€ce

~ CURRENT MAJOR EGR CONTRACTS

 TOTAL FUNDING _

GOVERNMENT e -
PROGRAM ~ ~ " (miLLIoNS) CONTRIBUTION PERFORMER LOCATION STATUS
MASSIVE HYDRAULIC FRACTURING 36" 20 CER, INC. [T RI0 BLANCO CO., CO FINAL TEST NOV 26
: T a3 = AR COLUMBIA GAS SYSTEM, INC. 'LINCOLN CO., WV IWELLS ORILLED; 3OF 9
— .- . . S o STIMULATIONS COMPLETE
L a8 25 COLUMBIA GASSYSTEM, INC.. - | OM,WV, VA, KXY DRILLING SELECTION
10 22 GAS PRODUCING ENTERPAISE, INC. . | NATURAL BUTTES,UT | 2WELLS STIMULATED; 10
e : , o V REMAINING
66 .28 MOBIL OIL CORP. .| UINVAH BASIN, UT. DRILLING SPRING 77
24 1.1 PACIFIC TRANSMISSION SUPPLY CO. | SANDRIDGE,UT - - | DRILLING OCT 78
CHEMICAL EXPLOSIVE FRACTURING - |~ PETROLEUM TECHNOLOGY CORP. . | 1. PERRY, LESLIE, o
- e a1 24 : : : o - LETCHER €0S., KY{ | STIMULATION NOV 76
= PETROLEUM TECHNOLOGY CORP. ~ | 2. suTTONCO.TX || '
PETROLEUM TECHNOLOGY CORP. 3. LINCOLN CO., WY
DEVIATED WELL TESTS R | 8. CONSOLIDATED GAS SUPPLY CORP. | JACKSON CO., WV ORILL SITE SELECTION
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POTENTIAL AREAS FOR GAS STIMULATION AND LOCATIONS
OF ERDA CONTRACTS

AHF
GAS PRODUCING ENTERPRISES
NATURAL BUTTES, UV

AHF

PACIFIC TRANSMISSION SUPPLY
SAND RIDGE, UT

AHF
MOBIL DIt
PICEANCE CRK.,CO

AHF
CER, INC.
RI0 BLANCO, CO

ILLINOIS

COLUMBIA GAS SYSTEM

owr
CONSOLIDATED GAS SUPPLY
JACKSON €O, WV

BASIN, - :

CEF
PETHOLEUM TECHNOLOGY

SUTTON CO., TX

AHF

OH, WV, VA, KY

CEF |
PETROLEUM TECHNOLOGY
PERRY CO., KY

CEF
PETROLEUM TECHNOLOGY
LINCOLN CO., WV

. NPIES: L4

SHADED AREAS INDICATE
TIGHT GAS FORMATIONS
WHICH ARE PRIMARY AREAS
FOR GAS STIMULATION

AHF-ADVANCED HYDRAULIC
FRACTURING

CEF-CHEMICAL EXPLOSIVE
FRACTURING

DWT-DEVIATED WELL TEST

C
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CURRENT DBILLING EXPLORATION & OFFSHORE

TECHNOLOGY PROJECTS -

TOTAL FUNDING

GOVERNMENT

PROGRAM (MILLIONS): | CONTRIBUTION PERFORMER LOCATION. - .| . STATUS
DRILLING & a.00 . 2,00 TELECO, INC. - 'MIDDLETOWN, CT :i«msmummr DESIGN IN
EXPLORATION \ | ” o FIELD TESTS

2.07 .99 'GENERAL ELECTRIC | HOUSTON,TX - RESEARCH CONDUCTED
A5 45 SANDIA LAB ALBUQUERQUE, NM RESEARCH CONDUCTED
27 21 ‘TERRATEK, INC. SALT LAKE CITY, UT | ' BIT AND ROCK SIZE
AR | DETERMINED
OFFSHORE T8 015 GURC ~ HOUSTON, TX _FINAL REPORT PENDING
TECHNOLOGY .| -, Lo o : | _~ pbytngly
- 3 . | 38 'SANDIA LAB " ALBUQUERQUE, NM FINAL TRANSMITTER

TESTING




- 9g¢

WITH INDUSTRY

CURRENT MAJOR OIL SHALE PROJECTS

ABLE GVERBURDEN
DISTURBANCE

' MAJOR PROJECTS PERFORMER LOCATION | 'sTAT.us |
“ANTRIM SHALE DOwW MIDLAND, MI 4 YEAR CONTRACT
| ~ AWARDED
TRUE IN SITU TALLEY-FRAC | ROCK SPRINGS,WY co“mnACt UNDER

| NEGOTIATION
SOLUTION MINING EQUITY RI0 BLANCO COUNTY, CO 4 YEAR CONTRACT
| AWARDED
VERTICAL MODIFIED OCCIDENTAL | DEBEQUE, CO CONTRACT UNDER
INSITU | | S NEGOTIATION
HORIZONTAL MODIFIED | GEOKINETICS | UINTAH COUNTY, UT CONTRACT UNDER
IN SITU WITH NOTICE- NEGOTIATION
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_CJURRENT UNDERGROUND COAL .

GASIFICATION PROJECTS

mo’secr

_FYZTFUNDING |
(MILLIONS).

- PERFORMER

" rocamion

" sTATUS

LINKED VERTICAL WEI.LS
(INTEBMEDIATE THICK)

R R

: lER‘é; sta- |

HANNA, WYO.

| TEST30NGOING
| TEST 4 BEGINS SEPT.

'PACKED BED, (THICK) f_' _

| HoE CREEK, wYe. |

'FRACTURE EXPERIMENT

PLANNED

DEVIATED WELlS

mmswmurmm

1.0

| merc . -

|. PRICETON, W. VA.

PRELINHNARY TEST

DESIGNED-WILL BE

FIELDED IN THE FALL

DIPPING & DRY BEDS

& ADVANCED CONCEPTS |

12

ANL, ORNL,

LASL, UNIV
INDUSTRY

~ VARIOUS

" RFD ISSUED
 RESPONSE EXPECTED

m
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(8}, (9), (10}

COAL FIELDS OF THE CONTERMINOUS UNITED STATES

LERC ) (XXX

LINKED VERTICAL . | PACKED BED CONCEPT
- WELLS PROCESS HOE CREEK
HANNA WY : GILLETTE, Wy

w '
1 NOHTHENN GRLAT ’

1 . PLAINS REGION " ' ) o 'M \
\ 3 % ) f‘”?;'(; . '
e , y,

));,"%‘?‘;'E
V. - ¢

B)cu&“f il F,?';

J Bagy :i‘a A
e 7‘\ - ?,A /) ' ”:S_IN
."4$m' v‘";‘ %y ‘ DLNven

r——
s WISIEHN
1 INVERIOR £

HASIN

HATO
’Ml SA
FitiLp
N

EXPLANATION

Nothriscnte and semranthig e

MERC
LONG WALL
GENERATOR
PRICETOWN, W. VA

faw sabatide b cot

Modinon and high-vabatike

Brtumineony cond
"

Subbstunrinons cand

i1

Lignite

L

AT

TOTAL COAL TO 6000 FEET (BILLIONS OF TONS): 2029 103]3.263] 620 | 352 - 6.367 TOTAL
ESTIMATED UCG RESOURCE (BILLIONS OF TONS): 640] 15] 920f140 | 80- 1,795 TOTAL

*DIVIDE THESE NUMBEHRS 8Y 1.1 TO OBTAIN TONNES.




all of our technologie;li;volve some kind‘ofﬁﬁérmeability~enhahcehent,
usually through fracturing. °

Suffaée chemistry,'very.bqsié, particularly to our enhanced
oil—:ecovery‘progfam. |

| "’ Thermodynamic properties of fluids applies,p:imérily‘té!
EOR,‘but%secondérily;to enhanced gas reébVéry.
' Reaction kinetics is important ‘in underground coal gasifica-

tion.

J

i%'»dil shale in situ retorting and gasification and thermal

methods Sf‘énhancéd oil recovery. -

Aﬁd, of course,.éﬁﬁirbnﬁéntal qd#lity and £eﬁc£ions, the
reactions partfdfiﬁhich iﬁcigdésltheVenéironmeﬁt31 R&D,*as distinf
guishgd fromvenVirbrnnent-#compliance'aétivitvi'es.' Vo

That's a rather rapid rackup,“Iadiéé‘and géntlemeﬁ; ‘I think
I've stayed”within'my'time,?tbiallbw;tiﬁe for anyjdﬁéétiOns.

DR. PHILLIPS: Thank you. |

. This ta1k is open for cdmmeﬁts*and'diééuSSion;' Yes;7 Give
yourfnamegéplease.‘ff"'”“‘”;
MR, HILL: .George R. Hill.
*D§ you.have‘anyfwork goingkon’in safefy‘iﬁ‘produétiéﬁjjoff-
shore drilling, preventing oil spills? - |
. 1s :hat'in“yodf‘bailiwiCkfht'gll?‘jb
VMR WATKINS: - Preventing oil épiiiéfﬁs hotg the prevention

of and ‘cleanup of contamination of oil spills is considered to be a
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province of the;Coast_Guard. -We are doing work on o0il identification
from which you might be able to identify the source of an oil spill
- upon water from knowing. the --

MR. HILL: -- depending upon a technique development to
" prevent ;;?

MR. WATKINS: Right. In safety, our work is only peri-. .-
pheral and it's very largely done in cooperation with our division of
ESP, environmental and socioeconomic programs and in Dr. Liverman's

- shop. But we a:grbécoming more. interested in.saféty?in our production
and stimulation operationms, yes.

DR. PHILLIPS: Dr. Holloway.

- DR. HOLLOWAY: Holloway, from Exxon., What limite the amount
of basic research you do in universities? And a related question, is
it possible it's too small by an order of magnitude?

MR. WATKINS: In answer to your question, the only thing
that limits it is the amount of supporting research that we feel we
need to be viable with our applied research programs. Perhaps we do
need more. I wouldn't say by an order of magnitude. My own opinion
is that in the properties of mycellar and polymer chemicals, for
example, we probably have all going on that is necessary.to support
our program,

Conversely, in the area of carbon dioxide and some éf the
cher,things, perhaps we don't have enough. So,ﬁthere is nothing to

prevent our program being higher. If fact, ‘it has been increasing -
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year by year and;very»possiﬁlyrit should be quite a bit higher than
it 'is at present. -
DR. PHILLIPS: . If I might take the Chairman's prerogative —-
MR. 'WATKINS: ' Surely.
-:DRs PHILLIPS: I mnote there is nothing here on this list,
sir,.about instrumentation.
iy It would seem:to me that-in . the in situ world that your-
group:lives;in, instrumentatiqn>for,knowing'what is going on down:
there‘must‘bervery‘;mportant.~ :
< MRs<WATKINS: Ohj it is.. It is, indeed., - -
. DR, .PHILLIPS: - :Can you:say something about that?

MR. WATKINS: ,Yes.' We have a~vety:aﬁpréciable-instrumenta-
tion:effort being conducted primarily ‘at SandiafLabofatoriés. This is
instrumentation to determine what is happéning in our in situ:oil-
shaleﬁretorting~téstsrand'in our’underground coal gasification, as
well as being-applicable torenhanced»gas‘recovery; where we are doing
fmdésivefﬁydraglic*fr@cturing:aﬁd/or cheﬁical?explosiée»fraéturing;r
”Thié*ié*an appréciable—effdrt,: I»donft*know'how much of -it wa§
racked up into the basic~résearchrcategory.thatJI'caﬁerup with or the
1¢o£317figufes;~but3part'of~itiié€ihstrumént devéldpment and part of

it, of course, is instrumentation for support of the project. But we

/7 DR+ ‘PHILLIPS: ‘Miss Fox?
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MS. FOX: Phyllis Fox. You stated that your activities
were confined strictly to in situ. Are there any activities ét all
in the area of surface retorting of oil shale?

MR. WATKINS: At present, no Phyllis; except where70ur'
supporting, basic research and environmen?al resggrch might be
appligable tp above-ground, as well as under—ground'processiﬁg.
There is, certainly, some overlaprtﬁere. Now, we don't knﬁw what is
going to happen in FY '79. We are trying to-get an initiati;e“into
the budget for research on advanced above-ground retortiﬁgré;bcesses,
but from here to OMB to the Congress is a long hard road, y;ﬁ know;

DR. PHILLIPS: 1If there are no other questiomns, weffhank
you, Mr. Watkins, and proceed with the meeting. ~

I will call next for Fred Holzer and his talk on In Situ
Research.

_MR. HOLZER: My purpose here is to describe to yéu very
briefly the kind of in situ research being done at the national
laboratories, to the best of my ability. But I really can't do- that
without also talking at some length about the work being done at the
. energy research centers.

Much of the work that I will describe is,interdisciplinary
in nature, with lab and field w;rk - both theoretical and,computa-
tional - and much of it has also been done‘by industry.

Most of the work that I will describe is being done at the

Los Alamos Scientific Laboratory, the Lawrence Livermore Laboratory,
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Sandia Laboratory at Albuquerque, the Laram1e Energy Research Center,
and the Morgantown Energy Research Center. And 1f I am sllghtlng
those or_others,:please forgive me, . '

Let me start. w1th my own def1n1tlon of in situ research —-

(Vugraph #1)

; - the study of underground processes 1ead1ng to a conver-

sion of(a solid 1nto elther a gas or a 11qu1d. I've restrlcted myself
to coal g381f1cat10n and shale oil from 011 shale, although I would

like to po1nt out that in situ methods can have much wider appllcat1on

- than that. For instance, a very active industrial process is now

being carried out in uranium leaching in situ and recovery of oil
from tar sands and heavy oilgksome tar sand work has started at

Laranmie.

The motivation for this work is shown on the next vugraph.

(Vugraph #2)

Asrde from thevtempting targets'of yery large reSourees
are the potentlal advantages of be1ng cheaper and qulcker with less
env1ronmental impact, and last but perhaps not least, the potent1a1
for recover1ng those k1nd of resources wh1ch.seem very d1ff1cu1t,
if not 1mposs1ble, to attack by convent1ona1 technlquea at th1s
time, I am pr1mar1ly referrlng to the deep, low-grade resouces.

I would l1ke to concentrate on two examples.

(Vugraph #3)
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IN SITU RESEARCH IN COAL AND OIL SHALE

DEFINITION

THE STUDY OF UNDERGROUND PROCESSING METHODS

~IN WHICH CHEMICAL REACTIONS ARE INITIATED‘AND

SUSTAINED IN A PREPARED VOLUME OF COAL OR SHALE.

LEADING TO THE PRODUCTION OF A GAS (OF USEFUL

ENERGY CONTENT) OR LIQUID PETROLEUM FROM THE
ORIGINAL SOLIDS. | |
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‘MoTivaTION .

1.

,1233;’_

POTENTIALLY AN ALTERNATIVE .TO MINES AND
SURFACE PLANTS.

;POTENTIALLY CHEAPER, BY ELIMINATING OR
;DRASTICALLY DECREASING THE AMOUNT OF
;MATERIAL THAT MUST BE HANDLED.EV *“‘

’POTENTIALLY QUICKER, SINCE NO LARGE PLANTS

ARE REQUIRED. o
PdTENTIA;LYHLESSﬁENVIRbﬁMENfAL>C0NSEQUENCE.

POTENTIAL FOR MAKING DEEPER nEPossz, LOWER
GRADES RECOVERABLE. Fro o
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IN SITU OIL SHALE RETORTING - -
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Thls fxrst one 15 the. so-called mod1f1ed in situ retorting

of o11 shale. It;requ1resithe phys1ca1 removal of about 10 to 20

~ percent of.the'vo;ume_toibeﬁretorted and ‘the redistribution of this

10—20 perCent an interstitialﬁvoid between the particles after

i break1ng up the rema1n1ng 80-90 percent of the rock.

‘ Beyond that, the concept envis1ons a vertical retort sim-

11ar to what m1ght be carrled out‘on the surface, with air injection

: at ‘the top and gas and oil recovery from the bottom.

1 mlght Just po1nt out that the amount of low Btu gas
involved in«in’sitn'retorting of shaleiia a very large amount; if its

Btu value can be'kept steady and high enough; the gas can be utilized

1?tojgenerate electricity at the mine.

‘The second example =~
(Vugraph #4)

K --315 the in situ g381f1cat1on of coal, pr1mar11y of flat-

1y1ng beds. Here again there are a numberiof versions; some for

~ instance, deallwithisteeply‘dipping beds.‘

I'm going to'primarily talk about the methodain vhich a low

,i'permeab111ty channel is created by one': means or another between two

: wells, and the coal between them is then ga81f1ed.w,~u

The in situ work on 011 shale probably began between 10 to
15 years ago with its prlme'proponentS'be1ng;the Lawrence L1vermore

Laboratory and the Laramie Engineering Research Center. Coal gasi-

fication is a very much olderwsubject, first_suégested in the last
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century, aﬁd in 1931 it was started on a research basis in the
Soviet ‘Union. . The Soviet Union“has,iinffacf,wputfthisifechnéiogy on
a commercial,basis,ﬁstartiﬁgfin?thé late *50s or-early '60s and is
still operating three fairly sizable préjects in?infsith underground
coal gasificatién. -

- In this :couﬁ:ry,;while ‘there has:been sporadic effort fol-
lowing WorlﬂiWaxbil; probably;gniyjinrthe;lést;six]or;seven years has
any sizable effort taken places : - . ,. ;; S

(Vugraph #5)
_ Ihe»ﬁar:igrs;to;ghi§§type,offwofk;;of course, ;are many.
The primary one, perhaps, is thatvppétO;néwyfﬁith;pu:~resource and
reserve availability, there has been no overridiﬁg need for it.’

And i;;i§>§if§iéq1§._‘J;;igbdiffiéultf;p adjust knobs and

~ read meters,‘when;yqp':gfdgaligg;withwprgcggsgs,ugéeggrpund.

0f course, all of these fhings; as you may havefguessed
and I am sure know, add up to higher costs;

I wouid like to guide you thfbugh a'few'of the,items here
to show you the status of these selected teéﬁnqlogies gnd:indicate
the need for future vork. . | |

| (Vugraph #6)

This vugraph shows tﬁé_majofireéearéﬁftoéics Qe ﬁéiieve

need to be addréSsed.':A good'nuﬁber of:tﬁeﬂ aré beiﬁg addressed in ,

developing these technologies.
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BARRIERS

b,

Up To now LITTLE NEED IN THE U.S., AND VERY ~

- LITTLE EXPERIENCE WITH UNDERGROUND CHEMICAL

ENGINEERING.

METHODS FOR DEPOSIT PREPARATION ARE STILL IN
EARLY STAGES® OF DEVELOPMENT, AND MUST BE IN-
VESTIGATED ON A LARGE SCALE IN THE FIELD.

- REMOTE MEASUREMENT AND CONTROL OF THE REACTION
PROCESS 1S NEEDED. R

MANY OF THE RELEVANT PROPERTIES OF COAL AND
OIL SHALE ARE ONLY NOW-BEING'DETERMlNéD.
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MAJOR RESEARCH AREAS & TOPICS

LABORATORY:EXPERIMENTAL RESEARCH
@ - REACTIONS, KINETICS, ANALYSIS
®  LAB-SCALE RETORTING |

LABORATORY CALCULATIONAL RESEARCH
®  BED/DEPOSIT PREPARATION
@ PROCESS MODEL |

F1ELD ‘EXPERIMENTATION -

& DEPOSIT CHARACTERIZATION
®  DEPOSIT PREPARATION

®  INSTRUMENTATION

. Pkocsss'EVALUAfION

. 1 .
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1'd like to add one word to those brought out by some dis-
cussion, par;icularly the eqvironmental-aspects;' I"perébggily quite
~ firmly believe that research in the envirommental aspects has to go
‘hand in glove with, and at the same time_as, research in the basic
technology. 1 think doing one without the other is not very prodic-
tive. | |

(Vugraph #7)

This vugraph, then, shows some of the coal reactions, both
coal and char, with air, oxygen, steam, in the variéus temperature
regimes of gasification,‘pyrolysis‘and drying, that go on when a
temperature wave, which now is fairly broad, moves througﬁva coal
deposit}

A vefy similar graph shown on the next vugraph holds true
for oil shale.

(Vugraph #8)

Again, pointing out the very close relation between these
two subjects, I might point out that the reactions in shale are con-
siderably more complex than the ones that we're déaling with in coal.
Not only do you have to deal with the decomposition of kerogen in oil
shale, but subsequently, you have to deal with the reactions of the
carbonate material left behind in the rock which makes up most of the
shale. The reactions of carbonates with water vapor, carbon dioxide,
and carbon monoxide, particularly in the presence of very finely

divided silica, is something that is not at all well-undersood.
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There 1s a very strong suggestlon now from the work that has been
,done that these reactlons are: really much more 1mportant than people

‘have perhaps reallzed. ;

A good part of exper1mentat1on, aside from purely analyt1ca1

E k1net1c and react1on chem1stry 1s somethlng that I m1ght l1ke to

W

srcall macroscoplc experlments, and 1s done 1n controlled and 1nstru-

~

‘mented retorts.@ill’“
,B1g nressure yessels can be 1nstrumented and controlled
/'rather.closely. These vessels span the spectrum of S1zes.
(Vugraph #9) | i[: ,;-"4f: gh.fl ‘ ‘?kh" |
Thls shows two very large ones ln operatlon at the Laramle
Energy Research Center for 011 shale, the larger one of the two is f

able to handle 150 tons of shale..vw

(Vugraph - photo not avallable)
‘5f§ The next vugraph shows a much more modest one that Lawrence
L1vermore Laboratory uses to study reactlons 1n coal here the -

1nstrument cables are dlscOnnected and the th1ng rldes on trunn1ons

rfor eas1er loadlng.fzgiéjl
Data from both the mater1a1 nr0pert1es and the retorts are
41ntegrated 1nto a computatlonal framework 4 model 1f you w111 wh1ch
.\f~serves to determ1ne the sens1t1ve varlables, ‘to plan retort experi-
ments, to establlsh des1gn cr1ter1a, and to optlmlze and control'in

situ. retort1ng des1gns.» l

":‘.'
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The 10-Ton and 150-Ton 011 Shale Retorts
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(Vugraph #ll) ‘"T
4 - o
This vugraph shows a conceptual schematlc -of a central

role that I believe, we will see these rather complex computer-
based models take on in the near future. | \

Just to give yOu some 1dea of what 1s 1n some of these
models that are in operatlon, the next vugraph llsts the contents

of an. 011 shale retort 1n operat1on at the Lawrence leermore Labora-

5 |
,A:~

t(‘.)ry at- thls time. . [ P

v

(Vugraph #12)

It 1nc1udes hot gas and combustlon retortlng and takes
into account partlcle SIZeudlstrlbutlon, temperature compositions,
flow rates, end y1e1ds as an output, and not on1y5011 yield and rate
of recovery, but the detalls.of temperature, pressure, and composition
within a retort ‘during the retort1ng cycle.‘ll (

| This partrcular model 1s st111 in. the process -of being
added to and developed, and the next vugtaph—-

(Vugraph #13) .

f-depicts the need for turther deuelopmentpot this type
of model. | - | L * o |

rrJust to giue you an example of the hind of output that
a model like thatvcan produce, this next graph shows the temperature
front as it is calculated to exist‘after passing some 40 meters

downward into an in situ retort for two rather distinct particle

sizes differing by an order of magnitude.
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RETORTING - EXPERIMENTAL APPROACH

APPLIED RESEARCH

BASIC >l bl ReioRT

, Tt ogooee | 7] L |
prh b PP L | prrinewts
_

~ INTEGRATED UNDERSTANDING
OF RETORT PROCESS DIRECTLY
APPLICABLE TO:
o OPTIMIZATION
o SCALE UP
o CONTROL

1
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~ SCOPE OF PRESENT OIL SHALE RETORT MODEL |

o Hat-gas Eeic»mng and ‘corbustion r@wrtmg
o Shéle par;ucle sazo dnswﬁbu cu@n. ‘ |

o Témp@ramre and comvmsatudn of shaie pariuck.,s .o
O Témpera ure, ‘ ‘cbmposh tion, a»hd ki Iow rato m g@s sxréam

0 Oll ymld rate of oil recovery, and rate of water recovory
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FURTHER DEVELOPMENT OF MODEL

O O

ooo_o

O

Improvement in the numeruml methods

Improvement in the values ov the sens:tlve chemacal
and physical properties o

Inclusion of additional gas and solid components
Variations of initial bed [@ropertles in axtal direction

Chemical reaction of water with carbon residue

Change of bed permeability due to sof*téning of
high-grade oil shale or due to accumulation of
high-viscosity oil

Loss of gas or heat to surroundings

Water intrusion from surroundings

Sweep efficiency of input gas




g
I thinh you can see that the smaller.particle size distri-
bution undergoes considerably different reactions. and reaction rates
than the larger ones.
In practice, of.course,.depending on how.one prepares .
.the depos1t, whlch is a separate top1c 1n itself, one might find
:an average or the s1tuatlon peaked towards one or the others.
'QiI ve mentioned that an important,‘and I believe vitei,
;component in this kind of business is;field;experimentation;‘
| iet ‘me take you very qulckly through the status of some
?of these f1e1d act1v1t1es.‘f' |

il

(Vugraph #15) = o

~Here I show you.a plan vrew of 1sotherms as a function
%of t1me;‘of what I- believe is the most euccessful underground
‘coal gasxflcatlon experiment conducted to. date, the one by the
.;Laram1e Energy Research Center near H&nna, Wyom1ng. :
' "(Vugraph #16) i

, o Thenext ivu&grai‘;h'ege:"m%depiet%‘s what can be done inﬂ the vay

?of a. model these are model calculat1ons of: those 1sotherms, start1ng
j;wu:h an 1n1t1a1 channel geometry, deplcted 1n ‘the- upper left-hand
;square, and you can see that the channel was not very stra1ght. It's
determined by the initial permeab111ty distribution of the material,

.and it is a credit to the 1nstrumentat1on developed pr1mar11y by the

'Sandla Laboratorles to even e1uc1date where that channel was.
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" HANNA 1l GASIFICATION PATTERNS
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(Vugraph #17)
In thls vugraph I attempt to list some of the instrumenta-
iirtion that has been employed at Hanna, as well as at other 31tes.
Instrumentation consists of primarily two k1nds.' One, simple‘and
practical 1nstrumentatlon ofstemperature, pressure,Vgas composition,
ﬁband ‘the other, remote monitoring 1nstrumentation, in which acoustic,
’seismic, as well as electrical systems, are used.:,r,d

. It is especially those latter ones that I personally feel
need to be developed and pushed very v1gorous1y, not only for ‘their
1, obvious utility in these experiments, butAa8fwe go deeper, measure~
ment becomes more expensive andfdifficult. AFor"a number'of‘reasons,
we need to look beyond the borehole, -and I think mention has already
been made~of the Devonian shale problem, 1n which fractures beyond
the borehole may be a key to the efficient recovery of gas from the
resource.“ - ‘ ;l

I know 1 have left out many 1tems and topics. ‘Hovever,
1et me Just conclude by givxng a summary of the research needs and
;i opportunities, as 1 see them.;. i | ‘
(Vugraph: #18)
I have talked very}little,~as‘youﬂcan tell, about deposit
"preparation vhich entails the science ofvrock mechanics,: both in the
fragmentation aspect and the stability and subsidence aspect. There

is a great deal more to be done in field instrumentation and field

experimentation.
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SUMMARY OF TOPICS IN NEED OF FURTHER WORK

MATERIAL BEHAVIOR

9 MECHANICAL PROPERTIES
e CHEMICAL REACTIONS AND KINETICS

~Depos1T PREPARATION

-8 RUBBLIZING, CHANNELING
~© STABILITY, SUBSIDENCE

- Process MopELs

o SENSITIVITY OF VARIABLES' FLUID INFLUX
'® RETORT OPERATION, OPTIMIZATION ;"

INSTRUMENTATION

O DEPOSIT CHARACTERIZATION
0 PROCESS MONITORING .

'IFIELD;EXEERIMENTATIONIM

e OIL ‘SHALE FIELD EXPERIMENTS o
e STEAM‘OXYGEN COAL GASIFICATION o
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We really have not had a good oil shale fiéld exéerimep;,
although there have been one or tﬁo'iﬁdustriai experimeﬁts. But the
informatién frpm ﬁhose e;perimenté is ﬁoﬁ avéilable. |

In the coal gasifiéation areé, even though things look
exceedingly promising, much work needs' to Bé &one invér;ing to tqilor
a lihkage between two wells, rather th#nllét nature dictatevwbqprghis
linkage looks like, and work is proceeding on high explosive develop- f
ment, including shaped charge devélopment. in order to upgrgdevgas
energy content, gasification with steam and oxygen, instea§ éf qut
air, seems a very promising and certainly indicated gpﬁroach.

Thank you very much. - '

(Applause)

DR. PHILLIPS: Thank you, Fred.

DR. PHILLIPS: The Floor is open fdr comments and discus-
sion. Yes, Dr. Smith?

DR. SMITH: Roland Smith, General Electric. You and
the previous speaker both mentioned the work I believe Sandia is
doing on instrumentation. How much of this instrumentatigﬁvis
applicable to, say, a commg;cial operation, as opposed to development
operations, and how do you anticipate ge;tiﬁg}that-information
transferred to industrial use?

MR. HOLZER: I believe a good bit of that is applicable
to commercial operation. Clearly, one would not want to go with the
experimental type of instruments. I personally believe that one must Q;'j
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go with the most reliable ones, whlch, at the present t1me, are

thermocouples, although the emplacement of suff1c1ent thermocouples

4

wh1ch after all only measure the s1tuat10n and temperature at any

one speclflc poxnt has 1ts obV1ous 11m1tat10ns..

I th1nk however, 1t is absolutely necessary for control
and mon1tor1ng ofvan underground burn in order to know when to r
1ncrease the flow rate, when to decrease 1t; and when to change‘the

mixture of gases.’ In 011 shale retort1ng, for 1nstance, one has the

11berty of changlng the oxygen concentrat1on or addlng n1trogen, or

water, in the form of steam.

h ) I feel qu1te confldent that a11 of the government 1nsta1—
'latxons hav1ng exper1ence and capab111ty in 1nstrumentat1on (and that

.

does not Just 1nclude Sand1a, of course)/stand ready to transfer th1s

» Texper1ence and knowledge to 1ndustr1al companles. And there is a

' S R ST VAR ;

very good base already there. There are a number of 1ndustr1a1

P il

compan1es that w1th very l1ttle add1tlona1 exper1ence, would be very

capable of doing this. EG&G is one company that comes to m1nd and I

.t E g

know there are others.

| DR. PHILLIPS: Yes. o
"bﬁ.jﬁELédNiv Nelson. 'I‘presumeythls 1llustrates arlack of
knowledge about the technlques that, in some degree; control the ’l
temperature rn your in s1tu retorted shale o11, is that rxght? |

| "MR. HOLZER.: To some degree, yes. - o
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-’Dk.'NELSON:' That being the case, I would anticipate o
’th;t the kind of problems are whether‘the‘carcinogéps to be fd:ﬁéd in
tﬁev§arious cfaéking:will vary in accordance with the temperatures.

‘Is ‘there an orderly postured program‘£o‘characteriié ‘
these compénents? Iﬁ other words, are you exploiting thisrpfeséﬁt
piloﬁ stage tobget that additiqnal infOrmation?

MR. HOLZER: Yes, I think thgre déf@nitely is. Whether
‘it is of the séme order'iﬁ all exéeriménts, I cgn't really tell
you; I suspect if probablyui; not. But I do know that aﬂalyéisifor
organic materials, things like phenols, and so on, are being analyzed
and, in fact, the next experiment that the Laramie Research Center is
carrying out at Hanna is specificélly slanted towardé the eﬁVifén-
mental monitoring. I know the Lawrence iivermore Labotatory in ‘their
coal gasification expériment near Gillette, Wyoming, has monitored
phenols and particularly their transport in the groundwater system
around the expérimental site.

DR. NELSON: These are not carcinogenic, per se.

MR. HOLZER: You're correct.

DR. PHILLIPS: I would like to return to the first quéstion
onvinstrumentétion. I think that those of you that know thelhig;ory
of one of the predeéessor organizations of ERDA, AEC, knowithathou;
of AEC - injf#ct, the high energy physics prog:am anﬁ nu;lear physics
program - came a line of instrumentation called KEMAC, and many factor-
ies across the nation and the world use fhat type of ingtrumentation. (‘ﬁ/
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I am sure you have a lot of NIM and KEMAC 1nstrumentat1on in your
hosp1ta1 Dr. Nelson. ;
So this is a sample of the crosscutt1ng technology that

came out of the f1e1d that .can certa1n1y help other f1e1ds, as
well.i S : R : J
Are there other comments or questlons?
MR. HOLZER. One more quest1on, I th1nk.
i MS, FOX: Phy111s Fox. Ph11 Whlte, th1s mornlng ment1oned
some of the problems that may be assoclated w1th the 1ntrus1on of
Vgroundwater 1nto abandoned in situ retort chambers., Do you have any
research program in the area of 1dent1fy1ng the 1mpacts of these
abandonments 1n in s1tu retort chambers - how the groundwater reacts,
both on. the short-term and long-term? B B
- | MR. HOLZER You must reallze that there are very, very
few of the in s1tu reortlng volumes in ex1stence at thls time, and
they certalnly have not been in ex1stenceﬂfor very long.’ So the
long-term quest1on is a very dlffzcult one. to answer.v But, yes,
indeed, these srtes are be1ng mon1tored by both gas and 11qu1d
, w1thdrawals from wells around here, and analyzed for organlc, as well
" ; R ‘
as 1norgan1c substances. And I‘mlght add, in that respect ERDA, and
the AEC prevxously,'have a very long h1story of not walklng away from

'those kinds of s1tes. I know we are monltorrng s1m11ar exper1menta1

81tes that were done 15 years ago.,
/
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MS. FOX: Have you thought about and ant1c1pated what types
of‘control technology mlght be utlllzed if a problem 1s 1dent1f1ed
of which s1gn1f1cant envrronmental 1mpact could be expected’ |

'MR. HOLZER. I'ma very poor person to answer that quest1on,
vPhylliss Perhaps, there is an expert who 1s’w1111ng to do that for
me. -

MR. HAYNES: rBill Haynes. 'lln(not iéa11§ an expert.VVI
-thlnk Phyllls, we are trylng to ant1c1pate these problems.r The

81mu1ated in 31tu retorts, the blg ones that he showed the p1ctures
ofs” We are taklng the spent material from that, soakln; at.up in
water, and try1ng to see what kind of th1ngs we would have. Flrst,
you have to see what the problem 1s, ant1c1pate it, then you try to
go at the control. But you have to see if you can ant1c1pate th1s.
And, true, it's kind of hard to do rt down underground but we're
trying to do it on a - what shall I say, rather a large-small scale?
MR. HOLZER: I think the important thrng is not to 1et the
opportun1t1es for this type of monitoring and evaluatlon and early
detectlon of potential problems slip past us.
\I personally be11eve that's exceedlngly 1mportants Ano,
as 1 say; I've always taken the posxtlhn that technology and env1ron—
.mental research are two very closely related aspects and need to be.
done concurrently. | 7 - a 7p |
"~ DR. PHILLIPS: I think that;sAcertainl;lriéht: ﬁe all

agree on that. If it weren't for envirommental questions, we would

262




all stillfbe.burning:coa1~and.allxcitiesewould 1ook like Pittsburgh
used to look when I was a young man. Thank goodness it doeen't look
that way nows . s
I believe we must‘proceed‘then with ouroprogrem. The next
tefk, again'on,National>Laboratory research; is by Alex Zucker.
-~ DR.7ZUCKER: 'Coal, gas, and-0il are time-tested energy

resources. : Why, one may ask, should it:now suddenly be necessary to

- mount multi=million dollar research programs:in technologies where so

much is known, so- much experlence exists?- The answer is very s1mp1e.

clrcumstances have changed and created condltlons which require

actlon, and ‘moreover the fossil energy- resourcé is crucial to the

future;of the nat1on. What we do about it in the next decade will:

affect our wayfof/life for generatione;:~We define four Fossil Energy

Imperativeeﬁ

i)':Easily recoverahle oiloand;ées will be exhausted within
the nekb“feu oecedes.\ This it means that we have- to produce transporta—
ble fuel: from other sources, that we have to extrect 0il and gas from

more untractable formatlons, and that we: have to develop alternate

technologles..“We have to do someth1ng.-

2)% Wh11e there -are ‘many: optlons .open to us, only a few

xcanﬁbe“developed?toimaturevtechnolog1eswbecause the:costs are so high

in terms of capital investment and technical skill. We can not do

severything.: oo o o arinl o sl
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3) The energy industry is enormous, and its impact on -
the ecdnomy, and finally on the well being'of each us, is profound
and difficult to alter with any short time constant. What we do.

can not cost too much.

4) - The enormity of the energy industry reflects not
only on the economy, but also on that vast and intriéate.system in
which we live, that currently goes by the name of environment,3ﬂg,'
safety, and health. A small deleteribus,effect; tolerable in an
industry of modest size, can become ruinous when examined in the.
context of billions of tons. Doubts~in.thiszarea can, and should,

slow things down until the answers are clear. What we do can not

harm us.
- From my vantage point the situation calls for a research
effort of proportions commensurate with the industry:

a) we depend on research to provide data, systematiza-
tions, and ideas which will enable us to develop
alternatives to oil and gas at a price that will not be
ruinous to the economic ﬁelfare of our citizens;

b) we depend on research to explore, by laboratory scale
research, by mathematical modelling, by scientific
analysis, the plenitude of options, and to narrow these
to a promising few;

c¢) we depend on research to inform us of those deleterious

consequences of energy industries that we now perceive
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only dimly,‘énd4thus avoid>cos£1y and time-consuming

béths that lead nbwhefé;‘ |
 National Laboratories are large multiprogram research
institutions that have some characteristics which make them usefui
and producti#e partners in a field like”foééilrenérgy research.

@+ Pirst, National LabofatOrieéipééségs;a:riCh'tradition.'-
of successful research. ReactOrs; accelefhfbrs,‘quion devices;
fuel éﬁblés;Aahd»weapbhé;‘all’bffer‘cdnérefe:eVideﬂCe‘that‘National‘
Laboratories can prbdﬁce'cﬁhdrete resulﬁs; eThe?vast panoply of
research papers shows ‘that mﬂltifateted‘scientific‘reSearhh, from
qqarﬁé;to“éortoéion;'ffom neutrino phjsics'tbfﬁu'bOdiésfih chromatin,
has found fertile soil there. "MnchéknbwlédgebréIéVant to fossil
enefgy"eXiSté”iﬁ‘thése Laboratories, ‘and in many cases, for example
matefiafé:science,'aquebus cheﬁistry;"ofééﬂvir6nmental reééa;ch, the
Laboratories lead the world.

Secénd; National Laboratories conduct their research
in éﬁﬁﬁltidiébiplihéryffrémewofk'wheré”orgénicféhemists’might'ﬁofk
along with atomic physicisté;'or chemiéal‘éﬁgineers with microbiolo-
gist?i Ehig;kiﬂd:ofisbieﬁ;ific*enyifOnﬁgﬁt;éﬁthes the scientist to
attack‘éféfébigdgiﬁ;g holigﬁiéiféshioﬂ;‘wﬁilelat the same time the
Qery’siié:of?a‘NatibnallLaborétoryiplaces’at his disposal equipment
to which:he w&ﬁl@féthéiﬁiéé'pét{hayé §asyWéé¢éss;.‘Fﬁrthermore; the
tabsfétOry envirbnment pfdvides’stiﬁuléiiﬂg”gkéhénges-of ideas that

not‘infreduently lead to important discoveries. :
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Third, in many National Laboratories research is carried
out alongside mission-funded teepnicel development; ihis assures a
cross fertilization whereby realjlife development probleme‘are known
to the scientist who mey be doing long-range research and affect his
line of ﬁork, vhile, conversely, it serves as a conduit of‘;he newest
scientific information through the ecientist to the engineer who
might be having problems with his process.

I'11 illustrate the thesis set forth previously - namely
that research is indispensable to the utilization of fossil epeygy
under the new ground rules, and that National Laboratoriesrcan and
are making important contributions toward the solution of fossil
energy problems. I'll mention some representative examples, not
their importance, and relate them to the overall fossil emnergy
program. It is worth pointing out that in many instances National
Laboratories, through the knowledge and experience of their staffs,
have been able to provide quick fixes for acuterroblems, contrary to
the popular belief that the payoff in scientific research is decades
away.

Slide 1. Sandia accomplishments in materials research:

a) extend drill life by a factor of five; b)
altering 310 stainless steel alloy increases
sulfidation resistance; c) developed T1B2

coating resistant to erosion and corroslqp,v

Slide 2. Argonne has drawn on its high energy physics

expertise to build superconducting magnet for
MHD development.
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Slide 3. 0Oak Rldge. microprobe analyses show varlatlon
of organzc sul fur d1str1butlon 1n coals.

Slide 4. Solvent refined coal pilot plant has pipe-
plugging problem. X-ray diffraction.and micro-
probe analysis at ORNL diagnoses the trouble and

nvdsuggests a cure. .. . - : -

Slide 5, Thermocouple failures plague synthane gasifier

B " pilot ‘plant. Argonne séientists diagnose the
problem, recommend hlgh-chrome sta1n1ess steel,
and f1x the problem. '

Slide 6. The Argonne Biomedical and Environmental Research
Program concerned with coal shows the breadth of
the problem. Parallel efforts with different
program elements are carried out at Brookhaven,
Berkeley, Oak R1dge, Los Alamos, Battelle North-
west L1vermore.

'Slide'7;i Knowledge of chem1ca1 bondlng in coal compounds
may ensble us to break linkages at low tempera—
ture and pressure. Oak Ridge chemists show that
methyl-like bonds can be broken at 400 C with

vitrinite as the hydrogen donor. .

Fossil energy research is not a frill, it can not be'

regarded as an act1V1ty to be tolerated wh11e the real work on coal
oriented achievere. Research in fossil energy is essential if the
goals set out earlier are to be achieved at a price,that is within
our means. Let me illustrate. 'Slide 8 shows a conceptual design of
a HYGAS coal gas1f1er. Note ‘the enormous size. (220 feet tall), the
high temperatures (up to 1900°F) and\the complex 1nternal structure.

Now we examine in Slide 9 metals currently avallable for hlgh tempera-

‘ture service.. Engineers 11ke to design equlpment for service at .
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SANDIA LABORATORIES
RESEARCH ACCOMPLISHMENTS

MATERIALS RESEARCH

DRILLING

USE OF A HIGH TEMPERATURE, HIGH STRENGTH BRAZING
TECHNIQUE HAS EXTENDED THE LIFE OF THE GE ComPAX
DRILL BIT BY A FACTOR OF 5.

SULFIDIZATION RESISTANCE

ApD1TION OF 2% T1 or 3% AL To 310 SS SIGNIFICANTLY
INCREASES RESISTANCE TO SULFUR ATTACK WITHOUT
CHANGING PROCESSABILITY.

EroOSION

A VERY HARD TIBy COATING HAS BEEN DEVELOPED THAT IS
VERY RESISTANT TO EROSION AND CORROSION.

1. Sandia accomplishments in materials research: a)
extend drill life by a factor of five; b) altering
310 stainless steel alloy increases sulfidation
resistance; c¢) developed T5.32 coating resistant to
erosion and corrosion. '
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SLIDE 12 is not available.
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MICROPROBE ANALYSES OF ORGANIC SULFUR IN MACERALS OF

COAL NAME
HAZARD NO. 7/
NO. 9 COAL
DEAN SEAM

NO." 5
BLOCK SEAM

NO. O
ILLINOIS

3‘

ORNL

FIVE HIGH-VOLATILE BITUMINOUS COALS

MACERAL GROUP

LOCATION SULFUR CONTENT

(STATE) EXINITE VITRINITE INERTINITE
EAST. KENTUCKY 600 330 200
WEST. KENTUCKY 1925 810 250
TENNESSEE 1250 | 800 300
W. VIRGINIA 600 330 270
ILLINOIS 1000 630 300

Oak Ridge: microprobe analyses show variation of

organic sulfur distributioniin coals.
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SLIDE 5 is not available.
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BIOMEDICAL AND ENVIRONMENTAL RESEARCH PROGRAMS
CONCERNED WITH COAL

- - (W. K. Sinclair - -*Associate Laboratory Director for
Biomedical and Environmental Research)
Proardfn Investicator _Division
1. Multistate Atmospheric Power Frenzen RER
L | Production Pollution Study Cunningham  CEN '
bl ur CEN
: 2. Stack Pollutant Characterization Cunningham
Study , s
, 3. Effects of Foss{l Fuel Effluents in  Edgington RER
Water Agquatic Ecosystems (Non-nuclear Harrison EES - -
portion of Great Lakes Program) Sharma EIS
4. Effects of Fossil Fuel Effluents on  Mlller RER
‘ Land Utilization
Land : FES
5. Land Reclamation after Strip Mining Carter =l
(revegetation,. etc.) , Cameron
6. Fossil Fuel Effluent - Norris BIM
Rio- " Toxicology in Animals , "
edic , .
7. Projects in Besic Biomedical O'Connor BIM
e Research h :
‘(8. -Biomedical and Social-Costs~ Grahn BIM
» \ . of Energy Prooucticn -
- ‘Assessment
and 8. Regional Studies Program Hoover EES, EIS
‘Policy ‘(National Coal Assessment) BIM
10. Environmental Policy Analysis . ::Leppert OEP
Environ- 11, . ECT for Coal Power Generation L Sather o g}:}?l\’d CEX
- mental %12: “ECT for Eastern U.S. Strip Mining - Johnson EES
Control ' Sites v

. Technology

BIM - Biomedical Research

CEN - Chemical Engineering
CHM - Chemistry

EES - Energy and .Environmental Systems
. 6.

EIS - Environmental Impact Studies
OEP - Office of Environmental Policy
RER - Radiologi;al and Environmental

The Argonne Biomedicel end Environmental Research Program concerned
with coal shows the breadth of the problem. Parallel efforts with

. . different program elements ere carried out at Brookhaven, Berkeley,
u Oak Ridge, Los Alemos, Battelle Northwest, and Livermore.
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ORNL- DWG.”‘,77-7235

O O ci-cH, <Oy  50%in Smin

CH -CH —CH, ~65% in 30 min
34 H, SR '»‘,'20%.in { hr
Eo i CHa SRS

T ~7L Knowledge of chemical bonding in coal compounds may enable us to break linkages
' at low temperature and pressure. 0Osk Ridge chemists show that methyl-like bonds

can be broken at L400° C with vitrinite as the hydrogen donor. (:"




cenpenil

ORNL-DWG 76-1513¢

) -RAW GAS
COAL SLURRY —=—s- -
“ DIAMETER: 24 ft ID
HEIGHT: 220 ft OVERALL
. | . WALL THICKNESS: 7Y% in.
-1-1-1-|-|,-|-|-|-|-| | - WEIGHT: 1700 tons (METAL)
o rs0er L | REFRACTORIES : 1070 tons
e JUU,_JL : TWO UNITS PER PLANT
[ 1200;75! T S
,. - |1900°F
R
,OXYGEN;"‘g
i
Le——WATER
. . ASH;SLQRRY
, - » Hygas Process :
8 , Fluadnzed Bed Oxygen Addmon, Dry Ash Gasafner.
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streéses'between 10 and 50 kei, especiallyuwhen high tenperatures can

sl

PP

induée"larger‘thermal stresses. One hundred ks1 ‘would be better.' 1t
is thus plain why coal converters are 11ned w1th refractories that
restrict the designer 8 freedOm, and why parts that absolutely must
““be metal can only be in the cooler locatlons, and can bear no stresses.
In fact the only metals avallable at these cond1t1ons, and they are

)
very marg1na1 at that, are superalloys that are difficult to weld

poorly understood very costl“féand have heretofore only been used in
a1rcraft engznes 1n th1n sectzons.; Int1m1dat1ng as it is, Sllde 9
does. not even tell the whole story. Materrals used in coal. conver-
sion reactors must, be51des standlng the h1gh’temperatures, survive
‘decarburzzat1on under hydrogen, oxygen and sulfur- be resxstant to
'su1f1de stress cracking, rema1n duct11e for twenty years, resist
‘eros1ve'attack of" part;clesrconta1n;ng quartg crystals; etc.*‘There
are only two so1utioﬁé'£d5thisf§fbb1¢ﬁ:f76s;, deyelop'newhneterihls
that can wlthstand;thehhigh-tennerature hostile environnent;uor.two,
deVelon”ﬁrocessesfthat;can"oﬁerite’af nuch lower“températures°and
pressures and preferably be econom1ca1 1n smallet un1ts than the
mastodons of coal convers1on that we now contemplate." |

“ Both’ solutlons imply large and long—term researchlprograms,
Vcarefully pIanned and managed. Manyepsrallelnl;nesxproceedget flrst,
folloved by gradual culling, uatil resources ave more and more

concentrated in the promising salients, even as others are carried on
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at lower levels of effort, as reserves, in case of the unexpected-
collapse of a front rumner. | |

We have already seen the generayxproblem in materials
:esearch: develop’metalsAand refracto:iee that cae take theiheat!
AndAnot only for coal conversiom, but also for MHD,fandvforifiqidized
bed coal combustion.

Slide 10. Key' develoPment issues in fluidized-bed
combustion. Note important materials and
chemical problems that have to be solved.

We now turn to the possibility of lowering the tempeiéture
and pressure of coal converters, or more generally impacting oﬁ,the,
entire coal conbersion process. It is the thesis of this papervthat.
fundamental understanding of the coal conversion process is a neces-
sary and perhaps a sufficient condition to advance our cause in this
instance. An example of this kind of research is contained in a list
~of projects currently carried out at Brookhaven:

e desulfurization of hot combustion gases;

e kinetics of reactions between gases and carbonaceous
materials;

o reaction mechanisme in the transfer of hydrogen between
coal and solvent (SRC)

e chemical reactivity of carbonaceous material at high
temperatures.

Then, of course, there is the whole panoply‘of questions that goes by
the words coal structure and constltuents, cata1y31s (heterogeneous,

homogeneous) , process 1nstrumentatlon, modellng, etc.
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Another list. from Sandia deals with MHD-related research:

e particle behavior; o e

e heat and mass transfér;

"o .seed interactions and condensation. T

There are lists of research areas on an even deeper
level that bear on many questions in fossil energy. A partial list
from Lawrence Berkeley Laboratory includes research in fluid'dynamics,
thermodynamics, chemical forces, catalysis of hydrocarbon réactions
by metal surfaces, etc. e

We maintain that the economic utilization of fossil‘energy,
in a way that is safe and environmentally prudent, is an incoﬁplete
technology. To bring it on stream in the next two decades calls for
an expanded far-flung research effort. The National Laboratories
stand ready,»and are capable, to contribute to such a program.

‘National Laboratories have the staff, the equipment,
and the management with a proven performance record in the basic and
applied sciences, in engineering, and in synthesizing the results of
many disciplines toward specific goals. By virtue éf existing
scientific strength, in a sjstem that encourages multidisciplinary
research, and by their deep involvement and commitment to the fossil
energy technologies, the National Laboratories can: provide data
needed by the developing technologies; explore the undérlying physical
sciences; provide quick responses to critical problems; work effec-

tively in the complex area that spans science and engineering;
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perform vitally needed enviroment, health: and safetyireséaréh; and
may uncover new phenomena which would revolutionizeffhé whole energy
picture.

They can do this in partnership with industry, with. universities,
_and with the Energy Research Centers. ' It'isfalso‘neceésary-to”"”;
consider the time.scale; Some things the Laboratories;mustfdo'fast:
for example, would be to provide data needed by:the developing
ffechnolpgies and_td‘provide;quicki:esponseé:to critical problems.
Others must be carried out in an orderly fashion over ‘a long time
period,uavgiding if possibleIrapidnfluctuationSain direction.and
funding._*Explorigg the undéilying;physicalfscienCes and performing
vi;allyuneéded eqvironment,‘héalth;and~safety;research;.fall»into
;his‘pategoxy. It might be ﬁecessary;toisay heré,-that;Withbut
research in the physical, envitonmentgléénd health séiences, the
development of fpssiinenergy«teéhnolpgies;will 500n~gtind to a halt:
for a. laqk .of knowledge.: Wbrking :’effectively:.in ‘the’ coinplex’area :
that :spans science»and,engineering;4Wélban even-ﬁeetﬁmilestones;
but there is no guarantee that we'll uncover new,phenbmena which
wouldw;evqlutionizégtheuwhdle“ehergy‘picture in'a year-or .a decade.
All we have toﬂgqién;isupa;tvprecedént‘éawhen,éb1e sciehri§tslwork“’
diligently fp.deepen,ourauhderstandingroffnatural éhenomena,?useful'
things'emerge,;sometimesgin,the;mbst>unexpected ﬁays.“jThere'isvﬁo~»
reason to believe that this will not happén:in the;case bf fossil

energy.
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- Thank you.- » - 70 ..
.. DR..PHILLIPS: Thank you, Alex. -
We are open for comments and discussion.
"..'MR, BORIS: I'm Mr. Boris, formerly with a boiler manufac-
turing organization. ‘I think my remarks -bear more on that théﬁgon'my
present employer.: - S o
;> .Your options seem to-lack a -feeling for the prdblémég‘
that the people who have to put the hardwaré into the field ‘and ‘make
it work look at. = You referred, during your talk, to the HYGAS
problems = and I mention this only because‘it's‘representatiﬁguof'a~
family of these. The solutions that you've indicated include the
development of materials and the development of processes that can
work under less demanding circumstances.

-1 would submit that given these as problems, a third
option, which was not mentioned, is the one that will probably be
taken in most of the cases, and that will be to modify the design to
use today's materials and today's developed processes, to put this
hardware into the field and make it work in the near term.

To seek other options is going to put us into the far
term. To develop new materials-~if you wish to develop a new steel,
as-an example of this—--will require very ‘lengthy-testing; and to get

boiler code approval is not an edsy thing; nor is it inexpenmsive. '~
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i thetefﬁre; feel thétftﬁét kihavofbbptibﬁ is ho; gbihga
to be too viable. The dévelopment of a new process takes a long
period of timégibenéﬁ#ééélé'Pﬁﬁ pilot plants being examples of these.

"I would like to sﬁégesfﬁtﬁét further thought and atféﬂfién
‘be g?Ven to what ‘must be ‘done by fh&se‘éharged'w{th'tbé fésponsibility
of moving technology 9head. Along the lines of wh#fsff takes to move
technology ahead, I believe 'a comment abdué’técﬁnoioéy moving to a
hélt'wasvmehfioﬁed;:“”

I think tgéhnolééy"téﬁdévto stop moving ahead when it
encounters ‘s variety of fégﬁiaidriyﬁhinéé«tﬁat consume much time.
; The R&D pédﬁléfhaVé‘ffied”ﬁErd to §éveib§ these new processes ﬁut can
ohli‘take'thém so far until ‘other kinds 6f(fhiﬁés'ﬁéed’égﬁﬁélgdtten
out of the way so that those who must can géﬁ'thésexiﬁtbifhe field.

N S R S S e e ]
DR. ZUCKER:' Let me ‘comment on your last point first.

P
& .

Government intervention inffééﬁhblog{és is not fotaliy;
capricians;bicb§éfnﬁent ihtéiﬁéﬁfibhfihfféhﬁﬁaiogiéé in ihny cases is
"éle"'signédi’tbpr"ééétwfé' ‘thé health of the people and of the environment.
The problem is’ that Gefyiofkéﬁfa“iéchhaiog§’is‘déveibbed”éithd¢¥”6Q§
regﬁfd3t6Tﬁéalth;”ééféfy;géﬁa‘énVifbﬁﬁgﬁgai*ﬁéfférs:‘ana‘fheﬁ:fhatu
7’té&ﬁhbioi&?gfiﬁas'ib;a‘héffr;quis“ht“legﬁi'Eéth;ded in ics aevé16p-
ment¥f7f“ﬁ5u18fhot%Eﬁii“tﬁéfﬁ;iﬁplé §3Vérﬁﬁé%ffintef%érén€e;fﬁj
' Your first point is Very well taken. Of course, it takes
35 to 30 years to qualify a'material. But I would suggest that the

time to start on’ its" development is now, and mot 25 years from now.
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I ﬁuite agree that the most 1ige1y-thing to happen is the scenario
you suggesc; ] |

Bug'the questioq is'npt:, Dd we dé?elop a HYGAS process?
Rather it is: At vhat p;ice are we going to supply a million Btu?
If we do that at $6 or $8i,is that é serious confributiop? If we do
that at‘$3, that's a different matter. |

So it is not simply & matter of whether.technplogy'cqn .
do something. It is priﬁarily a question of whether technology,can
do something at a price. My pqint is that if you want to lower
the price, a time-tested mechanism is to try to understand the
problem on a deeper level and see if it can not Ee solved by that
understanding. There is no guafantee thqt'it,will be solved@fﬁgt 1
think it is worth trying. | 7

MR, LEE: Lee of IGT. You're_stepping too close to
HYGAS so I have to say something.

I believe your comment--I have nothing against research.
I'm all in favor of that. All of us look for better materials. But
I th%nk your éicture is distprteﬁ in that you show a situation
wherein you expect a metal that takes simultaneously 1900 degrees, .
whatever it is, and 1200 psi pressure, when in fact»thé,HYGAS:;eactor
and the‘many other reactors operates with standard, conventional,
buy-it-by-the-ton quantities refractory for %ining, and the metal is
standard carbon steel shell, and Fhere are all the stresses taken on -
tpe pressure vessel, which only takes pressure but not temperature.

| -
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DR ZUCKER: I know that.

MR. LEE: ‘I'returned recently from visiting South-Africa,
‘‘seeing '3000~-degree molten slag gasifiers O§efating under pressure.
Now, obviously the part holding pressure doesn't have to see 3000-
degrees simultaneously. -

We've also seen coal gasification plants in operation,
producing products,‘using conventional techniques, using»ébﬁvéntionai
operatore and teghnical key personnel like ourselves.

- That doesn't say we.shouidn't}develop.new maﬁerials,
but tb,paiht a picture as if nothing is going to worki we're going to
start, from scratch; developing1hewfpateria1;-1”think that's throwing
the'R&Dfpicture“out of focus. So I'd like to Suégést thét; fine,
let's do R&D work; lét's find better material; let's find better

: { . ) )
technology; let's understand kinetics better~-I'm all ‘in favor of

~tbat; - But don't paint the picture as if coal converting is not a
'doéble}technology with today's material and today's manpower.
DR. ZUCKER: At what price? 5
MR. LEE: The prices are well established in the market
‘price. - If you réad the désign‘reports-—they'te not $6; they're not
$8. And if you’téke'it from the end-use point, from coal to your
finalkp@intbof use,‘there are repofﬁs‘théfiaré”availéﬁlé--l'd be -
happj té’gi§éfit to ydyé—thaf itfs‘much cheaﬁet tﬁan‘nucléar 5

powers

285




DR. PHILLIPS: This is a very profound point, However--
énd it is certainly totally germane to our comsideration of ERDA's
research efforts in fossil energy, but this.is not a group meeting of
economists or people of that sort, and in particular we are not
‘ discdgéing details of demonstration‘plants and pilot plants. . .

Let me remind you to refocus your attention upon the
. definition, at this meeting, of research—- .
| MR. LEE: He raise;/the.cost picture.

DR. PHILLIPS: Yeah. Well, I think that is a very impor-
tant point, because this morning we heﬁrd two speakers--that‘ﬁhey :
consider a number like 30 plus dollars a barrel as.the‘presené state
of the art for méking synthetic oils from coal. Now, if there is a
different opinion on your part, I think .that we all wouldylikekto
know about it.

However; I do not think this forum is the place to discuss
it, but rather, if you would send us in some supporting material and
vhatnot, then we will distribute it in our final report.

DR. ZUCKER: Let me just make one point. -

I do not wish to single out HYGAS as a particular farget--
nor did I say, in fact~that the pressures and the stresses are all
applied at 1900 degrees. I merely put the slide on the screen to
.show what kinds of enviromments, what kinds of temperatu:ég, what

kinds of pressures one has to deal with. And the object of research,
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" commercidlization or demonstration. o

'problems~and fikes was rather simple. = AR

wh1ch you agree with, is ‘to try to ameliorate that s1tuat1on, and to
work in areas where we can do’ th1ngs at lower temperatures, ‘at lower
pressures, and perhaps'at lower costs.:
R That's really all I want to say.
Dk. PHILLIPS: Are‘there.othergconnents?or questicnS?‘
'MR. ZMOLA: Paul Zmoiag"Ccmbustien Engineering.
»I'm'nct‘certainqthat:this bnefncn't'be‘ruled\ont of order
also, but I feel that I have to ask. I wonder if Dr. Zucker would
comment on ‘how ‘some of the technelogy'that's being developed would be
effectlvely transferred to the pr1vate sector. | | | |
| I think he can take a rather broad approach to that, but
1 wanted to p01nt out that‘I th1nk‘most of us are 1nterested in how
to getffntoithe‘situaticn ofléetting;algeodf'rapid‘fik on problems we
get intc;“:snd'usuall§'it jugtEcannot‘he:obtained”éirectlyvfr&m the
bookuhr the“dataqhankffthere's’some apnlfcaticn%?hat has to be
madei“ o
“DR. PHILLIPS: I rule’ that in order. '1t's very germane |
to talk about’scieénce and~£é¢hﬁoiog§'f}ansfér frém”fégéarih“ta‘c |

DR. ZUCKER: I can comment on that starting from our

' exper1ence ‘in nuclear energy, where the laboratorles and the nuclear

1ndustry grew up together, where the transfer back and forth of

,:‘:’
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This is not so here. The transfer of technology and the
coope;atipn between.the national laboratqr;es and the ERCs is now
pretty good, and getting better. The transfer of technolggy_yetween
the laboratories-~(I don't know about the ERCs, but maybe.D#, Wender
will spéak to that)--and industry is complicated.

It's cqmplicated by the patent question. . And ip some
~cases, the transfer of technology is complicated simply because we
hgyekworkéd together only for a few years. . I believe iF,cgnﬁQg
aqgogplished. There is interest in‘the léboratories--in fgct}‘
enthusiasm in the laboratories--for trying to do this kind oflthing.
I suggest there is also a measure of capability to do it.

DR. WENDER: Wender, Pittsburgh Energy.

Addressing the last question of course, the question
of cost sharing has come up as one way of technology transfer.
Another way, of course, is that the energy research centers,_in
contrast to the national laboratories, are completeiy open; and as
such, the synthane process, the gasification, liquefaction processes,
combustion things are open for inspection, for complete questioning
outside of meetings and transfers. So there is a very good Fechnology
transfer that way.

DR. PHILLIPS: I think i;'s perhaps also impprtan; to
point out, Dr. Wender, is it not true that the ERCs traditipnglly
have had a significant measure of their support supplied by industry,

not exclusive government support? Is that correct, sir?
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DR, WENDER: - Yes.,

DR. ZUCKER:

There is the precedent. in nuclear energy;

we havé been able to make it work. There is really no good reasonm,

except our own stupidity, if we do not succeed in fossil emergy. - =

DR+ PHILLIPS: OtheL QGeStions,or»¢0mménts?

; “V"I‘WOu1d=just point

nic Canonico, Oak Ridge National Labs.

out that the laboratories, too, are open |,

to the' public.  I've been there a number of years and I have never

had any problem having people

‘come in for technical exchange in any -

vay. >I%m sure Alex would totally support that position.

Gentlemen, YOu’re>all”in§ited. Any. time you’want—iahd

ladiés-—come‘visit'us.'
“*" DR, PHILLIPS: Very
“ I think it's a good
15-minute coffee break.
4:00.
©.27:(Recess) ! o
DR. PHiLLIPSt ‘1 wou
'to;ordgt;‘please. o

©7-I"'think that we are,

behind our SChédule;védnSideii

Capital Hill today.

‘ “3 rI”waﬁt\to'take¥this.

our plan for tomorrow afternoo

well.

‘time, right now, to take about a °

Let's come back at about 20 minutes of

1d like to call:the meeting back

remarkably, & small amount of time -
°

ng‘thevunplanned‘écfivities.overuon~f'

opportunity to saylagain to you'whétl

n is. We hope that we can get together
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»
as many small groups of you as possible to discuss with us the
questions that we want you to respond to if possible.

I believe that each of you have a sheet that is called

"The Purposes and Requested Responses of the Meeting." If you do not

have one, it's available on the table up at: the door. Attached to

LE

that--the last page, 1 believe~-is a list of questions. LTﬁere's
about seven questions, that all have to do with the basic queétion
that the administrator asked Dr. Kane to address and he in tu?ﬁ asked
Kropschot and‘I to examine, which we now in turn are throwingrfhe‘
ball to you. -

I believe that is all. Let's proceed, then, with our pro-
gram. We have three more speakers for this afternoon.

Representing the energy research centers, research over-
view by Irving Wender. |

DR. WENDER: The handout, available up front, contains
more vugraphs than I will show.

I read some time ago that the head of GAO 'said that envifon—
mental effects will become more important than economics. I'dAlike
you to think about that statement in terms 6f a word that I've heard
a lot today, and that is "cost." I can imagine a very cheap process

that someone comes up with, that works beautifully —-- but no.ome :. .

wants to furnish a site for it, and its environmental effects will, -

of course, be too much for anybody to accept. It is important to

keep this idea in mind.
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I have not really listed research opportunities on my
vugraphs. However, thereiafe four pageé of reseafchnépportgnities
listed at the end of the handout. |

““;Oné5§f them, to bring it to yoﬁf attention, is to determine
the healfh'éfféétéHOf“Soz andiﬁarticﬁlhtés,'and to ask if SOz'étanJ‘
dards are properly set. Although this problem must be SOIVed, most
pééﬁleJQre'avéidiﬁg it.5.Fdrtﬁﬁﬁtely,‘EPRI'has“iﬁstitutéd a research
prograﬁSin this area. ’

I, in particular, have never had any a}fflculfy in defining
basic reSearch."I've'ﬁéén'hAppj”ﬁith'my‘defiﬁition - pérhapé as
happy‘aé\ifil’h'iﬁ"my‘right‘ﬁin&J”

| (Laughter.) : | e

" ‘Basic ‘research ‘to me has a1way§;hdhjﬁre&°ﬁp'the‘picture'of
‘a fellow who's doing research to discover ‘some phehdméhon'éf‘to
verify an'ﬁypbthééié;“fAt*fhé”énd of thé”éxpérimen£{£héjanaiyzes the
daté‘andrfheﬁlﬁé'ddésktﬁe neif‘éxbé?lmeﬁtibaéed‘bn deducfidns,
iﬁfetestihg’bﬁéﬁbmeﬂaJhéyhas5Hiséo§éiéa;:défé ﬁeéﬂed'to vef{fy"br‘1'
iValidat’é‘ﬁié"hypdtﬁésié}"ofwjdétjbéfhaﬁﬁrtf"oA séii%ff‘h'ﬁhim or'a T
curioéify:*yﬂe Haé‘nofpracticél“gbaiiih”his\ﬁihd;f” o
o 5i£;;howévéf; he‘héﬁ‘a’goaf‘in°hind; he will'use his fin&ings
" to help reach that ‘goal. ‘Ihat's what the British call, and what Br.
Mills célls;'bésic'aﬁbliéd‘f¢§éaréhf5f“

The'Eﬂé&gf?Rééearch'Cehtersi(iﬁé'ERCs)tESSéntiall}'dd“mbéfly,
I woqid say about 90 percent, basic applied féEéérbhff:Iﬁ“fﬂé pasf\‘;
they did moré b#sic research. |
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(Slide 1)

Those yellow dots on that map indicate the locatiomns of the
five Energy Research Centers. I'll start in Pennsylvaniagwfhatfs the
Pittsburgh Energy‘Reggarch Center, called PERC} and the one}ﬁelow,it
in West Virginia is Morgantown and that's called MﬁRC.‘ 7:
Then in Oklahoma you see Baftlesvillé. Tha:'sféélng BERC.

And the ERC in Laramie, where the pink color iqdiéaéesﬂ

[

deposits of subbituminous coal, is called LERC.

Finaily, we go up north{ahd, the acronym is somewhat funny,
that's called GFERC for the Grand Forks Energy Research Centerf

(Laughter.)

The Energy Research Centers are situated .in regigngfﬁhat
would lead one to believe that they are there because the;féééhrce is
there. That's only partially true. For iﬁstanqe, the Gfand‘forks
Energy Research Center is in North Dakota. I guess, because‘Fhe
lignite is there. However, the ERCs are national and international
in scope. For instance, if you look at Texas you'll find a long band

of lignite. It turns out that the personnel in Grand Forks are

consulting with the utility people who are building%a vhole series of

lignite-fired plants in Texas. The Grand Forks Energy Research
Center is working with the people in Texas because, among other
reasons, Texas lignite presents a very bad alkali ash problem; FGERC

has excellent experience and know-how in this area.
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The Director of the Grand Forks EnergyrResearch Center
'.;returned recently from a tr1p to Bulgarla and Ruman1a, helplng them
wlth some of their problems w1th‘10w rank.cpals. And the'}ERC

‘ Director has just.returneq frqm Creece and Hengary;Aie conneétion
with problems related to'sﬁstitﬁminOﬁs eeal and oil shale. :

The Bartlesv111e Energy Research Center is near the center
of our oil f1e1ds. But 1f you look at the1r act1v1t1es, they cover
the whole United States,’orl fields all over the country and even in
the Gulf of Merico. |

Visitors te the Energy Research Center in Pittsburgh -
who number in the thousands by the way -- come from every etate in .
the Union and from all over the world. So the ERCsiare truiyinational
and international in scope. They also serve as regional eetters.‘

(slide 2) |

The Energy Research Centers have been in existeneetfor 50
years or so and one is some 60 years old. As trme has gone on,
they've had, as you see, minimal and qﬁite iqadeqﬁate funding support.
The coal budget in 1970, for instance; for 511 of the Energy Research
Centers pies the Oftice‘of Coal Research wes $26Jri11ion., |
| In 1949 coal liquefaction‘plants vere actualiy built, as
most of you know, in the town of Lou131ana, 1n the state of Mlssour1. )
Both ‘a coal hydrogenation plant and a F1scher-Tropsch plant were‘

;bullt there.
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The coal hydrogenation plant was opérated from 1949 to
1953, producing several million gallons of gasoline. This was .used
to run a train from Louisiana, Missouri, to St. Louis, which is about
with these synthetic fuels from coal to demonstrate’thé»usefulpess of
these fuels in current engines.

They also ran a Fischer-Tropsch plant. Here they only
produced some 40,000 gailons 6f liquid ﬁroduct. This planf'was
started up later than the coal hydrogenation plant.

Then in 1953, someone came alopg with a big pair of .scissors
and cut these plants at the root, and:they all died because of a glut
of gas and oil. Hindsight is always better, of course, but it would
have been of immense value to this coﬁntry if those plants had been
allowed to continue. I'm sure they'wouldvhave been modifi?d as
demands and times changed and technology improve&.

The second point is the one referred to by Dr. Phillips.
With diminishing support from the government, we were forced to turn
to industry and other government agencies. Fortunately, we were
successful in this endeavor. We continued at a very low fundiﬁg
level with, at times, as much as half of an Energy Reséarch Center's
budget coming from outside sources. And we could have had more
outside support but, for various reasons, the people in Washington

"insisted that everything done at the ERCs be related to fossil

energy. So that we had to turn down quite a few industrial contracts.
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‘It's eh ihterestiné sidelight;that‘theePittsburgh Energy
- Research Centerrweekthe laboratory which, because of its background
in high pressure technologf andibecahse of the equipment it had,
performed erosion‘end corroeioh testing of the Qelves and piping for
Admiral ‘Rickover's nuclear'shbmerines:‘ That's sort of an odd turn-
around. :

(slide 3)

The program of the Department of the Interior -~ as you
know,  the Bureau of Mines 1sv1n the Department of the Inter1or -
fkept'uS'at'aelow‘rundlng level;:but it was a low level over a long
period-of‘time;' Under thie?set‘ofieircumstenees:the Energy Research
Centeré‘managed to do a lot‘of;goodfwork;aahd'itrresulted in some
Veryqueful»ahd'tiﬁely findingsjwith reshltaht industrial applica-
tions'” | s .

We:ihvehted the edkcalled;Benfield:proeessrfor the cleanup
of gasffrom.oil or from coal;vh;'ll‘taik~abeut this later. There are
now some 400’hnits;—*vandvthese'are ierge‘uhits“é— in manjkcountries,
on every contlnent. They are even bexng buxlt in Red Ch1na now. -All
this came Out of bas1c app11ed research on what is now called the
SYNTHANE process for the conversxon of coal ‘to hlgh Btu gas.,

- PERC also patented the process for the two-stage combustion

of coal with low NO_ emissions. .»‘ |
And then ERDA came along.f Dr. Neuworth, for instance, told

'you this morning that catalytlc gasification is a th1rd-generat1on
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SOME ERC BACKGROUND (CON'T)

© COMPREHENSIVE, LONG-TERM PROGRAM OF THE DOI
PROVIDED SIGNIFICANT ADVANCES IN COAL SCIENCE AND
PROCESS TECHNOLOGY

¢ ERC RESEARCH PROVIDED TECI iNOLOGY BASE INVENTED
NEW GAS CLEAN-UP SYSTEM - NOW 400 PLANTS AROUND
WORLD, PATENTED 2-STAGE COMBUSTION FOR LOW NOx,
ETC.

@ TO SUCCEED, A FOSSIL ENERGY PROGRAM MUST PROVIDE
AN ADEQUATE AND SUSTAINED RESEARCH EFFORT




process in'the sensé thatﬁit'dOesh't.heed a"dEterégeejshitt reaction
and practiéally‘né“methénatiOn;:’AQVety\pfhﬁiéghg, siﬁpie’ahd:diteet
gasification process was ih%ehted by the Pittéhﬁrgh’ﬁhefgﬁﬁkeseatchv
Center. - ThisthDRANE'(Sf hydrogaéifieetieni1550ces§¢in€ol§es:the
‘non-catalytic treatment of coal with hYdfdgehﬁet‘eheutjioooéC.u'The
product ié”eseeﬁtiEIIy‘héthaﬁe'éith'ﬂevtere. 3N6 wetet”gae'ehift |
reaction is needed ana“%é£§i11té1é’ﬁé£haﬁati8n§ié*ﬁéqéifed;' I think
that a procese development unit for this process should be built
shortly. Its simplicity and high efficiency.willAﬁeke:fef.a cheaper,
more reliable reutefthqhigh;ﬁtulééh:ffd;'cdaltl
":Sbwwe‘ﬁetéeréa&y:ﬁith‘these &iéeehetiee“and>ﬁreceeses when
ERDA ‘‘came ihtewheihg. Khd?eiiithieﬂteshltea frohrehbbdrt 6§éf5$'1Ahg
period of time, at e'low Bureau efxﬁiheefEthihérievei; ﬁiﬁs eignifi-
bcant help from industry and other governmental ageneies. Zﬁver the
peSt yeéfg,'thejERCs:hehe hé&‘163§-Eéfh.¢65£;32£§;wiéﬁ eeﬁevlarge
indﬁStrieiﬂfithé. They gave the Energy Research Centers’money to‘

carry out needed research. And remember, the flrms 1nv01ved in these

coﬁtfécté”éithgthe:ERésjhad to give up all patent rights to the

government,

-

Thls br1ngs us to a most 1mportant po1nt. TOHEdeceed; 8
fOSSll energy program must prov1de a sustalned and adequate 1eve1 of”

fundlng. If 1t ien t sustalned, you throw away what you have dLS’

covered or 1nvented waste money, destroy morale - and Just don t

get'anywhere.'h;:t
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1 visited Japan:about two years ago, at their invitation.
They used to mine about 60fpddrmi11ion tons of coal a year. They are
down to about 18, The result isla 99 percent dependence on oil.
Unfortunately, they practically(ended work on coal in theirvygsearch
institutgs and their cogl laboratories. They are now.tryingf#é»build
them up again, but it is an extremely hard Fhing to do. Thegéadre
remaining is scattered andAhaﬁ gotten a bit old. And thatviéré
lesson to all of us. ;

(Slide 4)

As to the ERC missions, I think this has been covefé& so I
won't spend much time on it. We do_thevthings shown on the vugraph.
In tﬁerpest of the time, I will try to tell you some of fhe things
that clarify and enhance this slide.

1

(slide 5) .

Remember that the Energy Reéearch Centers are comp?isedvpf
about 825 people who are all fedeial employees. The National:Labs,
as you knéw, are government owned and contractor operated. The ERCs
have a different sort of outlook and a diffgrent mission, and{one of
our missions is to make the government a good buyer.

Fossil Energy headquarters often asks the ERCs to go out
and 1ookvat a plant and then write a report. The ERCs have to be at
the f;;efront of technology to be able té do this. The only way to .

be at the forefront of technology is to be doing something that is

close to the cutting edge. And that is one of the important things

C
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MISSIONS OF THE ERCS

PERFORM WORK IN FOSSIL ENERGY TECHNOLOGY AREAS

| BASIC APPLIED RESEARCH AND .TECHNOLOGY DEVELOPMENT

- © INCREASE OiL AND GAS RESERVE IASE BY ENHANCED
‘ RECOVERY | 1

o 0 RESEARCH AND DEVELOPMENT TO OBTAIN CLEAN

ENERGY FROM COAL.

- 0 MAINTAIN AND ENHANCE STRONG SCIENTIFIC AND
| TECHNOLOGICAL BASE. |

' © SOLVE PROBLEMS ARISING DURING R&D STAGES OF
. SCALE-UP.
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MISSIONS OF THE ERCs (CON’T)
PERFORM WORK IN FOSSIL ENERGY TECHNOLOGY AREAS

PROVIDE MEANS TO:
® MAKE GOVERNMENT A GOOD BUYER
9 TRANSFER TECHNOLOGY TO INDUSTRY.
© UNDERSTAND AND RESOLVE ENVI/RONMENTAL ISSUES.
® SUPPORT HEADQUARTERS PLANNING/IMPLEMENTATION.
© MANAGE PROJECTS IN THE FIELD.

© INTERACT WITH INDUSTRY/ACADEMIC/PUBLIC/OTHER
GOVERNMENT AGENCIES SR




the Energy Research Centers,have to do to make the{gouernment a good
buyer. ‘ |

B Ahegarding the transfer‘pfrtechnologywto industry, I want
to’say that ourrrelationShips with industry over the years have been

excellent. Somehow or, other, 1ndustry has never cons1dered the

S Pl

Energy Research Centers as rxvals,J=Some>of them havevactually sent

people.who worked at our lahoratories. We,haveihad any  number of .

visitors from industry, Our publications have been used by industry.

Some tlme ago we wanted to Jazz up our pub11cat10ns from the old, .

gray Bureau of M1nes format, and we heard v01ces roarlng back that.

said, "For G?d.s sakef,thetrs our bible. Don't put pink end yellow

stripesLon it, because when we seevthatlgray,gover\we;hnow,we~can$,
S : B , : ST : ,
depend on it
- ;i I' 11 come back to env1ronmenta1 1ssues later.! Thevsupport
of headquarters and plann1ng 1mp1ementat10n are things . that we. do
constantly, back and forth. We should do these even more. thoroughly
in the future. I think it vas mentioned this morning by Dr. White
thgﬁ?hé envisagesethat.more ptojects wrliebennanaged inlthe;fieldaﬁv
| It's 1mportant that you, reallze that the Energy Research
Centers have been sort of. 8 connectlng 11nk you mlght -say, between
Lndustry and'gqyernment. We also have. excellent relat10nsh1ps with:
the un1vers1t1es. we work w1th other government agenc;es.,.Research

and technology transfer take place through the Energy Research

Centers\w;th ease, 7 N TS T o
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* (slide 6)

About our so-called strategy, I think that the first one
listed is Véfy*impoftéht: ﬁb maintain a'proper mix of in-house
‘expertise. What do I mean by that? Well, theipeople that we éﬁpiéy
come‘ffbm'the coal industry; they come from the oil in?ﬁstry; tﬁé&
~ come from the chemical industry; and they comé;diréctiiroﬁf'of'

school. "We have a mix of ﬁeople’who have a lot of eXpefiénée iﬁihigh
- pressure technology, in coal and pefrdleuﬁ desulfurizatioﬁ, in”thé:‘
basic chemical scienée} énd we have a mix of chemical eﬁéinééfé,
mechanical engineers, chemists, some physicists, and arféif number of
mathematicians. This is the basic mix of personnel that we look fdr,
and it's been very successful.

Maintaining the balance between in-house and oﬁt—of-housé
research is a constantly ongoing thing. We're working thét out nowe.
We identify and define promising areas of research 4-'as:&oes'évery-
body, ‘I guess.

We do research which includes special know-how -- and I'll
enlarge on that —-- and in high-risk areas, which are by definition
areas that government people should be in.

I guess now is.about'as good a time, as any to discuss
environmental impacts‘s;emming'from:fossilrenefgy research. ‘We take
this area, of course, extremely seriousiy, as does1everybody in this
room. -In our Energy Research Centers for inétanCe, the process

people are responsible for the environmental consequences‘aﬁd health
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STRATEGY OE" ERCS

MAINTAIN STRONG IN-HOUSE EXPERTISE WITH PROPER
PERSONNEL MIX AND RESOURCES. .

IU’IAINTAII\I BALANCE IETWEEN IN-HOUSE RESEARCH AND

- 'MANAGING/MONITORING CONTRACT RESEARCH.
© IDENTIFY AND DEFINE PROMISING AREAS OF RESEARCH.

DO RESEARCH INCLUDING EITHER SPECIAL KNOW-HOW
AND EQUIPMENT OR IN HIGH RISK AREAS ' '

ASSESS, AND MAKE ACCEPTAILE ENVIRONMENTAL IM-

PACTS STEMI\I’IING FROM FOSSIL ENERGY R&D




effects of tﬁeir process from the time they are initiated. At the
same time, a;”fERC, we have another group, called the Environment and
Conservatioq‘pivision, which looks over the shoulders of the process
people,yﬁb make sure that they are carrying out their environmental
duties;; it'gétoq‘éasy to ignére environmental and safety problems
when you are trying to get a:process‘on stream. In spite of the fact
that you say you're all for the environment,‘whén some#hihg comeg
along that, in your reéearch and‘deQelopment,;ybu just w#nt to gét
done as soon as possible, the attitude is: "Well, I'1l take care of
that later,"”and the problem manages to get swept ‘under the rug. But

we have an overseeing group_ﬁho go around and talk to the process

" people; in several cases, they've identified potentially harmful

environmgntal problems and pointed them out early in thévgame. We
believe ihis ;verseeing group is abéolutely necessary.
| (slide 7)

I think ghis just gives you a flavor of what an Energy
Research.Center is. It by no means gives you the type of facilities
in the Centers. Fred Holzer of the Nationél LaPoratories told you
th;s mofﬁing all about Laramie; it w;s a good talk, so i'll omit
that. |

But we do have high-pressure/high-temperature continqbus
process units, up to a ton a day. We're building a proceés devélop-
ment unit for coal liquefaction that will process up to 10 tons of -

coal per day.
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A HAVE SPEC!AL FACILITIES KNOW-HOW AND SKILLED
OPERATORS

;_f’;HIGH-TEMPERATURE HIGH-PRESSURE
- CONTINUOUS PROCESS UNITS

e LARGE COMBUSTORS :
- PRESSURIZED GASIFIERS |
HIGI a-PREssunE commuous CATALYTIC UNITS
ENGINE TESTING FACILITIES

. OUTSTANDING ANALYTICAL AND SUPPORTING
: EQUIPMENT o

PERFORM AND MONITOR LARGE SCALE FIELD TESTS




We have'large combustors,_one of whlch ls:a SOOIpound per
hour combustor,vtheglargest youfll find outside_ofla:utilitv. It's
an experimental unit.

We have pressurized gasifiers, and the rest vou‘can read
from the slide. | 1

The last line on the'slide.mentions?somethihg that's very
important. The Energy Research Cepters monltor and perform large-
scale field tests, espec1a11y at’ Laram1e Morgantown and Bartlesville.

There are huge amounts of Devonlan shale in Ohlo,
Pennsylvan1a,;Kentucky and contlguouspstates.;pyuch~f1eld’work'is
required to obtain gas from this_shale. I‘doa't know what percentage
of work at the ERCs ls actually'carried out im”the field but it is
large. At P1ttsburgh we have a 75 ton per day coal gaslflcatlon
pilot plant and a supportlng process development unlt. One of the
advantages of hav1ng such unlts near you is that they feed back
rather basic problems, problems that couldn t have been foreseen and
that you go back to a laboratory andjdecxde, my gosh; I will have to
put someone om this right-away.. Occa81onally, the researcher will
have to start pretty far back to solve the problem. In science; you
always find out'that you know less than you think you did.

(slide 8) b

Let me illustrate this. br; Mills mehtioned'the-oxy-
desulfurization of coal. I bring this‘up to give you some idea as to

how the ERCs do things. That process involves; as”somebody said
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SOME ACCOMPLESHMENTS

FROM BASIC APPLIEI RESEARCH

® OXYDESULFURIZATION OF com. o ; |
| ° SOLUBILIZATION OF COAL (REDUCTIVE ALKYLAT!ON)»
~ ecosteAM
e HOT CARBONATE GAS CLEANUP PROCESS
R ° SUPERCRITICAL GAS EXTRACTION




today at the break, the basic elements: earth, air,‘fire and water.
The oxydesulfurization procesé;involves treating coal with water and
air, and you get out all of the inorganic sulfur. Ordinary coal
cleaning onl& gets out about half of the indrganic sulfur., In
a&dition, the process may reﬁbﬁe’up to 40 perééntwof the organic
sulfur. | :

| Now, where did that process come from?‘ Well, if you just
read your literatu;g a bit, youf organic ché@istry,'or in fact any
chemistry, you will.find that the f;ee energies of>£ormatiog of very

stable molecules, like CO,, CO, NO, water, SOZ’ etc} are very favor-

22
able, and there is a tendency for these small}molecules to form in
what is called an extrusion reaction. So we said,:iet's take dibenzo-
thiophene as”é model compound.  If ybu could oxidize that to a
’

sulfone, (the sulfur atom in dibenzothiophene‘hasﬁtwo oxygens on it),
SO2 should extrudeﬂyery easily. And 80 we treétedzdibenzothiophene
sulfone with alkali and got a qﬁantitative yield bf 1-phenylphenol.
In other words, all the sulfur was rémoved by this\treatment.

We went from this to coal. Now I don't know if that's
basic research or not, because the extrusion reaction was known and
this is an extrusion to coal. :it wés an application of basic research
to the removal of sulfur from coal.

The second one on fhe slide was on the solubilization of

coal. Nobody has been able to really measure the molecular weight of

coal, but we did this by reductively alkylating coal. I won't explain
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what that is, except to say that it s1mp1y adds a long hydrocarbon
chain to’ coal for 1nstance we added a hexane chaln to coal. And we
l

found that when we did, coal became soluble‘ln benzene, and even in

“hexane. And then we were able to determine the molecular weight of

solublized coal.
" Another exaﬁpleris the COSTEAM reaction. We sAia to a
‘researcher one dé?;r-; everyBOdy'hydrogeoates coal oitﬁ‘exoensive '
hydrogen:gas —- your job is to go into the laboratory and fiod a.wey
“of hydrogenstiﬁg coal usiogtsome other (preferaoiyvcﬁeaoer) gas. And
don't comé back until you've found it. AR
Ahd»heicéﬁeroecﬁ with a‘coalliiqoefactioo’process that;uses
'the“éas;”cerbon”moooxide, in thé'péésenbe‘ofjﬁéiéf."Thingéd to the
COSTEAM ‘process, whichtisfeopiiCabieA we foﬁod 5£‘£i£s£;’to'io§{§;ni
coals. The Austra11ans, who have lots of low rank coal as do we,r
are also very 1nterested in th1s process.:rx‘ | o o
At flrst, we thought th1s process was.noncatalytlc, but it
turns out that the alkali in the 1ow rank coal is a catalyst.u Sodlum
formate is undoubtly the necessary 1ntermed1ate, and a hydrogen atom
from sod1um formate is transferred to the coal. ’ g 7
The hot carbonate ges“cleaoup process'(the;heofiefo“;;ocess),
with some 400£pIEnts now built or building, caﬁe:ootfof#the simple
reaction that s in a11 the chem1stry books' water plus pota581um
’ Th1s p1cks up Cco 1 When you

carbonate‘plus CO gives you “2KHCO.

2 3‘ "2

heat this solution uP,bcozis releaseo. The Benfield process also
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~ removes hydrogen sulfide. This process cgrtainly stemmed from a
basic‘reaction gnd is a good example of basic applied research.

.Dr. Mills/funded this last example on the slide,rdealing
with supéréritical gas extrac;ion; That's something that,thgrBritigh
have devélopéd to treat coal with a low-boiling solveqt'aboié its
critical temperature. In this manner, they get out 20 to Bé?percent
of low-boiljng material. rﬁut their process results in a large amounf
of residpe. | :

iYou know tha; one of the big problems in the,liqué%action of
ééal is.sdlids-liquid separation. We have taken the solid-liqﬁid
mass after most of the oil has been removed and treated it with
toluene under supercritical conditions. We find that we canicleanly
remove all the usable o0il from the residues with a quantitgtive
rec;very of toluene. Our remaining problem is to make this a con-
tinuous process, which does not seem at all difficult.

These are just a few examples of how work is conducted in
the Energy Research Center.

(slide 9)

I think I will just let you read this. I've éaid most
everything on it. Next slide, please.

(Slide 10)

The next slide is an_important one,

As Dr. White told you, tests are going on in Albany,

Georgia, some 40 miles from Plainé, on the burning of solvent refined ‘
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’coal (SRC). SRC, 1t turns out, is ne1ther f1sh nor fowl. It's not a
sol1d, 80 you can 't burn it as you would 1n an ord1nary coal combustor,
it's not a 11qu1d, so you can t burn it in an~o11-type burner.

‘ The combustlon group. of the Plttsburgh Energy Research
denter,‘wh1ch has been d01ng basxc and applled work in coal combust1on,
was asked to figure out a wayvof properly burn1ng SRC. Well the
group dev1sed a sat1sfactory method to burn SRC 1n a very short time
and th1s is how the SRC 1s be1ng burned in Albany, Georgla. Some
‘three weeks ago, we had to send a man to Albany, Georgla to make sure
that the SRC burned well. It burned beaut1fu11y and the test wae a
success. It s 1mportant to note that the Energy Research Center was
”ready to respond to th1s challenge in a short t1me. We must. be and .
are ready for taskshot thls 39?t'v‘7

Take the.coal—oil slurry aS‘another example.' We were asked
n‘lf-we coulddget a coal-o11 slurry un1t set up 1n a very short t1me.
In less than three months we hsd one operat1ng at PERC.i We found an
rold Bureau of Mlnes bo1ler, set up a coal-011 slurry un1t,_and
iﬂfurnlshed a11 the steam heat for the ERDA 1nstallatlon at Plttsburgh
.;last w1nter.r Thls un1t ran for over 1, 000 hours. 2‘”i,

We are now bu11d1ng a 700-horsepower un1t.? This”uinter, we
”hopevto put”several of‘these coalforl slurry_un1tsi1nto,smalllindus- |

~ tries in the mid-Atlantic area.
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A very good job has been done réceﬁtly at BERC on the re-
" refining of lube oils -— these oils have béén tested and théy'meet
all specifiéations. |

Devonian shale has been coveféd,'hatutal gas from methane
 seams has been &iscﬁésed and I have t#lked about envifbnmental |
pfoblems. Let's see what's on the next slide.

(slide 11)

Let me talk about this, and then probably end up.

Most of the liquéfaction thaﬁ we have talked about has been
hydrogenation of coal, which is something I believe in. In other
words, adding hydrogen to coal is a promising route ﬁb low-sulfur
liquid fuels. But you make a lot of aromatic (benzenoid) and poly-
molecular materials during the hydrogenation of coal.

We are advocating a large program on what we call Project
PLUS. One of the advantages of Project PLUS (Petroleum-like Liquids
Using Synthesis Gas) is that you first gasify the coal to synthesis
gas and then convert the gas to petroleum-like (aliphatic) oils. It
should be pointed out that, even when you hydrogenate coal direétly,
about one third of the coal must be gasified to make hydrogén én&how.
In other wbrds, you have to go through the gasification route to make
your hydrogen in the first place. We know that in tﬁe next c;uéle of
years, there are going to be several‘good pressu;ized’gasifiers.” I
think a number of people in the audience may know better th#n I what

they are.
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If you start out from carbon monixide and hydrogeo (synthesis
gas), you can go to petroleum-like liquids via the Fischer-Tropsch
route as does Sasol in South Africa. That's fine. They are now
building another plant ten times the size of their present olant.

Byt'it is possible, by using a selective catalyso, not
necessarily a FischerfTropsch catalyst; but an oxide catalyst or a:
zeolite,ketc., to obtoin a high yield of a gasolioe fraction,ror you
vcoold make a diesel oil fraction.

Dr. Mills has supported work which shows that‘you'oan go to‘
methonol and then to an aromatic gasoline. And work is nowrgoing on
in making aromatic gasoline directly ffom carbon monoxide and hydrogen.

The Pittsburgh Enefgy Research Center has found that you can
make ethyl alcohol from methyl alcohol using a homogeneous catalyst.
And of course, you can make ethylene from ethyl alcohol. Ethylene is
one of our most importont petrochéhicals»and it will éventuglly’be
‘made from coal, probably via synthesis gas.

Formaldehyde and acetic acid are made from methyl olcohol
today, the acetic acid synthesis using methyl alcohol and cafbon
monoxide. The Union Carbide Corporation has recently shown that &ou
‘can make eﬁhYlene glycol from synthesis gas. You make hydrogen from
synthesis gas and you make ammonia using the hydrogen. We now know
how to make the important petrochemical, styrene, from toluene uoing

synthesis gas, but I won't take your time for the details.
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Project PLUS:thus gives us an epyirpnmgntally clean route
to gasoline,.to diesel oil, and to other fuels and petrochemicals..
All the sulfur ahd,qll the nitrogen are removed during gésifigation
and the final products are not carcinogenic.

~_About 33 billion pounds of synthétic ammonia is made in
this country every year.. Happily, there.is work going on transplant-
ing microorganisms, Phizobium species, which grow on the roots of
certain nitrogen—fixing plants. It may be possible. for these micro-
organisms to be transplanted'po“wheat,,rye, and oats, etc. : It may
well be a good idea for. ERDA or someone;else to ‘subPOtF-;WPfk to make
all our ammonia (fertilizer) via microorganisms on the roots of
growing plants. It is_ipterésting,to note that 100 billion pounds per
year of ammonia are fixed naturally in this way each year.

... Indeed, why not fix all our nitrogen in this way? If
successful, .this: .could prg;ty_muchhwipe,pu;rtheAammonig industry. It
would be tohoﬁppadvantqge to do tpis.,!Wbﬁyquld_sayg éll_the fuel .
necessaryltoimake_gﬁmon;a._xpg:hépq,_gvgn_mqte»impoggéntly, we would .
be replacing the hpmusgso;quly;néeded in thghsqil./;At:present, we
must addfincreaqiqg,amogéﬁs;ofifgxti}iggfAeaph year beéausejhugpguisw
nbt-:eplqpég.igThe’pﬁgefamqunf Qf_syn;héqiéhammonia‘gesults in
eutfopﬁiéation,gf'qur‘xivqrﬁ{yithjgésultgqt @illing_gfﬁ;he fi§h¢’
presents . .o e 0 v ounnt ” |

.. So this is a plan where I advise avoiding the petroleum -

or fossil energy route altogether. , Instead put all your money into

A3




agricultural research. If you could get the dollars and will do
this, you would not need the ammonia industry and it would be a
tremendous boon to agriculture and to the environment.

Thank you.

(Applause.)

DR. PHILLIPS: Thank you. Now, I am going to ask you a .
question. What was your next slide? Couid we see it, please?

DR. WENDER: I have taken up more than my allotted: time.
The rest of the slides are in my handout.

DR. PHILLIPS: Are there other questions or comments? -
Yes.

VOICE: What is your ratio between in-house and out-of-
house research work?

DR. WENDER: That figure is not in the handout. 1It's
a hard question to answer because most of the out-of-house work is
funded from Washington. Bartlesville, for instance, monitors over
$100 million worth of outside work. Is that not so Mr. Ball?

MR. BALL: That is right. We have about $7 million worth
of in-house work, and $110 million worth of contracts.

DR. WENDER: That}s an exceptional example. Morgantown
has fluidized bed combustion. We only do direct combustion at the
Pittsburgh Energy Research Center. The number you ask for is a hard
\‘number to come up with because these are really contracts that
emanate from Washingtqn, and we get to be the TPOs of these contracts. B
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bThetfigdferie/avéiiable;;I think; from Dr. White.
' DR. PHILLIPS: Other comments or questions?
'(NOQrespdnse;) o 7
::Vefvaefl.rbThank you, sir.
‘ We;vi11‘go on then fd:ourunext-tOthe-lasf~talk'fer todey's

sessions, university research overview by William Reynolds, Stanford

University.

DR. REYNOLDS: Thank you very much.

I am delighted ‘to ‘have 'this opportunity to provide you with

" information and perspective on the current and potential role of uni-
" versities in fossil energy research. As Chairman of the Institute

" for Ehéfgy Studies and efuthEADephrtﬁent of Mechanical Engineering’
: . .

at Stanford I have had the occasion to aieeﬁes"thefERDA'pfbgram with

many colleagues. In preparing this talk I spoke with several key

peopiefet leading univefsifieé:td”gétjEﬁeir'ViewE“én'the'ﬁeéseges,i
that I°should deliver todayéy 1 wili present my analysis of the
situatiop/eﬁasiﬁtefﬁfetétibﬁﬁef!eoﬁe:yidel§fhe1di§ieﬁs;

My talk is orgaﬁized in two parfs.‘ Fitst, I will put forward
a caée;tﬁeeiéﬂeﬁﬁng;efsitiee:ﬁe;eeﬁ;cﬁ-te'contribuee'tO’ERDA's' |
fossil:eneféy‘progrems, but'thet many of therbest minds have yet to
be directed:tbwards ERDA's‘ieeearch needs; some'steps that ERDA
might take to 1nvolve more of th1s t0p talent w111 be suggested.

Second, 1 w111 exam1ne the balance between research and development

in the ERDA foss11 energy program, and.po1np tota ser1ousﬁgap,wh1ch I
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perceive exists between.the very basic research and the very applied
development programs; recommendations will be made,fo;\ways in whiéh
the universities could assist in bridging this gap. 'Alpng'the way
you will hear a number of things that I hope you will fiq@ useful.
‘Universities have been the'priﬁary performgrsﬁqf basiq::esearch,
not only for the federal government but,fog‘tbg‘natioprag alwhole.n
Table 1 shows the distribution of federal research Supportqug-uqiT:
~ versities, industry, and governmentulaboratqries fo; FY76. No;e that

universities are involved in both basic research, which is the advance-

ment of knowledge potentialiy useful in a number of applications, and

applied research, which is research for new knowledge undertaken with

parcicular applications in mind. 1In addition, universities are some-
times involved in develog&ent, which is the technical~activity con-
cerned with non-routine problems encountered in translating existing
knowledge into specific products or processes.

TABLE 1

FEDERAL OBLIGATIONS FOR BASIC RESEARCH, FY76
(Billions of Dollars)

Basic Research Applied Research

Universities 1.0 1§Qq_”
Industry 0.5*% & 1.5

Government Labs** 0.3 o 0,4

*Mostly aerospace
**Including those administered by universities

Source: NSF 75-323
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Measures of un1vers1ty strength and product1V1ty pert1nent to
foss11 energy are g1ven in Table 2 wh1ch shows the sources. of recent

pub11cat1ons in two maJor referred Journals reportlng research rele-

E

vant to foss11 energy, Combustlon and Flame and the Journal of Catal-

| z31s. Note that nearly 70 percent of these pub11cat10ns are der1ved

£

from work conducted at un1versxt1es. Two pertlnent reV1ew Journals,

,Progress in Energy and Combustlon Sclence and the Annual Revxews

of Fluid Mechanlcs, use un1vers1ty people to an even greater degree.

In the recent electlons to the Natlonal Academy of Sc1ences, 80

percent of the new members were from un1vers1t1es. The fact that as

1

many “as 37 percent of the members of the Nat1ona1 Academy of Englneer-
1ng are 1n un1vers1t1es attests to the h1gh concentrat1on of applica-

A

{
thnS"Ol‘leIICEd talent in unlversa.tl.es.

MEASURES OF RESEARCH CONCENTRATION
. i

: v INDUSTRY GOVERNMENT UNIVERSITIES
et b el e (incl. ‘labg)

Referred, Journals v vkt nEo "Oh.” CUen e
Combustion & Flame (1/75—6/77) 19% - 12% 69%

. Catalysis (6/75=5/76) = = .~ 232" ° 10% IR 7/ S
Rev1ew Journals =~ . . ¢ ot Lwresiie T o o A
Prog. Energy & Combust1on Sci. 232 ‘ 5% ... 13%.
"Ann. .Reviews of: Fluid Meche:i @ 528 o m 1%« <00 T 81%

(74-77) ) S L
Academy Membershgg_ L ;« - , c
~ Nat. Acad. Sciences (1977 10% 10% ' 80%

elections) '
Nat. Acad. Engrg. (all) 55% 9% 37%
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