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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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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\
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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)

437




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
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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. .

460




TIoY

CHEMICAL SCIENCES

FOSSIL ENERGY RELATED RESEARCH -

FY73 FYT5  FYT77

CHEMICALSCIENCES .~ .~ 804 = $21 ' $56

CATALYSIS* = - 01 03 16
(HETEROGENEOUS) A B T O S
'COAL CHEMISTRY 02 o 12 22
¢ (CHARACTERIZATION, eBGANlc o e

?";.j MECHANISMS).  ~ - -

ANALYTICAL CHEMISTRY E I R X if‘9-§ Y
. (MASS & OPTICAL SPEGTBQSQQPY, :
CHROMAT.) T S

comausnou RN TR T T B B & R &

X bossNOTf’iNéLupE MATERIALS SCIENCE RESEARCH ON CATALYSTE.

'MS$ B/O




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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MATERIALS SCIENCES

GOALS

® TO ADVANCE THE UNDERSTANDING OF BASIC STRUCTURES AND

MECHANISMS GOVERNING PROPERTIES AND BEHAVIOR OF MATTER IN
THE CONDENSED STATE.

e TO PROVIDE A FOUNDATION FOR MATERIALS TECHNOLOGY THROUGH
THE DEVELOPMENT OF BASIC KNOWLEDGE IN MATERIALS RELATED
ENERGY PROBLEM AREAS OF INTEREST TO ERDA.

® TO EXPLOIT THE UNIQUE CAPABILITIES AND FACILITIES EXISTING IN

'ERDA LABORATORIES FOR CONDUCTING NATIONAL MATERIALS
SCIENCES PROGRAMS.
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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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MATERIALS SCIENCES

PROGRAM INTERACTIONS

ERDA MATERIALS COORDINATING COMMITTEE

TOPICAL WORKSHOPS INVOLVING TECHNOLOGY REPRESENTATIVES AND
BASIC RESEARCHERS

CO-SITING OF APPLIED AND BASIC RESEARCH

EROSION (ANL LBL) |
"HYDROGEN ATTACK (AMES)
CORROSION (ORNL, LLL) |

ATTENDANCE AT ERDA TECHNOLOGY PROGRAM REVIEWS/WOR KSHOPS

STRUCTURAL CERAMICS | ‘
- FAl LURE PREVENTION IN COAL CONVERSION SYSTEMS

PARTICI PATION lN COMAT

MATERIALS FOR ENERGY STUDY
MATERIALS R&D INVENTORY




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.

485




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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MATERIALS SCIENCES | C
WORKSHOP SER_IE$
o MAJOR OBJECTIVE TO IDENTIFY AND ASSIGN PRIORITY TO AREAS IN

- MATERIALS SCIENCES WHICH WILL HAVE »
- SCIENTIFIC AND TECHNOLOGICAL IMPORTANCE TO

| - ERDA
"o NINE WORKSHOPS: S T T AR
~ ELECTRON PROPERTIES . — DEFECTS AND DIFFUSION.
- SURFACESCIENCE =~ = - - ENGINEERING MATERIALS SCIENCE
'« LOW TEMPERATURE RESEARCH — MECHANICAL PROPERTIES
‘= NEUTRON SCATTERING = —~ THERMODYNAMICS AND
= PHASE TRANSFORMATIONS - ELECTROCHEMISTRY
o MAKEUP: 380 ATTENDEES o L
'~ 37% NATIONAL LABORATORIES ~ 8% ERDA -

— 33% UNIVERSITIES =~ ~ 7% OTHER
~ 15% INDUSTRY - w

o RESULTS

- MEETING-—PRESENTATION OF WORKSHOP OVERVIEWS
— COMPENDIUM OF WORKSHOP REPORTS
— EXECUTIVE SUMMARY '




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,

-

512




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.

514




] - ie i .
b oo L I o ;:_ i e
. . o i - o
;
:

iioCQSIEEEECILYEJ

- SYNLIQUIDS ~ 30* $/BBL
- SYNGAS . ~ 5t $/105 BTU/

w3

;Q- DIRECT UTILIZATION HITH CLEAN UP.\:

61§

AND o EH!IRQNMENIALL!EEEECILYE_'Z

- fsraxp nxnxns
N - WASTE DISPOSAL
L - WATRRF RESOURCES/POLLUTION
S - oswewR
- hog
- 0
- CARCENOGENIC

O~




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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