»

ks -.:\'

.,,theBO

. “".f.'.,f‘ v“*&&:\ RS : : Nod MR ‘. P g\‘ : _‘f‘
. ! .-@,_ ““;, 2 gL 5 LR ;- : ER N f: ’@W

T ‘\lu«.

Report“on Meétin

_.r‘""

. US. Energy Demand

[oNss
< A

¢ » :"'Fr'.‘.

Energy Sltuatlon |s Posmve Challenge to U S
: " Robert.O, Anderson —_ T A

- . s - -
. . . e - .
. . ¢ "_ “ . . - : (I -t N M -

The Appllcatlon of Petroleum Englneerlng to Geothermal Development . 8

ey,

Bruce A _- Kennedy, Anthony Ed

RN *,i{'t

I Extract

.1 ‘<

-

QY

.. '#”_»-i, _{9‘&9},

sl B
ot i-':,r” S




]

a2t -

R Ol ST e g e e

iy - ~ e R [P R P . A o
TNt Ch T e BN o et ’ri 4 . . oo

L e

,.‘;t D37 s 7"’"&"3%*-0“’.,0 L. g '-;-é“*""""ﬂi?‘ﬂf:. 4.‘:'-

.-Anderson: Energy Situation is
Posrtlve Challenge to U S' e

\"« =4
v
P

‘, ,To'the Readers of .o f‘ .
Mlnmg Englneerlng and

The Unlted' States'ls enterlng the 1980’s taclng the most severe technologicai and organizational-' :
challenge in our history: Can we produce enough energy in the years ahead to assure that. our soclety will
continue to grow and prosper? S . ;;;;._.‘ bt : :

The situation is not encouraglng Oll, the domlnant fuel of the postwar era Is fadlng The OPEC'

countries,- source of the bulk of ‘our imports, are orchestrating production cutbacks to support |
devastating price rises. They thereby offer up a preview of the day OPEC's limited production will be a~

matter of physical necessity rather than political choice. If | were to guess, | would say that the U.S. will -
" not be able to get much more oil from OPEC countries in the 1980’5 than we are now. They seem that
close to thelr production limit. * -7 -, S NTls

. This fact’ of Import limitation inevitably means -that our energy security in the 1980's and beyond
depends largely upon resources at home. Fortunately, the list is long: conventional oil and gas, practical
_methods of accelerating production from older oil fields, and a strong array of alternatives including coal
(U S.reserves arethe world’s largest), shale oll, nuclear, geothermal soiar and more. : .

Obviously, continued conventional energy development in the 1980's and 1990's is. crucial if we are to
havetime to put renewable resource technologies in place. We're making headway In. this quarter. New
seismic technology based on computer modeling, for example, allows explorers to “‘see” deeper and in
greater detail to uncover oil and gas in previously unsuspected areas such’'as the Overthrust Belt
geological formation in the mountain states. And various enhanced recovery techniques show great
promise of increased production from established fields. Today, the world recovery rate of proven crude
oil reserves averages about 30%. Each percent increase will enlarge reserves by one- thirtieth a very
substantial fractlon - ) . .

Coal and nuclear are the “brldgmg fuels’ to carry us through the decllne of oil and gas to the era of the
renewables. Both face major hurdles. Mining and processing coal involve considerable environmental
problems. Acceptable technological safeguards are needed -to. deal with:phenomena such as the
“‘greenhouse” effect and acid rainfall. As for nuclear, we think that by 1990 U.S. production could be the
oil equivalent of 4 million barrels a day — four times the present level. With Three Mile Island a vivid
memory, however nuclear operatmg and waste—dlsposal safety must be assured vt

Our assumptlon is that the future wull belong to solar as our chlef source of renewable energy. But

* probably more |mportant in the short run is “conservation energy”- — the cheapest and most immediate
"alternative. By President Carter's figures, an investment of approximately $35,000 will be necessary to

: make a daily barre! of synthetic fuel, but only $4,000 to save a barrel. The National Academy of Science
-estimates that “in the year 2010, very similar conditions of habitat, transport, and other amenities could
be provided in the United States using twice the energy consumed today or 20 percent less than is used

today. "Ourchonce seems obvious.-. LR Sy

When all is said and done I find no reason'to side either wrth the neo-MaIthusrans who see a rigidly
limited natural resource pie, especially energy; or wrth mlsgulded optimlsts who -cling to yesterday's
" innocent faith in “onward and upward forever.” -~

- We must seek the middle road, recognizing that there wlll be I|m|ts and obstacles but none that cannot
be overcome by a liberal applrcatuon of the most critical resource of all = human inventiveness. The us.
always has been an ingenious country, a nation at its best under duress and pressure. In the 1980's we
gre gomg to have a splendld opportumty to demonstrate whether we st|II have that capacity t think we

O. .. ... “ S L Rt

_‘ . H e S ot .: » . o . R R R
I .Y, .

.. €
AT e o . .

'Sincerely,' ’

Robert O. Anderson is chalrman of the board and chief

. executive officer of Atlantic Richfield Co. He has worked
In the petroleum industry sirice 1939, when he joined a
. subsidiary of Pure Oll Co. Anderson spent 22 years in
-+ | petroleum refining, in which time he owned Wilshire Oil
.. | Co. of California and served as president of Hondo Oil-
- -~ % | and Gas Co. He sarved from 1961 to 1964 as chairman of
P S SRR i, .. 7 - | the board of the Dallas Federal Reserve Bank, and was

“R. o Anderson R T ;jr <+, . | named to his present position in 1965. He has served on
_ Chairman and Ch]ef Executive Ofﬂcer .~ 1 -.-] the National Petroleum Council since 1951. He hoids a
| Atiantic Richfield.Cor | ..\ L v i v | BAdegres from the U, ofChicago -
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. The- urgency - of ~ further
development . of our .domestic
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energy resources becomes more
apparent . evety ~day. The’
production capabllrty of existing
. facilities, taken in the aggregate,
declines perhaps 10% per year;

imported energy is expensive _if.

available at all; conservation helps
reduce demand but eventually. will
reach a point of diminishing

“return; new energy .sources are
promising but past experience, as

with nuclear power, teaches us lead
‘times are long and success is not
assured '

. To approach the energy future
ratronally, it is essential to ‘have
.some' idea ‘of the size of the"

" nation’s remammg energy
- resources, their characteristics,
and the degree of uncertainty
_involved in - their -estimates;

‘Resources are, of course, only one
-end .of a long chain leading .to

. .,energy supply -to the ultimate,

.

N 'Vlews are lhose of the aulhor and nor necessarlly

(Mhoseof EPRL . ' T e

-

,

- Estimates of oil originally-in place .
._(OOIP) range from 619 billion bbl -

¢
'
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consumer. They are an essential

. element, howeéver, and ‘the only
one not under ‘society’s control.

‘Given that the resources and a’

‘national will to prqduce the energy
exist, it is possible to convert the

resources to supply in, generally, -
reasonable
"manner. However, the process of
" developing supply takes

environmentally

" time.
Government must permit access to
the resource, and . remunerative
prices and further evolution of

‘technlogy are required. This paper

does not deal with these essentials,

‘but they must not be forgotten.
This discussion is limited to coal,

.

oil, natural gas and gas liquids,
uranium, and oil shale.
energy sources are discussed -
elsewhere in this issue. oo

- CrudeQil . . - ST

Conventronal crude oil resources
are of greatest concern today,
given our dependence on imported °
oil and its, rapidly rising price.

**"to 1,094 billion bbl, differing by

Tt

S, PR
. - . es .

 experience ° of
“estimators, the - mterpretatxon of

Other -

. estrmate for that”

':.-‘ YT

almost a factor of ‘two (Table. 1.

Thrs is'surprising because the U.S,
is a mature petroleum province

and over 400 billion bbl.OOIP
discovered. - Differences “in the
estimates involve differences in the
..the - various

present geologic information and
historical statistics, | the

. wrth over 120 billion bbl produced

methodology, and probably the .

extent (i.e., water .depths)
which offshore . resou'rces are
included. . _ '

The range shown for .the
estimate of -4 given 'estimator
appears to be primarily due to
geologic uncertainty. This un-

‘certainty can -be . measured by

taking the ratio of the low and of
the high estimate to the expected
information
sotirce. The :low esnmatcs range

-from 0.85:to" 0.87 " of their
- respective
~ estimates range from 1.18 to 1.27

values. The s high

of the expected values. In all casés

-~the high estimate is further from
" the expected ‘value'than the low,

"\

for
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National Petroleum Council (1973)
M. King Hubbert (1974) . -

Mobil (1975) . e
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:.Shell (1978) :
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TABLE1 COMPARISON OF UNITED STATES CRUDE OIL RESOURCE E$TIMATES1 (bllllon barrels)

" Ultimate Cumulatlve

Orlglnal on .
Resources in Place Recovery at30% . e ‘. Recovery at 40%
810 | T 259 , st 324 T
666 - - < T L. 213 T oAt 266 . .
© 681-781-922 . I 218-250-295 ¥ -272-312 369 -

- 647-756-959 ;

744-878-1 094

e 828 -
619-713-838

L e e

shown for them in Tables 1 and 2 and asst

3

have been r
place e 32% rocovery factor was ueed to derive orlglnal oll inplace. ;

s :’”2. Exxon leeald to have lowered lhelreellmate recenlly R

207-242-307

A Adapled rrom earller work by Jeremy Plan Energy Supply Program geologls! Electrlc Power Research lnsmule Mosl sources do nol qlve al of the llgures <r o
y to derlve a full set of rlgures In cases where ultimate recovery was glven Instead or oII ln .

-,.m R

) .
SR




R - - . . S IR -,,"V""‘t" L 4ne 4.. £

TABLE 2- ESTIMATES OF REMAINING RECOVERABLE CRUDE OIL RESOURCES‘ E 14.’% >

Dlecovered and to be Discovered (billion barrele-December 31 1978) B 74 ke

e :.,",‘) o “7 'v Jeclﬂ CE ek AT /. "“‘. s y :
Sag s BRI TR o - Proved Res'erve3 Plus

Remalnlng Recoverable Resources ' Estimated Revisions Undlecovered Recovereble Resources -

- At 32% Recovery At 40% Recovery end Extenslone . ;At 32% Recovery At 40% Recovery

XY

Exxon (1976),
Parent and Llnden
1. {Institute of Gas' 3
e Technology, 1977) ) ;
"Shell(1978) Bt o 7 77 107 147 '-‘f" 127 164-214

%1, Adapted from eariler work by Jereniy Platt, Energy Supply Program geologlst, Electrlc Power Research Instltute Most sources do not qlve all ol the llguree
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. 2 Exxcn Ie eald to have Iowered thelr estlmate recently ~

“’t: ,‘

"'7; shown for them In Tablés 1 and 2 and assumptions have been neceseary to perlve a lull set ot ﬂnures In ceees where ultimate recovery was alven lnetead of oil, In .

. ndlcatmg greater uncertamty oh‘~

et

. -Although ‘it appears .premature -
RPN ».to write off the Atlantic Coastas a:
“* " result’ of failures ‘to date in the
" Baltimore Canyon, assuming that *
" there is'no oil off the Atlantic.’
" -, " Coast- 'would require -that the
: -~ - USGS low .estimate of OOIP be’
% - % reduced by about 6 billion bbl and-
1 .77 -7 the high estimate by 18 billion bbl. -
Estrmated ‘récoverable -resources -
; (would be reduced by a third of
! "these . amounts, Presumably,
“.smular adjustments _would be’
required in the other estimates. !
i, A. - critical ‘parameter ‘'in .
' estrmatmg the amount of oil yetto .
" be produced is-the percentage of -
Eae OOIP that. - can be recovered
'Expenence mdrcates an average of
about 32% recovery using primary.
" and” secondary recovery methods,'
.' ~although ‘individual " fields . may”

PV AR e =
ant DAY N N
: . - %
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“.recovery. 'Actual and prospective
‘higher ‘prices - for . oil -have led -to
increased .interest in new methods

‘of enhanced_oil recovéry.. (EOR)
“The amount “that - these EOR

Ve 1ghly uncertam Some observers
+see an-increase in average Tecovery -
of all OOIP of only a few percent »

' of

1llustratron,'v“ Table.-_ " shows..ii
“ultimate . cumulatlve recovery- a
2 two drfferent levels, 32% ‘and-
40% ““ If.2 we *"are ivery:: clever

“_Tab,le ,:2,’: hows ‘what - these
rable ﬁg es “medn

‘o the upside than on the downside. ." =,

. “pectatron,

:ihave’ over-90% or less than 10%

. asto support extensive exploratton

N,

methods’ wrll increase Tecovery 'is

oil resources and opportumtres‘for
-discovery. At the minimum ‘we’

* have nearly 80 billion bbl of oil left . ;

- to produce and nearly' 30 billion ..
.-bbl left to discover. It is assumed .
+ that - development drilling - of .

: “known fields plus upward revision "~

" -of estimates for older fields will :

* eventually add 22 billion bbl to

proved ‘reserves of 28 billion'bbl
‘for.a ‘total of. 50 billion bbl not -
requmng maJor dlscovery effort
- This. number - is ‘not "crucial, A
lower estimate of. this’ quantrty wrll

. srmply add to the amount yet to be

reasonable ex-
allowmg for . some
rncrease in recovery factors would
“'be 120 billion 'bbl left: to be
: produced, - tof which about 70,
‘billion ~ bbl ‘remains -

" discovered. | A

fair, possibility of - even “more.

i adequate to support large.efforts -
to, mcrease recovery factors-as well

and development campaigns. :
" Remaining “recoverable oxl -of:
120 billion bbl is equal to 40 years

*.supply.. :at’, :current

productron levels can be mcreased
or several décades.zxA‘ _production

8 vcrude orl whrch

o be St veral

t

in terms of remarmng recoverable

to ‘be .
. drscovered Nothmg precludes a .

. mcrease is favored \by prrces for Hyy

g " dependent Petroleum Association

"Journal, February 26, 1979, p..41;

Overall the ctude oil resource base

K ministration of the U.S. Dept.-of

rates ““of
"-productron although productlon

trmes 1973 pnces even after new.

" federal taxes. An increase also'is
“.favored by increasing interest in

EOR and by favorable prospects in

_ areas such as the Overthrust Belt in
N Wyommg, Idaho, Montana, and
Utah. The number - of oil well
‘completrons is - nearly twice the
'1973 level and seismic exploration
is at’its fastest pace in 20 years.
Several mdustry executives. have
‘mdrcated “that -over a million
“barrels per day could be added to
productron in.the mid-1980s with
* price " decontrol,. :according to
~ several " sources (C.T. Sawyer,

'

-~ American Petroleum Institute in
’ - the Oil Daily, May 18, 1979, p\ §;

‘Jack. Allen, president of In-

. .of America in the Oil and Gas

", and John Swearingen, chairman of]
“the board of Standard Oil.Co..of]

" Indiana at stockholder’s.meeting).
*The Energy Information Ad-

~Energy ‘in 'its recent: report- o,
“"Congress (DOE/EIA -1073/3, p:
--64, released in 'mid-1979) shows

-five  alternate - ‘projections  of]
domesttc ‘oil supply for 1985. Theyj
range ‘from essentially “the 1978
" level to. :20% higher..,A negatrve
factor 1s that . much ‘favorable,

“-acreage is not, bemg leased by the
"'federal government.@m ,(\; el f
There has been’ drsappomtment
in recent years about the’ response
of both crude oil and natural gas
i productron and’ reserve levels to‘
:...higher prices. Drsappomtment may
«be premature’ ln constant dollars,




V'?,ﬁ.dollar price 63% above 1973) and -

‘{:‘ prtce expectattons were. uncertarn

:‘t" +% under t‘ederal regulatron. ", More-+ 7
4 :‘f over,‘ as ‘oil and gas: drrllmg ex- -

M’ was' ‘-placed on dnllmg‘., and
‘,equrpment . costs.fanhe _first
response ‘10, 4 pnce mcrease,rs«

g ~increased . dnlhng ‘of ‘known but“
prevrously uneconomrc resources, > "upside than on the downside.- The“‘

RIS

;-.and; -in’,some: casés"infill drilling:.
"These are approprrate short—term
- 'reSponses but are- lrkely to be less ™.
_“productive than development that -
% .results- :from - carefully . planned, -
'expandmg exploration : programs
~overa penod of years : :

1 S

Natural gas resources are of only
“.slightly less concern to the natron
-than *.0il resources.”. While' - the
nation “does .not depend upon-
" imports for'much of its natural gas _
supply, a falling output of natural " ;
‘gas would exacerbate _0il and
. electricity supply problems,
whereas a rising output of natural -
_gascould help reduce ‘the pressure
on oil imports and possibly . help

shortages.
Table 3 shows. estrmates of
natural gas resources. Because 80--
"7 85% of gas in place’ is norma’lly‘
recovered, there s not a large
potentral role for . enhanced ..
recovery. Estimates are cast -in -
terms of ultrrnate recoverable gas

1)

rather moderate (1978 constant.

-offset . potential’ electnc power o

t

cubrc ft (Tcf) and the high of 1,500 -
s "Tcf “‘are both ‘- Exxon’s ﬁgures.

‘_.s - Exxon’s' expected value. is 46%
greater than its low ﬁgure. Its: hlgh ‘_-’

levels.,Gas well dnllmg ‘has- been”
.%. increasing at a rapid pace and there
"have been a number.of promrsmg

-

».as , greater. - uncertamty» on*. the

:terrestral‘( and;: marmew, orgamc
matter. éan serveas a source for
. gas, thos enlarging the’ pmSpectrve
_terrain for gas. Also, .only.a-little ;

- USGS range’is nearly symmetrrcal 4
“about the expected value'
There is consrderable drfference o3
in the estimates of the amount of ",
. gas remarmng to” be discovered.
.Thls is partrally due to drfferences
“’in the amount inferred’.to" exist:
beyond "proved reserves but- not .-~
“‘requiring’ dtscovery. tThe ~Amoco-~« -
*"’to-be-discovered - figure is'.: of
b partrcular interest here - because
.Amoco " has "’indrcated ‘that -
belrevcs the amount remarnmg to
2, be discovered would approach 700 *
. Tcf as opposed to-the earlier USGS
" figure of. 484 Tcf as a- result of N
recent discovery expenence
- If ‘commercial gas is not found =, ~ recovered during the productlon of
"off the Atlantic Coast, about 10 7. natural gas. These are referred to
Tcf should be. deducted from ‘the _as natural gas liquids (NGL) and
expected USGS. ‘remaining re-.- are an 1mportant element of our
coverable figure of 923 Tcf and, liquid . hydrocarbon supply. They
presumably, -a similar amount currently constitute --116% of our
from the other estimates, = .-domestic - liquid . hydrocarbon
A reasonable expectcd value for
remammg <" recoverable. . gas_
. Tesources would be.in the: 900 to -
l 000 Tcf range. Thrs is 45 to .50
trmes current annual productron.

‘4-.

Ve

* ultimate recoverable gas ‘resources

*" compared with one-half’ of the orl
:On'the other hand new drscoverres

output “than . ,in expanded oil' -

.-on mcreasmg recovery factorsiin
~known and new reservorrs._,d e
. Hydrocarbons_ "that -are
- somewhat heavier than methane

U Al

_10% on -a Btu. basis.. Cumulative
. productron of NGL’s through 1978
-"'.,_ was 18 : billion* bbl." Measured

"'. s}

P P

“‘3&5&
( discoverigi AN

4 are,:tqseyerahl_; .differences: ﬁj‘;}
2 L 'tfor"‘oil’i‘ang;‘ '
'estrmates, thrs can bc mterpreted«w that4arfor;,,.,;,natural,g;t,gas.,@The5' Lt
-probabrhty of; ﬁndmg gas: mstead_
‘of oil ‘increases, with" ‘depth"Bothu o

<z OVET one-thrrd wof - the postulated* %,

;' have_ - already.. been produced - "‘-.- :

3 output whrch is more dependent )

."but lighter than crude. oil 'are .

recoverable ‘gas of 635 trillion f* 'pand productron above current f_x::ea

o ~s,¥

"’:"uf'

C:]
™

'.r

Cﬂ

’

3

productnon on a.volume basis and e

. reserves are 6 brlhon bbl and o

. ({trillion cubic !aet) -t Ll

, . St et D ; LR -
: ’ LS I S E""°"(‘97‘) i —AMOCO b PotentlalG
- B as |
B Moodx Natlonal Academy PO : IUSG-S.“Q")_ : - Base . . - (1970 .- Committee
. N Wonere)” ol Sclencea (1974) Low . Expected ° ' High - Expected . High _(seenotec)’. 'L (1978) .

,Resarvas T
lnterred L.
! Subtotal 1. * SN
-Tobe discovered .' ;
. xRemaInlng PR N
_‘!. recoverable
Ultlmate RS
-‘ recoverable
S f,v." :
et a.

Circ.725,p.1.. "~ 1

Essentlally the same as Mobtl oit (Mpody and
PER R thures ‘are based on ...a continuation of price:cost
ralatlonshlps slnca 1974 were not taken lnto atu:ount bocause of the yat undstannlnad eHact they may have on resource

c. % In SPAN, a company magazlne undlscoverad resources as esumated by the USGS are dlscussed Regardlng the USGS gas llgure ot about soo trtlllon cublc " -

Ny ; - feet it Is sald "'Recently improved success ratios for natural gas ct [
: ~ * 700 triltion cubic foot range.” (1876 Volume 2) All cther’ numbers In this column are taken from other sources.’ {3331t ve

S -: Devonian ahales, other tight (low-permeablllm tormatlons oaopressure zones and gas hydrates ({trozen

Getgen 1973 ’~. :

afl y prevalling in‘the recent yoars prlor to 1974 Prlce-cost

C lf-nl trends

hips and't

1) "

" Alenl,
~ YS.G ) 3
‘m;‘ e ey N e R ‘:.‘.ﬁﬁ oA
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f

p 'uuandw P

tg trom soma 0' these +ty

N LN

sources may ba‘included. The estl

9% -

. Adapted from aamer work by Jeremy Platt Enerqy Supply Progmm geo(oqlst Etectrlc Power Resaarch institute:}

1
Iso diff hat as to offshore depths | e 3 F7 R e
also differ tastoo pths included.:~ (5. ¢7 :;%k o i ﬁ‘f‘ﬁﬁ&—

Survay .

higher prices could increase undlaoovered reserves toward the <
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- coal -

Demonstrated reserve base
VAddltlonaI ldent\ﬂed coal

»qxt'-.""- t'/

. reserve base” by Richard Schmidt. Schmidt

? Total ldentlfled and hypotheslzed - '5 .

DR A TN

3:. 1. ' The Immediate source Is 1ho 1979 Keyslone "Coal Industry Mnnual pp 693 and 694, Keystone 8

“+3°  -source I8 the USGS and tha USBM. The “demonstrated reserve base" figure is as of 1/4/76 and the ",
.. - “additional identifled coal” Is as of 1/1/74. The hypothesized resources are eomposed of pre-1978

. estimates from varlous sources, generally associated with state geclogic surveys. -

2. Strong objections have been volced about the use of high recovery factors for the "demons\ra\ed

that recovery factors of “product fuel” may be

" August 1877 page B i,

. close to 25%. See “Coal: Keyatone of Energy Fusls, Electric Power Research Inslltute Journel

RCE

undlscovered l’CSOUTCCS. .

A .A,
. [YY

It is well known that the natxon s
resources- ~ are €nOrmous
(Table 4). However, coal is not a_
single chemical compound any
more than petroleum is a single
compound. Many thousands of

- different compounds havé been

identified in both. The petroleum
refiner has learned to deal with the
differences in crudes, an ability

.which is enhanced by the liquid-
nature’ of crude’ oil. Similarly, ' -

users of coal, e.g., steel mills and

" electric utilities, have learned to

select coals on the basis of certain

’ . aggregate -characteristics, such as
- Btu, moisture and ash content, and

" slagging characteristics. .- More
.. recently, .. sulfur content has =
"become ' important . for en-

" ".vironmental reasons.

‘In view of the need to match

*:' coal characteristics with specnﬁc .
; consumptxon technology, -aggre-
' gate resource estimates " are . of .-

-limited utility. They do tell us, with
.a certain’ degree’ of . probablhty,

¥

 _:that- our ‘coal .resources are im-,

. mense. “For. specific apphcatlons,r

* " however;"
"' information is necessary and may - .
;< be obtamed only through detailed - - -
~ ! field work. Even information on - -

- sulfur -
- unreliable. "There. is’ little doubt ;
-that conventional electric - power

much .more detailed- .

.content is - frequently

plants ‘can be adapted - to coal
charactenstlcs, .whatever they are,

are~
. 'estnmated at from 10 to 20 billion
bbl. . e - . S

_However, as newer coal-usmg
technologies ~ emerge,~ coal ..
- characteristics become more .
crucial. For example, the ef-
ficiency and performance of -coal
liquefaction and ‘gasification
process (and catalysts) -can be
optimized for specific coals. In the
absence of better knowledge about
. the specifics of coal resources,
‘e.g., -heavy- metal content, it is
“necessary to develop technology
that is less than .optimal for - ‘

* specific coals but which can handle

. -a

_.awider range of coals.”

While the resource base of coal
is clearly adequate, there is an
increased. need for detailed. in-
formation about the characteristics
and mining conditions of the
nation’s.coal resources. The very -

. diversity of coal makes analysis of '

the' path of future production
complex and uncertain. And the. '
‘new federal coal leasing program
‘relies upon detailed forecasting of
coal supply and demand in order
. to develop leasing schedules for--

" federal coal. Recent work shows 'r".'_-.
. that much of the existing data.on. %

- exceed the mme-mouth cost of the
coal "This 'makes location relative
.to markets ‘much more important
in the case ‘of coal than for oil and
.gas, except Alaskan oil and gas.

. Table 5 shows the location of the
‘nation’s “larger’ " coal - resources
along with the rank of the coal.
.About 20 billion st of antracite,
almost all i in Pennsylvama, are not ,

i CoaJ producnon 1s expected to
be around 1 billion'st in,1985-and
perhaps '2 billion st in the year
2000. “The volume of our coal

- resources, even'if recovery factors

“-at least several centuries.
. widespread - distribution of coal

are below 50%,.is so large that,
from the resource standpoint, coal
certainly provides a viable resource
base to meet our energy needs for
The

resources will-tend to spread both

- ‘the benefits and problems of coal

" Moreover, .

on -productivity, -

production around "the nation.
from the depletion
" standpoint .there is no need for
-more than a very slow i increase in
coal costs, in constant dollars, at
the mine. Indeed, productivity
increases could lead to stable or
declining real costs (see Supply 77,
Electric Power Research Institute.
Report EA-634-SR, Section 3 and
‘particularly pp. 3-5.on prices, 3-23
and 3-27 on
‘resource deplenon)

0n '_ the negatlve, s1de, the
preferred energy forms of . the
economy are fluid and electric.

- Although’ coal can be converted to

coal resources are mcomplete for > -

,this kind of assessment. To some
degree however,- the. optlmlsm

. 'shown in USBM’s- use of a stan- -

s-dard . "50% ‘recovery : rfactor . 'in’ -_*
*underground mining may be offset ‘7~
% by  the dlscovery " of . further- -
delmeatlon of * 'econormc “coal

'seams in areas that have been

‘largely overlooked to date. .
-Transportation is an 1mportant
* component of dellvered coal costs.. :

- out

fluid fuels, the processes are ex- .
- pensive. It is likely to be at least a
decade ' before large volume

~ commercial production (e.g., 1

"million bbl oil equivalent per day)

is achieved, unless there is an all-

,government program to
produce fluid fuels from coal. The
environmental . effects - of synfuel
production -from coal are still
“uncertain.and their resoluuon may

x'add substantially to costs.” Coal
. will be called upon increasingly. as

- rise --as envnronmental

- fuel . for electric -~ power..
producnon However, costs of
power from coal. productlon must
controls

" become ‘more resmctwe.; And

finally, there is the:possibility that,--
; ;ulnmately, fossil fuel consumptlon

v ue.

cwill have - 10 be restncted because '/ .
of the \accumulauon of carbon




R ! $3 .- e Tl T P PR . Lo Lt e 'f' ¢ X
o e TABLES—IDENTIFIEDCOALRESOURCESBYAREAANDRANK(bIIIIonsoftonsaHOO% r.ecovery)d, : .,: ‘__,‘;.
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indiana '
.Kentucky
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-.North Dakota thagrs
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Pennsylvanla ;
Texas N
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1,585 ° .
) Other states ; 126
Total 1,711 - !
SOurce Thelmmedlatesource Isthe1979KsysloncCoaHnduslryManual pp esaanasu LN A S . o,
z . . LI B DS . N B : .
Shale Oll L 7T 0T 7 when shale oil would have com: . bbl and “probable extensnons of
'An as’yet unexplonted resource of - peted with inexpensive oil: -: known.resources” at ‘a further
major dimensions is oil shale. In " However, .at prospective world oil " 2,600 billion bbl on the basis of

, . the early 1920s and the late.1940s . prices for shale oil, water costs'of . . Fischer assay = results. * Recent

; oil. companies - were °sefiously even a dollar per bbl of shale oil analyses .by' the Inst. of. Gas
*d . considering turning to oil shale as a produced might be acceptable. At Technology (IGT), indicate' that '

. source’ of -oil. However,-in both such costs water could.be brought. : these shaleg are much pcher in oil .

V casés ~expanding supplies of ' long distances by pipeline or deep, = “than previously behevc':d.- The .
- ¢onventional oil made the use of ‘- brackish water formations tapped. . standard Fischer assay indicated d
i shale uneconomic. Once.again oil .~ . Oil fro'mA shale will,require some yif:lds of about 7 gal per ton..

. shale is on the verge of becoming . upgrady_ng to be. equivalent to -. Yields in the range of 20 gal have

‘ 1 commiercial. Uncertamty about crude oil; however, the technology - been demonstrated using the 1GT

K government policy, oil prices, and is well established. The potential of | “hydroretortmg process.”’ At such
o ‘environmental .impacts. .are  Shale is such that muoh effort to _ .yields the shale would 'be com-. ..

; " délaying the actual - start of _ Overcome -the-"._envnonmen.tal_. . pa:ra_bl-e,l in .grad.e,' with “the

3 * production, but as world oil prices. obstacles appears - wor-thwhlle., . *‘estimated sTemaining-, ‘recov- ‘
Rl continue ‘to. increase, shale, oil -+ However, oil from shale willnotbe . . erable” maxe:nal in the G.reen . !

o " looks ever more promising. ’ cheap. Its costs are closer to those ..~ River formation (Table 6). The ‘
- Table 6 shows estimated  °.of liquids from. coal rather. than- - "economics of producing this shale ‘
p recoverable shale oil resources in  those of conventional oil. S may be improved if other materials

. the Green Rivér formation of the -."- In addition to the shale in_ are produced as by- products. .
Uinta - and - Piceance ' basins of:* - - Colorado, Wyoming, and -Utah, - N L
' ) S . Uramum N :
: Colorado and Utah.” The most -~ there are large shale deposits o

R accessible and better defined ‘- (Devonian-and Chattanooga) in . U.S. Dept. of Energy (DOE)

2l -~  deposits contain an estimated 74 - the east. The USGS has estimated uranium reserve and résource
e .. billion bbl -of recoverable oil,- “‘known resources’’ of Devbn?an _-estimates are presented in Tablp 7.

‘ " volumetrically equivalent . to’ 25 . "oil shale in the east at 400 billion .. All other aggregate U.S. uranium

. times current domestic crude oil ~ i .. oo e T e T e I
" -production. Estimated remaining - '~ ' - . e T
- recoverable volumes in lower grade,, | :-- TABLES SHALE OIL RESOURCESINTHEGREEN RIVER FORMATION®
4 . shales are over 1 trillion bbl, four ‘- | - . _ -
E “ times all the crude oil the nation is ...” :gy.-_"’ PR ProvedandCurrently SR Estlmated Remalnlng )
3 " likely to produce in ,its. entire 4-' SooaoE "»'.’“::.‘ R9°°Vefab'°°'-" Recoverable® ., . 7
E . history (see Table 6. footnotes for .. B""°ns°fbb' SERPIE T4 L el 10280 0 . T
p - defimUOns) s -.':_' o ..' . Quadrll!ion Btu ": ‘ 4 oo 429 ;’ Lo : 5951 L,. “;. T
j . There are - envnronmemal ":.‘. o a. Gree;\mv;n;om'mlo;lotheulntahandPlceancobaslnsofColoradosndU!ah -' 3 K T R

s problems assoclated with shale oil _Based,on only the most accessible and the better defined oil-shale deposits in the ‘Greon River i "

- AN

L . - 't ; these deposits are af least 30 feet thick and averaga 30 gal of oll/ton by Fischer assay as . .
_",'-"'- . productlon Some observers also g rglvan in us Energy Outicok, A Report of the National Pa'roleum Council's Commlittee on U.S. . o,
QST be]leve that . productlon w]]], be’ "+ ."“Energy Outiook, Washington,~DC, December 1872; also, Ing 60% very of shale In tha . ;

: .'« minable seam and oil recovery corresponding to 96 voi% of Fischer assay., - .
lmted toa few mllhon barr els per 'c. Based on the total quantity of oll-shale resources in the Green River 1ormallon mnglng down to 15
X day due to water shortages. ThlS +| <., galof oliion by Fischer assay as eslimated In the réference listed in footnote b, assuming 60% .
. - recovery of shate in the minable seam and oll recovery corresponding 10 96 voi% of Fischer assay. ISE
may have been true in. the past : i - :
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*'Evaluation of the most prc
rleh In uranium as the

"'~another ‘based’-on DOE _statistics..

- DOE ‘daia’’in” one manner- o
.another. The DOE estimates have -

-numbers in terms. of what DOE is,
estimdting. . However,. attemion
- must be pald to the defi nitions. .

-~ exclude important cost elements. A
common rule’ of thumb is ‘to

.to estimate full costs. As noted in
_ the.” footnote "to . Table .7, the

areas Perhaps most unportant are”
'the_ "definitions, "-of potenual
resources. . The deﬁmtrons, ~as
' "discussed
(Electric Power Research Institute
" Report EA-400, June 1977) are as

-

-;" "Probable” ' potential’
sources are- those estimated “'to
Coccur- -'in- known - productrve
‘uranium -districts - that are (a) in

(b) in undiscovered deposrts within-

oL 1:__ _mineralization.: "~
TLTnT L2, ‘‘Possible”’

sl -

T geologrc ~settmgs

3 ‘ ‘Speculatrve”L

g isources, ue?those?ifaqmated . to-]

X

f
.',;';« 1; "'Productlve" means mal pést producllon ‘plue
L reserves d:

“follows: ™ - %7 -os i s e
re-

_-extensions. of known deposrts, or.

sources are - those , esnmated to-
- occur, in undrscovered -or” partly_‘
" defined deposits i formations ‘or
productrve"{ ;

potential re-.

.+~and _consist- of” mampulatmg the-'

The cost figures used by DOE.
are.so-called ‘‘forward costs’® and

“in .-Uranium . Data’

estrmates are "m one manner.”or ‘."

’, ~“been questioned from time to'time, :
. "but- are widely accepted. It is my- ..
. belief that they are reasonable , "

“probable” to “‘speculative’’ as.a

‘.

multiply the forward costs by 1.7 ; ;

resource estimates are not:for. the- “ .
entrre U.S. but only:for evaluated- :*¢. speculatrve, 'the ‘more. lrkely the

".known geologrc trends .or areas .of .

~ previously producuve.w' LT

'Gas Committee. They classify the

“-of

deﬁned deposrts that ‘are (a)‘ in;
formanons or geologlc settmgs not "
- previously - producuve within".a "
- productive geologrc provmce O =7
.(b) within a geologic provmce not e

'-may"be much smaller or much
‘larger than estimated. 2 s T
A more sophlstlcated manner of

to consrder that any specrﬁc figure
The rehablhty of the estlmates . '‘comes from' - a
_ lessens ;as”* one’» moves from drstnbutron and to esumate that
N 'dlstnbutron. The USGS. did thls
" for crude. oil and natural’ gas in
. USGS Circular 725, - Geological
“Estimates - of Undiscovered
..Recoverable Oil
Resources ‘in the United States
(1975) DOE has done this for
uranium reserves (Fig. \1). The
mrdpomt (50% probabrhty) on-this
. ﬁgure is "the same 'as the total
«reserve ﬁgure of Table 7. DOE is
prepanng srmrlar

IR

4-"‘ u

_reflection of diminished geologic:

knowledge and data base. = .-,k
- These definitions were patterned :

“after those used by the Potential

resource according to the amount "’
information on which the
estimate is based. Because of the“_ '
“ Jessprecise information in each’
‘class of .resource from Treservé to '-

lookxng at reserves and resources is .

.-probability ~

and ° Gas -

probabrllty '

: CUMULATIVE PROBABILITY* DISTRIBUTION CURVE
..., FOR 1/1/79 sso nEssnvss e .
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dlstnbutlons for 1ts other resource
classrﬁcatrons G

ol L
L

- .described as conventional uranium -
"... = resources discussed above, various

" “that 120,000 st of U;Og could be .
‘3 "recovered as-a: by-product from
> ', operauons,
; phosphonc acid production, by the,
year ; +2000. Numerous low-grade

- principally..~

i~

"Most frequently mentloned are the
e uramferous ‘black shales that. exist
" over.large areas of the U.S. The.
7 ..Chattanooga .shale .in the east- "
-central U.S. has received the most -
consideration. It “is ‘estimated to

.7 'concentrations _of 0.006%
'0.007% - U303.'Productron costs,
“including  environmental _con-. -
) siderations permitting production, .
" "probably would exceed .$200 pér
. pound of U;04. Current ‘market -
pnces are around $40 per pound. -

. Uranium requirements for the .
lrfetlme of ‘a 1 000 megawatt

|- | Technologles

- -~ -

.. ..In..addition ito what might be

. .7, other sources exist.'DOE estimates . N

* available at forward costs of up to . f'
- _support *154,000. -megawatts of

. contain 5 illion' st of U305 at o
- \probabrhty that the reserves will |

R A Rewew of Alternatlve Energy |

- \." “

Y
. .- . o P
N I ST PP ) s ay o .t e M as .

:Power Research, Institute's Energy Study Center, Palo ™ -

- EPRI's Energy Supply Program. Prior affillations were
_~ with Resources for the Future Inc., the Office of Science

<. ‘and Technology In the.Executive: Offlce of the President,
" the Atomic Energy Commlsslon and what is now Amoco » -

4 te

by tralnlng
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some - .of - the" .undlscovered%

‘resources _be discovered.” If 7 the '™
this number with the table that is” *"’” -breeder r’eactor -becomes-. com- .
part of Fig. -1, there lS a 95% _mercial, uranium resources wrll be °
“” probability that uranium reserves RN R

" 850" per pound of - U304 - can
_capacity for their lifetime; . a 50%-

-support 184,000 megawatts; and a ~-
I~ 5% _probability that .they will -
. support 216,000 megawatts.. To
_ support -additional nuclear light--
*.water reactor. generating capacity

" production or- utilization, - the -
nation -has the - potential for

will require that known deposns in : ‘becoming ‘increasingly . self-
one of the potential classes be ‘sufficient in conventional sources
converted to reserves and that of energy. e T

. k) . . e
‘.‘ S -~ . “ 3T

et
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'Mmon F."Searl Is technical manager of the Eloctric

.1, Alto,.CA. From' 1973 until recently, he was manager of B

n _,; -

. The nation does not lack energy
" ° resources worth developing in any -
" of the categories considered here. .. - -
- Given favorable prices, access to
federal lands, and environmental _ .
. regulations that do not preclude .':

3 T E Walsh Bechtel Natronal Inc. " Con T

& e Yot s Sl e Sl

2 SRb T ' . T e "

ke Introductlon ¥ - ) 'converted econormcally to useful
g _I- will address “two 1mportant - thermal or electric energy. - ...

: " alternative energy resources, solar. . - Fig. 1 shows that there are both _

‘. « . :.and geothermal, with emphasis on " natural and technological ways-of

A - ~" their_potential _ -application in' f ,collectmg solar energy.’ In- nature

; . . electric. power  generation.. As a - --we.find -that 'solar energy:aids in .

the productlon of . blologrcal
-growth, ramTall and wind, all of.
which ¢ can, in ‘one form or another,
.-be put-to use'in the production of ¥
-"heat, or electric power. -The sun’s
;.j rays -also are collected -and ‘stored
. naturally in_the.form of heat in the

o .upper layers of the ocean whtch

o result of this presentation, I hope’
to leave you-with a realistic view-of
‘the principal technology -options **
_-that_are being, developed or that "
. are avallable. W2 “

“In terrestna] solar appllcatnons, the
brggest challenge 1s 10 ﬁnd ways of

2

i electncrty The sun s rays also can’

"“sun’s rays can be intercepted by

materials that directly -absorb and
convert its energy ‘to low-grade
heat, or by mirrors or lenses that

.:focus the rays onto a material to
- produce hlgh-temperature ‘heat.,

The higher - temperature ‘systems
_can be used to drive efficient heat ,
- engines -in >'the’: productron of

be * collected on photosensmve

[
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" reaches the earth in 24 hours. This .

- technolo‘gy it is important to have

-Central Receivers o -
. Of the* several solar - focusmg o

" that most readers are familar with
" -the well- developed hydroelectnc
'~technolog1es oot :

,4

. 'When we" t}unk of solar'.,"

a feel for the levels of energy we .

" . are dealing with. Fig. 2is a map of

the continental . U.S. showmg that
there is-about a 2:1 variation in the

" average daily insolation. That is,

we have some 2,000 Btu/sq ft-day-
in the southwest, while up around -
the Great Lakes it drops to less
than 1,000 Btu/sq ft-day. These
numbers represent the average
annual insolation at the earth’s

"surface and account for both the

direct and indirect- sunlight that -

is a drop. from about- 10,300
Btu/sq.ft-day, which is the sun’s
intensity as it enters the earth’s
atmosphere (called the ‘‘solar
constant’’). This reduction is, of
course, .caused by atmospheric
scattering and absorption, and by

'.drurnal and seasonal varratrons A

concepts that-have been proposed,

-.the “most widely . pursued .and_’
_accepted to date_is:.the .so-called .

{‘solar - thermal central receiver’’ "

. 'approach illustrated in Fig. 3. In
»this.concept, the-sun is-tracked by~

- a group of mirrors carrred ,on two - -

‘axis trackmg mounts "
(“hehostats") and’ the rays ‘are
reflected onto' a boiler or .other -

" ‘heat *‘receiver” mounted atop the. :°

tower.*: The . concentrated solar '

o energy thus is used to make steam -
in the boiler or to heat Other heat .
transport ﬂurds such as’ hqurd T

" tanks

4» ';' l‘}
TECHNOLOGICAL NATURAL -
- COLLECTION. . * COLLECTION
i .. Ml . . s
o el '3 . Sg
-;}‘QHOTO 4 powos. ) : ] de
 ELECTRIC ", (HEAT) HYDRO i k: '
: » A% ' .‘ o> A
v DA 1.
" OCEAN . T B
' S IO T _ WIND
TEwP. o T .
Flg 1- Solarenergyconverslon RS T . .
"-r ~l : 1‘ ‘:'-JN R e . _,. ‘ U <. ~ . . ..'».L..;'.!.':.-s‘;: :': B ! ‘ :‘-;' . ’ .f'
tensnve to cover here, and I'm sure " metals, salts,” or air. In this’

. example, steam is used to drive a _
- turbine generator at the base of the
‘tower. A .percentage of the.steamn:

also.is used to store sensible heatin -
containing - eutectic salt -
mixtures or. hydrocarbon ﬂurds,
which can” be used to generate -
steam to drive the turbine during

" momentary -cloud cover or to

extend the plant’s operating day.
The key element of the central
receiver type of’ plant is the :

. heliostat, depicted in Fig. 4. This
. particular heliostat (designed by-

Northrup Inc.)’is approximately 21
x 25 ft. It has a.number of second
surface mirrors, . each of which™

must be. a]rgrred.. individually in. ..
 order to achieve maximum con-

centration of the sun’s rays on the .
receiver. Heliostats constitute the -
largest cost element of the plant, -
.currently running around $25 to

" $30/sq. ft of mirror surface for .
" completely installed systems. Fig. §

N " . -
vy . H - Cos -

,depicts how a pilot plant of -this - -
: type would appear. Designed’ by
~ Martin Marietta Corp: and Bechtel
_’for the U.S. DOE, the plant would :
deliver 10 MW. during daylight- .

- hours, and has 3 hours of thermal " '

storage capacity. Some 1,500 20 X :°

" 20-ft heliostats- are, used to make
~,950°F, -1,350-psig ' steam in the .

" boiler atop a 270-ft tower, whichin. - .~
“turn. drives a turbine generator at ’
“the.tower’s base: The entire plant ’
occupies about 128 acres. A similar -
“_plant -now being constructed. at ,  “~

.Barstow, - CA," is- scheduled for- .

" startup in 1981. Plants of this type s

.- will. be able to convert the.in-
tercepted.‘solar “‘energy -to -net
- electrical output .at about 20%
_efficiency. = . . R
While the costs of today 3 prlot
plants are 'understandably high,
the DOE estimates that' com- -
‘mercial-scale  central receiver -
. 'plants, on the'order of 100 MW or
more, .may be competitive with
“fossil-fired stations sometime in -
the 1990's. This® projection
assumes continued escalation of-
‘fuel prices, .advances in central
receiver system designs, and
reduction of heliostat installed
costs to approxrmately $7/sq ft for
large purchases )

-

. Parabolic Troughs o

g Another type of  solar thermal
-~ power generation is the linear .’

- collector approach using parabolic
- trough collectors as shown in Fig.

6. This is a 150-kW pilot plant that -

is designed: to generate electric -
.power for. deep-well water - .~

-
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. 'purnping A plant of this type

recently- was constructed in
Arizona by Acurex Corp. for
DOE. The plant uses parabolic
trough collectors-that are capable

" of developing temperatures of only

about 600°F, whereas central

receiver plants of the type shown in .

Fig. 5 are capable of temperatures

into the ‘top .of a- storage tank .
. containing rocks; these rock$ are
used to store part of the heatin a

thermocline. To remove the
thermal energy froni storage, -the °

.~ hot oil is passed through a boiler
_where toluene (a- benzene-like -
“fluid) is vaporized for expansnon -
: through the turbine. .

The parabolic trough collector
used-is ‘made by Acurex. Such

_ collectors cost about $20 to $25/sq

ft ‘of aperture opening, .with’
. promise for reductions to the $5 to
"°$10 -range.-for advanced.“high”

production designs, The material

_used for the refelctor is polished
- aluminum. The. idea is to
~ concentrate the collected :solar.” .
- energy onto the receiver- tube, . .
: which passes through the linear.

focal, point of the collector. . The -

'+ collector rotates on ‘only one -axis .
.' - as opposed to the two-axis rotation '
- of the heliostat shown previously: .

--Fig.: -7 1s an artrst 's.concept of .
the plant based on'a prehmmary

. plant) - for
-systems of this type may be higher

idesi'gn'._prepared b)}' Acure)r and .

Bechtel. The collectors rotate on a
north/south axis, the north being
to your right in this picture. Shown
are the thermal energy storage

tank, plus the turbine generator
enclosure just to the right of the -

tank. This particular .plant oc-
cuples approximately* 8 acres, of

B well above 1,000 °F. In this design, - which 50% or so.is in solar
$ aspecral hydrocarbon oil is used as collectors. Operating at a lower
: 'the collector heat- -transport media temperature than' the central )
§ which, when heated; is pumped . “receiver -plant, its efficiency is

" lower: about 12 to 13%.. Current -

indications are that busbar costs
(net costs of electncrty leaving the
commercial- scale: '

than for the central recelver ap-
proach. -

o F\g ‘8 depictsa very. sxmple form of

,the” photovoltalc approach to
. power generation.- Currently, the.
leadmg contender ‘in the -

,photovoltatc race is’ the smgle—J

crystal silicon cell. This type ‘of cell
ts being pursued as the major cell

) be- developed in the DOE .

program, “though there’ are other
types of cells that hold promise for

“ the  “future.- - The - single-crystal
'smcon cell “is capable ~of ap-.,

proxlmately 12 to 13% conversion:
* of mtercepted solar’ energy The -
* gallium arsenide cell is capable of

:more than 20%. However, the’

»e

1

AR s W;mloringam R i R : .
ST T L N ', ... goals of the DOE program are to. .
oo Ve o - : N - . ey o . \
Flg 3—Schematlc ot 10 Mchntral recelverpllot plant “ . } e
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 Fis A.Thls: plant has ° operated isucq

develop the ‘silicon cells untrl they
. .. achieve about’ 14%«energy cori~
. . version efficiency, .along " with
o srgmﬁcant reductions’in cost.” * ,:‘
“ - . Bechtel has .designed <several ..
‘ photovoltarc power plants, .not to- 5
i 277 "be constructed but to find out
" . " approximately ‘what the costs -of .-
+ - -such” plants would be, - assuming

that the pnce of cells will droptoa .
;- Teasonable’ - ‘level. .- Silicon: cells
" currently- cost ‘about $10,000: to
-$15,000/kW;. dehvered ready to be
.,mstalled ‘This, of course, is a very.

AN

terconnected _cells;’ .
N ~shown on the left, feedmg through

- an‘inverter into.-a common -AC..

drstnbutron or' collectxon system. ..

;-One- -hundred “such. modules are
- used “to ‘make -a total .200°' MW. _
plant. In ‘addition to supplymg cost
~“data, the design project ‘sought to~ * To do this, we need working fluids - ..%
. -find ‘out what other components in_ -
the desrgn of- a photovoltarc plant
might be develOpmental in nature,’ %
-rand ‘what® development programs
. mlght be necessary Basrca.lly, the

ey “"the recent.complétion of:a 60-kW; - -

.

i “established to' bring the water at =~

Stn3 vos G

design showed that all the elements* ’ '( s
:"of the photovoltarc plant currently al
sare avatlable, at-least -up ‘to-the. 2; T .
: MW module sizes - shown “here. e

estrmated to be $700 to $800/kW "‘}‘;,‘z 22
T Frg ‘10 illustrates. the *DOE :
:25kWs, Méade,?- NB g;, :

By mstallatlon,' whrch“'compnses "28 VI
i 8X 25-ft,«\statronary *smgle-cell", “.‘*

- sihcon “arrays that: “produce AC5 RN
S power ; for driving” water.. pumps L%

%:' cessfully smce ‘mid- 1977 and was.

so far as °I; know, .the largest'-r By
operatmg system in the world until 5 -
‘hnstallatxon at’a Mount Laguna,?&;
"CA, U.S. Air Force radar station.% . iy
: :Umts with up t0-250 kW' capacrtyp '
are expected to be on.line soon m Lo

o, .

he U S Photovoltarcs arerelrable r,'

Ocean Thennal Energy = ; TN
Turmng now to “those solar .
technologres that take advantage .
“of natural collection, I'would like. - .
- first to explore-the ocean thermal. -
" . energy -conversion (OTEC) "ap-
- proaCh Asshownin Fig.'11, ocean . ..
. surface temperatures - in the, . .
' equatorlal regionsof the worldcan .
e as high as 75 to 80°F, while at -
1,500 to- 2,000 ff beneath ‘the _
‘surface temperatures can'be below.
"40°F. Hence, .if-.a. condition is *

et

-these two temperatures together in P
ha usable manrier,. we would have ' -

the Jbasis’ for'a heat. engme ‘cycle v .
; that could generate electric power.: = .

*

“capdble of - evaporatron and
condensatlon ‘within . this - “tem- .

~ perature _range. Most desrgns e
8 proposed to ‘daté use ammonia as
the working . fluid. The ldea is-to

“

. -high ‘price .that .must - be. brought
'down .10" . more,”. like' .$350 to zf
:"$500/kW before it wxll be possnble
- to -build ,..plants that .,,,are
economrcally competrtrve in- power
applications.- t,The zicurrent, ‘DOE

—
i

- ~~program obJect.rve :+is™ to réduce
: srhcon“ cell«costs to $125"'to

g
W

gt
—
<Y

* Fig."9 'dépicts a- Bechtel 'ap-’
proach to .the design of a 200 MW
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] . Cits energy drrectly from naturally~ R
<1 ;'.stored'heat thus ehmmatmg the

¢ G ‘4-.‘, P gﬁ-.,’ ,&. “t‘.c' s eI s

- POWER eonomowma MODULE -mEqf ] vpoal

et c,f(,.«

development that remams to be & .
.- accomplished, s OTEC'S costs}are“’g‘j
~;currently uncertam:" ] However, »“;j,"‘w
; most: contractors to, .the.(DOE L
OTEC:: ~program “ha\}?‘~ esnmated_;

; ":-r,v;-conventronal ‘Sources.; by’ "thebl
| ass0ser early‘l990’s*§)‘w§3 £

it the world where »supply ‘from . a»_:.
. utrlrty:\gnd~ is not: - possible “or .
.ﬂ"practlcal 'Some, . however; beliéve’ - .'-
that .-wind. turbme_,“farms’,j will -
become ~a . reality: for: practrcal

“” pump it through an- evaporator,, ¥
and evaporate the ammonia, which ° N brofoulmg, corrosxon, cold water
., thenis ‘expanded through a’ tur-’ plpe " design, - - transmission’, " line*

.*~bine. The ammonia then s con- -~ connections-to shore, and. reliable - apphcatron in large utrhty systeins.: ':{_‘;uﬁ‘
r “densed in a’ condenser by water "- ~."operation at sea. It has the distinct- - Fig..*-13 i shows the .internal % ..
; .'pumped from . the depths, and j advantage, however, ‘of being the workmgs of ahorrzontal axis wind™ .. .
T reclrculated back the A only -solar technology that derrves ‘turbme of - a type currently bemg .
- evaporator - - : > ' ¢ -

T A problem w1th a cycle of tlus
type is its mherent mefﬁcrency
" The .maximum Carriot ' cycle -

" theoretical efficiency for an OTEC
'cycle at 40° temperature difference -
- is about 6%. In practice, we-can. .
expect to achiéve a little over 2%. %
_ * This requires- very large heat ex- -

. ‘»"‘changers and-pumps-to=circulate -

. " --.and transfer heat from and to large : _"
‘amounts of sea water. -

: .'l- ,' " Fig..12 represents a concept for
= N ‘an OTEC developed recently by
i " "Lockheed Missiles -.and Space "
' Corp. Bechtel provided the energy -

- - s:conversion- design for this plant.
" ."The design -incorporates.-a ‘spar-’
buoy configuratlon, the buoy itself -

} . is roughly 300 ft:in diameter’ “and "
C| BN ',, . has detachable- power’ modules.. "
¥ ."Each of the four modules has an v
»~evaporator at . the “top. and a. -
';'.‘3' condenser - at - the.. bottom . (the L e
honzontal “+ cylinders).; The,k § Qia':';/

-,_. evaporators are warmed by water g y . R
~ from the surface, whrch is brought- o
. f;‘.s' T in . through “the round’ plenum.’
) g > surrounding the. top of the buoy. It :
.. "+ iis pumped through the evaporators "
N g:.ﬁ,and ‘back ‘out’,into’ ‘the: sea.. A’
'+~ telescoping pipe below ‘the buoy
extends toa depth of l 500 ft. or

¢\160-MW power plant carrres about
165,000 cu ft/sec of” seawater to
rovnde necessary coolmg.._*,"év‘f‘ : g
3 technology
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40 rpm by means of variable pitch
.control ‘and load control. The"
rotating hub. drives a synchronous -
- AC - generator at constant rpm

through a'gearbox. The machines

- "tower and the top of the blades,

with ‘-much higher speeds at the
‘top. There are also problems of
wind shadowing caused by  the
tower itself, problems ~_with

e B
! Tt T J',
N . ) .
~RoToR" ] .4
BLADES T
~_ oRe | N
” A\.\’agopuw:e"
L. ey M yaaem s .
"HYDRAULIC -/ =~ R P T N
PITCHCONTROL/Y - ™ )0 = ‘ SRS FE O
2. .7 .GENERATORS " - :':”T T S TR AT
- : S ‘ﬂtv TS . “ ! T o .o
SE@TE ol
. 7~ YAW CONTROL
. Fig. 13—Typical horizontal axis wind turbine. = | o e e
- s v:. < .“_. v‘-‘ 0"- . ‘.,‘T.' /‘.-"',7:- .;‘.:’ 't I"’ '": ~ .. ) ." ”'E'
B R A S A B shaft machine, but which is less . - _categories: (1) vapor . (steam)
developed -and operated ‘under a’ ' - efficient thin the horizontal wind - dominated and” (2) . liquid -
joint “DOE/NASA program.. . turbinesshownhere. - ~ dominated. The liquid is present in
Typically, wind speeds of 8 to 10 . . Some "of- the. problems in - ° the form of a-brine (Table 1).
.mph are required to commence’. Operating wind turbines resalt There is.a considerable’ history for
* generating power. The rotation of  from varying wind speeds and © the development of .steam
the blades then is held at a constant ".problems created by wind speed resources, going back to 1913
" differences between the base of the when . the Italians started

developing their fields at Lar-
darello. A lot of work on steam- .
type resources has been done since
about 1960 at The Geysers, in’

" _California. In the case of brine

usually are rated at wind speeds of - .
~ around’ 18 'to 22 mph, and ‘can. ,Tadio/TV interference, -and, of ’*
generate power -up to speeds of - : : course, having Sufﬁcien}- wind to -
about:40 mph, above which the; '~'op_erate - the generator. Never-
‘blades . are feathered, ,-and ‘. theless, experiments to date in--

[\ - . generationishalted. A yaw control .~ dicate that wind.machines will find
N orients the blades into the wind. . ™ . their , way into *practical "ap- -
©/,_ A number of horizontal axis °~ plication. .- = .. - o0
.. .machines are - currently ‘under %~ "
development up to about 3 MW ,
capacity, which is about-as large as
= - available materials can be applied

-

resources, the New Zealanders
were the pioneers. They have done
"a considerable amount of -work, -
.“starting in the 1950’s, but there is
- also alot going on in other areas of
the world at the present time.
!Another important resource,
“‘geopressured zones, are found in
‘various parts of the world, but
particularly in the U.S. along the

Geothermal .- .
. Types and Distribution

/. When we ‘think of geothermal : Louisiana and Texas gulf coasts.
" resources,, we think . mainly of

8 . ‘There, pockets of hot water and
" 'hydrothermal : resources ‘in two

.. “to meet maximum blade ‘stresses.
-_methane ., have formed - in

" ..+'Fig. 14 is -a:photograph of .a
H . "'";‘ DOE/NASA”maChir{e inStalled in":'_j;; s _,‘ " _ IR s LT e S “.‘n,f‘ Conl . R o . "-.‘ 2 .‘ .
- 1978, . which \is *operating, suc- ... 7. S T e
cessfully into a utility grid in, ~{ . -~ - . R —
. T AT T Se ratordv So) it - % TABLE1- CLASSIFICATION OF RESOURCES
Clayton, NM. It is rated‘at 200 kW ol P
. ’ . B -7 3 [ - .. F
+ .~ at 18 mph wind speed. The blade.. .| . T, _OR GEQT?FRFAL,POYVER:‘},'?}' ICATIONS .

. -diameter s 125 . ft:t AT 2 MWL | T T - First
...~ . machine.of this type recently was ~ 7| ... 07" U7 TS Temperature S LS. o7 -Commercial
' F u.,_,,.-'._ -':.'put on line'by DOE/NASA in = +. ' Resource S Characteristic.. .- Salinity* Operation

=] Hydrothermal - - 1 T R
OV " this unif are o 20 %] ' Vapordominated Y. '340t0385F . fing. -
1 "“:,v"rtl}'ég:‘ga{;prgt'g?aﬁ?g;mé;‘ i |1 o Liauid domihated . . 30010600F ..~ 0.1:26%
Con s VUHIGELYPES OLTW unes - “.:l - Geopressured " .. 300t0400F.: . -"

4+~ - have been proposed. Probably the ’.-"| . Hotdryrock : ° - .~ 300t0550F -+ 4 - .

) second most popular proposal has 7 .| ~Magma = . T L20F, g e T
;7 been the so-called, “Darrieus” - ir;r’q'o«e-sea;va.t;r';bouta‘s% e X .
-wind .stuybine, “which is-a vertical »_* - S%

Pt

\-»";,

‘.., Boone, NC. Performance data on

ey
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Fig. 14—200 kw horizontal axls wind
. turblne at Clayton NM. .

edrmentary basms as the result of .-

silt and orgamc matter washed

down by rivers from the continent -

are moderate temperature
resources (about 350°F), very high
pressured, -and saturated with

_methane. This is potentially a very .

large resource for the U.S., if
- economic ways can bé found to get
it out of the ground. It exists at

depths between 15,000 and 20,000 .

ft, which makes it a dlfﬁcult
Jresource to tap. W
The hot-dry Tock resource is

" potentially a-very large worldwide
now ' being-

. resource and is ’
developed in ‘the 'U.S. However

- over many millions of years. These

.the time for its commercialization- .

" is still years away. Hot dry rock, as

- its name implies, 'is nothing but

N

geothermal ‘heat- without water; -

therefore, water is brought to the

: - hot rocks to be heated.’

The- world’s - geothermal
generatmg capacrty now on line or

TABLE 2 WORLD GEOTHERMAL GENERATING CAPACITY (1979), MW _

s Sl .-.ro,J :~,,\~ vAol‘_‘
‘ e .

eri .
1, "‘ e

Countd TS
USA.- (Geysers)‘ .
) (Others)

Italy*®
-NewZealand
-...Japan‘
Mexico
_.+El Salvador -
,- Philippines *
U.S.S.H.”." :
" Iceland . ';
Turkey -
* Guatemala -
,Nlcaragua
lndonesla

Total

“ “ate

o, f
+Steam resource (Japan partial)

- Under Constructlon .
Yo Or Planned To 1982

- program for expansion of its "b'ri'ne- o
-~type resource. The Philippines and *

- projected-to be so .by ‘1982 is'. :

- considerable, as shown in Table 2. L
- The U.S: has the ‘largest single -

" .plant mstallatlon, mainly . because L
... of the ease with which it can take ' .
"+ -iadvantage of the stéam resource at - -
Italy has a large ..’
- steam field but apparently has no .

- The Geysers

"plans for expansion .in the. near

. term New Zealand has an actrve

the U.S. have the most:active brine-"

resource development programs.

Geothermal resources are found .,

in areas of volcanism throughout .
the world, with some of the
following plants in-operation: San.
Salvador in- Central America,
Cerro Prieto in- Mexico, The-

: Geysers, and Valles Caldera inNew

Mexico, where Bechtel is designing
and will manage the construction
of a 50 MW.plant. There is a'lot of
‘activity in Japan, the Philippines,
and New Zealand. On the Atlantic

_ side are similar resources. In most ".
* cases, little land is associated with

the Atlantic strip ‘because it exists
in the mlddle of -the ocean. Some

of it enters European land areas,

- :however, where the ltahan fields -

exist. :

Fig. 15 shows the location of
geothermal resources in the U.S.
Almost all the resources. of any
value exist in the western states.
"The star on the coast of Cahforma
is The Geysers field, which is the
only location outside national
parks in the U.S. where steam is
found in significant quantity. The
vertical . crosshatch . locates the

brine fields that have been iden-,

tified _ throughout. the western

~ states. The dotted background

_indicates hot dry rock,. which is a
very'large resource. In Texas and
Louisiana the geopressured fields

~ .are along the coast.” Fig. 16 in-

ittty
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W rs flashed whrch then vaporlzes a’
workmg fluid (normally -*a
hydrocarbon) selected for ef ﬁclent

INSTALLED -
Swm " turbine - performance *the

— ,,'jf —. ‘| ‘.available-. temperatures. Thrs is
RO I .expanded through the turbinein a '
HOSSIBLE', * closed sworking. fluid" circuit that. L

‘| -~ maintains ~a clean, long-life - tur-"' o
e ,‘ ‘bine:’ The separated ‘and condensed - '

STEAM/BRINE lUSlNO
PRESENT TECHNOLOGIES)

s

VT (MWoFO
)

PR

brines’ then are rernjegted In, the,,
prgcess“, #on‘(the' ‘Jower . right;* the 4
" brines’ are :not; allowed to’ flash"'ze‘
thereby reducrng some of “the. ;
problems of scalmg ‘and corrosron
that are caused by’ flashing the

“brine. . A srgmﬁcant -additional

R 30 VEARS)‘

PRI

Flg 18—PotentlalU S geothermalg

dlcates the relauve quantmes
pro;ected ‘for . these various’
_resources in’ the ' U'S.’ The small

ool . ,4‘!!«,

capacity at The Geysers. ‘Some

. known steam -Tesources, represent
~ about - 4,000 MW ‘of possible *
,hydrothermal "development by_
'1985. As much as 450,000 MW,
‘for more than a 30-year life of the
potential geothermal resource, has
been tentatively identified among
all the various types of resources.

. largest. - .
_ IntheU. S., geothermal is taken
seriously. It is a potentially viable.

eneratlng capaclty

e box on-the top. represents current g

U.S.  production; : all s - steam ~

" very good brine fields also have _
been identified which, along with * *

Of these, hot dry rock is the,

..:A ‘advantage™" of “this" completely
i closed loop configuratlon isthat . . .
hydrogen sulfrde in' the brine is
. isolated - from “the - atmosphere. -
- However, . downhole pumps-- are,-
{: required in the: wells o prevent

.

Conversron Systems

A number of cycles have been used
and/or proposed . for “the :con-"

P

. version of geothermal energy mto', brme flashing. . L = IS
electncrty Shown in Fig. 18 are. --w *.Other'" desrgns are under
“"just four of them. The upper two =" developmient in the'U,S.; like total

are actually very common’ now.

The one on the left-is‘a srmple'
. steam cycle, where the steam is
brought out of the ground and .

“flow_-turbines; where: the.r entire.

" two-phase  brine-dominated flow
.. from the . wells passes directly
*. through a‘single turbine. There are’

cleaned up slightly before it goes * _ 150 direct-contact flash- ‘proposals, h
into the turbine. Then it is con-. * where the hot brine .is mixed
densed and usually reinjected into'  ° djrectly. with a hydrocarbon

the ground. The Geysers and the

working fluid. The working fluid is
“Italians at Lardarello Juse. this

_‘flashed without going through a

- process. ‘The flashed. sfeam . ap- heat exchanger.
proach is used now in most of the -; ) -
. brine fields. This approach can use- | .
brine fields. This appr. ‘ Plant Desrgn L .

-single-stage flash, 'as shown,’or »it,l.
can.be multistage. -~ Fig.. 19 illustrates the plot plan of a

sl .
-

. .and economic resource. Fig.:-17 - .Some .of" the more advance _.". typical two-stage flash power plant . .
. K " projects- a feasible -rate’ for new brme cycles, two ‘of which are .~ ~:of 50 .MW rating. Note .that it
, geothermal plants to come _on line shown at the bottom of Fig. 18, are’ - " océupies only about 10 acres while
- during the balance of this century. desrgned for maximum efficiency . - the surrounding field nprmally =
' Little is expected to happen in hot. - in lower temperature applications. ~ would’ occupy about 400.acres, - .
. dry. rock untrl perhaps 1990 or: : Hence,. in ‘the flash binary.cycle,” " assuminga 5 to 6 MW capacity per \_
1 1995 s . - shown on the 16wer_left,'the brine P well and about 40 acres per welj ‘-
. ' - - Flg 17(at lelt)—Pro]ected u.s. geothermal power generatlng .
- P : - capaclty i, . T g
) w,ono‘r':. 1 T N ol s Flg 18(below)—TypIcalgeothermal converSIon processes S
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»'Flg. 18—Plot planoféo-MW flashed-steam power plant. LT T

have about 10 to 12 % energy
* conversion ' efficiencies operatmg
from400 Fbrme

Every technology . has - its
"'technical problems, of course, and’

* geothermal is no exception'(Table a

‘ 3). Most of these problems are ..
; solvable, but, expenence in brme—
“xtype plants is limited at present It

. is .apparent that geothermal is a .

* depletable: ° resourcs; it : loses;
temperature ‘and pressure - from
wells with time. Desxgn of -
geothermal power plants must .
consrder this in order to optimize

.the -size of the units for brine ."

‘conditions over the operating life-
- of the plant Designers have
learnéd’ great deal-
geothermal plants’ . through

desahnauon technology expenence "’

about”

AR

mvolvmg designs .of large plants -
for desalting brackish water and

’

.Seawater

has about

s “seawater.

T TABLE3 GEOTHERMALTECHNICAL PROBLEMS - 35,000 ppm _dissolved solids, well

co. ** Reservolr productlon performance and Iongevlty
Reservolr injection
. Scale and corrosion ! - .

- Equipment design and rellablllty
Two-phase tlow and stabrllty
. Subsidénce .

' Water use N
-Air quality :
Dlsposal of solld and Irquld wasles s

within the range of requu’en}ents

. - for many geothermal brines.
- Busbar “costs for geothermal -

. power generation are, of course, a
- matter of record in the U.S. for.
‘steam plants, being on the order of

o 2.7¢/kWh at The Geysers." Pro- °

jected costs for brine plants in'the
U.S. also are very promising.

'ere solar,’ relatrvely low capacrty o]
‘is characteristic of ‘‘geothermal -l

generating units because of the
energy gathering problem. That is;
there.is a limit to how far the fluid
can be moved without .exceeding
the economic viability® of the
system. Therefore, geothermal
units rarely exceed about 110 to -
"150 MW.-A very lively field with a
great amount”of "a high -tem-
perature resource might justify
- larger units. But geothermal plants
now are relatively inefficient; they

s

Terry Walsh is Manager of the Engineering Dept. for the
Research and Engineering Operation of Bechtel
National Inc., San Francisco. He directs’ activities in
advanced power generation, energy storage,. energy
.transmission, and energy system planning involving.
- nuclear, fusion, solar, geothermal, and’ conventional
energy resources. Before joining Bechtef-in 1973, Mr:
Walsh worked 22 "years primarily
. development, and technical and economic evaluation of
. Gtility, Industnél and space power systems and com-
: ponents. - He has a BEEE from the U. of Southern
. California and a certificate in business management
" 'fromthe U. of Callfomla Los Angeles .
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development There are other

The gas shortage is’ gomg to. be
- ’- . with us for some time to come.’If
' we can “set aside. political and
N mdustry “thetogic’ (along .- - 'with' -
- "subjectivé personal opmrons) we °
" still are confronted by two sérious.
“facts of life’’: ‘(1) for almost a.
*decade - the U.S.! has _been - con-:
- suming natural gasdta greater rate
than we have. been ‘finding - ne\v
. reserves; apd (2) there is a finite" -
amount of natural” gas ‘present
. within the earth’s crust. Much of
the, known and easily exploitable
sources of gas (theso-called
" ““conventional’’ - sources, such as )
- the . High - permeéability ‘sand Cretaceous/Lower Tertiary in the
‘reservoirs of the Tertiary sequence .-~ Rocky Mountain areas constitute
along the Gulf Coast).already have - the resource target for the Western
been developed; their production is .-Gas Sands Project (WGSP).

dec]ining rapld]y " The ' total "+ -3, The.free- methane trapped in ~
‘producible reserves::-from .con- - coal beds of both the eastern ‘and .

* gas hydrates) that are too: poorly
defined . ‘to - warrant - a- major -
development thrust at this time.:.
. The four ~unconventiénal : sources
- of gas currently included" in the *

-

+ 1.  The carbonaceous’ shales of
Devonran age.in the Appalachran
Illmors, and-Michigan sedrmentary
" basins are - the targets -of . the
- Eastern Gas ; Shales PrOJect
(EGSP) ) e

2. The low permeabrhty,,
porosrty ‘so-called “‘tight”’.- g
‘sandstones of the Upper .

.‘. ws
ey
v

- ventional gas reservoirs-amount to” '~ western. ‘U.S. ~ constifute ‘the

“only 216 Tef, less than an‘11-year" . . Methane from Coal Beds, Project

csupply. Cuore ; (MCBP).. i

| . However, several large potentral * 4; The abnormally hrgh
1 . ._resources of natural gas remam to pressured high-temperature
i..:be -developed. -These. ‘“‘uncon- * - saltwater aqulfers of "the - Texas-
"~ ventional . sources’’: have “low  ..Louisiana gulf ¢oast are targets of

" - permeability _ .and/or’” peculiar - - “the Geopressured Aqurfer PrOJect
‘ producrng characteristics.. The .(GPAP) B S

.Basic, lmplementatron ‘strategy

” DOE program for development of .
.for. these EGR projects involve (1)

these unconventlonal sources of

gas is - called the enhanced gas '
. .recovery (EGR) program " The "~
.- primary goal of. this program is to "
-provide ‘a. data -base of -resource .
characterlzatron and " productron
~ technology 'that will lead to’
. commercial development DOE
2 will, encourage and- support in-’
. dustry participation in developing :
\.: and'-, .demonstrating technologres
"needed to reach this goal e

resource potential of the resource;
" (2) conducting | cost-shared ﬂeld
_testing w1th~1ndustry to. 1mprove,\ ;
develop, and demonstrate various
stlmulatron ' and productxon
technologres~ . (3) coordinating
- EGR_activities wrthm DOE .and

“» the ‘Bureau of ‘Mines)’ to minimize o
,duplrcatron'*and (4) aiming’ all

projects :“toward -’ commerczal )
development of the gas resources. Ea

“‘unconventlonal Ty
‘ : EGSP

[, L .‘..

: 'Unconventlonal Resources

Four major
resources of gas" ‘have a hrgh—'

- "unconventional sources (such as -

L.

EGRprogram are: Lo wel e

* “funding)
_~ primary targets for this project are
.- the low permeability (<1 md) gas
. »sandstones

- assessing and characterrzmg ‘the -

: wrth ther federal agencies (such as .f ";

'i s
!5‘

S
e g

'-

Cis S"the VEGSP‘deal.mg with? While
gas undemably is related' to the

systems "within the - shale, .the "

« overall producmg mechanism and

- precise. location of fractured, gas-
bearmg locales within each basin is
o still” poorly ‘understood. By
developmg reliable ‘ resource
charactenzatron techniques and
. applying effective . stimulation
- technologies we intend to elevate
“the Devonian shale from the status
~ of a potential gas resource to that
"of a proven gas reserve. Once ‘'we
- have done this the private sector
can take .over  the large-scale

. commercial development of the

- Devonian shale gas resource. :

WGSP o '
"The second largest pro;ect (both in
" terms of complexity and level of
.is ‘the WGSP. The

of the -'Piceance,
“Uintah, and- Greater Green River

. ~basins -and the Northern Great

Plains Province. Pro;ect success in
- ‘these four primary geologic locales
will permit investigating additional -
low .permeability sandstoneés in-16
other -sedimentary basins: It ap-
pears that the only practrcal means
-.of increasing permeability and -
resultant.’ flow rates -from ‘thesé
- sandstones lies 'in’ the: usé of
" massive - hydrauhc.
techmques. Unfortunately,- it is -
,still"too early to desrgn such ]ObS K
wrth predrctable results. N

The MCBP is to be mvolved in"
,producmg and. utilizing methane
“derived from coal beds. The coal,”

like portions - of the Devoman w

.shale, ~is
fractured "

lmpermeable,r highly - .

(termed_ v “cleat”

.ioccurrencé " of natural ‘fracture’,, -

"fracturing .-

mamobmdn - v« de a e e
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.production . is

mining pérsonnel), and produces . -
gas by desorption. The greatest -
'similarity = between

shale  .gas
production and methane drainage
their
unpredictable natures, especially
with regard to predicting open
flow . production rates
production testing the well. The
EGR project in methane drainage

:will be confined to unminable coal
beds — those too thin and/or deep -

to be conventionally mined.

GPAP

The fourth EGR prOJect involves .

the Div. of Geothermal Energy

and the Enhanced Gas Recovery -

Branch' in a joint venture to
develop the energy resources (both
geothermal and gas) of abnormally
high pressure, high-temperature,
saltwater aquifers. Flowing a well
at a rate of 40,000 BWPD for 20
years with
satuation of 30 scf/bbl. (1.2
MMcf/D) is a pretty good trick. If
this were Saudi Arabia and we

.generally

- before

a minimum gas_

"~ were talking about 40,000 B/D of .
light Arabian crude, the economic _

picture would be quite different.

There is a large potential source of ~

gas in these aquifers, but the risk
and technical problems are for-
midable. 1 once read, somewhere,
that there are tons and tons of gold

in a cubic mile of seawater; the. .
- ““trick” is to get it out and yield a
* *“profit for your labor. This analogy
. applies to all of the un---

conventional sources of gas, but it
is especially pertinent with regard
to the geopressured aquifers.

‘Summary

The primary objective of the EGR
program is to  stimulate com-
mercial development of large
known _gas resources. There are
indeed very impressive reserves of
potentially (and I emphasize the
word ‘‘potentially’’) recoverable

gas. However, the wide range of

" To turn

develop new

- the estimates limit the reliability of

EGR reserves figures at this time.
these . estimates into
commercial reserves capable of
being put into the pipeline, the
DOE'’s Enhanced Gas Recovery

" Branch is following stated goals:

(1) to provide a reliable data base

- of technological information; (2)

to improve upon existing and/or.
stimulation and
production technologies; and (3) to
demonstrate the commercial

feasibility of successful techmques

Of all fossil energy programs in
DOE, the EGR program has the
greatest potential for near-term
impact. Relative to the building of
coal gasification plants and the

‘like, EGR activities have fast

response time (weeks to drill and
complete a well vs months or years
to construct a plant), it costs less to
do the work, and has minimal
effect on the environment.

Jetffrey B. Smith is with the U.S. DOE's Enhanced Gas Recovery Branch, Div. of Oil,

Gas, Shale and In Situ Technology.

_The Appllcatlon of Petroleum Engmeermg
to Geothermal Development | |

V.E. Suter, Union Qil Co. of California

Anyone with geothermal- ex-
perience can readily attest that
geothermal operations are a
natural extension of oil and gas
operations. A_geothermal com-
pany and an oil company need the
same type of people to do the same

“kind of work. In the geothermal

industry, geologists - and geo-
physicists define prospects through
surface geology, analysis of
surface seeps, magnetics, gravity,
and resistivity surveys - techniques
similar to those used .in the

" petroleum industry. In -addition,
temperature .

shallow ~ (250-ft)
gradient holes often are used in
geothermal operations.

Landmen take geothermal leases

P

that are patterned after oil and gas
| } . R T . '

leases. Exploratory drilling is done
with the same drilling contractors

and same drilling rigs, with minor.
Drilling foremen -

modification.
and drilling engineers ‘share the
.same objective of making the most
‘hole, in the shortest time, at the
léast cost, with a proper .com-
pletion. Petroleum engineers test
the wells, design the completions,
determine the reserves, make

economic calculations, work with

‘the tax assessor, and manage the
reservoirs. .

- Production engineers
install gas/liquid separators and
meters, and operate¢ production
and injection facilities. A contract
to sell steam to a public utility is

build -
',roads, locations and pipelines,

- for leases,.

required. Various governmental
regulations, permits, en-
vironmental concerns, and public
affairs pose similar problems in
both industries. . Also required of
. both are top management people
who are acquainted with geologic
yisk, prepared to accept million
dollar dry holes, willing to bid
competitively at lease sales, and
able to invest large sums based on
a technology not yet fully proven.
Successful geothermal devel-
opment requires in-depth financial

. ability similar to that required for
- petroleum development.. A high

capital investment is required early
geological and
geophysical work, and exploratory

and confirmation drilling. After

,- "‘s‘
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discovery, it usually takes man)"_

. years before any income can ‘be

realized because of the lengthy -

permitting and construction time
required for a generating unit.

During that period, more capital is .
required for development wells, "~
and producuon and

U mjectlon facnhtles "*'."-' .

" pipelines, *

leferences in Geothermal
and Petroleum Operations
Although there are many

similarities between the two in--
there are also some .

dustries,
differences that must be learned by
those making the transition ‘from
oil and gas to geothermal.

The most obvious “are high . °
temperatures (over’

geothermal -
600°F in some reservoirs), which
must be considered in all opera-
tions. High temperature affects
drilling mud, cement, drillbit
" bearings, and lubricants. It makes
rubber and plastic products
useless, including
protective rubbers and downhole
packers. Geothermal wells require
special logging tools, directional
instruments, and pressure bombs.
Casing and pipeline design must
cope with the stress and strain of
thermal expansion due to tem-

- perature changes. . Reservoir
engineers must consider heat
balance, phase change, tem-

perature buildup phenomena, heat
conservauon, and proper disposal
of waste heat.

Geothermal fluids will not burn,
and pressures encountered are
generally less than those in oil and
gas operations. However, the risk
of a well blowout is still present.
Drilling mud, of sufficient weight
"to control pressure, must be kept

cool by timely circulation, or-it can
“flash’’ or boil with explosive
force. Of course, proper. drilling
procedures and appropriate
-~ blowout prevention equipment
make virtually. all drilling
operations safe and routine.”
. Fluid flow rates in the
geothermal industry are generally

an order of magnitude larger than .
in-the petroleum industry; instead -

of using B/D or MMcf/D, the
.geothermal industry uses gal/min
and Ib/hr.

For example, productlon wells
at The Geysers field average

t

drillpipe .

T

" bottomhole

150,000 1b/hr of dry steam, and -
“about 13 ‘wells can supply the
. standard

110-MW  generating
station with the required 2,000,000
Ib/hr of dry steam. To produce at

- these same weight rates, natural

gas wells would produce at 70
MMcf/D, or a 13-well total of
almost one billion scf/D. These

_large flow rates, coupled with low

pressures (500 psi reservoir

* pressure and 100 psi turbine in-

take) require large pipe sizes. The
steam delivery line to the turbine

consists of twin 42-in. pipes.
Production well casing sizes range

from 9% to 11% in. )
" At The Geysers, about 20% of

the steam produced eventually is

reinjected into the reservoir -as
steam condensate. The current
injection rate is about 5,000
gal/min, or in oilfield units,
170,000 B/D. This qualifies The
Geysers as a rather large water

injection project compared to

oilfield waterflood operations.
This 170,000 B/D is being injected
into five wells, all with a vacuum at
the wellhead resulting from low
reservoir pressure and high
reservoir flow capacity.

In most other areas, geothermal
reservoirs contain hot water rather
than dry steam, and production at
the wellhead is normally a mixture
of hot water and flashed steam,
measured in.lb/hr of total mass
flow. A good well will produce

'500,000 lb/hr, .and some. .out-

standing wells have been tested at
rates exceeding 1,000,000 1b/hr of

" total mass flow. This is the oilfield -
equivalent of about 40,000 B/D .

for a good well and 80,000 B/D for
an outstanding well.

Well Testing

When a wildcat geothermal well
encounters hot water at acceptable
temperatures, well testing to
evaluate the ‘‘discovery’ is per-
formed while the drilling rig is on
location. Geothermal .
normally cannot be disposed of on
the surface, and there usually is

‘not an available place to inject

them other than back into the same
well. Pressure bomb performance
in hot geothermal wells is less than
reliable, and the calculation of
flowing pressures,
based on surface measurements, is
difficult due to the complexities of

.. hot . areas - where
" temperatures can be reached at a

- found.
drilled
Geysers

fluids.

two-phase vertical flow. Short tests

taken under these conditions do -

not allow-accurate well evaluation;
improved methods are needed.

" Well Stimulation

Geothermal exploration efforts are
designed to discover abnormally
commercial

reasonable drilling cost. Successful
commercial
requires that the hot rock contain

fluids (steam or water) and a very .
. large

flow capacity. . Most
geothermal wells produce from
fractured reservoir rock, but
adequate fractures are not always
“Dry holes’’ have been

field. The reservoir
fracture system may not be far
away, however. Some dry holes
have been directionally redrilled a
few hundred feet away and have
become commercial producers.
Therefore;" there is a need to
develop a technique for creating
artificial .fractures in, geothermal
wells. Hydraulic fracturing of a
noncommercial producer does not
appear to be practical because of
the high productivity required for
a commercial producer. Water
injection tests show that these
noncommercial wells will take over

- 1,000 gpm with ‘a vacuum at the

wellhead. Explosive stimulation,
now being considered, must await
the development of an explosive
that can be placed in the high
temperature geothermal wellbore
without detonating prematurely.

- Reserve Estimation

After a geothermal field is
discovered and a few confirmation
wells have been drilled, reserves
need to be determined to decide if
electric generation facilities can be
expected to yield a satisfactory rate
of return. There normally -is at

-least a 6-year time lag from the

discovery well to commencement
of income. This lag traces to the
time required to prove ‘reserves,
negotiate a contract, get the neces-
sary permits, drill - development

. wells, - install pipelines, and build
" generating units and transmission
Any unnecessary -wells .

lines.
drilled early in this period have

" zero' return on investment until

power starts.

generation

development also

in the middle of The -
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Therefore, sthe challeng'
prove reserves and obtain.a steam

.;"r sales ‘Contract involving the least .

number of wells and in the; shortest

_known due 10 mabrlrty to drrll that
deep Productron tests, - 'with .*
-of -the.
produced flurd mto another well,
* :do not’create- enough net reservoir -

‘.v wrthdrawals “in"a reasonable time . 2.

to create a measurable’ reservorr

““pressure s decline - -for use in
calculatmg reservoir srze. RO
;' Extensive, reservir " pressure -

mterference tests ‘have’ been used -

successfully t0 determme reserves.
. Such studies involve producmg
‘some wells, injecting into others,
- accurately’ -monitoring’
pressure response in observatron
wells. By using petroleum réservoir-
engineering - equations, reservoir
parameters' of ‘porosity ‘thickness

(¢h), permeability thickness: (kh), -
" ..and boundary conditions can be

"' varied until “the best pressure

. Secondary Recovery/ "1.,';: B

.

‘history match is obtained: Using -
.the best value of.¢h, reserves per .

- . acre then can be calculated. " * ",

[

Reservoir Management ' '

Assume .a . closed - dry steam _

reservorr at 500°F .and 500 psia-.

- with a '10% porosity. Calculations
show that less than 2%-of the total
reservoir heat is in the steam “and’

**more than 98% of* the reservoir

‘heat i isin the rock. Therefore, with -

.. ho remjectron total heat recovery

S ’some nearby producmg wells to- N

- that.

~a’j abandonment -.caused by

. pressure depletion will be less than * ..

2% of the total heat in place,

Water mjectron to recover’ some -

of the" heat Jan’” the : rock seems
. feasible. Radloactrve trmum

‘lS tO -

: A :Volumetnc reserve ‘calculattons: R
e are of questronable value because .
.,most of the effecttve porosrty may

'j . pre oducmg mterval har dly ever-is; " water Teservoir than a -dry steam

P

: .based on thrs addmonal recovery?

.r reservoir because the densrty of hot

BIETA ‘("-,‘: ‘;/‘- »“ )(4 ','

9"11-‘53"“-*. . ;-g-».
“the dry steam requrred by' the,
turbines.”*- Unresolved .- questrons

- include:- Where to. inject?’ At ‘what v
'<rate? How much additional heat

flurd wrll be much greater for a hot

water is many times that of steam

o

pressure will drop below saturation "
"pressure 'and sonme borlmg will take : " -

-

" actual ’

‘.

!

—tracers3 have ‘been used to prove‘ '_

‘some 'mjected ‘water
vaponzed and produced as’ steam

< from - nearby . producmg ‘wells. -

Water .injection also. has caused -

preduce wet "steam, creating’ ex-
" pernisive hquxd separatlon and

hqurd drsstal problems to *obtatn -
o \ :

' _areal challenge.

place in-the reservoir. The borlmg
will extract heat from .the rock.

T Modelmg talculations indicate that 2

* “heat recovery could be about 1.2 .
ttmes the ongmal heat in the water.

Water mJectron to mamtam
pressure .and to extract additional
heat from -the rock ‘may -yield
recovery of up to two trmes the

" original heat in the water.

Hot water reservoirs can have
complicated behaviors.* The ~
rate of temperature
equlhbnum between reservoir rock -
and geothermal fiuids is unknown,
reservoir  boiling' -may  create
" formation plugging with scale as -
- dissolved' minerals*
c.and a decline i in reservoir pressure

surface drsposal of geothermal
fluids’ in ;the U.S. has not been
found environmentally acceptable

Therefore rgeothermal waters-
probably will ‘be returned.to the
"reservoir for disposal, pressure
mamtenance and heat recovery. .
The. unresolved questlons ‘are

: As thlS reservoir is produced the‘

m 4r
s,

.

ments are needed

.t .
RS T IN ”v“

*{ .
Geothermal reservorr modelmg

efforts ‘are bemg used in..an at: °
i témpt'to answer sdme of ‘these °
questrons ,-These . models

. similar, "to petroleum, reservoir ,
models wrth» the’ ‘added <. com-~

! 33: ey 'gé’%)y;vﬁfi
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: applrcatron of petroleum

_geothermal wells"-has contrrbuted
partial " solutions™ {6 . many
problems, but further lmprove-

"‘re.,

. High temperatures " at depth
adversely affect drilling mud by -

“high gelation’ condition. A forced-

are -

'irgMu'd' 'Cement and Bits: t’é‘f"

‘causmg the bentonite to flocculate,
< creating a high filtrate’loss and a

.

.

S

{

H
- .r

-

ln‘-‘r
»
2‘4

(p -,

.-A'engmeermg t0 - the” ‘drilling : of "

'v'\

5

~draft .cooling tower in the mud -
’ *system was found helpful. Drilling

- operations have -been ‘improved
* further by using a sepiolite-lignite

" mud system. The seprolrte clay

"smineral of the. magnesrum silicate

- family has less tendency to floc-’

" culate at high temperatures.$

Well casings originally were

~ cemented using standard oilfield

concentrate, v

_ may create "unacceptable ' land ,‘_
. surface ~ subsidence. “in .certain -
unique . circumstances.. Also, -

cementing- practices, but ex-

"perience‘sh'oiNed that after several
high.

. years ' of ‘exposure’ to.
geothermal temperatures, - the
cement weakened and became
powdery ~Through an extensive
‘group research effort,” mcludmg
cementing - “service companies,

- additives and’ mixing: techmques.

have " beeni developed to keep

", cement from losmg its compressive

“similar to the dry steam, case:.:

S 'Where to’ ‘inject? At- what ‘rate?

How . much ‘additional heat

recovery “will occur" After. the -
injection” water ‘front reaches the’
. production wells, how: long will it

. be before the thermodynamic’ front
reaches the producmg wells" :

r,a‘

Assume a geothermal reservorr
partlally filled with hot water with '
.a steam ‘cap. .This reservoir will -.
have all'the complrcatrons of both
prévious examples, ' and the
_determination of "the  optimum
_reservoir management plan will be .

.

- strength * at. high

) underpressured

temperatures.
Long-term tests are in progress to
assess their effectiveness. -
Drillbits* used , for geothermal
drrllmg have. a shorter life “than
oilfield ~bits.. Drilling .in hard
volcamc and metamorphrc rock at
* very high temperatures results.in
early failure of both bearings and
" teeth. ‘The matrix used in diamond
" bits will snot_ .withstand - the tem-
- -peratures encountered during air

dnllmg in geothermal wells. Many °,

“‘improved”’ bits have been . tested

: but much progress |s strll needed

Most geothermal reservorrs are
(below .normal
hydrostatrc -pressure), and lost
: -circulation; durmg _drilling . and -

: cementmg casmg lS common A.ll'
b i 3 *

.
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... tool joints are in progress.

I

* requiréd. Replacmg

S : 4 [T INC N .
|. . .‘A‘ .

drilling techniques can be used ln

dry steam reservorrs, “but _air,”’

) " steam, .and Yock - cuttings flowmg

up the’ outsrde of the drillpipe at
.near sonic’ velocity create a severe.

L erosron/corrosron problem at the

* drillpipe tool. JOll‘ltS _This reduced
*drillpipe life" to about A0%’ .of
for-- oilfield - dnlhng
.- Drillpipe * hfe “has “been". extended
" three’...to . four _times,. by .the -
development of a new”. corrosron
“inhibitor8-and by hard banding the .
-‘tapered sectnon of the tool Jjoints. -
Expenments usmg specral alloy

In hot water geothermal ﬁelds
the use of- aerated water as a

.+ drilling fluid has been successful in
-, combating lost circulation when" .

hole stability * conditions - are
favorable. However,  air mixed
with hot salty water can create
drillpipe corrosion rates in-éxcess .
~of 45 Ib/sq ft/year In some cases,
‘the corrosion
reduced to-1.5 lb/sq ft/year with
the ,use of a new - corrosion .
mhrbltor, .ammonia, sodlum
polyacrylate, ltgmte, and sodmm
hydroxide: However, geothermal
brines- occur “in’ many different .

_ compositions, -and, for new areas, .
the development

“of - different
corrosion . control

pressed_air with an inert gas would
‘reduce corrosion-problems greatly; -
but cost effectiveness of the meth- |

B od still must be demonstrated

Pipeline System Design e

Plpehne ‘design - for a dry steam °
- field must be optmuzed to consider
‘pressure ~ loss, ; heat: loss, safe -
operations, -and .economics. In-
‘sulation of proper quality and
_thickness must " be’ installed and -

expansron loops -~ and . skrd
mountings" -are -

“and’ contraction dunng producmg
‘and shut-m conditions. Rock chrps
"and dust’ produced «from " the -

formatlon, -and any condensate i
-'from a; ~cold” startup, ‘must be

removed froin the steani” before
delrvery to: the turbine. Computer: .|

_programs_are. used- to. design the °

‘entire system to ensure delivery of .
hlgh quality steam at the requrred
turbine inlet . pressure. Simple
-orifice meters sufflce for steam
»measuremen et

. .. . r' S

rate  has been'

measures is-
the. com- ~

necessary “to-
compensate for thermal expansron S

Potentral for Growth

T

s Prpelme desrgn for.a hot water-

" field is several times more complex
., and
mixture " of swater ‘and steam is-.

expensrve A two-phase
produced at the wellhead -and
“Tequires. separation so that: dry,
. steam can be sent to the turbine’
and the water. injected -back . 1nto'
the reservoir.: 1Is the best system to

separate at each wellhead, only‘at’ :“decades,” eqtivalent 7 to™"about :
+700,000. B/D "of -oil, or. 8. 5%, of ...

the power plant,” or .at ' satellrte,
‘stations .in between? The plpmg

. .system will include two-phase flow::
" lines, dry steam lmes and hot water .

~lines that may become two-phase”. -

3, cry

‘1:-‘7‘.‘,. ; ‘\"
-United States Potentlal

“Outside . Calrforma, - geothermal

" electric facilities are being planned
,in "New Mexrco, Utabh, : Nevada,
Idaho, -and “Hawaii.” .'On

 nationwide _scale, - experts beheve-
‘;,that ‘there.is a geologic opportunity - .
. to.develop 20,000 MW of electric

generatmg capacrty in the next two

' today s U.S. ¢rude oil production!
-As  technological advances are
‘made; there -could be the potentral

~‘for several times this capacnty in

" “flow if pressure drops below:the . Y succeeding decades. To find and

saturation , pressure for the - tem-
perature mvolved If expensrve

separators are not mstalled at each | -, expl oratory wells .

' ) development wells at an estimated
" current cdst of $800,000 per well.

well, how will.routine production’

- well testmg be accomplrshed" The '

. manifold system and a portable

well test separator el

thermal, expansmn, two- phase
pressure’ - drop, phase .change,
relative steam/water velocity, heat .
transfer, flow regime change, and
the effect’ of high velocity slugs of
water at prpelme bends. v

"

Scale Control

- All ‘geothermal. hot waters are
saturated with dissolved - silica, -
rangmg from 155 to 805 ppm (as
8102) -depending" on reservoir’
;temperature.? If the temperature -

drops below-a certain limit, large \'

'volumes of silica may precrprtate

This can cause plugging of -in- - .

Jectlon pumps, injection lines, and -
injection ‘wells, creating the need

- for expensrve mjectmty restor- .
- ation'work.10

- After the silica precrprtates the
" water 'to be injected can be treated
with a  sludge. removal and
“filtration . system. However,- the
sludge disposal quantrty fora lOO-
MW power plant could be as much

! asSOton/day T el T

As a’ reference. pomt a lOO—MW
generatmg “unit. will supply the
- electtical ‘needs of 100,000 people
-and * produce the equlvalent
-electrical . energy’. of about - 13

- million bbl overa 30—year llfe

. identified I
- geothermal industry has tremen-
dous potential for growth and will
" make a significant contribution to

e ReferenceS'
Rl _-,“l, ‘Gould, T.L.:

million bbl of oil per year, or- 39

B develop the first 20,000 MW will
. require the drilling of at least 1,000

‘and 6,000

Includmg hook-up facilities, this

. ‘will require over 38 billion in mlttal

- ‘mstallatron costs. - -
-Proper desrgn “of two phase

‘pipeline systems: must account for -

World Potential =~ -/ -

. On a worldwide basrs, there are

now some 30 countries active in
geothermal exploration.!! "Geo-:
thermal power plants are in
operation in the Philippines, Italy,
.New. Zealand, Mexico, Japan,
Iceland, El Salvador, Turkey, and

- the' U.S.S.R. Other countries are

planning” for geothermal

. development to offset the high cost

of imported oil.
"'The geothermal mdustry makes
no-claims of being able to salve the

“".national ‘or world energy crisis.

However, performance over the
last 10 years and prospects already
indicate -~ that the

‘worldwide energy .supplies. Much
- of this will be made possible by the

continuing appllcatlon - of
" petroleum  engineering to -
geothermal development

./.'t

**Vertical Two-Phase
* Steam - Water Flow in Geothermal
;.. Wells J. Pet. Tech. (Aug. l974) 833-
842,

S 72! Upadhyay, R N., Hartz, 1.D.,

“i" Tomkoria, B.N., and Gulati, M.S.:

. “*Comparison’ of Calculated and
. Observed Pressure - Drops in
"Geothérmal Wells Producing Steam -
Water Mixtures,””. paper SPE 6766

presented at' the - SPE-AIME 52nd
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j Introducﬁon i  EXtracting this ‘remajnip, »'oi'l' b Economrcally Depleted - -
3 ry little attention normaljy 15 . mining ang Processing techniques. _ ie] . . .
: 8iven by the €Xperts, ‘or the public Table §, taken from 1977 App A more detailed €Xamination of
. At large,. (o the factﬂ that the reports, demqnstrates the oil left:in the depleted 'ﬁeld,s‘\shows that

“Majority of the oi] that has beep o . Place gz the end of the “con- éstiinates of oil re'majning in place

ill be discovereqd Within the U.S. ventiona] petro'leum, .production - . after- Primary; - Secondary - and_
remaing - jp the ground, The. cycle in then-known, fields within . nbndestructjve tertiary recovery . :
inhereny . h'mitations of ol . the U.S. Po‘ssible»targets, for. oj] - " can, vary. widely. . There - is
Productiop through s'urface{well's,’ " minihg OPerations inclyde ) oir . . significan; evidence, however, thai - .
either py Primary o ’-s'econ'dary f®Mmaining ip Place, in fields and- - more than half -the, ¢stimateq L
'techniques,'wﬂl Tesult in aofg) of . - pdbl;, that ha}'(_é}feachéd.ec‘oiiom'ic ol -Origina] * oil . “place | (0o1p) - T

over 300 billion bbl of o} leftinthe depletion -by Current " petroleum i fémains in “the 'ieservoir after all

8round - afte, ,compleiipg produc- ‘ Aprcs‘ductioq methods.;égnd‘_thét aré petrt_ﬂeum’ “€xtraction - téch_niques‘ e
tion 'by Standarg pet'r,oleum':tech- not .‘amenable - . to 'economic haye been :é'pph'ed."lf one com.

~.Tiques ‘in Currently prodyci - Tecovery ' p "’I'conventional petro. - - pares the . sum . of .. past oil
prdducible, : Ieixm,‘indusg'y techm‘ques;_(Z) oil- .. . Productiop -and SStimated
. r bitu'men~séturated “rocks ~noj ~. .TeMaining producibje Teserves with
normajly Considered by._ the iin. .the estima of tota]

1o con, e e discovered OO0Ip: s of 1975, j
TESEIVOIrs, . such - g shales ‘and’ - ‘becomes apparent that:for the j g
: iatomites; and (3) ‘asphalt: p . ds g thle, 67% of th
jtumf:n-‘impgegna'ted rock ' rémain in pla ¢
SR ; : e
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Two f‘ elds where oil rmpreg-
nated dratomrtes ‘occur  are-, the o
McKrttrrck, J currently "being -
- evaluated by Getty Oil Co., and * -
..the - South’ /Belridge’ ﬁelds of vl
*"California. ,Oil ‘concentrations "of ... "

j 'up'to’l bbl/st are mentioned wrth

§TOIT SAN gl A
TABLE 1 OIL LEFT IN PLACE AT THE END OF CONVENTIONAL
- 'PETROLEUM PRODUCTION BY STATE "+ .«

-:;, Remalnlng Resource ~
1+ L(Billionbbl) . 7.

el E s
.,g-
U

ive

|lllnols ‘““"

.-Montana:.

- West Vlrginla:
*North Dakota.

Kentucky
Indlana.,
Neb'raSka'
““New York
. Florida . ...

Totali :

*Includes Arlzona, Mlssourl, Nevada, virginla, and Washington. .

oo

€CONOMiC recoVery process.
The same comparison carried

out specifically for the 100 largest .

oilfields in the U.S. yields a ﬁgure
.of  63% of the OOIP " remaining
* after full production. These ﬁgures
are representative of oil fields that -
"have been or presently are under
productron by . conventional -
. ‘pétroleum techmques and -do .not _
" include the reserves in heavy crude =
reservoirs " that - have limited
productron or- poor reserves. data,
“tar . ‘sands,” or orl-rmpregnated
dratormte -deposits,. etc.” Of this’
: estrmated econonucally ultimate -
" unrecoverable resource of oil, fully
5 -:85.7% is “contained .in oiily eight
states, each .with a -residual ,
". resource."of | more than * lO billion _
- bbl (Fig. 1).Further analysis of\the

: T" 1977, API figures shows .that 209.
*  Dbillion of the’ 303 brlhon bbl of ~

total remarmng orl ‘will." be

sandstone reseryoirs,, 89 " brlhon )

. bbl. in" carbonaté Teservorrs, and
- 4.54 billion bbl in other Ieservoirs.
Not included .in “these estrmates,
but potentrally of large magmtude,
~are reservorrs ‘which, never have':
been placed m productron, nor-

" rocks
". niques. -In. recent years, however;

" mining,.
'have' been taken in these depdsits. .°

L ,ﬁelds are hrgh

mally due to high oil vlsc'osity An
-example of such a field is the Paris
Valley in Calrforma. e :

r ‘ A A

Oll- or Bltumen-Saturated

Rocks o TEL cn T
“The second area of mterest for the -

" potential mining of oil.is the orl- or

bitumen-saturated ‘diatomites and '

. shalés. Historically, the petroleum

- industry. has not kept detailed.
" records of the oil contents of either _

diatomites or shales because of the
problems of producing from such
with * conventional -
with newly . developmg petroleum
technology and the potential of
more interest and care

is now beheved ‘that such

deposrts in - tertiary - basins may

constitute.-a- srgmﬁcant resource.
- Owing - -to’ the ~ generally hrgh

porosrty but- very low effectrve -

permeablhty of dlatomlte, which

,_results from -the small individual ~*'
pore - size caprllary effects, thel

potential grades of some of these

‘tech-

regard to these deposrts‘ There' i rs
httle doubt that much interest will =
“be: armed at’ the ‘diatomites_ and‘
“shales in the near future, not only,,.
.- because ~of oil ; mmmg, but -also-, ‘,g».vum*
because y of “a 'recent successful:

Asphalt and brtummous deposrts )

- have been encountered in the past - .
, but may not.have. been recorded- .
“since these occurrences were then-

" of " no. commercial ,value to. "
- petroleum - -companies. © Those ~-:'

- deposits that ‘were recorded are ‘
poorly defined in areal extent and
have limited documentation
available. Even those deposits with .

. abundant surface exposures are ‘v -
poorly documented with regard.to .7
" bituminous content, tonnage and
. depth.

) "\ Partial resource’ estrmates have
" been made of seven states. The
estimated resources ‘of known
deposrts in California, Kentucky, .
New Mexico, Texas, and Utah are St
.. approximately 29 billion . bbl of
bltumen The.potential for another
substantral resource -exists ;-
poorly-exposed .or unexposed
brtummous deposrts Examples of

.. .large, . or~ potentially  large .
bituminous - deposits «.are - the >
* Sunnyside, . UT and Edna, CA. -0
-deposits.. - s Y
 In summary, " with the three il
«'_potentral ‘resources - ‘described .. -

: above, it is not difficult to envision
..a total resource approachmg "500 :
brllron bbl remaining in the ground s

' after present-: production , tech-
nologies have'been applied to the :
" fullest..-.This vis - consrdered a oo

valuable resource opportumty e T

Mmmg for Oll LR
: The mining of oil is not necessanly 2
i'a . new - stechnology, :;since’... rock ;
’outcrops were_mined for therr orl
“content in antiquity ard’ were al)
"feature of numerous’ *-local ;
economles as part of the Industrlal
Revolutlon . The' y
P K
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those conducted at Pechelbronn in

" in the first half of the 20th century.
Other attempts at mining oil were
at Heide Meldorf in Germany,
Franklin field in Pennsylvania,

particular operations .
however, carried out’ under’ very
specific circumstances: (1) the need
for strategic oil supplies during
wartime at almost any cost, which
was the case in Germany and
Japan during World War II; (2)
the need for domestic production
in oil-poor nations during
favorable economic times, such as.
European operations during the
1920’s and 1930’s when economies
were depressed and labor was
cheap; (3) the existence of a

requirement for special grades of
oil, which stimulated the attempt
at Franklin field in Pennsylvania.
Recently,

historical operations are probably :

France and at Wietze in Germany ~

and Higashiyama in Japan. These °
were,

directed economy such as exists in
the Soviet Union; *and (4) the °

e

North America have stimulated.

interest in oil mining from both
‘government and private industry.

This has resulted in the planned -
.. operations -in the Athabasca tar

sands in Alberta and in the interest
of several U.S. companies in
similar projects.

Two recently released reports

prepared for the USBM examined

in - detail the ‘potential of oil

mining. These two reports, one by

Golder Assocs. and the other by
Energy Development Consultants,
aroused considerable interest in the
potential for oil mining. The in-
formation in this article is based
primarily on the Golder report
entitled, ‘‘A Technical and:
Economic Feasibility Study of Oil
Production by Mining Methods.”’
This study used the com-
puterized petroleum data service of
_the U. of Oklahoma to examine
- the oil resérvoirs in the U.S. and to .

. evaluate their potential for mining.

The data bank search resulted in a

and ‘a‘ short ‘list of candidate
deposits was developed. From this

.- short list, .nine site-specific fields

were selected -and order-of-
magnitude mining feasibility
studies carried out. Five of the
fields evaluated were conducive to
underground mining techniques,
and the remaining were surface

" mining potentials.” . : - &

-The five underground mining

operations included two involving
_ direct mining of the reservoir rock,

namely room and rib stoping and
block caving, two methods em-
ploying oil drainage, and one using
mining techniques to fracture the
rock prior to drainage, referred to
as shatter and drain.. The four
surface mining systems included a
modified terrace pit, .a terrace
mining system employing bucket
wheel excavators, . strip mining,

- and .a traditional open pit. The

results achieved * from these
evaluations varied widely, as
expected, due to influence by both

80

SYSTEMS

OIRECT MINING

UNDERGROUND

marked increases .in candidate field list of ap- the methods themselves and the

world oil prices and a perceived proximately 10,000 oil fields. characteristics of the individual

shortfall in domestic prgduction'jn These fields were further examined deposits. The underground
' LEGEND Upper Bound

Case Study Result
Preferred Volue

‘

20

%
o
g Lower Bound
§ .
. g ngCKG . SURFACE MINING
5 'N. . SYSTEMS UNDERGROUND .
v 8 . ORAINAGE SYSTEMS.
§ SHATTER
_% AND
° DRAIN
2
2 o
= , MODIFIED :
@ CIRCLE TERRACI
STRIP UNDER - X
N RIDGE PIT MINING |\ GROUND/{ OPEN _ [UNDER-
= STEAM [ \PIT GROUND ITERRACE
3
(S}
=
o
-
S
[=]
(=]
3

o Cur(ar;l
ANOp———— il

" ’ Price
Ronges

‘o

o ' — ' _—
' ,;_:...'

Stripper Ol s

New 0| TS om i

STIMU-

3 = 3 PRNARNRIERS, G

. SANTA A \/
RU

¢ ,Z : . EDNA

SUNNYSIDE

ey A AN G 51 A

e : _'
5 i
3

DRAINAGE :
‘ PIT Price Range

Required for

Major EQR
Production’

#* EOR = ENHANCED
OlL RECOVERY




o

methods that ‘involve . mining
" operations in the reservoir rock
showed costs in excess of $30/bbl,
with the direct stoping method at
over $60/bbl. These particular
cases all were handicapped by low
ore grades, but even when the
. . -results were adjusted to allow for a
more favorable but still realistic
* - grade, it did not appear likely that
“- * the costs would fall below $30/bbl.
" "The two underground drainage
methods, however, gave better’
results, although ‘the -steam
stimulation example was heavily
handicapped by the thinness of the
particular oil-bearing " zone
evaluated. Both methods show
potential for production at costs
between $10 and - $17/bbl,
provided the projected oil yields
can be obtained. As would be
expected, the drainage methods are
extremely sensitive to any factor
which affects oil yield, particularly
the grade of oil-bearing rock.

The four surface mining systems
are projected to produce oil at

costs ranging from $21/bbl for the -

modified terrace system in hard
rock, to $12/bbl for a large terrace
pit in poorly consolidated
material. These costs are par-
ticularly sensitive to ore grade,
stripping ratio, and ore hardness.
Fig. 1 shows the expected cost
" ranges for the systems and par-
ticular fields evaluated.

The conclusions of. the study -
show that production of oil by
drainage methods operated from
underground workings shows
promise of improving recoveries at
profitable cost "levels. Direct ex-
traction of oil bearing rock by
- underground mining, however,"
still cannot be-contemplated with
any confidence, considering both
safety and financial aspects.

Surface mining techniques offer
low-cost extraction’ of shallow
fields. Provided that the problems
of separation of the hydrocarbons.
- from the -host rock and the
mitigation of the environmental
impacts can be  solved, these
methods appear capable of making
arapid contribution to the nation’s
oil .supply at prices not too dif-
ferent from present levels.

One major problem encountered
throughout the study was the
" conversion of data collected .for
_petroleum engineering evaluation

z ' .

\

»

" into - data suitable - for ‘mining

evaluation. A number of areas of
data ¢ollection must be improved
if the evaluation of oil reservoirs as
mining prospects is to be carried .
out. Generally, the most basic need

is in the area of estimation of

mineable reserves. . The true
quantity and distribution « . of

- hydrocarbons - in place. .after .
‘conventional depletion has never
. been established in' the detail
" necessary for mining purposes,

and a similar lack of information
exists in the knowledge of physical”
reservoir . rock properties. The

" major area for further work is in

the processing area. Technology is
now, however, being extensively

deVeloi;ed in this area by private
industry, but full-scale operations
have not been conducted.

-+ In. summary, .the potential is

very real for. the production of oil
by mining methods to become a

contributor to the national energy

supply. It offers the possibility of -
recovering some -of - the. immense

“resource that lies beyond the reach .
of existing production technology, .-

and appears also to ‘bring into |
consideration large volumes of

‘hydrocarbons whose existence is

either known or suspected, but
which have never been considered
as producible reserves. The

_ potential seems too great not to be

pursued further.

'
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Shale Mlmng Problems e
~The mining problems an il shale‘
-operator . will face are largely
determined --.by ‘the - process.
Candidate oil recovery ‘processes "

. are .surface (above .ground "
processing of mined oil " shale),
modified in situ (underground with -
some shale removed), and true in
.situ (completely underground with
‘no shale” removed). The- shale

_ removed for modified in situ (MIS)
is- generally processed by surface -
" techniques. The mining problems
-are .different for each category.

" Fig. 1 depicts the dnversnty of

Mining for surface operatrons .
- will emp]oy underground mining
techniques'in common use but the --
“scale will be larger. A typical oil -
. shale operation- is expected to .
" require 75,000 to 250,000 st (68 000
" to 226 800 tons) a stream day of
-crushed oil shale. This is above the .
upper ‘limit” of - current mmmg
. operations.’ Major problems -in- ..
. clude: (1) lack of good engineering -

* _. especially’ wheninterbedded with
‘saline minerals at depths below.
'1,000 ft (305 m);’ (2) presence of .

. '« .water, - hydrogen sulfide,  and
methane ‘in ‘some areas; - (3)
necessrty for ‘mine disposal of as”
much retorted oil shale waste as

"~ possible; and (4) contro] of en-
vironmental impacts of mining.

Portrons of the oil shale deposits
- in Colorado, ‘Wyoming, and Utah

* . ‘and significant portrons of " the

' Devonian shales_ in the ‘eastern

~U.S: are adapted -to  surface :

". mining. “No major technological

problems . are apparent: outside -,

L overburden’ thrcknesses uptol, OOO

) ft ftin the West However numerous

shale -

polltrcal and envrronmental dlf- -
. ficulties have arisen. One major onl
developer: cancelled .

planned surface mmmg operatron )
and .-currently is pursuing a '’

-modified in-situ plan. The eastern

" shales.are.closer to the surface than

- political problems. T T e

-to gas flow,

western shale deposits. .- .

. design properties - for oil shale, .-’

'restnctlve

the western, but suffer from many
. of.'the same envrronmental .and

Modified in-situ operatlons “face-
much more, ~severe - mining "
problems than -surface efforts.
Because the mined stope (called an
in-situ ‘‘retort’’ by processors) acts
asa retortmg process vessel subject
combustion, and
temperatures between 1,500° .and
2,000°F, mining is under highly - -
limitations. . This
processmg method - involves
.. removing bétween 20 and 40% of :

i the shale depos:t and then blastmg

the roof and walls 1nto the mmed

'space where the oil is recovered by

retorting. Major problems are: 0

* swell factor severely hmlted (2)

need . for ° consrstent . size

'Adlstnbutron of . blasted shale, 3).

even filling of stope (m-srtu retort)

by .blasted shale with consistent .
- _permeability

throughout; (4)
scaleup of blasting techniques,
after optimization; {(5) protection
‘of retort pillars and roof during '

._and after retorting; (6) prevention -

of groundwater percolation; (7)use

. of ANFO explosive in wet-holes;
. (8) disposing of surface-retorted

shale. waste in stope; ‘and (9)
restoration of site.” - . .
‘True in-situ operations are less

well developed than- surface or

. MIS processes. No actual mining is

". done, as the true in-situ processes -
gene_rate permeability in the highly
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rmpermeable orl shale through
. explosive and hydraulrc fracturing .

soluble components. However, it is

.. a’'possible alternative method to

 beneficiation of oil shale ore
bodies in selected areas. - -~

Current Solutions Underground ‘
", Cameron Engineers (1975) ex-

to oil shale 'mining. Several
vironmental impact statements or
detailed development plans in
; which they discuss various mining
.methods. Promising underground
methods include (1) chamber and
pillar with spend shale backfill; )
i .. “sublevel stoping with spent shale
? ©  'backfill, (3) sublevel stoping ‘with
: full subsidence,.-and. (4) block
. cavmg * with load-haul-dump
" (LHD) machines. Variations of the
it - sublevel stoping .methods.
¥ .- required for - modified in-situ
.methods. Trile .in situ _does not
¥ . .require ,conventional -’
4 ', . though  elaborate fracturmg
4. .  techniquesare necessary. :

*Chamber-and-pillar (Fig. 2) was

tested " intensively -by the U.S.
- * Bureau of Mines between 1945 and

7 .left-60 ft apart. Most of_ the -

i SRR equrpment was specially desrgned
: built, and tested, and much of it
"+ - was later ‘adopted by the mining

~muck -
" trucks.

or solution mining. of " certain_

amined a number-of underground = -
mining systems for their suitability-

“developers have submitted  en-.. concluded -that ‘a

are .

mining, -

" ‘requires

S

mdustry An electnc shovel wrth a’
3-cu yd bucket loaded the shale
into 18-cu yd capacity
‘Rotary drilling proved
feasrble Routine- mining
operatlons did not requnre roof .
bolts, though areas in long term -
use such as haulage ways did. This
method proved to be flexible and
has been used for essentlally all of
the underground oil shale mrmng
to - date in the U.S. Camerorn
examined ‘two - variations = and
system ‘ of
separate chambers . rather than
interconnected rooms would be
better..- adapted to. spent shale
backfilling due to greatly reduced

" -need for protective bulkheads

during backfilling. .. Resource

" recoveries can range’ from 90%

near the top shale zone under a few

" -feet of overburden and with pillar

extraction, down to 35% at 3, 000

_ ft depths.

. Sublevel stopmg with spent shale
Jbackfill is "a productrve and .

- economrcal method applicablé to -
_‘most .of- the shale” deposit. The

" .method involves longhole drilling.
up from- predeveloped : sublevels
from which the ore 1s.blasted in
slices and removed from - drifts

4 *.under ‘the mined ‘area. Several -
: " 1956 at Anvil Points, ‘CO, and the .
« ™ - method is applicable to most of the *
“ ' . deposit, Pillars 60 ft square were

methods are in use. The method is

-highly méchanized and results in
"large production ‘tonnages,-. but
a heavy -capital .ex- .
. -penditure before full production is
-tealized. Costs are low. Fig. 3
" shows the arrangement of the

'~§gpes
"Shale is removed. The shaded area
“is ~comprised “of -spent shale
- backfill.: Design of the pillars will
depend heavily. on charactenstrcs
* of ‘the spent_shale material,

. c1uding compressibility, which are

" not yet fully- known. About 55%
‘of the shale can be recovered if. ,
good fill matenal is available. A
" low limit to recovery is about 35%
Surface subsrdence is minimal.

.~ Sublevel stoping with subsrdence
is very ‘similar to the previous.
method,.except that the pillars are
removed after stoping operations.
. Ore recovery can approach 100%.

: However, the surface subsidence,
- evén when used for spent shale
disposal, is dangerous ‘from the

standpoint of water inflow to the .
ob- '

- 'operation. Envrronmental
Jecttons are likely. .

" Block .caving is one of the, lowest

¢ cost underground mining methods, :

- where appllcable. Much of the
- western ail shale is not amenable’
except 'in certain zones . where
leaching has occurred. Advantages
include greater miner safety, lower
costs, .and high degrees of
. mechanization. Disadvantages
“include _ longer
period, high drift maintenance
costs, inflexible operation, and ore

preproduction .

~

dilution which can approach 15%."

_ Resource recoveries vary from 67

. .to 100% in current non-ofl shale
operations. . Spent .shale' disposal
would be possible in the surface
subsidence. - :

. Other |
considered and rejected early in the
" analysis include square-set stoping
(low productivity, extremely -high
consumption of timber, high
costs); shrinkage stoping (not
readily mechanized); cut-and-fill
" stoping (not more expensive than
sublevel stoping); .longwall (needs
“development in oil shale); - and
.sublevel' caving (high cost for

~..explosives and drilling’ supphes,

ventnlatron problems)

.-

. The overall underground mine
rankmg used -was_.a- system
developed by the U. S Bureau of
" Solid _ Waste Management

. was - developed: . Technical’
~ feasibility. (24%), - mmmg cost.
(22%), resource recovery (20%);
health and safety (16%), en-

' vrronmental rmpact (11%), and

e woet ._\ Py .

<
’

it - “ .

A
werghted ranking of thése factors . - X

's 'l_x

underground methods .
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<" Sublevel stoplng'

-

"3 " with spent shale <2+ ‘

.
0o

k4 R |

reclamation (7%) Ranlrings from.
the most’ desirable to: the’ least .

-,

were. " oo ,. L R '-.’l

. .f 'J A_>~ /"54 ; ' . Y
~Underground - Relative *

. “-Process ‘i : Mmmg Cost
Chamber and ) : Y

Sublevel stopmg

b

backfill ST

‘with full® e "
subsrdence ;,- '
Block caving ~ -~ ‘
_usingLHDs .+ .. 1.27
Block caving ’ T
using slushers ~1.317 .
Advanceentry :- . -
and pxllar '
[ .ot
Other . mining methods ranked
below ‘these for many reasons. -

.

.Current Solutions - Modified
InSitu . ' )
Modified in-situ mining operations
are still in a state of active research
and no final ‘designs have been

’ -

i

selected. However, Fig. 4 shows a-

sublevel stoping .operation in oil -

T

A - Bt

t

L.t

. -

w’“ A d

shale. Conceptually, the modlfied
in-situ operations resemble one of .. "
the . above stoping operations

‘where the rock is blasted but not

3 ' ol et

.- a M

pRuN wilo. B 4 ,. .

removed from the stope” during - .

_ production. Preproduction

" operations involve mining between .

,20 and 40% of the shale, leavinga ™
.void into whtch the remainder. of =7
‘the shale is blasted. One operator-."
:; - contemplates a vertical orientation

“‘and commercral retorts about 120 ’

..ft square and about 250 ft high, -
and a- void fraction--of- ap*:- -

pro‘x'imately ©20%. Another -

,.operator is contemplating retorts

.

' CurrentSolutlons True: lnSrtu -

in:the size of 150 X 300 ft in cross
section by 700 ft high. A sublevél

" caving .modification is planned

with higher void~ fractlons bemg

- pro;ects are. summanzed here..

w T T

Ma_]or Mmmg Pro_‘ects

‘A number of .oil shale pro;ects.

“currently- aré planned or are in
~various stages of research. Mmmg
techmques planned for the major

Produetlon of about 61 000 stpd ls

g planned ,from: .a” conventronall
" room- and plllar mine.  About 60% g
 of- the shale in'place will. be ex- .
_section

-tracted. . The  mined -
‘averages about 35 gal"of oil per st

. and will be about 60 ft thick. Mine

.

.

consrdered e o 1_»

Voids and permeabnhty are in-
troduced .into the, shale by ex-

.

“access will be from a portal bench
constructed in.the canyon of the
Middle Fork of Parachute Creek at
the level of.the Mahogany zone
" outcrop. Mmmg will proceed by
‘the conventional cycle of drilling,
charging, blasting, wetting of rock

. piles, . loading, hauling, scaling,

plosive or. hydraulic fracturing -~

rather than direct mining. As such,

it is not a mining method, though -

it is an alternative. This work.is
still under active research, -and is
less well developed than other

‘mining methods. '

‘:4.

- '.t\

Stope in .
development

, . n;-.—;-'.. o
coe T, N
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and roof bolting (Fig..2).

Dow.
This research is c0ncentrated in the
Antrim shales of Mlchlgan -part of
the .Devoman shales in the eastern
U.S. The method is a true in situ.
Research ‘supported. by Dow
" produced some rubblization and

rock fracturing by thermal stress’

during combustion. Current work
.is attempting to generate more
extensive rubblization by frac-
-turing. Process steps are (1)
hydraulic fracture of the beds, (2)
- chemical underreaming followed
" by explosnve fracturing, and (3)
“explosive ‘underreaming followed
by explosive - rubblization and
fracturing. Hydraulic fracturing is
maintained by sand propping after

+ .being formed by hydrochloric acid

acting -on soluble limestone °
stringers. This is followed by
retbrting'.l . S .
Equ-ty Lo

Thrs process also is a true in s;tu.
However, it~is .confined to the
leached portion .of the deposit
.where adequate permeability exists
‘due “to natural leachmg of
'minerals, This' process is still in

~active development and no final .

desngns have been publlshed

L) ..
e

M

K

Geokmetlcs '.;? c .
. Deposrts relauvely near the surface

_ are the target of this true ‘in-situ "
-process. A volume, of oil shale iS‘

,dnlled and blasted to

|"

forrn a well-; .
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Fig. 4—Sublevel cavlng mine in oll shale Left, side vlew ofa typlcal sublevel cavlng operatlon (Haycocks 1973), rlght cross section . ]
- _of a typlcal sublevel cavlng operatlon (Haycocks 1973) . )
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from large stopes, crushing it to, ~ " . . . - on
liberate ‘nahcolite which will be - Occidental L
-recovered, and replacement of the - A vertical modified in-situ (VMIS)
.crushed shale in the stope .for 7 process will be employed. -Initial
retorting. The research program is operations _involve mining ap- -
-oriented to -obtaining g’eotechmcal proxxmately 20to 25% of the shale
‘“...data “to support the commercial ;,from upper and/or lower levels of N

'fragmented mass of orl shale sealed
by an impermeable .zone above..
The surface of the ground is rarsed
from 6 to.. 12 in. to.generate the S
void space "in the shale.. Other
. appllcatlons may be modified in-~
" '™ situ operations in thinner oil shale

per P oS

beds, secondary recovery of pillars

in mines, and mining of floors and
“roofs in oil shale mines. Ultimate

size. of the retorts in shale beds is /
" up to 30 ft thick and 200 ft square.

-an 1mpermeable .cap has been
..~ . successful, as has been subsequent
retortmg T P

\
.

Inst. of Gas Technology ;-' i -'.~_:

Mining - research _is . not dnrectly )
bemg conducted here ' but the

* process” under study is applicable” ",

' .~ to éastern il shales. “These. shales "
are amenable ‘to_ either . surface
tlun bed . in-situ

‘A mmmg research program based
on .access from the, existing 8-ft--

* Blasting of the shale while leaving ','

. mechanics -

"+ effects 'and behavior on hrgh-wall

plan and- feasnblllty study.” This -

two-phase effort is illustrated' in -

“Fig. 5. A total of 15,000 st of B

material wrll -be produced for .
processing,- research " and-

evaluation. Phase I is the’ upper '

working .and will generate rock’

de51gn data and-
required tonnage (5,100 st) of .

. nahcolite-rich bulk sample. Phase‘

11 is excavation of a stope block to

'. nitrate/fuel -

‘the desired’ stope (retort) It.is’
preferable to mine out lower grade
areas - if they are available.
Longhole drilling from the mmed
-out space-into the oil shale ‘is’
~followed by loading and blasting
with ‘mixtures of ammonium
oil. - (ANFO).. The
. detonation is staged carefully with
" time delays so that broken-shale
‘wnll fill .both the volume of the-

_study. blasting,, plllar desrgn ‘and: /- _rhined- out’ space and volume of

stabllrty in,: hxgh wall’,
Concerns -are’”

.rock -
openmgs :

occurrence, aquifer honzons etc.,
.“rock formation behavior; .methods". -
“of blastnng,

dawsonite,. and oil shale; blastmg

rock',l‘L
~ Jointing systems, rock temperature
gradtent character-of methane’ gas -

o fragmentatlon -
: ;_ _characteristics’ of mixed nahcollte, .

s shale

column _Furthermore,
Aappropnate delays are necessary to’
obtain proper shale partlcle size...
o Vanab]es of importance .are (1)

g .exploswe ‘Parameters, explosives,

" and detonation systems; (2) effects.._

of geology on fragmentation; (3)
: explosnve patterns spacing, hole ;
size, tnmmg, etc.; (4) mined void :-v%,
-volumé geometry; (5) onentatlon‘

.

-
A

.,\.x

" diam. and 2,352 ft-deep USBM opening; : and- ‘selection - ‘.'of retort to geologlc ¢onditions; (6) + «
" shaft at. Horse Draw, CO, is - ..operating methods. . The -i effect of retort size; (7) eva]uatron* Y
planned The conceptua] retortmg " perimental- stope will be. p-= , of seismic effects (8) measurement’ .

Caeg,

" operatlon w1ll lnvolve mining shale o

proxrmately64 x 40 X 110 ft

and’ control - of . alr blasts, (9)

o
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. protection of sensitive‘equip'ment'
and nearby facilities; (10) reentry;

(11) bulking full; (12) scaleup; (13)

_use of ANFO in wet holes; (14) up-

hole * loading systems; and (15)

- protection of surrounding pillars,

roof, _ and boundary pillars.

. Commercial retorts will be ap-

proximately 200 ft square by 310 ft

. “high. They -will be grouped in
. clusters of "eight, with 32 clusters
© . assembled into'a panel. A panel ..
" will support production of 57,000

BOPD for perhaps 4 years. -

This operation, supported by a
consortium .of companies, is
developing a retorting process
suitable to a wide range of oil
shale. A unique mining plan is not
applicable. Some mining research
is being conducted by DOE at the
adjacent Anvil Points mine, which
was originally opened and studied
by USBM in the 1940’s. The
present operations feed a 400-stpd
semiworks plant on the site.

Rio Blancp

This project on lease C-a in
Colorado contemplates a com-
bination of modified in-situ and
surface processing of oil shale.
Original plans were to use open pit
as the overburden ranges from 60

8f1. Diom.
shaft

Phase |

1840 f1. Leve!

2300 f1. Leve!

Fig. 5—Multi-Mineral Corp.
_ experimental mine.

ft to about 400 ft. However, as off- |

site -waste disposal was not
available, a decision was made in
1976 to employ modified in situ.
Development will consist of
sublevel caving methods in
combination® with technology
similar to recovery of heavy oil in
conventional ‘oil fields. It - is
planned to fill the burned out
retorts with slurried waste shale
from the surface retorting
operation to eliminate subsidence

and possible percolation of

groundwater through the retorted
shale. Commercial production in
the late 1980°s will require daily
mining of 40,000 st of shale for
surface plant. and rubblizing of
another. 134,000 st underground.
As mining will produce more water
than the process requires, the
excess .will be reinjected off-tract
into the basin’s aquifers where it
originated. ..
Mining stages include shaft

_ sinking (well underway at this
‘time), station -and level

development, development of
combustion .air and product
separator systems, underground
haulage, primary crushing,
hoisting, surface haulage, mine
draining, and mine ventilation.
Shaft sinking operations have
encountered groundwater and
hydrogen sulfide as well as small
amounts of methane which are
well below original expectations.
Hydrogen sulfide is dissolved in
the water and has become a much
less severe problem as mining
operations have proceeded.
Ventilation has been able to
control the gases to the point the
mine will be classified nongassy.

Superior Oil

A relatively conventxonal room

and pillar arrangement will be

used. An unusual feature is the

three 11,600-ft adits following the
shale -outcrop - downdip to the
mine. Adit 1 will contain an aerial
tram for personnel and materials.

"Adit 2 will contain two 36-in.

conveyors, and Adit 3 will be for
ventilation. An exhaust shaft will
be drilled into Adit 3 and an
emergency access shaft drilled into
the ‘southernmost (most remote
from portal) end of the mine. It
will extend from the surface down
2,500 ft into the lowermost mining

zone. Mining will occur-in three
“levels. The-lower zone contains

nahcolite-rich shale, the middle
zone is dawsonitic, and the upper

-contains all three in mineable

quantities. Production among the
zones will be varied in response to
market demand for the respective’

- products. Development will be by ;-
- superimposed panels following the, -
" natural bed inclination of about 14 _ e

degrees. These panels will. be
room-and-pillar of about 100 acres
in size separated'by 100-ft barriers.
Distances between pillars will be
between 45 and 60 ft. Should
unexpected conditions occur such

- as structural failure or excessive

water, a panel can be sealed with
no disruption of work at adjacent
panels. Panel mining also will
allow concurrent mine backfilling
with spent shale slurry and mining
operations. Initial production will
be from the lowest level at a daily
rate of 9400 st. Later, full scale
operation of all levels will see total
mine production of 26,000 stpd.

Taley-Frac

A true in-situ operation is em-
ployed which ~ generates per-
meability with high pressure water.
. A slurry explosive is pumped into
the fracture system and detonated,
-and retorting follows.

Union

Plans .are to use a conventional
room and pillar mining operation
which will feed a surface retorting
plant. A mine portal will open
onto the bench and provide access

- to the mine. Mine production will

be trucked to an underground,
two-stage, -~ crushing-screening
plant. It is expected that a 60-ft
seam of mahogany shale with a
Fischer assay of 34 ga]/st w1ll be

. rmned

White River Pro;ect )
This operation on federal lease

_tracts’ U-a and U-b in Utah will

combine room-and-pillar , mining
with modified in-situ as a
secondary method. At present, the
operation is stymied by.a lawsuit
over ownership of theland. -

- .
~

Oil Shale Mining Research

Most of the government oil shale

_ _ mining research is sponsored by

.
ot -
-

ee
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:the DOE after rr;row}ing"tliere from

the USBM and other agencies in

,-1977. The USBM currently is not

'sponsoring direct mmmg research
for oil shale, but is involved in

" environmental research pertment

to oil shale. The EPA is sponsoring
mining and extraction studies.-A
brief - summary * of these three

Dept ofEnergy f T 3

The *‘Draft Program Ménagement
Plan,” dated June 25, 1979, gives

an overview of the DOE program .
- with a focus on in-situ technology.

DOE hopes to develop by 1982 at
least one design for a commercial
size process using the modified in-
situ method.
technology appears capable of
supporting commercial operations

under today’s economic con-.

ditions.. However, modified in-situ
technology is less well developed.
The DOE plan addresses (1) mine

" planning, (2) access and site

preparation, (3) mining for in-situ
retorting, (4) mining for surface
retorting, and (5) haulage.

““Mine 'Planning’’ will develop
planning tools including economic
models, equipment selection,
criteria, mining simulation models,
etc., to yield an optimum mining
system. Methods for analytic
modeling and optimization have
been and are being 'developed,

often’ by analogy with other -
-mineral

resource practice.
Preliminary model development

and plans are scheduled for.
. completion by 1982. Optimal plans

call for vertical modified in situ by
1986 and for surface process
mining plans by 1989.

‘““Access and Site Preparation’’
research  will™ develop site
preparation plans and methods for
all types of oil shale mines. Further
objectives include development of

.a rapid and cost effective method

of accessing -specific - shale

production areas ~and mine.

designs.” Drill-blast-muck methods
presently are used in construction
of large-diameter shafts to un-
derground mines. Rotary drilling
systems powered from the surface

are being investigated with

diameters up to 15 ft. Small
diameter (1 to 12 ft) shaft sinking
systems that can sink shafts at the
rate of 50 ft per 24-hr day.are
ultimately- needed. = A - current

ff S A

"underground. True
. methods do not involve material

Present . mining -

\'

vproject is testing a 20-ft-diameter

. drill .to depths of 2,000 ft. It is -

expected that large diameter (12 to
+40 ft) systems that can sink shafts

. at 30 ft per day will result from this .

program. Raise boring techniques

" for shafts to 20-ft-diameter are

currently used when access to the

" bottom of the shaft is available.

DOE .. also.-.is sponsoring

: - development - of a downhole

powered (blind shaft boring) drill

to bore shafts up to 24-ft-diameter -

at depths up to 2,000 ft.

““Mining for In-Situ Retorting”’
is - directed toward shale
preparation prior to - retorting
in-situ

removal, but these methods are not
yet well developed. Modified in
situ requires mining of 20 to 40%
of the shale and rubblization of the

. remainder. Developers are con-

centrating on obtaining requisite
permeability, particle size
distribution, and void charac-
teristics. Other programs include
development of computational
models for the explosive rub-
blization effects, mining and
haulage methods for required
acccess and excavation of retort
areas, validation of ground control

_ techniques on a large scale, and

full analysis of ventilation systems.
Though this technology still is
developing, it is trailed by less
studied and understood methods
for evaluation and diagnosis of the
process and reliable design
methods. Also unproven are
demobilization - procedures after
retorting, .and values for shale
physical and thermal properties

under in-situ mining and retorting '

conditions. Economics are very
uncertain at this time.

- ‘‘Mining for Surface Retorting’f
is directed .toward high-volume,

' cost-effective mining methods for

-extracting oil shale for surface
retorting. ' ° Drill-blast-muck
methods~ currently employed in
" hardrock mining generally can be

" used, and are operating at rates in’

the range of 60,000 stpd which
could supply a 30,000 B/D plant.
This is on the’ small =side for

_projected oil shale operations..
~ Enhancements to technology up to
100,000 stpd underground mining -

and 250,000 stpd surface mining

are desirable. A total ‘mining -

complex at the level of 700 to 2,000

- Handling Diyv.

‘million” stpy may ultimately be
" required to support a 1 to 3 million

B/D shale oil industry. This

.portion of the program is to
- develop commercial mining
" requirements, formulate an ap-

propriate R&D program, and
design preliminary and optlmal

" mine plans. , . .

“Haulage” for men and

*" ‘materials s under study. - The-
. largest hard rock underground -
. operations .currently mine and_

transport up to about 70,000 stpd.
The largest surface mine is about
200,000 stpd. Mine haulage
systems do not exist to support
more than one large shale plant.
Areas under research include
rapid, safe, and economical
transport of men and supplies to
all work sections of a large mine in
under 30 minutes; efficient and
economical face haulage systems;
and total haulage systems in-
tegrated into the overall operation.

" Design of haulage and models, as

well as associated cost models, is
scheduled for completion by 1980.
Actual development is set for 1983,
Field tests of full-scale systems are
scheduled for 1986 (modified in
situ) and 1989 (surface).

Bureau of Mines

Most of the programs from USBM
were transferred to DOE if they

. related to oil shale mining. The

Bureau, however, is conducting
research into in-mine disposal of
retorted shale and various waste
disposal problems. Much mine
technology research for other types
of mines will be readily applicable

- to oil shale deposits as well.

Environmental Proteclion Agency

The mining-related work is being
done under the Extraction and
. Objectives are
related to ' definition of en-

" vironmentally acceptable practices

for oil shale mining. It is felt that

- restoration of the semiarid oil

shale areas of the West will be
extremely difficult. Mines in the
East are .felt to be more
reclaimable. Projects are un-
derway on the nature, quantities,
and composition of fugitive dust

emissions near mining operations, -

haulage roads, crushing operation.
and spent shale transfer points. A
field project is underway in the
Anvil Points, CO, area. - -

[,
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g Underground 01I :
" appears fully feasrble with current

Much research is bemg conducted %

. by :the’. orl “shale’ ~developers, <
equrpment manufacturers,: ...and
“others closely tied to the oil shale -

‘~1ndustry ~However, “these ’ results

u-x}, \‘!i 4'-‘)'.

mlmng technology, though - the

" maximum scale of oil shale’ will ,;’

‘push-the limits a bit. Better desrgn

. . data for the rock is.desirable and is :
- bemg developed. Modified in-situ.

mining and rubbhzatron is rather’.

“difficult from the, mining stand- -

pomt as the stope wrll be used as.a.

retortmg vessel Many rproblems
related to blasting in limited spaces

rubble of even permeability are

. now’ . under development No
commercral operatron

. proven. True ‘in situ lS less! well

B -sﬂ‘«”’“‘ .x-**
_’i “ﬁ " e
w -s: '}7§#

L5 .<,‘* i :,.y”-;‘

“is . -yet”

Jnvolves access ‘to the- ‘shale by—
‘to generate a carefully-sized shale ; i ‘generation of artificial fractures of :
: _use of existing permeability in ‘the”; '
. 'limited zones where it exists. Much L3

' research _is underway Agam, no_gi'

.jcommercml operatlons are prov ¥
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J‘Resource Trlbes This Paper ‘was written while. he was a
- senior. project englneer wlth the Colorado School of"“
" Mines Research Institute. There, he was In the Energy-\»
) _Dlvlslon where he speclallze,d in oll shale research ollr ey b

" positions included asslstant to the vice presldent
“Tucson Gas and Electrlc, incharge of an SNG plant, and ;
various other positions within the energy industry. He'
-.-.has an undergraduate and a Master of Sclence degree

.7, fromthe Colorado School ofMlnes RORER , .

Natlonal Underground Coal Conversmn

Program Overvnew b

. o

- Cyril W. Drafﬁn, u'js.boaf.; Sy e

Introductlon el T

Americans have’ long’ been proud
_of their ability to recognize a need,

define ‘it, and ‘then. develop
workable solutions. * The ' U.S.”*
~underground -coal- .conversion

(UCC) program is a good example.

In- 1974 the need to utilize coal

resources that could not be mined *

was recognized, and Congress gave - '
the Bureau of Mines $1.7 million -
' to gain-a better" understandmg of -

the: UCC ‘technology: and its

potential applications.. Since. 1977
when the U.S- Dept. . of - Energye_‘
-(DOE)- was .formed, workable .

‘technologies have been tested, the
market “for:
conversron has been recogmzed

-and extensive - mdustrxal mterest

has developed

.Perspectrve -

The U.S. is blessed wrth extensrve
coal resources. Coal supphes about

"yet

underground coal !

4. : UCC Coal Resource"'

o “Recent datashow a total US. ¢ coal -
. resource base of about 6.4 trillion -

_._mrght be accessed by UCC,. m

recently ~ promulgated
‘'vironmental standards and
.- creasing mining costs have limited
direct. coal. use.  UCC potentially
" can use coal thatis econormcally or

in-

technically “infeasible . td' ' mine
- because the coal is too thick, -deep,
dlrty, hlgh ash, and wet; has an
-excessive angle -of dlp, or has
" unpredictable -and' - poor, . -over- .
~burden- charactenstrcs that make -
mining - ‘urisafe..-_ Coal .can be
gasified underground -of perhaps

' hquef ed below the earth’s surface:”_
N ; Underground coal gasrﬁcatron o
(UCG) is the pnme element of the.”

underground “¢oal - . conversion
" program’.”:It enables - coal to. be
converted to gas underground

,.tons, Of this, " 1.8 trillion tons

en-

~

: commercral UCC process could

quadruple roughly the 450. billion
-tons of U.S. coal reserves, which
presently are recoverable by

" - mining. -

The U.S. coal resources .are

. .divided into’ five sectors. The two

most - eastern °.sector s contam

" relatively thin, swelling bituminous
- coals that are difficult to gasify. Of
".the two, the bituminous coal in-the

LN

-y

. Eastern : Province

P

‘is ~the most"
difficult because it is deeper than

“in -the_Interior. Province ‘and the
‘terrain i is more rugged S

f;The Sector. along the Rocky

¥ Mountains contains huge amounts

. of thick low-rank coals that_are the
most/ ‘promising. ., for ° early

¥ development._ by . UCC :The coal
+ “ has good-continuity and the terram

_is suitable; Low-rank coals such.as"

subbituminous ~ and lignite are - ,‘-'_,'

“ highly reactive and tend to shrmk

_' and drsaggregate when, heated
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" states.. . Fc )
o amount of coal needed for-a 250
million scf/D “plant ‘producing

" coal thickness of 30 ft,

T v T (A

sector ‘is in 'th

- ‘be highly" fractured and faultéd;
-much of the coal i$ steeply dipping.

+-~Abundant coal, mich’ of it low-
’rank, .is also found in- Alaska; -
. - ‘however, Alaska’s dl_stance from R
- ' markets in the Jower 48 states will |

“tend: to - lmut UCC to local -
markets tre et A

,,,._.,.,,

T An attracuve aspect of UCC is--

that only a limited surface'area’is
. needed -for: commercral devel-
“opmeént of the thick seams of low
rank coal found ‘in the’ westem
For example,, the total

‘synthetic natural gas (SNG) for .a
. 20-year operating life is 160 to 200
million -tons, depending upon
heating value of the coal: Using a
1 acre
contains a reserve .of 53, 000 tons,
and a square mile encloses 34
million tons of coal. Thus; dunng
the lifetime of even such a large”
plant,- operations would en-
compass less than 6 sq mi.

Advantages and
Disadvantages of UCG

Some potential advantages,
‘especially -important when com-
pared with . conventional coal
_mining combined * with surface
gasification, have not been proved, ..

but DOE’s’ ‘program is desrgned to_
. show that UCG can: (1) use large
coal reserves not economically .

recoverable . by conventional
mining methods to’ allow electric
utllrtles to switch. from natural gas
to a coal-derived fuel: (2) minimize
health ‘and safety ‘problems
associated ‘with conventional coal
extraction techniques; (3) produce
less surface disruption and bring
less solid waste to the surface; )
“consume less water and generate.
“less atmospheric. pollution; and«(5)

reduce capital investment and gas .

costs by at least 25% - covmpared
with surface coal gasification.
"UCG also has some potentnal
drsadvantages (1) UCG, requires
processing ‘at the site.of the coal
" deposit;
couild cause gas leakage ‘or damage
to surface equipment;
“-might cause disruption of aquifers
and pollution of groundwater; and
(4) low heating value gas (from air
injection) - is uneconomical to

transport over .long distances -
S Lo IR

hn

state of"
' Washmgton These coals tend to -«

2. ground subsidence -

(3) UCG -

4 4

(markets for this gas must be neari :

the plantsite). = .

L

Comparison of these advantages
. and disadvantages indicates that
UCG offers great promise in
. speciﬁc areas of the country ;

!,

UCC Technology L
Although underground

consideration,

existed as a concept since 1868 and
field - tests have been  conducted
since: 1912.° The -Soviets Havé
conducted a field program for 40

‘ _years and have operated semi-

commercral UCG plants for 20

- years, The Soviet work proved that

underground * coal gasrf' ication ' is’

feasible techmcally because ‘ they -
" wer€ able to maintain reasonably -

stable heating 'values and
production rates of* gas’ over a
pertod of several years. .

Technology involved in
gasifying coal underground is

strarghtforward but it is not easy,

2

co'al s
" liquéfaction processes-are under .-
the major, UCC’; -
‘technology in the current program
is- underground coal gasification.. -
-Underground coal gasification has

-bypass .-
. causing production of very low- -

"achievements

RS

.top of the seam, a much srnaller '
“portion of the coal is gasified; in

addition, the injected air tends to
~the - gasification zone,

_quality gas: Thus, the existence of

. a linkage ‘channel low in the seam

.ensures that ‘the coal and air are

. reacted effectrvely, ‘and that the

product gas has .a high heating<,’
-.value that remams farrly umform:
wrth time. Dol et

During - the past few years a

techmcal-
occurred

key
have

number - “of

- including the following: |

" experiment
‘Laramie

Coal is gasified by drilling into the -.

coal seam and .injecting air (or
_oxygen and steam) into the un:
derground reaction zone. The coal
is partially oxidized, producing

" low- or medium-Btu gas. The hot ~

gas is forced through the seam to

the éxit boreholes and is carried.to .

the surface where'it is cleaned and
upgraded for use,

The natural - permeability of a

- coal seam is too low to sustain the

high gas flow rates réquired for -

gasification. Thus, a critical, part
of the technology is the creation of
permeable pathways, or links; in
the coal seam between the injection
‘and’ production boreholes. These

_ links can be created by Teverse -

combustron, directional drilling, -
or other techmques For low- rank

“coals-(subbituminous and lignite) .

that shrink and drsaggregate upon -

-heating, it is particularly important

and effective to produce the links -

néar the bottom of the coal seam.
" Coal immediately above - the'
. gasification zone- drsaggregates

upon heating and, in effect, creates .
.-an underground packed bed of |

" coal.

The gasxf catxon zone expands~
from the bottom to the top of the: -

seam, utilizing all the coal. If a _

linkage channel 1s formed at the :

- - . r..,-r—vA i

s e
L T

.the coal deposits..

Texas, . .
"Wyoming, ﬁ'r’izona-, New Mexico,

-1 Air injection produced ]ow'

" heatmg value gas (approximately

160 Btu/scf)- at an average of 7
million scf/D during a  55-day
conducted by the -
Energy . Technology '
Center. :
2. Steam/oxygen rn)ectron
produced _medium  heating value
gas (263 Btu/scf) at 3,300,000
scf/D during a 2-day oxygen test in

‘the midst -of a 58-day air, ex-

periment' conducted by Lawrence
Livermore Laboratory.

Market for UCG-

_Either low- or medium-Btu gas i§ .
- -generated, depending on whether

air or oxygen is injected. If .air is
used, low-Btu gas (100 to 200
Btu/scf) is producéd. This low-Btu
: gas can be used for électric power
generation and process fuel near
If oxygen is
used, medium-Btu gas (250 to 300
Btu/scf) is generated. Medium-Btu -

" gas can be used as a feedstock.for -,

production of ammonia, ' metha-
nol, or gasoline; for ‘power
generation and process fuel within
200 mi ‘of the site; or upgradmg
into hrgh Btu gas .(SNG) for in-.
- jection . to’ the natronal pipeline
yogrd. '
. Lrgmte and subbrtummous coal

.are easier to gasrfy.underground

than. bituminous :coal or an-
thracite; -consequently, UCG will
be used first in lignite' and sub-
bituminous -resources. -For-

. tunately, there are large markets
for electric power, SNG, chemical

feedstocks, 'and ‘industrial -energy
in the same regions where sub- .
bituminous - coal and lignité_ “are
“located: Table 1 indicates the
markets for UCG in the states of
Louisiana, -Washington,
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TABLE1 PRIMARY NEAR.TERM UCC MARKETS _ * -

- *

" -Approximate Local ngnlte or

1 . S S Subbituminous Coal Resources -
“] :-*_ Location - ;- . Application ' (billion tons) S
GuifCoast. - .~ ' Electricpower -~ . -.. .50
v, .-y A . .Chemicalfeedstocks - ., .
‘;,:,--,'ﬁ.. Sl - Industrlal energy L e

Washlngton State ;
X Rocky Mountaln e

-‘ 4‘-1‘ . 'c K

Four Corners Electrlc power

SNG

‘ .

Electrlc power .

Electric powen .
:,-SNG [ )

e

L TR
.

P P
Pt

Utal; and Colorado that could be
; tapped by the year 2000. These

‘eight ‘states annually - consume
about 200,000 ‘MW of . electric
energy and 6 X "10%5 Btu of

natural gas for” chemical feed- .-

stocks, - residential/commercial
apphcattons, or industrial process
energy. These states als0/contam
240 billion tons (4,800.% .10 Btu)

.+ of lignite and subbituminous coal. .

ln’dustrial Interest in UCG

Extenswe mdustnal interest’ in
UCG has grown in the past year
Table 2 lists the key U.S. com-
. panies 'that have expressed publicly |
actrve interest in UCG.,
" In- the private sector, Basic
Resources Inc., a subsidiary of
Texas Utxhtres Services Inc., has
licensed the Soviet technology and
"is developing.. underground
. gasification "of Texas lignites near_
Fairfield, " TX. They have com-
pleted two tests and plan to build
two or.more 200-MW -electrical

" -power plants using. UCG in the, .-
-1980’s. Atlantic Richfield Co. has -

executed a successful  field
gasification test in a 100-ft thick
subbituminous coal’ seam - near
Reno Junction, WY. Texas"A&M-
U. is carrymg ‘out UCG tests in
- lignite under’ sponsorshrp of a
. COnsortrum of pnvate compames.

Current Technology Issues

Results of the program o -  date
indicate that while UCG is feasible:
techmcally, it still contains some
process uncertainties that must be
resolved further before UCG can
be " used . commercially: (1)
demonstratton of reliable, cost-
. effective linking ‘near the bottom
of the coal seam; (2) determmatton
of process' efficiencies * (thermal
and oxygen utilization eff crencres)

W1th steam/oxygen or.. alrv m—'

' .
et P
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'op'erate " multiple modules;

-teristics;

. jection; (3) determination of sweep

efficrencres (resource- extraction) =
. with steam/oxygen or air injection .

*-in multiwell systems; (4) ability to

(5)
capability for scaling up the.UCG

pl'OCCSS tO economic commercral'

size; (6) development - of -process’
control techniques to achieve
reliable product gas composmon
and flow ' rates and economic

mstrumentatlon tO monitor remote-

processes; (7). abrlrty. to ‘predict’

. e [
v . .
«

-+ UCG system to gasify bituminous

-"coal; and (13) control of gas losses
from the underground gasifier.

~ Purther research and work s

" necessary to reduce environmental

uncertainties of UCG operations.
. .The . major. . envrronmental un-
- certainties associated with. UEG
", include subsidence causing aquifér
. disruption of interconnections that :
dffect flow patterns. and rates; -
water quahty effects caused: by -
‘contamination of - ground’ water,
~,surface disruption caused by site
activities and subsidence; gas leaks
.to the surface, and the amount
quahty, and' sources of water
requlred for the process, .

[

The] Future

. The hrghest priority of the UCC
program ° is
demonstrate, in conjunction with
industry, a commercially feasiblé

to develop and.

,

UCG process during 1985-87. To

-do this, the program must con-
centrate on the coal resource that
shows the most - potential at the

-

Institution

TABLE 2 - INDUSTRIAL INVOLVEMENT IN UCG -

Activity

Atlantic Richfield Co.
Texas Utilities Services Inc.

Public Service Co. of New
Mexico and U. of New Mexico
Williams Brothers Inc. .’ .. ;

" TexasA&M- o
Gas Research Inst.

Privately funded UCG field test

Privately funded UCG field tests using
Soviet technology

Proposed 50% fundrng of UCG tield test

Consortium of 10 interested companies

Privately funded UCG fieid test

Cost-sharing DOE's western medium:-Btu-
’ gas project |

; perfqrmanc_e at hew sites based on-
reliable data and process  models;-.
(8) control of water influx to the

reaction zone; (9) evaluation of

_coal seam limitations, including

thickness, - depth, . ‘rank, shale
- stringér;- - dip, ' pérmeability,
hydrology, :..continuity, '.over-’

burden, and floor rock -charac-
(10) development
definitive . cost
detarled *economic compansons

"with’ ‘alternative energy extraction

technrques, (11) determination of
optimum - well spacings

-

Jof
estrmates ~and -

‘with .
.. respect .to linking methods and
*. resource extraction efficiency; (12)
" ability to develop a cost-efféctive

: present tlme-low-rank coal. In
" order. to address -the major

air gasnﬁcatron 'and steam/oxygen
gasification "will - be pursued.
_ Considering the. prospective  in-
" dustrial..-involvement - in the
program, this suggests the need for
“two parallel projects. Low-Btu gas
. is of interest’ pnmanly to electric

" ‘requrred by oil, gas, and chemiical
* companies mterested in SNG or
" chemicals. "The second priority for
~the UCC program is to develop
technology 'for® near-market
bituminous” and’ steeply drppmg

'-fcoals. Koo e

T, e L. .o N

uttlmes, while medium-Btu' gas is

CyrII W. Draffin is actlng chief of the Gas Productlon Branch U S. DOE Dlv of Fossll

Fuel Extractlon in Washlngton DC
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potentral markets for- UCG, both l
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Although

o,
-, uw" \ ""'

. technolo‘gy' -area” in” the energy'
e supply: network ‘need ‘to -~be'
L discussed. and understood by those

Tia, s

traction- *technology -can be -
: proached from many angles, thrs
paper focuses on three innovation !
~in response 1o’ rising ‘costs;::to."
changmg mmmg condmons, and

:workmg in each'of the other areas.:..
‘Why, innovation® ‘in" coal  ex=% *:

teclmologres struggle to lmprove 4;.«.91
"the overall’ thermal efﬁcrency of ‘:. tractron technology? Frguratrvely, o
" their- _process by oneé or- two -pers -—we are all 'in"thé' “‘coal boat’’ % .

‘ :g * " o fegulatory issues.: Before . ex-. .. centage pomts to make the energy W together geologlsts, mmers, i
| }qr.;." ploring - . these “threg subJects, produced “competitive: , m*”the " transporters’ .processors,. power” o
[ I+, ““however, a'basic questron needs to marketplace, they * often *‘are ;:! producers, * distributors,. . and .-
e be raised. | T SN R . . . unaware of the risk'of a-3 to 6% -.consumers. Innovation is required -,
[ e . : " increase in coal costs wiping out‘- from - each “of these sectors to
Jie - * the expensive, hard-earned results " overcome * the . obstacles- that'
fi Why Innovatlon? : iy of their résearch. o+ 7 7% e '-‘ prevent greater use of our most
: 3'1:‘ Coal is widely heralded and qurte “Energy planners ’are Just ~"f»ab_undant ',»natr,o‘nal . energy °
" L} “.correctly so,:as the United States” begmmng to realize that coal is not - . resource. All other links in the coal
H o “‘ace in the hole.” It has been said a uniform commodity -available at" ' energy supply network depend on
*qnf ""that the U.S. is to.coal what the--  low cost in ‘infinite quantities. Coal ~ * ‘large volumes of coal ‘produced at
‘;; Arabs are fo oil. The implicationis - “is a heterogeneous material whose- - _ “ reasonable_ costs." Declines in -
,‘ ) that we have nearly inexhaustible - cost and quality vary widely ‘with - productmty, ‘therefore, must be
}l.. reserves—that coal is cheap, - - local condrtrons. To produce the reversed; the more difficult mining -
I }' “plentiful, and easy to extract. massive. amounts of projected condmons ‘that will be encountered
-3 Indeed, because .our .current coal-based energy at reasonable ~ call - for - new methods and
g productive capacity is estimated to ‘costs, we urgently. need. devel- equipment; and regulatory issues
A _be 15-20% greater than demand, opments in extraction technology,”  -must be resolved if the coal ex- .
{;‘ - we have been given a false sense of as well as in end-use technology. traction link is to be a strength ’
N . security about the ease of future  Thus,' coal ‘extraction, coal con-’ . -rather than ‘a weakness in the
’} 1 coal extraction. 'Therefore, ‘in- version and utilization, and end- - * planned U.S. transition ‘to an -
[ novative measures . are ~ being use energy consumption must be . . -economy.based more on coal and
iy T concentrated ° deve10ping viewed as “highly. interdependent' lesson unported petroleum, -

* parts of an energy supply network :
"(Fig. 1). And current emphasrs on '
conversion-and utilization ‘must.be -

" balanced by more emphasis on ;A
upstream technologies; mcludmg -
~ coal" extraction. Even more im: .

from - these, new” 'technologies portant, the impacts of i mnovauon 'next step—rmplementmg a

depends crmcally on the cost of the .’ (or the lack thereot) in any one research program becomes qutte -

. R -.,__ . . b3 -t e S A,
Y P > DTl T . B : an et
B A . . P . P , .

~ “technologies for the demand srde
of coal, - including power gen-

eration, synthetic fuels, and in-
dustrial appllcattons. : o

What is often forgotten is that

the unit cost of .producmg energy

lnnovatton Tailored to T
Reglonal Condmons Lo L

"Once the unportance and urgency
‘of innovative coal extraction .
technology" has been grasped, the

Y

- PR : v P . S e LR . L~ ..

S T e T T e ENERGY SUPPLY NEI'WOHK R D S O SN
. o . -_.,'_:‘ N . K cee . . -‘ '4\.,‘.... ‘-‘
R Extract " .. Pre-Process’ et TranSport i Transform - Distribute. /- .. .
- Resource. . Raw ;* . Raw = Pre-Processed-'—+ ‘Pre-Processed - Transformed —»  User -
pooLTe Material Material -Material , Material . ' Material .
K — e e . s . B s
. Fossil " Source . 2 SIPLA Example EnergySupplyFacllltles v - Ry - "‘:- e - % ° "~ FormsatEndUse N
. “Caal |y Al Surlacemlne ; . Preparatlonplant . Rallroade - Pﬂwefplaﬂf 1 . Electricity - .
-0l o %, Underground mine - Prerefining - . Pipelines™ " Petroleum refinery-"~ ' Pipelines . - _ - Gas.. | o
. Gasi+ ° Q,Onshofewell “Storageé . ** ... " Waterways . Gasificationplant ., = Raliroads --'** *~ - Fueloit v = -~
. Ol shale -

Loadout - | | 5 . Trucks, - Uquelacllon ptanl Trucks* . ", - . Gasoline

.. Tarsand’
s

Dellnltlon ol Energy Supply Systems Termlnology R '
el - 1. Energy Supply Network: Pathway or chain of lacllitles that connect an energy rasowce to an energy user =~

B 2 . Energy Supply Faclllty A malor self-contalned link In an energy supply network that Is designed to extract, pre-
. . process, transpont, transtorm, or  distribute energy T hed ’, bj ve ol such a laelllty ls achleved by a

.
%

Nl B & + % combination of unit operations. - . i L K Ve R
o 3 *Energy Supply Unit Operation: A malor subsystem that aecomplrshes or supports one ol the steps In the overall A
< .- . Process of an energy supply facility. * - 5

: ,' 4 Enargy Supply Companem A small part or element lhat lorms a pan ol an ensrgy supply unlt opela!lon

e 7L
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. PROVINCES -

Flg. 2~-Coal reserves and mining problems can be divided Into many éubca,tegbria’s,'

complex because coal deposits
and

‘themselves are diverse
complex. The factofs that in-
fluence productivity and extraction
costs vary from location to
location;’ problems posed by new

deposits bear little relationship to -

one another from one region to
another; and regulatory'issues that
preclude the development of some

- deposits are easily resolved for

others.

The point here is that no single
innovation in coal eéxtraction
technology “will apply across the.

. board to the U.S. reserve base..
- Therefore, . to
“program of research, whether at a

manufacturer’s laboratory, a
university, ‘or. a.

Innovation must’ be tailored to
regional conditions, with émphasis

on extraction technologies that are-
potentially applicable to exploiting .
large .regional reserves at .com- -

petitivecosts. - - - - .

Thus, as a first step, the coal
reserve base must be subdivided to
establish = research goals and

implement .a -

; T . government '
agency, the priorities set’ must |
account. for regional variations.

H

5.

- geographic
_=.-those -production areas. of ‘coal
. extraction problems amenable to

and' :-for . ascertaining - the
distribution  within

innovative technology. By such
disaggregation, research objectives

. can be tailored to region-specific
- problems.: ~And ° priorities ' in

* . funding can be set on the basis of a .

A
4,
¢ 5% 2
A% 5 3
a2
RULEIL
v g 25350
ﬂﬁi 2 5|2
2.2 % 5V
g °

priorities for each. -category.
Several equally valid methods exist
for performing this subdivision
(Fig. 2). These approaches are
useful for identifying -the
geographic  distribution of
probable future. coal production

.- company’s - “product line, *:a
";. ' university's 'constituency, or. a’

' government-agency’s responsibility .

in. carrying out. its - fational -
mandate. (In all cases, the eventual
number of buyers or users of the
technology will have a bearing on
how much funding is justified.) -
Such disaggregation is easier. to

describe, however, than to achieve,.

Forecasting régional demand and
production is subject to much
uncertainty; moreover, regional
resource data are incomplete.
Nevertheless, we should atiempt to

" identify and rank needs of specific

areas that must be solved by coal
extraction technpology, whether
they entail mountain-top removal
mining in Appalachia; extraction
of deep, thick seams in the Rocky
Moaountains; longwall mining in the
Midwest; extraction of tilted beds
in the Pacific Northwest; stripping-
of multiple seams in Wyoming;
miniig of anthracite in Penn-
sylvania or Rhode Island; mining
of lignite in the Northern Plains of
the Gulf Coast; or the hundreds of
other mining problems that apply
to régional and. subregional

" geographic areas such as those

shown in Fig. 3. N .

P supemummons cons |\

MEDILM A'HIGH-VOLATILE ~.. ..
BITUMINOUS TOAL -

-

LOW-YOLATILE BITUMINOUS CoaL ' '~}
. ANTHRACITE, &+ SEMIANTHRAGITE . :" T

Fig. :3—Research priorities must be tailored to reglonal conditions. . ‘
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_ Innovation to Control . -
- Costs and Improve“‘ :
Productivity _

*In recent years’ research in coal

extraction technology has con-
centrated on production problems.

Five areas of work have potential.

.-for helping to control costs and

~.improve productivity: (1) ‘mine

planning technology, (2) mine

“* development technology,(3)

improved unit operations, (4)
improved components, and (5)
mnovatlve mmmg systems .

Mine Planmng

Mine planning *technology has -

progressed greatly in the field of

computer applications. Computer

programs are .available for
geologic modeling, geostatistical
interpretation, feasibility studies,
simulation of unit operations,
design of surface and underground
workings, equipment selection
alternatives, productivity analysis,
cost evaluation, production
planning, and production data
gathering. These programs provide
a sound base of information to
-assure that the major investment
required to open a large new mine
can be made with less risk. The
programs now available are good,
and they are being improved .by
adding necessary detail. However,
there is one note of caution: no
substitute has yet been found for
gathering field data in the ap-
propriate detail as input for the
analysis requires, nor is there
substitute for experience in in-
terpreting results and assuming
responsibility for decisions.

Mine Development

Mine development technology also
is progressing. Exploration meth-
ods are improving through
cheaper, faster drilling and
through the use of seismological
. methods to supplement drilling.
- For underground mining, field
demonstrations are under way to
test new approaches in rapid shaft
sinking and main heading
development. These approaches

may reduce the lead time necessary

for opening a mine and preparing
-for the exploitation' of deposits
deeper than those currently mined.
Unit Operations -

Improving unit operations has

-

received considerable emphasis
over the years, as witnessed by the
successful introduction of the
continuous miner, roof bolting,
and large-scale . draglines. For
underground mining, current
research is focusing on combining
extraction and roof support in a
single: machine so that longer
continuous ‘and more productive

advances can be made without -
machine place changes. All four ~
. major

manufacturers of con-
tinuous miners are involved in
developing such a machine, and all
four face two similar problems: (1)

how to package and operate a

complex combination of
machinery in a physically restricted
space, and (2) how to assure
reliability and maintenance
characteristics as good or better
than the individual machines being
replaced. Eventually, with. per-
severance and innovation in cutter

- design, roof drilling systems, roof

bolt design, automated and
séquenced controls,
roof supports, and integrated face
ventilation, we can expect im-
provements in room-and-pillar
mining. These improvements will
be aided by advances in face
haulage technology that -employ
improved shuttle cars, self-
advancing belt systems, and
hydraulic transport. New methods

‘of removing or partially extracting

pillars during retreat mining also

are being developed. Room-and- -

pillar mining research is at-
tempting to solve the productivity
and cost Dbottlenecks currently
experienced in existing mines.

For such new technologies to be
successful, it 1is increasingly
necessary to test machines and
components on the surface so that
a mechanical shakedown of the
equxpment is completed before
going underground. Going un-

‘derground .- with equipment too
soon or raising expectations with

overly . optimistic .forecasts - of
performance has resulted in many
promising developments ending up
inm a rusting pile outside the portal.

.Even as improvements do evolve

in room-and-pillar mining, an
eventual limit will be reached in
regard to how deep these methods
can be used; eventually, new
methods such a$ longwall mining
must be adapted to U.S. con-

: 'tditions.'
-employed European technology -

temporary

. Nevertheless,

Longwall mining that ‘

began penetrating American

- markets in the 1950's. However,
-differing mining conditions here

have limited the application of
longwall units, primarily because
of roof support problems. The new
longwall shields recently in-

- troduced in Europe and the U.S.

appear to be an effective solution
and have reawakened interest in
higher capacity cutting, higher
capacity face and section con-
veyors, and some forms of
automation. Still neglected,
however, are the improvements .
needed in driving development
headings (which can account for as
much as one-third of the coal
produced, even in a mine with all
longwall sections), roof control in
head gates and tail gates, and

" ventilation of working faces and
- gob areas.

-

Improved unit operations in-
surface mining have concentrated

.on overburden handling, with

attention focused on ‘continuous
haulage of overburden. Thus far,

research has largely consisted of
conceptual studies of various
schemes of overburden blasting,
extraction, in-pit crushing,
movable conveyors, and spoil
stacking. Some schemes are
designed for contours and ridges in
Appalachia, others for Midwestern
strip mining, and others for open-
pit terrace mining. All these ap-
plications suffer from three major
problems: (1) most overburden
overlying U.S. coal seams is
sufficiently consolidated that
continuous extraction by bucket
wheel, like ‘that practiced in
Europe, is impracticable; (2) seams
are so thin that the design and
operation of shiftable in-pit
crushers and conveyors are major
problems. because. of the frequent
moves required; and (3) size and

-efficiency increases in_loaders,

shovels, trucks, and draglines have
kept alternative methods of
overburden handling competitive.
prototype con-
- moving

tinuous excavators,

-conveyors, and stackers are being -

field-tested in a wide variety of
specialized applications and show
considerable promise. In the West
a second generation of unitized
coal haulers is coming into use.




Components Vet .a;!;‘f

lnnovatron conunues
* ponents to make unit _operations
'+ more- productive . and, -efficient..

R Improved controls -including " "
12, remote - - operation, ™ automatron.
.- . and - rnformatlon .feedback - are
' bemg developed Thex efﬁcrency'

‘\.;,

_,..r*"r , m v

..tems, are’being 1mproved to reduce
equxpment -downtime. More horse-....
; power is-being delivered. :to ‘the ‘f
,‘ 'pomt ‘of - work o mcrease
5 equrpment capaclty Taken_
1 - 'together with mnovatlon T
= equipment’ ;
* processes, the result is a steady.
.. flow® of - evolutlonary Sim-
" " ‘provements designed o increase .
the capacrty and reduce.the cost of
o current numng equlpment :

“ . "."' e e
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Mmmg Systems s By
Longer-range research’ also is
" under way that, although benefits
"will not be as-immediate, may
-provide alternative solutions to the
problems being’ addressed by
- applied- research.” ‘Included are
reaching an understanding: of the’
- systems aspects of current mining
- methods and basic research inTock
~ mechanics .and deposit’ charac- -

Tt 2T e

’ RS

systems being investigated are -
hydraulic mining, "+ in-situ ’gasi-
fication, and .borehole” mining;
these three areas represent ideas .
that have progressed from concept.
to prototype and in some cases to "~
full-scale . operation. - Evaluating
balancing the - unbridled en-~
thusiasm of proponents against the:
" “not invented Hhere, it’ll never
. work’ - stance .of opponents..
o Therefore, it is most useful to use
- " well-défined criteria- ‘such - )
technical risk; -estimated cost
competmveness,. and *field ap-
plxcabrlrty -in. assessmg
potentral of these novel systems

- Innovatlon to Meet i LT

_.will have ‘to_mirie ‘deposits under
more difficult conditions, In some-
- cases, existing’ 'sy‘stems 'simply will.
_not ‘work- -(e.g., room-and- plllar

- mmmg at deeper levels’ because of =

. in? com-

_and reliability of mininig machings, .- '\,
i' terms of thenr'ﬂ electncal, S

) manufactunngm",

terization. Among new mining -

) N N5 . mine .
©_such new mining systems requires .

- ‘organizational responsibility. -
“the - -
" are simply different aspects of a

‘_ ' ‘Changmg Condltlons \
P .Increasmgly m the next20' years weé Ll

prllar strength Irmrtatrons,.
. dragline mining ‘in thicker" over-
‘In other”

"limitations). cases;

. existing".equipment will - be . ren- ,',f
~"dered obsolete "by the physrcal R

problems assocrated with. -thick
» -underground -seams that requrre o

multiple_ bench numng, thm an-3 .,;
! may have greater use in mountam;

"“top, removal operatrons ‘to’, Jmeet :%. .
“head | of hollow valley-fill e, W

. derground > - seams .. that,z_ feqmre
.scaledown’ of current equ1pment ’,
{the “-point:’_where " new

: ﬁguratrons -are necessary,
. 'multiple | seams ‘that. - require

3,

St rehandle in- surface mmes and_\
run- X
derground ‘mines. Moreover, 1f

“interlevel . roof control

some of ‘the ‘dipping and faulted -

. new approaches wrll be needed

ot .
. 1

lnnovatlon to Meet

Regulatory Issues - T
“--Health. and safety research,
partrcularly underground

. mining, ‘has been well funded for
nearly a decade and has produced
Amprovements .in ventilation,
respirable dust control, roof
‘control, cabs .and canopies,
operating controls,”  electrical
safety, fire protection, lighting,
and methane .drainage. . The

- reduction of deaths and accidents .

in mining ‘and the provision ‘of a_
more healthy "working en-

vironment have been impressive.

: ,' _"Nonetheless, these achievements
have not been without problems,
particularly from the. perspective
of machinery manufacturers .and

- operators ‘'who ° diverted
research funds” and -engineering
talent from improving productivity

- into complying' with regulations.

cIn addmon by separating health

and - safety." .research ¢
production -research, ‘the govern-
ment ~ has™ divided finds and

In

the actual work place, .however,

health and safety and production

single team of men and equipment.-
‘ Research to . achieve integrated
“solutions through
‘.'technology has
fragmented and ‘more, dlfﬁcult to

..?r

achleve e iy TR

.,r..:
A

- In surface " rmnmg, regulatory.

‘1ssues have had more to do with
“land reclamatron than with safety.

and.””

 burden .because “of boom-. length- =

con- N
~ 5

ancl'a

. deposits'that have been avoided in - -
““the past are to be mined, totally %

from

1nnovat1ve .
; become..

Improyed approaches to’ selectrve'- B

2

- oL . " e .
l.fz'-_ .5.r J,_, \. i '\.s aLoaeel ]

= overburden placement
.-water ‘control, “contour grading,
-topsoil handling, revegetation, and
“acid water treatement have been

‘may . drsplace medrum srze
'ﬁ- draglmes in: areas where over--
burden mrxmg wrll not .meet "’

a:

.."lamatron requrrements. "Use “of .

- requrred for regrading has resulted
*.in reclamation, equrpment _-,in-

"

.some areas. Other issues such ‘as
surface subsidence, - classification
\"of hazardous wastes, the impacts
of overburden blastmg, and the

"i".rmpact .of . thining on aquifers

.- remain ‘more at the ‘stage of
defining’ the problem rather- than
1+ achieving solutions for it. -‘Again,

‘ground- -

"reclamatron requrrementsz It also' s

=T "large scrapers, dozers, and graders.”.'_ 4

developed., Shovel/truck rmnmg .

..,.
a,«

" . vestments that approach the m-j
. vestment for -in-pit equlpment in_

like health and safety matters,

- resentment occurs ‘when money
-+ and talerit are diverted to work on
~regulatory  issues . and when

government research is funded and .

organized separately from pro-
- duction -research, although .the

activities are mtegrated at the
" mine: R

[y

Current Research Aetmtres
Loe Many ‘U.S. government agencies

‘are’ investigating innovative coal

. extraction technologiés. Although
. 'the U.S. DOE has the lead
responsibility -in * production
- research; many other -agencies are
also involved in mining or mining-
~related research. They include the
. USBM, USGS,. Office of Surface
Mining, Mine Safety. and Health
Administration,
Academy of Scrences -
"~ Some liaison and coordination
“‘among . these'. groups "has ' been
*" attempted. However, primarily
. because of dlfferences required by
“the-disparate leglslatlon that fund

2

R these diverse actwrtres and partly
"+, because of the lack of continuity in
" research orgamzatrons and godls
in-

- ?-_-experrenced in’ Washmgton
i recent years, the federal program
".. remains- fragmented "Such frag-

mentation hampers the " sincere:

- efforts of experienced researchers
within these agencies, No focal

14‘. (5..

pomt exrsts to commumcate the‘-,*

and Natronal )



_ : prlvate fundmg prov:de centers for‘.' 2

e basrc underlyrng benef‘ s of coal

+'Th " addition *

" extraction - technology “and -.to _‘
L coordmate and rank research
actwmes "As’ .a 7 result, - -many:

programs compete rather than
worklng synerglstlcally SRR

1o govemment » ",'
¥

research several urnversmes wrth

. basic-and applied mmmg research.
~-Inaddifion, large manufacturers
of rmnlng equipment have con: -
tlnumg programs for developing’ .’
new ‘and improved product lings. .
*The direction and implementation

L of this government, academic;, and

mdustry research -aré encouraged -l
through thé working comrmttees,
publrcatrons .and conventions of
such organizations a§ the’ Society
of Mining Engineers of AIME;.
‘National - Coal Assn., and
«..American. Mll‘lll’lg Congress.. -

Similar research prog_rams are

being undertaken. in most of the '
. major coal producmg -countries

such as the United. Kingdom,
_ Federal Republlc of Germany,
Austraha, Poland, and, the’
U.8.8.R. In additiori to’ several
bilateral- agreements with these
countries, the U.S. also.is par-
ticipating under the auspices of the
International, Energy Agency's
Coal Working Party to create' a =
Mining Technology Clearing :
House.. The.clearing house would
maintain reglsters of current -
. Tesearch projects. Thesé should
enable researchers to ‘know. of
current- parallel or complementary
work ln; member countries and,
thus, - encourage active co

mumcatron and . collaboratron
without * the” "usual .delays -en-

pletl(}ﬂr ‘of the work “dnd
pubhcatron of the results As'the’
worldwide- 1mphcatlons of ¢oal-- -
~ based energy are becomlng better

"understood, coal “extractiof’

technology. and. related matters.are -
being studied more actively .by
- such, mternatlonal orgamzatzons as
the Unlted ‘Nations, Internatlonal
Inst, of Applied Systems Analysrs
*'the World Energy Conference; and
the Internatlonal Energy Agency

Conclusrons L
Coal extraction technology isa key
lmk in the energy supply networks '

R nn . ST e .

."control

";:for mining more dlfficult deposrts

‘regulato'ry issues. More emphasis *’

'_ continuity of purpose and per-

.‘ -Prospects i Congressronal ‘Resgarch
counbered by wartmg for, com-. -

' 9 Franz,

. AT [ - L K
- U e N T
. . s -7 e £ ; *’ - r‘ NE

that dehver coal- based energy to - ?r Sixthlgir;ergy Technolagy Con.
‘the 'American public. Diverse .' ~lerence,
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rcglo:ral cond:trons ~must _ be. Coal ResearchRepo 97

ered et 4 (A Services) Lid. (1979). -
‘considered implemen ll'lg ca s "l Confemnce Preprmrs of rhe Fourth |

progfam of research in-coal ex- - [, MIASA  Resources. Conference - on
.-traction. technology Innovatron o - Systems” of .Energy ".and Mirieral
.urgently is- needéd not, conly' to - Resources, “International - Inist., Of .
COSI.S “and .1mprove Applied Systems Analysis (1979). -« . *
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