is standing up here at a fossil energy meeting. I'll try to explain

that to you.
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The?bgsicvreseg:ch that existed when ERDA was formed was
J}grgelybin the old AEC and it was transferred almost intact into ERDA.
The ERDA organizers logked“arpund for a logical place to put .it; they
couldn't find one, so thgj,putvit somevhere. anyway. And it wound up
’ in solar, geothermal and advanced energy, systems.. .

So the actual charter for long range;;more fundamental.
,research“in ERDA resides within the Administration for. Solar, Geo-
_thermal and‘Advanced;Engrgy Systems. ,It?s g_very‘majon undertaking
| ~and I'm nmot gging to talk about all of it today. But I will allude
to it just to put it in the proper framework,.as. other speakers have
done this,)

The total research program, long range, basic, éxploratory,
vhatever you choose to call it, inqludes:high»energy»énd.nuclear’
physics, which I'm notﬁgoing‘tojtaik_abput today,.- That is indeed a
major undertaking and as someone said yesterday, OMB and the Presi-

. dent's office have clearly,indiﬁatedlthatﬁwe~gfe responsible for the
;;highgenergyjphysigs,prégram ofifhe United States;.:the executive agent
for it.. .

.. We do,no; have that same,statutofypassignmentﬂfor»the
ngclea;,phyaics‘p:ogram, bﬁt dé!fécto'we«havgimuch;the:same statusQ
We are the major_suyporter of ﬁuclear physics,in the United ‘States.

1 :eally,gm cgnvinced,thatvitbis godd'for allbof,us;to have

thbse{in}g package within the Agency. There are two. things that have
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, ‘ ‘ \ .
been alluded to so far in this meeting--I won't dredge up any new

arguments--and I'll point out that each was the development of one of
these two technologies.

The very large magnet that's been mentioned a number. of.
times in the MHD Program was élearly an outgrowth of the high energy

: J
physics program, which has been the driving force for the supercon—
ducting industry in the United States. ~Now, all such magnets aren't
necessarily made by the laboratories. They:are designed there, but
“the industry has been really stimulated by high energy phys;cs. ‘And
-if we have an industry in superconductivity today, it's a result of
. the high energy physics program,

The secdnd,Asomebody'showed'akpicture yesterday of data
which I think was X-ray fluorescence. That very beautifully resolved
data was an outgrowth of the nuclear physics program. The lithium
drifted detector and all of its anciliary equipment was developed
under the nuclear physics program. So my point is not to boast about
-these--I had ﬁothing to do with either one.of them-~but to point out
that a sharp eye for fallout in some of these thiﬁgs is a good idea,
that some of the products of these two very large undertakings.in
research are highly applicable to the type of questions that this
group is talking about.

Now, from now on I'm going to talk only of the work in
what we call basic energy sciences. I'm going to ;éll you Qhat it

is; how much we spend on it; and describe its "flavor". Then I'm
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I'm going to.talk more speéifica11y=about,some of our research within
the/chemical areas. And after I'm through, Dr. Donald Stevens is
going to talk about materials science. These are both in the research
program.

. In 1977, -the amount .of money in this basic'.energy sciences

'pngraqfin,germgfgfgpuglays;‘which-excludes equipment. purchases .and
‘capital construction, was $121 million.. .In 1978, the President has

‘'requested from Congress.$138 million. -

.. - First 1'll tell you the charter and then how those éxpendi-

tures:areydivided;in-categories; ‘Our; charter is to carry out a pro-

gram of basic .research in the physical sciences--that's an important

.. point--only; the physical sciences, which .is supportive of all the

;go‘a,ls-f\_

ERDA energy technologies, both the production and efficient use of .

.
energy. That's our charter.: -

\ : : _ ‘
o ERDA is a mission agency. That's the first thing to remem-

. ber. We are not.the NSF, and our work,: therefore, must be clearly

juspiﬁigbleﬂoh:the basis that,}c?s;relevanttto;the Agency's long range

= i1 .- We do mostly basic or exploratory research. ‘We do almost

-, no development or directly programmatic:appliedﬂscience;! P

1'11l give you an example;»,Inimatérialaséiences, Don will
talk abbut,the,extensiyeAyo:k wve're doing on steels, for instance.
Corrosion of steels, fracture of steels, the deformation properties

of steels, and yet even if there's clearly an indicated need for a
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“new steel in one of the technologies, we do not develop that nev
steel,

Now, let me depart a minute. I persomally was responsible
for a project one time which required that a new steel be faBriébﬁéd
in industry, and it had different properties from 316 in terms of its
ability to contain hydrogen, high pressure hﬁdrogen.';Ahdfi£~E05E‘:
about 10 years before a specialty steel‘mgker was able to ‘turn that
product out in reliable quantities. ;

My only point in mentioning this is that if there are
~requirements for new steels that, say, are able to resist grhin;“”
boundary attack by a specific pollutant in‘coal; to pick;an examﬁlé;
we are not doing that. We may ferret out the problems that po}lﬁténts
would give. We may try to understand the mechanism by which the
damage is caused, but we will not develop a new steel in terms of
putting one in production.

I want to make this jurisdiction thing quite clear, because

" 1 made the point yesterday that the programs are responsible for the

applied science that is required for them to accomplish their mission. -

‘All right, how do we spend that money? We have--well, I
guess one more specialized role. I'm not getting to the main part of
my talk.( I keep departing from it,. /

"A role that's becoming increasingly important ié'the

building and support for the national use of specialized facilities
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these for the benefit of the‘scientifié communitif?“ﬁi‘

which -are too expensive, dangerous or elaborate to logically expect
at a,single'smaller‘lo¢étibn,'such asluniVersit§ campus.

~1'11 give you examples of these,; and these afe‘a11V0perAEed

on what»we‘term’a:uécr'bhsis;f One ‘of ‘our jobs is to build and

,,ppg;até,facilities which are then.madefavailabie”toithe'sciéntific

coméunity\anduthe's;ientifigg;ommunity brgahize§=ﬁﬁgf”groups‘which
oftgnvgontrols the use pfr;hgse.'«w3“‘ ~ Bt
~{-This mode of ,operation has long beén‘theitiend'in high

energy'physics'whgre pgople;;alkﬂabout the:big "gdvernmént" accelera-
tors and indeed arefthgy:built‘by'thé governhent;fbut'the'expefiment-
ers on them are largely, (usually 70 to 80 percent) university - |
%gséarchers who have ailgrgg‘éay?in how thesé’faéilities-ate operated.

And I wantj§9 point7to‘affew»ofithé'iiﬁaééofffaéilities that
we operéte.AfFot instance, wé?héve5falléh’héii ﬁoAéimbst all the high
power reactore, steady statéfnuélégr'reactépg'iﬁ the United States.
gxperimentalg of courée, nbt*powér?broddéihg;” i

'S0 if there's neutron'diffraction done, “or ‘if there is

neutron: actxvatlon done that requlres high beam 1ntens1ty, a lot ‘of

this can.bedene'pnismalletfun1versity-sxze feactors; but we have

redctors that have, you know, far”gféétéf*beah’poﬁéf thanfénything

~ you could -locate ‘conveniently on a university campus. ‘And we have =

fallen heirfto»thisxfype?6ffthing‘and*bne”df;durfjbbs'ié'tdﬁéferate
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V-We‘have two projects now thaf are, three actually; unuc.:
way now that are in this same category. A ‘large synchrotron radia-.
tion source, a light source which I think will open up immense
opportunities in stuQ}es all the way from molecules, clear down into-
the solid state and polymers; biological research. It is essentially
a very large and continuous spectrum light source im which the light
is generated by circulating electrons.

We fell heir to one of these, not by, accident at all, but
by'degign when the big accelerator at Stanford was built, the cir-
cular electron storage ring; it is by its'nagure the most powerful-
emitter of synchrotron radiation in the world,

We have another of these under construction at Brookhaven.
It will be a uéer facility 'in which experimenters can come from
universities and if we can get some of the proprietary aspects ironed
out, from industry. I don't need to tell you the benefits of this
kind of thing, besides basic research, if you stop and think 2 minute
what limits the packing density of electronic components used for
solid state applications like computers, where packing density is -
important--it's the defraction limit of light, because the masks used
to fabricate the tiny elements are prepared by photolithography.. By
using a short‘wavelength,'extremely intense sourcé, we think it will -
be possible to reduce the dimensions of solid state components: in

computer microcircuitry. T :
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So these thiﬁgsihave tremendous prﬁctical applications, .

Two more; I'll get through these quickly. ~I'm taking too
much fime on this overview,

. ... .We're starting a combustion facility. We are starting this
qaf‘the Sandia Laboratory.: Again, it will be uSe%~facility and we
‘hOpévwevpan.enticé all: sorts of people to come and use that facility
to advance understanding of the processes of combustion.

And finally in joint venture with NSF,”we're—starting
something tétaLly,diffqrent andfthat is a national facility for
computations in_chemistry. ‘Many,research projects in modern éhem—.
istry could certainly use’'convenient access to large, very large in
this case, computers, capabilites of the cléss‘63type;,and those are
not available in geqeral;*hardlyzever"availaSIe except at national
laboratories. . - - ?gkg“:.g e

- So we have“A'jointfventurekwith?thé'ﬁatidnal Science -
'Foundationjwhighgwill,ggain‘ﬁake’the“Véry Iarge'ébmputervéomplex;’ﬁot
just the number crunching part, bﬁtithe;péfipheraliitem; gfaphiés, B
the remote access ‘and all these very desirable attributes of the big
systems availhble;to the general Scientific community.v

‘Okays 'Enoughrof\that;;fNow,,lét'ﬁe,talk abouh our organi-
zation. | | | -

. We have four major groups to which we allocate money. The
first of these is‘nuclear sciences. And the bﬁdget‘this next Yeér:

will be about $25 million. I'm not going to talk about that other

455




than to tell you it's there. We do the cross-section measurements,
for instance, of interest to fission aﬁa fusion. We do isotope prep-
aration. We are the proprietogs of the largest isotope store in the-:
world, I think. If the medial establishment wants stable isotopes.
that are not provided by industry; we will supply them.

We also are the suppliers of heavy elements. And that's
an interesting thing. - All théfiSOtope-using.peutrdn genefatorsfuéed‘
by the oil exploration business depend on my program. That seems a ..
kind of surprising place for it. We're supplieré of the americium-
241, for instance, that is used as the alpha source for neutron
generators.

That's the nuclear science program.

Materials science program, $58 millio;, roughly, for next
year is going torbe described quite thoroughly by the subsequent -
speaker. My personal background is materiel science and I guess it's
not just my prejudice, but if I had to identify a single subject in
which the problems are spread almost uniformly across all of ERDA, I
cannot name one that is more ubiquitous than material sciences.

The third, and the ome I'm going to talk about today, is
called chemical sciences; about $42 million ‘in our budget next fiscal
year. This is truly chemistry. It is atomic and molecular physics,
chemical processes and chemical instrumentation. Now, there are a
few things I've probably missed, but that's predominantly what's in

there.
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‘Finally, we have mathematics and geoséiences; These are
N . , ST .
two very small programs. The total is $11 million betveen them. The
math program containS'very little of what mathematicians would call
fure mathematics. It is mostly 1ean1ng towards numer1ca1 sciences;
‘how we can better use‘our enormous array of computers, for example.

Some of you may not know this, but ERDA has the largest
computational capability in the free world in terms of instructions
per seeond'er some measEfe of very le:ge compute;ioh egpabilitj;

» ‘So most of our effort éoes into applied mﬁth; We suﬁpert
the Courant Institute quite heavily, for insteﬁee, on how we canvdo
beﬁtefbnumericel calculations.,

Qeosciences is a technology that cuts across this entire
Aéeﬁcy. The nucleaf people are very ¢oncerned about making sure they
cah‘pﬁf theiriwasfe‘in afspot‘that‘is“going‘to be inaeCeseible pn-
geoloéicalftime scaies.\iThey are interested in siting their féei1i4'
ties igrplaEee~that,arei;eismically'satiefactory'aﬁd so forth.

By the way, the uranium pe0p1e need to know hiow much -
,gresoufce is Out there., If there is certalnly a cr1t1cal problem in
Jjnuclear poeer in the Unlted States, 1t '8 how much uranium oxide is
_out there at a certaln prlce.; That 5 a major questlon, ‘the need and
t1m1ng of the breeder reactor klnd oﬁ hlnges on that.‘

: As'I move across the ERDA‘organization chart, almost every
:technology'has need for geosciences., I don't have to tell you ebput

the importance to geological understanding for fossil energy.
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*JOkay.‘VWho?afe*the’péffdrmeré?‘jThe'perfqrmers are largely
universities, national labs and to a much smaller'extént industrial
labs. How much industrial participation? “ In the past, it's been
small. We have some interaction with the not-for-profits and the
high:technology kinds 6f*corpora£ions;;*Wé'havéfreélly a relativeiy

small interaction with the big industrial corporations that do the

.ongoing bulk of really good industrial research. We don't have many

connections with them, although we talk a lot to some’ of them.

- There's lots”of“reasdné“thét“wé?dbn't.' I don't want to
go through them here, but I don'thant'you"to be discouraged by'the
fact that the numbers appear small. ™ .

_ ‘Now to the fossil energy basic résearch program. Could

I have -the ‘first slidé;'please?i '

& ’(’Sli‘.de 1)

w1 Eéld“you‘we7were7reépon3i51eifbr'éll”techﬁoldgieé;énd‘I
thought joﬁ would be interested in understanding just how we épénd our
money. = The slide shows tﬁo-jeai-intérvaigg You see it's fiscal '73,
'75 and '77. Thosé’are*perCeﬁtégé’hﬁmbéf#k' Reseafch‘haé not grown

in proportion to the rest of the Agency and that's due, of course, to

~thenkgenc fotusing:onishort—termhproblehé;‘ i@m'not’téking issue
he y , o : .

with that. I just want you to underégandvthafiour program has grbﬁn
at a rate,of about the cost of: living plus?a?few petéénf. e

So-in order tb«achieVeithefgrOWths you see there, we've
had to cut into some of the other areas. And‘yOU'can‘sée“wé‘éut back

.
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) Vonlfission»quitg apprgciably_and.we've had to make some pretty hard
decisions on what areas we'd get into.

Now, the two at the bottom, those really could be lumped
togethé: in some ways. . I'll give you an example of a problem thgt‘ig
_important to many technologieé,»and that could be, for instance,‘ }
hydrogen embrittlément,, |

You see ﬁherra;herjlarge category of~impo:£ant toalong-ferm
a&vancement of energy sciences--let me just pick an'example'off,tﬁé
top of my head. Molecular beam work that tries to undérstand whaf
the cross-section for reaction between a molecule in a particular
energy state. You'd have a hard time attriﬁuting that to one of
those technologies above. Certainly if you choose a molecule that's
in combustion gases, why then you can say thét's(combustion. But we
don't usually do our research that focused in those kinds of things.
The molecular beam research looks at what is convenient and gives the
most basic information.

I could give you many such examples. I won't.

Could I have the second slide, please?

(slide 2)

— .

I have it in my notes that you were supposed to motice the
.rate of change. There was a large rate of change in fossil energy.
There was a decrease in these unspecified things.

Here is the major component of our program in fossil energy;

the chemical sciences. .
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You can sée in FY77Lit's $5{6 miilion. We}thiﬁkiit's truly
" fossil energy-related and we can po1nt té‘lt as hlghly relevant.

And by the way, most of our research in f08811 energy does
have a hablt of being related to specific problems--lt s far easier
,,t° tie it to specific goals. 1'll get to those in a few m1nutes.rj 
You can read as well as I can, and I don' t ‘imagine you re surprlsed
by a s1ng1e item on that llst.-

This program is well integrated. The first two topics
with fossil-energy¥-A1ex Mills's program and others. In the last
topic, comﬁustioﬁ--we,have a three-way organization going. Karl
Bastress, the speakef‘you héard this morhing from Cénservation, Andre
Macek who works for Alex Mills, and one_qf my peoplé responsible for
combustion, coordinate an overall co@bustion program,

My people are iﬁtergsted iﬂ?thé molecular level interaction
ipart of it: the cross secfion of the'i;dividuél réactions, the
kihgtics of the reactions, and in the fuﬁdameﬁtal understanding of
the furbulence phenomena, |

~Kér1 and André, the othér twé People, are more interested
in relating combustion résearch to real ﬁofld sitqa;idns like the
stratified charged éngine or like a fluidi;;d bed combustor or like é
MHD burner.

Okay, the next slide, please.

(slide.3)

462




£9¥

CHEMICAL SCIENCES

FOSSIL ENERGY RELATED RESEARCH

UNIVERSITIES

- ‘ERC'sw
& OTHER

© NATIONAL
| LABORATORIES

" FY 1977
5.6 M$ R/O




Who does it? This slide shows a breakdown of where we -~

spend our money. The national laboratories, universities, industry

and the ERCS, LBL and Ames are special cases in national laboratories,

Ames is Iowa State--they are laboratpries‘Fhat are essgntiaily.indis-
tinguishable from the university whicﬁ supéorts them.in many wéysﬁ%

For instance, I believe 911 the work we support at LBL "
.and Ames is done in the graduate é;u&eht-professor mo&e. The other -
national laboratories are less c105e1§ related to the academic
community. So that's why we separate those two out.: 

The question I'm sure you're interested in is how we make
up our mind as to what to do and what we are doing. There ié.ﬁbrway
I could possibly in the time I hav;, tell you in any kind of detail,
so I've chosen an area that we're just struggling to get into as an
example of the mode we use to try to decide where the research
opportunities lie. |

How we went about this was to hold a two-day workshop,
called Chemistry Research Needs in Fossil Energy. The results of
this meéting were very lengthy. This handout is a sumparize& result.
The actual fesults are:going to be pubiished in a relatively thick
document. These handouts are on the table iﬁ the back.

The handout contains what we found out by sponsoring this
two-day workshbp. We ipvited people. I don't have a breakdown hére

in front of me, but it was universities, national labs, with the
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energy research centers represented. Those are really our link into
the business.

You understand that a lot of our effort has been to

.redirect some of the national lab work into ways that are productive

for the fossil energy prdblems.;/And the netional labs, as you've
heard, are very good for sdme’things and atvether things they are
totally inexperienced;§&So,if—we do use them; we have to make sure
we're us1ng them for th1ngs that are productlve. L

- The point of the workshOp was to f1nd odt what things in

the opinion of the commun1ty were needed and what ‘should we settle

on. And it turned out that the part1c1pants—-1t was a rather exten-

sive meeting; it lasted ‘two days and there were 30 or 40 participants

5 .

--settled again on areas wh1ch I'm sure. won t surprlse you. They're
in the next slide. ‘ ;

(slide 4) . -

The handout tﬁat youican_pick uptdeséribes5these three_
areas. ,Can we'really dddersteﬁd eoaijand the primary decoﬁﬁositicn

products of coal, the asphaltenes, the other fractions that come off

when you’ degrade it in var1ous ways? How can thls be related to the

other propertles that are observed?

Somebody'yesterday,“l believe it was Alex, showed a very

elaborate coal molecule, a polycyclic, aromatic molecule of some kind,

and he pointed out that it would be of great benefit if yod could

cleave it selectively in certain places. 'I'm sure this has occured
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to everyhody that'sistudied coal for the last 100 years, and some of
you coal experts are probably chuckllng at my presumpt1veness here.
But 1f you could cleave them 1n ‘certain places, you would leave a
very large residue- havxng a favorable carbon to hydrogen ratio.

So rather than take it apart w1th a sledge hammer, 1f you
could‘really learn what the sehsitive poihts of attack are in this
complicated system,vthere;yould be a big payoff. |

| ‘3 And finally, catalysis,.for’reasons vhichyagain I'm sure

are totally fam111ar to thls ‘group. 1) think’the reasons were probahly
best brought out 1n Alex s sl1des of yesterday in whlch he po1nted “
out the effect of cap1ta1 cost on product cost. I th1nk he even had
a sllde in which he showed what the pr1ce of the product would be if -
you could put- tw1ce ‘as much through the same plant. ;;

i; of course, it was audramatlc effect,,obta1ned hy ihcreasing
throughput. . | » wg, o

di May we have sllde 5 please?

(Sllde 5) S |

,: These are some examples of'thlngs ve' re d01ng. 'll leave
1t for you to gaze at a m1nute and go into another t0p1c, wh1ch is,
problems carrylng out the program. I really haven t told you much
kabout it yet, but let me te11 you a couple of our problems. Flrst,

as mentioned yesterday, there really aren't that many performers that

are anxious to get into those particular areas we've pointed out.
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has been understood in :he,past.,

Now that may surprise a lot of you, not that we have great

amounts of money, and we do have a lot of proposals we turn down. So

I may be overdoing this point. But how are we going to entice the
really top-notch young scientist who is very much these days enamored

with figuring out polymers and DNA and all that sort of thing? How

~are we going to entice them into the coal business, because I'm

eonﬁineed“gntil we get that type of intellect working on this problem,

we're just wasting our time,

So there is a big proolem-in doing this. dnerof my people
who worke}withAp;ppoeersveﬁd:talke;to'the proposers and discusses
reeeerehiwiqh them, told me that he thinks that it's going to be an
erlutionery proceee, Fhet;yerye not going to be able to get the

establighed generation of scientists. They've already made their

mark in one of these other fields ;hae has a high glamor coefficient.

‘He thinks it's going to‘beﬂthevyoung people jﬁst,getting Out,of

school that are really 301ng to plunge 1nto thxs whole bu81ness of

*poel,eunQerstand1og it from 8 very much more ba81c v1ewpo1nt than 1t

The other problem; Of course, iS'budget. ,Again, chis ‘

is not a plea., My budget in foss11 telated research 1s one of my
 h1ghest prlorlty areas and I m goxng to double 1t agaln next year,

.‘>It s been doubllng about every year and that can t go on fotever, but

,,,,,

xwe really are very concerned and ve ‘11 do th1s at the sacrlflce of

other areas, if necessary, to get more money into fossil energy.
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Let me give you a few examples. I picked several of these
~ to show you how we'are'béing selective in some of the}uéés of the
national labs. Tﬁey have, in ébme~¢ases, extraordinary cébabiliéies
which were built for 6thér'reasdné, but are very well'suited?to
‘fossil energy research. ‘ |

' Now that firét;fitle saunds rather pallid because it’sla
gas chromatography-mass sﬁectfometr& combihed'énd I'm sure thetétére
many of those instrumenté; but tﬁis one is unique. I gﬁess A?gonné
has one of the finest mass spectrometry~se£ups that I know of in the
United States. |

| What they'ré trying to do is to focus their attention on
what molecules come off when coal is‘degfhded by a‘vériety 6f degra-
dation means and what information‘you get out of this.

The second one is a very iﬁteresting one, Infféét,‘that
pafticular piece of work éas done on the SPEAR facility because they
céuldn't get photons in sufficient intensity and at the right wave-
length anywhere else to do that photoeléctron spectfoscdpy. For the
first time, I believe, they were able to actually ﬁrbve that carbon
monoxide sitting‘down on the surface of the catalyét.was sittingrwith
one end down. Weli;xhow, I forget which end.

VOICE: The carbon endf

DR. KANE: The carbon end was si;ting'down aﬁdnpreéessiﬁg
around, and they could get its dynamics on the surfaéé héiﬁg synchro-
tron radiation. Now, I dom't know what's going to Comé:of'that, but
I'm Sﬁ;e that that kind of knoﬁiedge ié»going to be;éseful to us. \~_j
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_.The .third -one is one that grew out of LASL, as you probably
know.i.I'm‘not;suregit even came this way, bﬁt-I'll use it as an
’example and I hope I'm right. LASL has for years been interested in’
chelating.complgxes,fthe whole heavy elemént'businéss; separation of
‘heavy elements has been highly dependent on chélating compounds.

- Now obvionély:yOufﬁant a.chelater that grabs the Soi'and
. ‘then releases it again, and that means that it"'s got to have a-
U&értain heat of bindiﬁg; obViously, to make ﬁhat‘happeﬁ.‘ So if you
‘had to develop chelating compounds, ﬁhich‘are:big'organic molecules,
can you characterize the heat of bonding in some simple measurement
without actually measuring it reversibly?
-LASL:ghink8'theyamayshaVe-devéloped'a technique whereby
they c;n»by infrared ﬁeasurementé:of’the molécule infer the heat of
'bonding;to;Soz. Thisfwdﬁldegfeatly’feduCé the effort needed to
develop chelating agents. :
/IfThis‘iskggain justfasgleam.; It's not proven-technology.
o TheAfohfth<bne«repre§énts:research’bnyréfeSSOr Gerstein
‘~at Aﬁes,¢whofierea11y aﬁf00£9taﬁding pulsed‘NMR,sciéntist, and hefs
turned hie effdftS@towardfcoaiz‘;Now, Ames is an interesfing spdt.
Towa's got.a lof of coal in it@"'The whole State of Iowa's’gettihg
‘ véry~coa1—conscious; I think you're going to.see a‘trahsitionsof
" that Ames Laboratory, étjleast?td sdme ex:ent.into”the}coal‘busineSS.
;They williapproachiif thr0ughtthe:university and-1 have great cbnfi—

‘dence that they'll do it in a very basic sort of way.
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. Finally, a project we have on catalysis poisoning. I'm over
my time. I know I've run over and there'll probably be questions.
Why don't‘I just stop right there. . I

I'll point out that one meeting we had in which we tried.
There was a similar meeting to get these fossil energy research needé

held on heterogeneous catalysis last fall. ‘'And those results are'” -

available, too. Not here today, but if you want to contact 'me, I'11

.see ‘that you get a COPpY«

Thank you very much,

(Applause.)

Dr. KROPSCHOT: Questions:

DR. REYNOLDS: Jim, you mentioned that yourAEharge is'
to deal with the physical sciences, and I think you meant probably
exclusive things like life sciences. Where do engineering'sciences
fit into the picture? /

DR. KANE: I have recently reorganized, and one of the
new boxes on my organization chart is engineering sciences—fthét
doesn't mean engineering development--it means engineering sciences.

I have a few little pets that I put in that, but' I don't
think I'm smart enough to say what ought to be there. We're now in
the process of developing what things ought to be ‘in there, whether
it's modern, say, process control; that might be an example. Or I

could think of a great number of engineering sciences topics.
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I think ERDA, and particularly we, have been very deficient
in ignoring this subject and we're hoping to make amends, but 511"1‘
. can give.yog is promiSeS'right'how. ‘We're looking at that.

DR. HOLLOWAY:  Jim, I want to‘#sk you a mean queétion.
i o Suppose one:-of the distinguished universities came tozERDA
with"a,proposition for some work on fundament&l-combustion and they
saﬁd»look,rwé;d like to do some theoretical work. We'd iike to do
some modeling work and we would like to do some experimental work in
this:aréa.

.- :And ERDA came back and said wéll, the theoretical work's -
fine, the modeling work is fine, but thank you' on the experimental
ﬁork, we'll do that in the national laboratories. '~ -

What 'would youiﬁhihk'of‘that?»f
DR. KANE: I hope ﬁe»wouldn't‘do fhat,FDr. Holloway.
DR. HOLLOWAY: ° Youvdid.
-(Laughter()~*~ » ’
- DR. KANE: :Did'we do it?:
.Whatﬂcan I“éay?fr'-
(Laugﬁtef.) BRI <{ el L I
DR. KANE: That‘was a mean question;‘
~~;Let,me;spend:é”minuté\on'that;,”WEfprobably”did;f In fac:,
~if-you say so;~1'ﬁ suré ve did, §
a‘vwalgéhipk'vaouldflike“to c1éar~hp'what’wg?iéitryiﬁg to do

at Sandia, because I think if there's any one'thing that'é’gbtten'ﬁév
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a_b#d reputation with.the universities, it's been what I did at
Sandia. I was largely responsible for that.

Sandia, because of weaponé requirements, starting about, oh,
eight or ninq years ago, developed a very sophisticated dynamic gas
gnalyéis technology, not aimed toward combustion at all, analyzing
the mixture of gases in.a very short time, schlieren and pulsed laser
diagnpstics and so on... They, over the period of years, acquired some,
I think, extremely competent people,in-combuétion and convinced ‘me
that we should have a combustion diagnostics facility in which we
centralized the development of the very expensive pulsed lasers that
it will take to do this. ‘

That meant that we gave, in my opinion, a disproportionate
amount of our experimental attention to Sandia. That probably was
the reason we did what you said we did.

If we did it, well, maybe we had a right to. Maybe we knew
that somebody else was doing it better. I think the answer "because
we'll do it in our national labs" would be very podr. If we could
have said we are already doing that work somewhere else that would
have been a better answer. I hope we said it that way.

MR. HILL: George Hill.

Thg concern you expressed about getting bright young men
-and women into the field: I don't see how in the national laborato-
‘ries you can develop a mechanism that matches quite the university

matrix mechanism.
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-spend their time?

“Are you going to shift more to university center support
like you have with Ames and so forth, where the post-docs generally
- "DR. KANE: "George, I guess I don't'know thé answer to that

right now. I have no’plans for a dramatic’ shift to the‘uniVétsities.

1've been thinking of an experiment and that would 'be to get a couple

P

~+of 1Jerry ‘Phillips:and ‘Dick“Kropschots: to come ‘from outside ERDA and

. look at that question for iie and help me on’it during the next year.

. But I don't envision‘'a‘dramatic ‘shift.’' 'In & constant -

.,budget-érrangement whiéh;ié?What{I’miéuré‘l'h’féceﬁ ﬁith;ﬁit'S”a'very

difficult thing to make major moves into the universities. We'could

1'place our support  in bigger ‘chunks ‘than we have - though.

MR, SCOTT: - Paul Scott.,
* ‘What's your success ratio ‘for new proposals from universi-

ties? Can you give us an idea if somebddy"éqmés'iﬁ“ﬁéW”ﬁith’é‘éfbposal,

,sgy fossil energy-related? For inStance;‘catalysis;*ﬁhat‘is it?

DR. KANE: ' There's a couple of people in the audience I

think could better answer. I thinK our gross rejection rate is, ‘like

+ 7 to 8 out of 10,7 1 v

Gt jeNow,fthere's*10t55of aublibétidﬁ:iﬁ"the'Systéﬁ;fw?ébble'

mail them to both us and-NSF,:so maybe it's not quite as bad as it

sounds.

. % How about Elliot Pierce? ‘CoﬁldhEiiiof}éiveﬁa qﬁicR'BﬁSQér

to that? R
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Could you go to a microphone, please, so everybody will
. hear you, Elliot?
DR. PIERCE: Overall success rate of university proposals
.in the chemical sciences is on the order of'8't0'10 percent.
MR. SCOTT: 8 to 10. That's other than renewals? .
DR. PIERCE: . That's right.

. | ‘DR. REYNOLDS: I just want to remind folks that there was
‘a program that the National Science Foundation had a couple: of years
ago where they put out a forgivable,loén~program’andﬁthe students
~ were paid for going to school and getting an education, and if they
went into teaching, the loan was forgiven.

Maybe you could do something like this to get peoplé into
the labs in coal.

DR. KROPSCHOT: I will set the clock for 15 minutes for a
coffee break and be back then.

(Recess.)

DR. KROPSCHOT: We would like to proceed with a description
~of the program in material sciences that is being conducted in the
Division of Basic Energy Sciences, and I would like to introduce the
assisfant director for the Materials Sciences Program, Dr. Donald
.S;evens.

DR. STEVENS: Dr. Kane has given a fairly complete descrip—
_ tiom gf‘thejmissiop of the Division of-Basic Energy Sciences, so I

L
- will not go into great depth on that. ‘
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iMa& ve have the first slide,~p1ease?
(Sllde 1)
But I would llke to show you the goals of the Materials

Sc1ences Program. It is a program to develop the understand1ng of

, materialssprOpertres and phenomena as a b381s for the development

programs, to chart a better course, to prov1de information to ant1c1-
pate materrals problems ‘and to help when the unant1c1pated materials
problem comes along in the future. Invarlable, in high technology,
as . advanced technology systems development, we w111 have materxals
surprxses. That has been classxc throughout all systems deve10pment

for the past 20 to 25 years.

We do not develop materials. ‘We develop understanding of

materials.*

.lhe programasupports»researCh'lnfthe areas of metallurgy,

‘ceramics, sOlid statelphysics, chemistry}and chemical engineering as
;.they apply to mater1als problems. We have_six permanent staff mem—

;ibers. And fortunately, we have two people from universities with us

S

-on sabbatlcal who have,played.a very 1mportant part in an activity

that I 11 descrzbe later on.,.

What is the composit1on of the materlals sc1ence program?

(Slxde 2)

Thls 1s a p1e chart that shows in one way “how the subJect
content of the program can be broken down. Of course, one can go

into phenomena, one can go into materials classes, one can go into
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enviromments. There's a whole host of ways. This is simply one way
of doing it.

You will notice, as was.impiied in Dr. Kane's speech, we
have a rather'heavf involvement in the area of the use of neutrons.'’
Those neutroﬁs shown in the sector of this pie chart éallea research
reactors are used partially to study radiation damage for the fiésidh
and fusion programs, but to a major Aegree, ne;trons are used as a
probé of the’fﬁn&amental properties of matter. |

. . )

‘Because of the unique properties of the neutrom, it can

do certain things which cannot be done by other techniques, such as

looking at the magnetic structure of the material-for instance, '

looking at the fluxoid structure of superconductors, to look at a
light atom in a heavy atom matrix-for exémple, and looking at hydro-
gen in a metal matrix. You cannot do that with X-rays, too. |

We see here then that ; lérge portion of the program
involves use of research reactors, and as other programs.haVe dimin-
ished their use of these reacﬁOrs, increasingly they are becoming
sources of neutrons for the study of matter in a condensed state.

We have a large program in surface properties and ceramics.
These programs have grown considerably, particularly since the forma-
tion of ERDA.

As Jim pointed out, we were part of the AEC program and

when ERDA became operational, our responsibilities greatly broadened
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grom basic research pertaining to the nuclear technologies to basic
research to all energy technologies.

So surfacéuand,peramics research particularly have grown
in thege past several years;ﬁalso oydrogeh effects, work in the BCC -

area;and,rof course, in the semiconductor area:as. it relates to the

» solar problems.

The budget for, the F1sca1 '77 is $52 8 m1111on, and as

- Dr. Kane p01nted‘out 1nvthg;request before Congress there is $58.45 :

million requested for:theJMaterials Science Program.

Where is. the work performed- at the: present timé?
Next slide, please. - v
(slide 3)

This pie chart shows, as J1m p01nted out 1n his talk

“on, chem1ca1 sc1ences, that a large portlon takes place d1rect1y in-

un1vers1t1es 1nc1ud1ng the Ames and Berkely Laboratorles, where the
work is carr1ed out pr1mar11y by professors and graduate students.‘i
We have a large program at the Unlverslty of Illlno1s. ‘This is’part
of the Federal Interdlsc1p11nary Mater1als Laboratory Program started
in the early '608, whep‘there was heavyv1nvolvement at unxversrtxes
by the Department of Dafense and the AEC. Subsequently, those large -
DbD projects have been transferred over to theyNational Science
Foundat1on. |

So about 35 percent of our funds go to the support of pro—

fessors,'pOSt-docs and graduate students, directly in universities.
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And there is a heavy“ipvolvement in the national laboratory programs
by students whofcomejto do their research and professors who come and
spend summersiand, further, there are graduate thesis advisors of
students comlng to the~national laboratories.

-The two largest contractors, as you can see, are the

Argonne and the Oak hidge National Laboratories. This is partially

‘historical, hecause both of those laboratories have Very large

metallurgy programs, very large solid state physlcs programs and very

large chem1stry programs, all sited cont1guously. ‘Becausé of this

‘rnterd1sc1p11nary mxx,,the research that,ean be conducted at these -
_laboratories¢Can be of a more complex, a ‘more involved nature than is

‘possible, say, with a‘$40,000 contract at a university.

The contact research program éonstitutesfabout 15 percent-
of the program, and,is carrieo out at universities. I say "primarily,

i

'beceuse out of that pot of money also comes the support of workshops,

symposla, and thlngs 11ke that, of general broad interest to the

sc1ent1f1c communlty, wh1ch -are also 1mportant to ERDA. There are a

ffew contracts w1th prxvate 1ndustry and not-for-proflt 1nst1tut10ns

1n that sect1on, but they constxtute Just a small portlon that I

expect will grow in the future.

S
The next quest1on 1s what are our program “interactions?

How do we plan our program? Where do we get the 1nput?
Next sl1de,”p1ease.

(slide 4)
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problemsgare”iaentified;

‘Immédiatelyieffer'ERDA*Was activated on the initiative of
the Materials Science Proéram;lthereAwes set uhjhithin ERDA, the ERDA
Materials CoordinatingTCommittee.'»ThisVEOhmittee consists of members
from each division or majority entity in'ERﬁA that .has an involvement
in materials7k&ﬁ with fheir'Sehior:maﬁfsitiingjon this®coordinating

committee. < T oo
*" ' The Committee meets once a month, and information about
program content, problems which are arising, new directions, budgetary

matters, et cetera, are exchanged around the table. 'Problems of

common interest ‘and’sources of assistance for the solution of specific

So,’ﬁumber*one;_et”the’ERDA Headqoarters‘Ierel;'there is
the{coordinating'commiﬁteé’whereiihforﬁetioh is exchanged about
oroblem areas. =
| :‘fNumherbtﬁo,'there‘afe ﬁopioelwworkehope ﬁhichﬁareisefyup '
both by the Mater1als Science Program and by the applled programs.
For 1nstance, 1n our- program ‘we'set’ up a workshop on stress corros1on>’

crack1ng whlch xnvolved sc1ent15ts from the technolog1es and sc1en—'

tists from the 1ndustr1a1 contractor commun1ty. We sat down for

hree days “and analyzed the problem and decxded where best to go and

' who*shoold be doing'what. There vas then heavy foss11 energy 1nvolve—'

ﬁenﬁ’inéfhie'ﬁorkehoﬁ;”iIt‘has led'to a further:a¢t1v1ty'of the ERDA
Materials Coordiﬂatiﬁé:Comﬁfffee-re‘cohtinﬁihé:eﬁheoﬁﬁitree’hee been

set up to furthet develop thé plans ‘of the agency as a whole.
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The third area of interaction is down at the site where
the work is done. Perhaps the best coordination, the best program.
development, takes place down at/éhe working level, where to the .
extent possible we try to collocate basic research contiguous to .
applied reseerch. This facilitates the flow of information to the
bagic people, what the applied problems are, and it facilitates ehe
flow of the new information from the research community as a whole
into the applied program.

We have many cases where tha;:isvteking place at the pre-
sent time. It'e growing, of course. The;e %s erosion work going on -
at Argonne and Lawrence Berkeley Laboratory, which'is,suppoftedhboth_‘
by us and by the Fossil Energy Program; hydrogen attack at Ames;
corrosion at Oak Ridge and Lawrence Livermore.

I would like to site a recent specific example of this
close interaction. The Ames Laboratory at Iowa State University,
with our support, has come upon an economic means of recovery of
alumigﬁm oxide from flyash. A patent has been applied for, and very
recently, the Fossil Energy Program has come in and put in some money‘
beside ours to further that effort. |

Participation of COMAT (COMAT is the Committee on Materials
of the Federal Council for Scienee and Techqology)‘is‘ehe highrleyel
materials cqotdinating committee of the FederaIIGovetnmenf consisting
of high level representatives from each agency,haying an interest in

materials R&D. COMAT has carried out two studies of interest to
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their andience.-EOne is'materials for energy. fhis‘was a very exhaus-
tive stndy, which lookedfat;the materials aspects of the energy
technologies,’both in the'shOrtrterm and the long-term. The reports
~of thisivery extensive study' are jubt becoming available,

Another studyvcarriedwout,by COMAT is-anrinventoryvof the

7 total'federalzexpenditures'in'FY-l976-for'materials research and
development. That 1nventory has been completed. The activity waa “
" headed by the Department of Interior with Battelle Columbus as its

' contractor. COMAT is now go1ng to attempt the horrendous task of
:attemptlng to make an 1nventory of all mater1als R&D that's going on’
in the private sector..“I»wish'them luck on that one.

But some interesting thlngs d1d‘come out of the Federal
materials R&D 1nventory. The Materxals Sc1ence Program was deeply °
involved in thistone.f‘we3 and;all prOgrams;”of course; were involved
in the general study on mater1a1s for energy. |

If I may have the next sllde.z'r'

(slide 5) %

As a result of that inventory, we developed information
that the total expenditure in 1976 for materials R&D by ERDA was
' approximately $314 million.r |

If we then look at the varlous program areas w1th1n ‘ERDA,
we find that in the Solar, Geothermal » and Advanced Energy Systems
area, 17 percent of the funds avallable for that program, or those

programs, was used for materials R&D. Th1s was the sum total of the
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’ﬂmoney spent 1n Bas1c Energy Sciences Magnetlc Fusion Energy, in

Solar, and Geothermal for mater1als R&D. In‘the nuclear area, about

17 percent of the funds ava11able for development of f1ss1on energy
’,was spent for- materlals R&D, conservat1on, seven percent, national

‘ vsecur1ty, six percent, foss1l energy, flve percent, env;ronment and

safety, one percent. This then shows generally how the expend1tures

of $314 million were spread throughout the agency.

Let's look at how the Materials Science Program has changed

- over the past four years.

If I may have ‘the next sl1de.
(sude 6) |
v We are nearlng the end of an exhaustlte stud& calling upon
thejlaboratories‘to'prOV1de us raw data, to analyze the Basic Energy

Science Program, in terms of how it has changed from before ERDA, at

" the beg1nn1ng of ERDA, 5and as we are in 1977.

Th1s sllde shows the’ raw data wh1ch was Just put’ together

i ?”thrs past week on how the Mater1als Sclence Program has changed in

S

1;th1s four—year perlod.

-

Yoﬁ can see that there was very little research going on

- that pertained to the nonnuclear technologies in 1973. As you can
~ gee, this area of research has grown faster by far than the total
- growth in all other sectors, and one. sees in the crosshatched

' sect1onvthe amount_whlch 1svclearly related to fosszl energy. Onev

sees a reduction in the amount of research related to fission
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energy, an increase, small increase in the amount of research
related to fusion energy.
And then one goes over to the bar charts on the right. I'd

like to explaingtheée‘ﬁfiefly.i BthhIti;teéhnology research we mean -

research that has epplicatioh"dr"ﬁértinedce‘tqjseVeral'technologies.v

It doesn't make sense then to signify it as totally fdr one or for
the otEer; :SdpercdﬁducgiVify is a good exémple;of:this. The Math
Sciences Progfaﬁ:ie a major supporter of basic research in supercon-
duefivity.‘ We‘are:eyeﬁdiﬁgloﬁ the order of $4 million on it this

year. This research pertains to fusion, to MHD, to energy transmis-

sion, and it pertains also 'to some advanced concepts in exploration-

squid devices which I will briefly mention. It really doesn't make

sense then to break superconductivity and ‘say so much of it is for

’fbssii; and so'ﬁﬁehﬁfofjthis; or so much for that. That's what we

vmeénuby multi-technology research.

;&

‘“Basic science" is research which is not clearly discerni-
ble as'eiééely'teieted to any given technology. An example of that
mighijﬁé'fhe'dee of nmeutrons to study the magnetic structure of,

say, the ferroelectrics. It isn't clear that the structure of

ferroelectrics is signific¢antly important to any technology. It's

that type of research, then, whose purpose is to increase our general
understanding of materials, and which provides the basis for our
understanding the unexpected when it comes along in the course of

technology development.
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One sees in this four-year period the amount of "Science
base" research has gone down. The amouﬁt of mqlti-technology
research has gpne up slightly. But, clearly, the areas of greatest
groqth have been in the area';gigtgd to the nqnnuqlearrtechnolpgies
and, specifically, the fossil energy program.

(Slide 7)

The next slide listskresea;qh that we are carrying,out,,
which has, we feel, a direct relationship to the fqésil'energy
program. Under coal characterization, we are looking at the physical
properties of 'coal, using, for example, the electron microscope. One
finds that coal is a very porous material, and in each of these pores --
they look like wormholes -- there is a small piece of something
which apparently is a natural catalyst. I think Dr. Mills mentioned
in his comments yesterday about minerals having catalytic properties.

On sulfur effects, we have several things going on. Some
recent work at the Argonne National Laboratory has shown that
Western oil shale can serve ag an absorbent for sulfur dioxide
released in its combustion in a fluidized bed. It isn't completely
clear why, but it is better than dolomite -~ possibly becausg‘of its
porosity. This information has been turned over to the Morgantown
Energy Research Center for further investigation and to see what,the
useful aspects of that might be,

I will show another example of sulfur effects, in a

succeeding slide.
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- Dr.cKane mentioned catelys1s in h1e talk. hWe'are'concerned
iw1th the,solld. We are concerned w1th the structure of the surface-
:and how and why the structure of the surface, is catalytlcally
:actlve;, Whereas, in the chemical science program, they ut111ze,the
{cetdlytic activity to study reactions and tc further the develocment
»cf}cetelysts._

D Erosion andfcorrosion is clearly an area we have gotten
-,Linto,kbecause of the fossil energy prcgram. Erosion was of no

R :
~slgn1f1cant 1n€erest to the Atom1c Energy Comm1881on. Erosion is a

.maJorbproblemiln the foss11 energy area. It's a'maJor_problemrfor
topplng cycles. It s a major problem for geothermal.

We started early in the game when ERDA was being planned,
tcfset upferosionrand corrosion reSearch. ‘There is coal related
ﬁcrk on.ercsioh at Argonne and;Berkeley. 1'll show you an exaﬁﬁle
of this research in e subsequent slide also.

MHD materrels, ceramic materials, high temperature meterials,
and further hydrogen attack and embrittleﬁent, stress corrosion
cracking.

| These_are examples of'research supported by the MateriaIS'
Sciences Program directly related to'foesil energy problems. ‘
It‘I may‘heve the next slide. |
(Slide 8) |

This slide shows results of research at Argonne, where

people in the Chemical Engineering Division were looking at the use
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of dolomite to scrub SOZ. They got together with their colleagues

Ain,the Materials Science Divisionxand applied'materials science

techn1ques to this chem1ca1 englneerlng problem. What they found.

'Vfrom these studles are. shown on- these ‘two mlcrographs. The one on

' the'left is unreacted dolomlte. After it has been pattlally reacted
one finds that the crystslllte has a sulfated region around 1t,¢.,
2 0, : in

i thus slow1ng down 1ts reactlon and reduc1ng the eff1c1ency of

which 1mpedes the flow of CO out and: 1mpedes the flow of SO,

.d°19m1te as an’ SO2 sstubber.k The studyvshows that it is as much a
-seii&‘stete-ptohleﬁ'as it is erchemical pfog;aﬁ. itfhes to do with
eiffusioh. It has to do with impeding of‘diffusioh‘and effusion.kv
| The next slide is an exampie of research thet-heire |

“support1ng in the area of eros1on. ’

(Slide 9) |

At the Berkeley Laberatoty,they'ha&eiset ep.a very substan-
tial program ih erosion and have deVeloped some extremely sensitive
eqﬁipment costing in excess ef $200,000, |

In this series of Vugraphs, we' re look1ng at 1075—stee1.'
One finds that on the left, 1n coarse pearllte, the eros1on rate is
3 06 t1mes 10 4 . If you go over to the far rlght, and-flne pearl;te,ﬂ
one has an 1ncrea$e'of somethihg like 17 perceht in the'erosioh ratex
simpIy'as~a result of a different‘microstructure_qf the’mste:iel. We
donftrupderstend the reason fqt this but are trying to tihd:the-;

ansﬁer. ‘It's a real effect -- the equipment is thst'qud.
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Next slide, please.

(slide 10)A f

Where is the Matérials Sciences Progfém goiﬁg? AS'I
mentioned, we have a lot of input from technology wbrkshops,vour own
workshops; topical workshops;'frqm COﬁAT,‘from‘ERDA @oordinating
committee sfudies, etc. |

We have just completed a series of overview workshops,

vherein we have attempted to break out the entire field of materials
: N . o . : ' :

science into nine tropical areas. The major objective has been to

‘identify and assign priorities within the area of material science.

The two individuals that I mentioned who are with us for
‘this past year from the universities were given the résponsibility
15;o“managé this study, so that it wouldn't be a rubber stamp of what

_we're doing, but, hopefully, as an objective study as possible, to

find out what we ought to be doing, where the scientific opportunities

lie, and whére.the problems are.
Nine workshops were set up. There were 380 attendees.
There were multiple attendees in certain.cases. So there were 360
 differenE individuals, whom we consider were‘the cream of the
scientific crop in thiS’country{
ffThirty-sevenTpéréeni of thdse‘attendees wvere from the
national 1abofatories,fthirty-thrée péfcent from universities, and

fifteen percent from industry.
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At each of these workshops'overviews were given by the tech-

nologies to lay out what tﬁeir;problems were and where they foresaw
their problems. Then the wéfkshops w¢re broken uﬁfintq éﬁbpanels to
analyze those problems in the scientific field. Wg had ; meeting in
early June, wherein, technical people from the tecﬁnoiﬁgieé, people
: from other agencies, and'éeople ftqm the community as a whole were
~invited to come to listen to summéfies of e#ch of thesg ﬁorkshops.
We have a deadliné,for fhe complete report of July 15thf,
l We expect to have these repdrtS'printed by August IStﬁ'or,September
- lst - a complete ;ompendi;m of the fuli reports andra; executive
summary.

Now, again, like everything else, when yoﬁ get a bunch of
scientists together, they have difficulty in doing what the admiqi—
strator-has to do, that is, egtablish priorities. 'A scientist is 7
more interested in what he is doing, and often he's unable to appre-
ciate what somebody else is doing, as compared to his bwﬁrwork. So
we're going to end up with a great compendium of recommendations, and
it will be part of our job to boil these down into a reasonable set
of priorities. But to givevyou an idea of some of the things thch
 have emerged, may I have the next slide.

~ (Slide 11)

We haQe ajnew'prégram in engineering materials:sciénce.

This will hit areaé of welding and joining, nondestructive evaluation,

engineering corrosion, and advanced materials.

500




T0S .

MATERIALS SCIENCES | | _ C

| Fuwn; EMPHASIS_,* R

PR

TVENGINEERING MATERIALS SCIENCES

WELDING & JOINING .
'NONDESTRUCTIVE EVALUATION

ENGINEERING CORROSION ~ S
ADVANCED MATERIALS (COMPOSITES POLYMEBS AMORPHOUS ALLOYS ETC.)

SQUID DEVICES

_ ""HIGH TEMPERATURE MATERIALS

\LABORATORY-—INTERDISCIPLINARY

;cenAmcs COATINGS, ALLOYS

t-SURFACE & INTERFACE PHENOMENA

CORROSION, EROS!ON

CATALYSIS i
SYNCHROTRON LIGHT SOURCE
ATOMIC RESOLUTION MICROSCOPY

THEORY—MODELLING

ELECTRICAL & ELECTRONIC PHENOMENA
FRACTURE & DEFORMATION




One of the things which came out in the summary reports is
‘the need for ERDA to develop the capability to produce and charac-
terize advanced materials, which will be used within the scientific
and technical community for materials research and development.

In the area of high temperature materials, while we have
work going on in this area, additional reséarch on the thermodynamics
of high temperature materials and oﬁ the engineering éropertiesvof
materials at high temperatures are required..

In this regard, we have under consideration a proposal from
the Oak Ridge National Laboratory to set up an interdisciplinary
laboratory, which will be a high temperature materials labor;tory
and which will be staffed by chemists, physicists, metaliurgists,.'
ceramists, working together.to apply their combined talents. . The’
facilities will be availaﬁle to tﬁe entire research community, and
there will be work supported. by the appligd programs. So, again,»
there will be an interchange petween the Basic and the applied —-
where the problems are and where the new informétion is.

In the area of surface phenomena an&'inﬁexface éhenomena,
~ for example, we don't know anything about erosion. ve all know you
can sandblast a building, and you know erosion wears away the blades
in azhigh temperature turbine, but actually what the Qechanisms

involved are, we don't know. |

So, again, this is an area where it's Béen étreésedvthat we

expand our efforts.
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.

Obv1ous1y; do1ng more work 1n cata1y31s 1s.very 1mportant,
’because this is a h1gh payoff area. -Dr; Kane mentxoned the synchro—
tron llght source that 1s 1n our '78 budget before Congress. The
$24 m11110n fac111ty w1ll be avallable to the ent1re sc1ent1f1c com-
mun1ty and w111 prov1de extens1ve opportun1t1es for surface research.

And further, in our workshops, 1t was.po1nted that we
have to get down to the atomic 1evel, electron mlcroscopy. We have
prov1ded h1gh voltage electron m1croscopes toiArgonne, Oak R1dge,‘
and the Lawrence Berkeley Laboratory for research on th1ck samples

v

and h1gh atomlc welght elements, Now the technology has progressed
to‘the p01nt where we should be able to see 1nd1v1dua1 atoms. We
should actually be able torsee atoms 1n(algra1n boundary, how they
move aroundJ and atoms on a surface. The techn1que w111 have a -
profound xmpact on the f1e1d of materlals sc1ence. NA major-recom;“
mendatlon of the workshops was that we do someth1ng about that ;
particular area. Lo | o S |

And a‘major recommendation,?also;:was’the need‘to'lncrease
rthe amount of theoret1ca1 support that goes on w1thkthe exper1menta1
work. If one has a theor1st worklng closely w1th an. exper1menta11st,
to show h1m how,rlf he could change h1s\exper1menta1 cond1t1ons
sllghtly or change hls sample a llttle b1t he could prov1de some(hd

add1t1ona1 1nformat10n wh1ch would be cruc1a1 to the evolutlon of

HEEAE I B
5 S S

" theory, it would,be poss1b1e to make‘s1gn1f1cant advances.
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As 1 say, there were a large number of individuai'recommen-
datlonsrwhlch we have to bo11 down and put in context, so it would bei
rather senseless for me to read you off a half an hour of recommenda—ﬂ
t1ons. But be11eve me, these workshops were a profound exper1ence. 0
For each, we named a host laboratory, and an 1nd1v1dua1 at the host e
laboratory was named as cochalrman. We then selected w1th h1m, a
person who had no connect1on w1th ERDA, to be cochairman of each of
these workshops. These people, then, in conJunctlon with the staff
managers in my offlce, worked out what the subpanel distribution
should be, and who should be on them.

And there were a tremendous number of people, if you recal},
from the university sector and from industry that didn't have a penny
of our money, who came in and‘worked themselves into aglather to
provide input to help us in our job to do what we have for the entire
ERDA. \ | p

With that, I will close my remarks and be anxious to answer

any questions that you might have.
(Applause.)
DR. KROPSCHOT: Questions or comments for Professor Stevens?
. RAMSEY: If I understand your bar chart correctly it
looks as if the materials research stimulated by the fu81on prOJect
is rather a 1arger expenditure than the materlals research stlmulated

by fOSSll fuels.
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o ~ But in view of the fact that the fossil fuel deficiencies
aré la:gely_materiais limited, as far as I can imagine, and in view

of ‘the more immediacy of those and the inevitable lqng-term'prob;em

éf'fhe fusion one and even upcertginties on it; I am a little sur-
p;iééd’thatvthis distribution is equal. . | ‘f

Now, maybe it is because the industrial research more than
makes up forvit.V'I_don?t knoé,}

- DR. STEVENS: Well, thatfcdmes about for_twolrggsons,.
Dr. Ramsey. .
| Number one, as shown on that chart, wve're just newly into

the fossil area, and that area is growing rapidly.

DR. RAMSEY: So also is the fusion.

DR. STEVENS: Yes, but'I,think not quite as fast. Part
dfnthgipropleq is ;hgt the fusion ygtg;igis problgm€ are substantial

when one looks at them in detail. We do no;‘anticipaté that the

fusion portion of our program will grow in the future nearly to the

extent that theﬁ;éséa;chrtglggedﬂtg,thé fossilftgchnolbgies,’éolar
technologles, and 50 on.:,Aﬁ et |

MR, H}LL. I am wearlné ﬁy 1ndustry hat now, and I wvas a
1itt1é a1ggﬁgd thg;ypnly_l?vpg;cent.pf people in thgge‘mget1ngs”we:e,
frdm-industty.} It EoundsValmost«as_if,you‘have a clﬁsed fraternitykv

d01ng some great and marvelous thlngs, ty1ng theoretlcal to exper1- .

' mental but I d1dn t hear you say tyzng exper1menta1 to the real

world. Where does that 1nte:faceﬁtghe p1ace? Where do you get the
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vihput; where do‘youAlearn what kinds of things are really rate-

detérmining in the growth of the industrial processes which you are -

trying to establish.

DR. STEVENS: Well, the participation by industry, ihdﬁs#,}

trial representatives, clearly was not as great as it perhaps would -

have been desirable to have,

The industrial input came priﬁétily from people wHOVWére‘~:

working in the-teChnblogies. This was a good share of thetinput

~ from industry, but then there were, indeed, people from the General

Electric Research, Bell Labs, IBM, Westinghouse, Atomics Inter-
national, General Atomic and industries like that.
Again, one has to remember that we were tfying to analyze

the scientific opportunities, the basic research opportunities., We

wanted input to tell us where the problems are, or foreseen. But the

primary emphasis was to analyze those problems into where the scien~

tific opportunities lie.
MR. HILL: Let me just carry it one more step.
DR. STEVENS: I might also say that EPRI was.involved.
MR. HILL: I know we were involved there, but the point I

want to make is, we had an overview of how much materials work we

should do at the Electric Power Research Institute, and the feeling

was expressed by the top management, who were relating closely
to the utilities, that you can almost spend an infinite amount of

money, if you please, on materials research.
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Of_course;fthi§ ié»aféonéépt;ﬁtoFthi;Eéktents’ This is-why
I bring it up. You can spend an infinite amount of money on materials
reseafch. And great restraints were put on our materials work to bé
gure that it really was attacking.problems’that need answers. This
is the’ image abroad.. I~aﬁ?mére1y»suggésting it might pay to pay some
heed to the impression in industry of what materials”work is doing
and what it's not dOiﬁg,?aﬁd'pefhapS'somé11Aék of support is evident
on the  industry -side. -

| DR. STEVENS: One area again-th;t“éhGWéd'up‘--nIfalludedV
to it in my comments. ' It’was shown that a very large imﬁediment to
progress in the materials area,ﬁwasjthe‘lack’bf—reélly»well—eVélhated
engineering and thermodynamic data.: This whole" area, forlinsténce;
Haﬁsen‘s work on’phase diagréﬁs,*and?théfmédynamic’analysis of that
sort, is no longer in éiisténce‘in ;his‘céuntry}l So’researchéréﬁlwho,x
for example, are trying to*invéstigété?theisfréngtheniﬁg‘mechanisms'
“in matérials;f&hich"oftep'inﬁol@é*the‘teiatifef#tabiii€§¢bf‘one*phése
versus another, need esséﬁtialftﬁetﬁodynémic'dété. “There is“d major
Einéufficiengy of wotk goifig on to either gemerhte the dita or to
‘Criticallyievaluate‘it;*i L';iy‘J“»%-?' | e

There is-the*NatioﬁalFStéﬁ&ard Refétehcé“Déta”PrOgram’at
the‘Natiégal Bureau- of Standards?bﬁt,*unfor;ﬁnately;:itﬂhas not’gotten
the backing that it should'have. 'Materials science ahd‘engihééfiﬁg
is deeply dependent upén éﬁé”NBS3ac£iGitie§ in Ehis*importantﬁéreha

And I think -- I may let the cat’out of the'bag —='this is oné of the
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areas that Drs. Kropschot;anﬁrPhillipg/bave identified that this
- agency must look into.
| DR. KROPSCHOT:.  Comments or questions?
(No response)
- Thank you vefy;much.. We appreciate your participation.a
I would like now for .a summary session, to introduce my
colleague, Dr. Gefry Phillips.  We've tried to develop thoughts on-
how to bring the meeting into perspective and set the tone fo;lthe
next seriés of inputs from you. | | |
DR. 2HiLLIPS: As we, told you at the outset of this meeting,
. the - purpose of the meéting is to present to:you the status of research
in the fdésil energy area, as we are doing research within: the ERDA
agency. And after having presented this to you, then to seek your
response to a set of questions.
Now, you will recall that in your meeting the first morning
(with competition from various people over on the Hill), we neverthe-
less got through, I think, a very intefe;ting summary of what the
whole agency, ERDA, is all about. And, in particular, what the Divi-
sion of Fossil Energy has as its mission, ité goals and ité programs.
And. then yesterday afternoon, and here this morning, you've
.heard a succession of talks on research topics in the fossi1>energy
research areas. Thesgrwgre;notwallvgiven,=p1ease understand, by
people . in the Fossil Energy Division, but were also given‘as,papers

from the Conservation Division, from the ‘Environment and Safety
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Division, and from fhejDivision of Physicai Reseafch or the Basic
Energy Sciences.. .

So, now, you’ve had your‘crash coufse in what fossil energy
research is all about w1th1n our agency, and we come to the conclu-
51on, then, by trylng to summarize the sort of 1nformatlon that we' 'd
like to have from you and, in partlcular, what we d 11ke for you to
focus your attentxon upon th1s afternoon when you meet ‘in four
worklng group sess1ons. ‘ | |

We have for those of you that/asked us to; put you on one
of four 11sts, each one of whlch is roughly 10 to 13 people.,

They should be small enough groups 80 that you can talk
things over and address youtself to' the questxons that we now want to
present to you.

-To-aid you in runn1ng each of these groups, there will be
two cochairmen, one of them w;ll be an ERDA person, and one of them
will be a person from our coutiacto;,/The MITﬁE Corporation, &and .they
will introduce fhemselVgo-to you'ahd try to lead you in your discus-
sions. ” | |

Now, the main thiug that we're concerned with here is the.
quality of tﬁe research or the adequacy of the research that's going“
on within ERDA. .

l(Slide 1)

This is therchargoﬁthot éhé administrafof gave to Dr. Kane;

and Dr. Kropschot and I walked iﬁ ooo‘doorvat the wrong time and said

we wanted to help out, so we got‘the job.
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So, let me now talk about our stu&} ofithis subject in the
following context.

.1f we say that we have a'oresent ERDA fossil energy research
'pnOgram,~that you-had describedﬁtoiyou, and we asked the question:
;What should : we do with that program? Should we increase its scope

(wn1ch is a quality: concept) or should we increase its qoantlty
(whlch, in fact, is a dollar -- a budgetary concept)?

We really have three overall:poss1b111t1es.‘ We can say we
should decrease it, leave 1t more or less steady, ‘or 1ncrease it.

'Now, going from the bottom to the top of th1s log1c diagram
(slide 1), we might ~argue that there is toovmuch~:eseerch, and there
are people within theiERDA%agency-that'belieVe that; ‘sincerely
ﬂbelieve«it;

,”Theit argumente;_pefhaos, would'beisonefhing like this:
The teehnology thaf'we*have?today; The technology of coal liquefac-
tion; The. technology of coal gasification; The underground in situ’
Atechnology, ‘All. of the various- things that 'we've been talklng about
as the‘supportlng,technolog1es,rthe crosscutt1ng<technologles, such
as materiels gciences, -such as instrumentation, et;cetera;'ihat all
of ‘these are adequate and theyvare,vin;fact; cost — and environment-
»ally—effective.;f*.’r : |
On the other hand, one could also argue that you don't

need any research, if there are no'new'novel advances possible.
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If no one has any possibly good new idea, then why bother
to have research? S

Or there are no resources available, there are not people;:
there are not institutions that want to-propose to do neW'researcﬂ%?h

It is'very intersting that the logic in that-bottom box-is-
or-logic. Any one or the other of those three reasons is sufficiert
reason to not do research. R SRR

Now, as you go up in the diagram to the next box, we might:
argue that we have a good program right now, we should leave it
steady, we should improve it where we can, add on here, take away
there. But more or less leave it on its present course.

There we would argue to justify ;hat'viewpoint:» That our -
technology that we have now is directed toward ERDA's mission of
oktaining fossil energy, in a useful cost-effective and environ- -
mentally-attractive form; that we have that nearly a#ailable to us
now; and that all we need is evolutionary sort of research td
improve it. That type of research is perhaps already under way or
could be brought under way. And that we don't really need any
revolutionary improvements in our technology.

And, furthermore, the present resources that we have for:
carrying out the present sort of research ére totally adequate to our
needs.

And, finally, coming up to'ﬁhe top box, where one would-

have to argue for an increase, both in scope and quantity of research,

-
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wé%qquld_grgue that the tgchnologyhis perhaps not cost-effective,
and nﬁt epyi:onmehtallyjeffectiye)ﬁgﬁd\tha}»ydﬁ’needvevolutionary
rgggarcp to d;ivglit“in‘;he4di;ectipn{9fibeing costj;and gnviron—
mén;ally-effective, and, that you need,»if,ydu_ganpgssibly find them,.
nqyelvand,revqlutiqnaryladvgpces‘to.cu;,the_post and. . to solve th;
egyi;gnmgn;al'contrpl‘pfob}ems,ﬁHYQU have pesqur;eg}gvailableuto,,
start this program at the present time, and, you p;obably.have to .
expand those resources of'personnélvgnd ipstitﬁtions.qf the future. .

DR. RAMSEY:  Gerry, can I ask a question?. ..

DR. PHILLIPS: Yes, Norman.,

DR. RAMSEY: I don't:quite understand why if the technology

isucostfeffectiyé, dp\yop have to have less:research, and if it's

-not cost-effective, then you need more research. I can.imagine the

technology is costfeffegpiye.~fﬁ;;;;,,ﬁ ;‘ R F R P , .
.- The teghnoiogyki;»nseful,ﬁbﬁt'pbviously it can be made
better. » ‘
DR. PHILLIPS: ;Rigﬁtg ,:wfgd
DR. RAMSEY: So I don't understand that.
,DRS EHILL;PSS_,WQI}, okhy, i will(acceptryqu; guibble.
You can glwaysbcg;;aiﬁ;yga;gue,ii&,!4 i i
(Laughter) =~ . g\~;‘:;,, R e e
,;fDR.ifH;LLIPS:L,Qnéyl chiﬁk i; igla,quibble,.teally, bgcauég -

you could == if right now, just to be concrete sbout it —-.if right

now, we‘had,a>technology that‘wouid‘liquify,coal,:go,provide~good_,;a

N
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liquid fuel, gasoline, fuel oils and)ﬁhat not, and we could &o this
at, let's take a number,- let's say $10 a barrel, while our'friéndsv
in Arabia want more like $13 to '$15, if we had that, then it would
be very hard to justify a lérge research program.

You might, if you had Somé ré%ily good idea that would
knock the price down to $Z, that wduldf%baliy be very convincing.’

_DR. RAMSEY: But I mean, we aéAhévé a technology for
burning coal WhiFh does produce power.f%

DR. PHILLIPS: “Yes, bﬁt we doﬁ'tkhavé'-;

DR. RAMéEY: I think we couldfhavg a lot of other thingé;
such as liquified -- \

DR. PHILLIPS: Well, let me Egme along. That's my ﬁéxtti
topic, as a métter of fact. | 3

Okay, now this is a logic for us, perhaps, to consider the
scope of our research efforts iﬁ fossil.energy and the quantity of
our research and, therefore, the budget.

Let me have the next slide, please, Dick.

(slide 2)

All right. Now, fhen, let's turn to the present synfuel
technologies. We heard a paper by Chris Knudsen, and we have other
inputs during the course of the meeting here, I guess, from Alex
Mills, as well, about whether or not the present technologies are

cost—-effective on the one hand and we've heard discussion also about,

whether they are environmentally;effective, on the other hand.
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From now on, all of my slidés and all of my comments are .
going to be addressed to you as questions in the logic of that first-
slide.

So we are asking the‘questioﬁ now: are our.technologies,«w
as they stand at the moment, cost—effective gpd envirommental 1y~
effective? '

Well, the numbers that Chris Kﬁ;dsenvquoted, for example,
were numbers likekﬁo-plus dollars per bafrel;éédﬂSTplus dollars'per:.
million Btu for gas; ‘ h | |

I think that Dr. Mills ﬁas quof;d similar sorts of numbers.

It was intereSting in Kﬁudsenfsgtaik that he said all of
the engineering‘gxpérienceé'they had in térms;ofmthe tﬁé parameters
that he diécussgd,jﬁamely, the sbphisticéélon-bfléxperiﬁgntal
knowledge of fhe processes, on the one h;ﬁd,};nd the déﬁ;il to whi;h»
enginéering studies of costs have been worked out. Th§sé fhings, in
general, historically drive estimated prices upwards, ;saone goes to
more complexity and to more sophistication. -

On that basis, these numbers of 30 and 5 conceivebly might
be lower limits, rather than upper limits.

On the other hand, we believe that evolutionary research in
materials science, for example, might very weli bring thoée numbers
down.

On the other hand, I guess the engineering expérience

that's been discussed with me, is that those numbers would never
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be expected to come dowh from that sort of research, evolutionary
reésearch, more than perheps 10 to 25 percento

Therefore, there may be something like a factor of three
to:fiverof the synthetic fuel cost prices in excess of what we're
experiencinghright'now.

That's the discussion so far at the meetihg. )
Now, in regard to the environmental‘effectiveness of our

‘technologies, we have not had a lot of discussion ofythat.»I;simphf
'iist here'some of the topics that have come up in'verious ot?the:i
eresearch papers.

) Soqe of them,fit'seems to me,rare.toﬁics‘that we know very
AIittle'aboﬁt. We ve heard a lot of 1nterest1ng possxb111t1es, for
:example, about the removal of sulfur from fossxl fuel but ndt a -
:great deal seems: to be known, although there seem to ‘be 1nterest1ng

ﬁopportunltles. }?}féf? ,AQ;-E; coE ;f% 1\;-72

=y nTel B “a

The concerns about the oxides of nltroéen-and, perhaps,
Ea rather terrrfylng concern ebout the carbon d10x1de burdens in the
atmosphere, both of those are ‘in hany ways nnknown.

And f1na11y, the very worrxsome thlng about ‘carcinogenic
fagents that m1ght come from the use of eny of these fOSSll fuels,
certaxnly'has to be in our‘thlnk;ng. ;t

(slide 3) |

. The next slide, then, asks the question, do we‘need

evolutionary research. Well, a large number of the talks at this
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meeting were concerned with that type of research, where one is
basically interested in trying to improve someﬁextant proeess, some
extant device, some extant concept aid, thereby, to improwe its cost
and enrironmental effectiweness. | -

The demonstratlon plants thathwe heard d1scussed yesterday
morn1né, certa1nly could be 1mproved no doubt by this sort of
research. | l |

ferhaps the env1ronmental problems c0u1d be helped.
And then one has to wonder, is th1s sort of th1ng suffl-‘

cient. In other words, 1f the prlce is st111 too h1gh there s not

real cost-effectlveness, then perhaps that sort of 1mprovement that

~m1ght perhaps only be 15 25 percent, perhaps that s not enough.

Perhaps the f1xes that one has for Qmprov1ng the env1ronmenta1
effect1veness m1ght not be suff1c1ent. ?:: ;;

‘ So what 1s needed for evolutlonarprresearch, is to dlscuss
and wrthln ERDA, arrlve at a set of prlorltles for those sort of
top1cs, SOme of whlch I llst r1ght there. 7 c

| For example, allwthough the meetlné we ve talked about
combustors and the totallty of the ERDA-w1de budget for combustlon
research is under $6 mlll;on, I be11eve each of the speakers 1nvolved.
pointed_to these numbers. For example Kane p01nted to -- about $1 5
mrllion. Bastress po1nted to someth1ng like $1. 5 and 50 forth.

o The whole program 1s, 1f you w111 rather mlnlscule. And,

yet, certalnly this must be of some 1mportance to ERDA in 1ts

planning of its research program.
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The next slide, plegse.

(Slide 4)

Now, the next question that we want to ask of’you is:
.Should we judge that there are innovativé‘of, if you will;-revoiu-
tionary possibilitiesfin.the waf of research? VAre ﬁhere éSncepts;
either spoken to here at this meeting, or that you're fam111ar with,
or you in your own thlnklng can conceive of that would prov1de
us with 1nnovat10ns that would help us s1gn1f1cant1y in our efforts
to develop fossil enefgyrzn a cost-effectlve way and in an environ-
mentélly—acceptable way? |

For example, are new fﬁcilitieg, such as the use of syn;

chrotron radiation to study the deféiled properties of surf#ces,
and how molecules actually are oriénted on surfaces; is this of
sufficient potential that We~shou1afbe investing in things of that
sort, in the hoﬁes of having, for example, really new basic funda-
mental understanding of how catalysis works, so that we might then
more intelligently design cerfain t&pes of catalysts?

After all, you know, in modern technology we've made
remarkable progress in the lifetimes o£ all of us here in this
room,

It seems to me, one of the things I like to think about is
how astounding it is in color phétography, which didn't exist when I
was a young guy, and now—a-days these peopleqdesign molecules ~- you

know, they really design a molecule just like you désign a car.
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Well, can we come to that stage, perhaps, someday in the design of
catalysts?
At the fundamental level, are there real break-througﬁs

that we might expect to have? I believe Dr. Mills mentioned the -

i
A

ideé; here is this big coal molecule, and that éne can goyio it with
some sort of scissors and snip it here and there} in a very clevér ‘
sort of way, which, in principle, takes aimost no energy fd’do, since
the bonds are yery, very low-energy boﬁds;

Then yéu might énd up with something where you don't have
to add a lot of hydrogen to, and it déesn'f take a lot of energy to
perform thfé, and it doesn't jack the entropy way up and thén pump
the entropy way back down again.

So are there new fundamental approaches to what we might
do, for example, with coal?

In applied areas, 1've listed materials, combustion and
instrumentation, as areas where it's possibie that there could be
really new breakthroughs that could enable us to improve fhé cost
and envirommental effectiveness in a very significant sort of way,
not by 15 or 20 percent, but‘perhaps by factors of two or five or
something of that sort.

The next one, please.

(Slide 5)

Here I tried to make a matrix in which I discuss this old
hobgloblin that we have of the different kinds of research; b#sic,
‘applied, and technology development.
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Over on the right-hand side I have-a column that I call
technology improvement, or it could be called engiheering. Idon't’
know exactly how to call this. Let's not be too confused by the7;”“
names, but one has a continuity, in pfinciple, froﬁ'the most basic
and fundamental on the‘left,‘towards real useful technologies oﬁ'the- ,
rigﬁt. S
Over here as an ordinate in the verticalrdirectipn, I:list
whgt we might call crosscutting sciences or ﬁechnologies. Such tﬁings
as materials science, and synfuel development, combustion, emission
control, igstrumentation, et cetera.

One can come up with a list of perhaps 100 such topics, and
so this is only an example.

Across this diagram I have tried to write down some df the
new things that were discussed at this meeting, and I will not go
through it in any detail wtih you; but, for example, in the basic
column there, the synchrotron radiation facilities applied to
catalysis, is a possible revolutionary new advance.

In the applied column under emission control, the oxide-
sulfurization of coals, as was mentioned by Alex Mills, is poten;
‘tially, to my mind, a revolutionary step ahead.

Over under technology development, under instrumentation,
any number of speakers at this meeting talked about nondestructive -
testing. If‘one had realiyigood on-line, that is réal time,bnon-

destructive testing, so that he knew exactly 'before a boiler is
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asking you: Are resources available? -  «-

going to fail or before & high-pressure, high—temperature reactor is-
going to fail, if you had warning of it, then this might be a very,
very important thing in these modern front line technologies.

Now, in the right-hand column, I have tried ‘to put in that’
same context some technological 1mprovements, and these are things

that are going on'rlght now, that ERQA had under way. So this tries
- ) 6
to give us within this matrix a picture of.the spectrum of our

research in these two dimensioms.. -~ - u ‘ o

(Slide 6)
’ ; i Tre R [}
Now, I;turn'to another of‘the quéstions that we're also

£ Fea
xu LA

Are there 1nst1tut10ns avallable? Are there people that-

could carry out these efforts? Could they carry them out now, and

i

can they carry them out in the future?
And what 1s the balance that ERDA should seek 1n the

ut1112at1on, for example, of the energy research centers, the national

<o

labs, the un1ver51t1es, and 1ndustry? .

This topic*of halance amongst'these'different groups, of
their various strengths and,yeaknesses,.cOmes up time after time in

nearly all of the talks thatfﬁe've had.
Other pIaces where ERDA must seek balance in and, in fact,
is requlred by the federal statutes, 1f you w111 that created th1s

and its predecessor agenc1es,,1s that we're supposed to 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—term goals, our crash goals ‘that
Congress is beat1ng on our heads da11y about? ‘

Do we have thatvhalanced with our more mid;term'and long~
term goals? | -

And do we have th1s balanced 1n terms, for example, of
the scooe of our program from bas1c to app11ed technology and
develogueut demonstratxon}’
| | lhese sorts of/halshcesgvhpo;ye_hate those:avallable
to us right now, ithin Our reSOurces?“ )

And“ for“the future, one canlask those same questlons,i
and addit1ona1‘ones, for example:- What should be ERDA's role 1n
manpower educat1on and tra1n1ng? You heard a couple of un1vers1ty
speakers address that problem.‘ And th1s, 1t seems to me,’ 1s a very‘
1mportant th1ng that ERDA has to con31der.:zi;(,v . l

As Kobayash1 mentloned all the maJor hxgh-technology :
agencieshof the!Eederslicovernmeht:moreQorf}ess srmultaneously
dropped.their support for graduste-student education and training in
science.spd,englheering in Amerlcah‘unlverslties; that is’,Fh§~NDE5’~
the NSP fellovehips, the AEC treineeship, end the NASA fellowships;
allpuorefor less;siqultaheously termihatedér This credted a very
great step function in the;abilities of the universltiesotO'educate_7
and train future manpower.v And does ERDA have a role 1n that? |

Should 1t accept some sort of respons1h111ty for educetlon 1n the
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- same way that earlier high—technoiogy departments of the governnent
have accepted that role? ’ - A

Nextrslide, piease.-”

(Slide 7)

Here I talk about budgets; All through this meetlng
'you ve heard and seen a lot of budgets of various klnds, but thls 1s
the budget as I see it, that is the present budget 1977 agencyw1de,
that is concerned w1th foss1l-energy research. o

The first entry there, Foss11 Energy D1vxs1on, about $20 4
million. You'll not1ce that is 1ess than other numbers thet you've
seen, but this corresponds to the fact that in Dr. Kropschot and my
judgment, part of the Fossil Energy Division research{budget is 1n(
fact engineering for currently building pilot plants and deuonstra;
tion plants, and that this is a realistic’view’of the research .
component .

The number 8.4 is our view of the Conservation DiVision's
contribution to fossil emergy research, and the two lower numbers
for the Division of Physical Research, 5.6 and 5.8, are similar
numbers for'those two that you heard about in lectures"this‘nornings

This totals, then, about $40 million -- for this currentﬁh
year. |

Now, each of the speakers, as’&ou'lldrecall; géﬁé us at the
end of their talk a set of research opportunities for the future'-;

the research speakers. And we have looked at those numbers and have
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tried to extrapolate on the basis of taking ratios to comparable sort
of research budgets. We've come up with the numbers over oh~the
right., For example, Mills's program would grow from $20 miilion to
$50 million, the comservation efforts would grow from 8 to ;0 -
that's a very large jump -- approximate doubling in chemicaiﬂsciencee;
and in“material sciences about 2-1/2 times, totalihg about $120
million. |

_Now, those are Just our estlmates, but they g1ve hou
a fee11ng, w1th1n the context of the whole agency hav1ng 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 siide,vthen, shows you'the questions that
we asked you, about -- crosscutting technologies.. We have talked a
lot about crosscutting technologies, andlhow we have ‘a basic dichotomy.
The basic dichotomy is that we need to have a focus to carry out, for
example,'a mater;als research program or combustion program that is
agencyw1de, w1th1n ERDA.  We need that.

And, yet, if we do that centrallzatxon we face the fact
that we may lose the technology and sc1ence transfer from such a /
program to the other particular programs that need the results. So

we don't have a simple solution. I think everybody that rums such
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programs has to face this dichotomy, and if you héve'brilliant advice
for us, we'd like to have it. L

(slide 9)

So here, then, are the seven questions that we're asking
you. You each have those aftached to a piece of paber that's célled"
"Purposes and Responses," and these are the questions for those of
you that stayvthis afternoon. We want you to please give us ydur'
advice.

That's the end of‘my speech., Let me now thank all ofrthe
speakers that presented, I think, Qery interesting and informative
material to all of us here at this meeting. I know that many of you,
in fact most of you, went beyonﬂ the call of duty to prepare this
haterial, and I want to thank each of you in the audience for
attending. We appreciate it very much, and we look férwafd to your
counsel in the future.

Thank you.

Thegmegting is adjourned.

(Apﬁla;se)

DR. KROPSCHOT: Are there any questions for Dr. Phillips
before we adjourn here.

MS. FOX: I have a comment I'd like to make.

On the first questions that you have up there, I think

erhaps it's not appropriate to ask whether or not these technologies
P

are envirommentally acceptable. I think a more reasonable question
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would be whether or not the environmental problems can be solved with
existing teéhnologx in a cost-effective manner.

I don't see why environmental problems are singled aut any
differen;ly than, say, problems in materials research areas. I think
the questions that we should be asking is whether or not they can ﬂe
solved, and how can they be sqlved in a cost-effective manner. And.
then the environmental issue becomes, as we all know it is ényway,7 
nothing more than the question of cost-effectiveness.K It's not’féir_
to ask whether or not they arg environmentally acceptaﬁie.

DR. PHILLIPS: You're saying that the environment51 prqb1em
is just another beautiful example of‘a crosscutting teéhnology, and
I certainly agree.

MS. FOX: Right.

DR. KROPSCHOT: We would like to have Dr. Hﬁas-introduce
his staff. That, then, could be the focal pdint for our feedback
sessions before we adjourn, and perhaps; Greg, maybe the thing to
do is to let the groups meet together jﬁst for a short period of
time or what time they want to, and set their own schedules, and
Dr. Phillips and I will be available to the groups. Wg will; as
Gerry mentioned, have our co-chairmen, and then Phillips and I will
be available as resources.

| DR; HAAS: Thank you, Dick. We have divided those who
indicated an interest in participating in the groups up into four

groups, with chairmen., We have two suites, and we will hold two
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of the groups up,there and twb‘bf,the’grbﬁpsfdown,héié; _Unfortunately,
we could not get any more suits than that for td&ay;'né.‘

o The first group:will/meet up iﬁ;Roém 1030,With:myse1f. The
second group will meet in Robm31032 with Dr. Jim Ling: Jim, do you
want to stand up?

The third group and 'the fourth group will meet down in here,
at opposite ends of the room. :We will hévexthe.éhdiré’fearraﬁged 5
during the noon break, with a table, and chairs placed around them.
One group‘willrbe under Roy Peterson. Do you want‘td’étand'&p, Roy?
Aﬂdyfheﬁother group under Chuck Bliss. You may wéntito”get together
at this point in time, invofder to have a preliminary get-together,

and then probably break for lunch, since it's a quarter of 12, and

then return possibly to spend about two hours in these smaller groups,

giving us the'feedback that Ve:woﬁld'liké to have ‘to’incorporate into
a summary document, which we will produce within the next month.

So, the most impoftént aspect of this‘meetiﬂg"from‘oﬁr '
standpoint is the next two“toufhfee~houré; really, to get your
feedback and your responses. EREE

One other point I w°uld-1iké'to‘mékéJf Wé’reéoghizelthatf
this is a very sﬁort notice in which to’give‘§053ibly"detaiiéd'thdught.
to some of these issues. Therefore, I woﬁidblike to”encoﬁfage you,
after‘youiléave, if you have fuithér'thougﬁts on these subjects, to

please put them in writing and mail them in to us. Any written =

' statements that we obtain will be included in the proceedings of -
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.. this'meeting, and we would very much like to have your comments in

writing, possibly after you have had more time to think about this
and to go back and even discuss it with your colleagueé at your
various institutions and organizations. So I would‘gncourage you to.
please write us any thoughts that you have.

Thank. you. -

(Whereupon, at 11:45 a.m., the meeting was adjourned).

.
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