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B8ince 1973, EXDA and its predecessor agencics have deen ococnduoting field experi-
ladoratory investigutions and analytical studies on in situ ocal gasification.
While the U,8. development of this technology 1a still in an ear.y stage, s signifiocant
amncunt of information 1o decoming availadle by wnich to assess the teahnical feasi.
eooncmio vistility and emvironasntal impect of this approech t9 coal rescuroe
utilization. This paper will discuss, based on svailadble information, such factors as
resource appliocadility, rescursce utilisation, process products and economics, environ-
meutal impact, and health, safety and societal aspects. The overell conolusion is that
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current resultn are extremely encouraging and an sccelarated dsvelopment of this

bility,
technology 19 varranted.
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o the voluminous Boviet literature and analyses of this informs
dsmonstrated the techniocal feasidility of in situ ocoal gasificetiom, ut
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bdeginning iu the 193C's, undertoox a large scale progrss to devulop the tech-
nology; this prograa is presumabdly active today, altbough on possibly a reduced soals.

Recent translations

Oreat Britain undertook s modest experimental program after World War 1I.

United Btates

significant impact as the energy recovery was eocnamiocally unoampetitive wi
energy sources anl lached a scund understanding of the underground phencmens

tion have provided significant insight into the extent and resilts of the
to process optisisat.cnm.
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in the 1990's

{mion,

United Otates interest was rekindled on the basis of an assessment ocmmissioned

Tree

(1) the linked vertiocal well
process being oonducted by LERC at Nanna «nd which hes been the moet extexsively tested;

experinents were initisted in
Projects were initiated 4n

aartd

et @ site near Eannma, Wyoming.
¥ith the formation of EFDA, an overall

1971 and Gue to evidence of an impending ensrgy ahortage and

As a resuls, s series of fisld

ests have been oconducted to date vwith ucnlfhonuy enooureging results as suomarised

n Teble 1; additional tests are soheduled.9
program for under round coal gasificaticn was formmlat

&n
972 by the laremie Inergy Mesearch Center (LERC)
four different processes for in situ coel gasificati

by the Buresu of Nines

et & -

'mu work supported by the U.8., Energy Research and Developmant Administration.
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(2) the packed bed reactor concept propoded by lavrence Live.wore ladoratory ir which
wxplosive fracturing experiments and a preliminary gasification test have been con-
duated; (3) the longvall generator concept being pursued by the Mor—atown Energy
Research Center in which a deviated well has been 4rilled and a first field test has
been scheduled; and (4) a cumoept for steeply-dipping seams will be initiated this
year by ERDA. Further, Sandia laborutories, im ocllahceation with LERC. is {nveatigat-
ing the dewvelopaent and application o{,iumuum trchniques to m mmu ap
control of {n situ coal gasification. private industry funding, the Taxas
Utilities Service Compauyy has licensed the amn. :huw coal gaaifiocation teohnoloyy
and have conduoted tests in Texas lignite deposits.

Table I
The Henna In §itu Cosl Casification Drjerimants
Adr Cas Heating PFotential
Injection Produotion Value Power
MM scf/day M4 sof/asy Btu/seof e
Hanna I 1973-T4 1.1 L T 126 0.9
Hanna I, Phase 1 197% 1.9 2.7 152 1.7
llanna IXI, Phase 2 1976 5.0 8.6 180 6.3

In reality, this fresk look by the United Statce at an old technology is still in
an early stage. The undertixing is a difficult one, especially considering the o~
plexity of conduoting prooesses in ar inacoessidls e eitu envircement where nature
controls mary of tao important paraneters and vhere variability ie the rule. It is
asppropriate, however, to attampt an essessmsnt of in situ coal gasification based on
the progress. sxperience, ard knowledge to date. The objsutive of this paper is to
present an ina'vidual perspective as to where the state-of-the-art presently stands
wvith respoct to the poiantial and problems of ia situ ocoal gasificatiom.

POTENTIAL AND PROBLEMS

The dominant reason bahiand the irterest in in aitu conl greification in t'e vast
axtent of the coal resources in the United States which are currently estimated at 3.9
trillion tons of which 1.73 trillion tons occurs at depths between O and 3,000 f£t.2
This interest is enhanced when it is learned that cppraximatily 10-19 percent of this
3.9 *rillion ton resource oan te eccndamioally mined by acurrent technology fuor reasons
of the coal dcsoatu being too thin, too thick, tov deep, or too water-saturetsad,

The remaining 85-90 purcer.t, tren, ia the target of in situ cocal gasifisatien.

The ultimata objectives of developing thls technology are to expand this omiion's
supply of economically reccverable energy and to efficiently transform the cocal
resource into more available and useful forms.

Major advantages dave been postviated for in situ onal gasificatioa in several
categories: (1) rescurce utilisation - as dlsoussed adove and an increased peroentage
of oval extracted relative to uiderground mining; (2) thermal efficiency - recovery of
nearly 90 peroent of the energy of the oocal affected has been damoustzeted; (3) product
utilisation - a wide variety of produvet options are potentially available based upon
the gasificatiou oconoept and energy demands} (4) ecvirommental - the reduatioa of
etmospheric pollution and lesasned surface dlsruption relative to strip mining gs
economic - a lower capital iovestment and oompetitive econcmio estimates) cmd 26 bealth,
sefety and sonio-eozr.amice -AmtTntuuunou\anmwc roquired and
fever lalor-intensive activities are 4
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| Equally important, s number of potential prob.em areas have been hyyothesined.
These {nclude: (1) the efficiency of oversll rescurce recovery, partirmlarly on a

| large scele, is unknown; (2) the applicablility of in situ gseification to all the "too
thin,"” "too thick,” "too deep,” or "too wet" coals and some coal ranks is unproven;
(2) the effecta of subeidence upon the process and the enviromment have not been

J determined and {ts control wwuld be a very difficult task; (4) there are umanawered
environmental uestions such as groundweter pollution, disruption of aquifers by

\ subsidence, etc.; and (5) demonstration of' the variety of product options and product

utilization has not yet been achieved.

Mote that many; of the poetulated advantages and problem areas are one and the sexe.
This {s not surprising considering the present atatus of the dif'rerent projscts in
sddresaing technical feasibility, the fact that environmental studies have only been
recently initiated, and the limited dats base on which to contuct econamic and ayetems
snalyses. Subsequant discussion will be directed at suameriring availab.e information
n these topics.

Resource Utiilzatioun

Concepiually, ‘n situ cosl gasification can bde applied to all cocal ranks and
depoeite. HNowsver, the Foriets and Americans have had their moat extensive and
succassful experience with )ignites and sudb-bitwmainous coals. These coais have lwwer
heat oontents but have nigher reactivity and, sore importantly, ectually ehrink upon
hexting thus developing an increasing permeadility furing processing. [Experience in
bituminous coals has been less encouraging: the experisents &t Kamenskays were not
1eveloped ns extenaively as other Boviet stations and the Qorgas, Alabama tests
suffered frcam plugging, gae losses, and poor and variadle gas quality.

The Soviet experience, aleo seen in the British axperiments, indicate that there
{s an effuctive ainimum seam thickness (in the lower rank coals) of approrimately 2 a.
Below this thickness, heat losses to the surrounding formations become a significant
percentage of the total erergy balance resulting in a decreased heating value for the
product gas. Conversely, there does not appear to be an upper limit on seam :hiokness
nor on the dip of the coal seam; a seam of 10° dip can wesentially be considered a
2008 of Infiauite thickness. The Hanna tests were conducted in a 30 ft. seam, s0ams to
60 ft. thickness vere utilized at Angrenskays, and at Yushnu-Abinakaya tweniy-three
seerw of b to 12 ft. individual thickness at cipe of 95-T0° were extensively gasified.
The i{mportant factor is that gasificatlon be initiated neav the bottam of the seam so
that the reaction frount initially undercuts the aual; -~os) sulgequently caves into the
void and thus incresses the rvaction surfuce ares, maintainc perseadility and results
in increased resourse utilizatica.

Ixperisnce clso suggests that there is an upper liait on allowmbdle water intruwion
into the reection. BSome water is required to increase the product gas hesting velue
(by the reaction M0 ¢+ C - C0 + Hp)., Too much wuter can: (1) oool the gas, producing
a less desiradle equilibrium casposition; (2) promote the water gas shift resotion
(CO ¢ Hgd -» + Hg) d1luting the heating content of the product gas ss) effectively
quanch the tion reaction {f intrusion rates are very high; and zk presumadly
disrupt ow distridutions within the seam.

*wlogically, depth does not appear to limit gasification. HNowever, prectical
.ation factors, higher injection and operating pressures, and econamio oomsi-
deretions must be addressed. Tne Soviet work at lLisichanshkays was oconducted at depths
of 1,000 ft. LlL's packed bed resctor conoept s aimed at thiok seams ot depths greater
than 9500 ft., so opsration at higher pressures would promote the produetion of msthase.

A very real dilemma is posed in the utilisation of the extensive dituainous coal
seams of the Eastern United States ae summarised in Texie II. As seen by the preceding
argusents, thin, often deep, seams of swelling dituminous coal are less amenadle to
gesifiocation. However, the bituaimmus coale are looatsd vhere the greateat population
and resulting energy demands exist at this time. Thus, emphasis needs to be applied
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to developing in eitu yrocesses which can sxploit these resources to satiefy these
demanis. MERC's longwall generetor concept is aimed at these eastern ccals dut it has
not yet had ite firct field test. Thus, {t 1s Aifficult to aszese the degree of

success to be uncountered in theee resocurces.

Table II

The EKastern "Dilesma” for In 8itu Coal Geasificetion

Non-8walling Coals
Lower Rank and Suifur Coals
Alr Blown, EBieotricity Produot is the

rield Desonstrated Concept Glosest
to Commercialization

Western on Esatern Region
Thicker Seeans Thinner Seams

Fequires: Alternative, "Ohippable” Producta from Western Coals
Investigation of Concepts for EKastern Coals

Swelling Coale
Higher Rank a.d Sulfur Coals

Oreater Population with (ritisal
Inergy Deaands

A final diecuseion on resource utiliszation concerns the frection of coal in plane
vhich is sotually recovered. Underground mining typioally leaves %0-6%% of the orisi-
ral ocoal in place 4{n columns to prevent sudbeidence and maintain mine integrity. In e
developed fleld, the Soviets frequently obtained, by in aitu gasification, detter than
804 and often approaching 100% utilisation of the coal contained within a treot. In

the recentily compleated Hanma test, U600 tons of coal were contsined in the 30 ft. thiok

sean within a 60 x 60 ft, well pattern. In situ instrusentation indicated that the
en‘ire seea thickness was gasdified and a total of 6700 tons was ultimately gasified
indicating cutatanding rescurce utilisetion for this particular test.

Process Jfficienay

Care needs tc ba takan when discussing efficiencies associated with in eitu coal
gasification: specific definitions are nq“i;od. ospecially 4{f comparisons with other
red,

concepts or energy tacknologids are desi

At a mipizum, a proceas must produce more eneryy than is invested in its produe-
tion. Jor receant Manna testa this retio” was approximately 4.9 - 5.3. These tests
used diesel-powered air compreseors to supply oir for gasification; by utilising more
affioient air comprossors, even providing for the eleotrisal power demands of the site,
{t 1s believed thet this retic ocan de sed to 8 and posaidly higher.

Thermal or chemiocal efficiency can be dafined as the retio of total usadle energy
produced by the procass to the total enargy available in the amount of coal gasified.
In the Soviet axperience, efficienciss schieved were tirpioally k3-69%. The lower
values correspcnded to the deleterious effects of too much water intrusion, thinner
secms and 108s of the produced gas by leakage oaused by subsidence. The same ratiocs
observed for the recently completed Manna II tests were 76-09%; the lower value is for
e portion of the test vhen inoressed water intrusion wvas noted. While the high valwes

for thermal efficiencies are encoureging, their veriabdility emphasiszes the nsed to test
in situ processes in different occals and locatiocns defore their widespread appliotdility

is provea.

'Enuoofﬁnhuuotomucuofmm;wmtmmumdwmu

to the energy consumed in cperating the process.
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In terms c! the efficiency for an over-ll process, the energy raquired to operste
the orocess (rompressors and site utilities) would be added %0 the dencminator. ’‘his
results in an overall process efficiency defined by:

Heating Velue of Dry Product Gas
+ leating Value of Liquld By-Products
+ latent and Sensible Heat of Water Vapor
+ Sensible Heat of Dry Product Osa
dividad by
Energy Available in Coal Consumed
+ Energy Used to Run ®rocess

€
Values of 76-80% for this ratio were obtained for the Henna II u-u.l’

F‘nally, the fraction cf the total coal recovered (80 to 1004) and the efficiency
of the surface conversion to the final product (e.g., 33 to %% for electricity' would
have t0 be considered in determining an overal)l product utilization efiloiency. In
any case, the recent tests have demcnstrated clearly attrasctive and competiti-e
efficienciee.

Product Utilizetion

One of the attractive features of in situ coal gasification is the mmber of
product options which appear possible. These are summarised In Figure 1.

Airtlown gasification, which produces a lov heating velue gas (120 - 180 Btu/scf),
for erectrical vower generation has been the most extens!vely investigated and is the
option clcsest to cosmercial utilization. This low Btu gas, becsuce of its nitrogen
conient, could also be utilizced ta the productinn of asmonia.

The Russians conductsd limited experiments with axygen-enriched air as a means of
increasing the heating vulus of the gas. A (9% oxrgen envicment of the air-blown
gasification proceass doubled thv heating value of the produ.i gus, tut this gain vas
not econamically satisfactory an{ enrichment was mot commeroiully pursued by the
Soviets.

Steam/oxygen injestion lms not deen field tested to date and its feasibilily s
based upon analytiocsl studies and laboratory experiments. It is attractive from the
standnoint of producing a nitrogen-free hydrocardca product ges which could be urgreded
to methane (substitute pipelins gas), be utilized for process heat, or be emplcyed as »
fuedstock for a variety of petrochemical processes. lNowever, until steam/oxycen field
testo ars performed or vays of removing nitrogen from an air-blown product gas are
developed, the right-hand options in Figure 1 mus: ramain a proaise.

This pramise, however, has led to several studies vhich have proposed the utiliza-
tion of the intermediate heating value gas ( ~ 300 Btu/ecf, nitrogen free) as a syntheais
gas or chiemical fesdstook for fertilizer, msthanol, or other petrochemical products,
a8 & reducing agent for iron ore and other processec, and fnr a source of process heat
for industrial applications. As the reforming of natural gus is a major source of
synthesis gas ir today's industry, the devrelomment of an in situ ccal gasification
technology, for these indus?rial applications would have doudle impact in alleviating
present energy shortages.

The upgrading of intermediate heating value gas by the shift reaction and sudbse-
quent methanatiot to produce methane, (i.e., a sutetitute pipeline or natural gas), has
received major attention in surface gasification processes. A mmber of surface demon-
stration plants are being pursued by ERDA. Over 2C commer:ial-aize plants besed upon
lurg! technology have been propored by industry, but none have been buiit t-~ dste. The
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capital dammands (novw estimated at over §l biliion per plant), large cooling water
requirements, the wed for supporting mines, and gasifier oonstruction (which, on the

projected soale, will severely tax this nmition's fabriocation capability for these
larger pressure vessels) have delayed their development,

offers the potential %o essentii’ly eliminate many of thet: deterrents as the in situ
produce & high Btu nroduct.

Flgure 1

PRODUCT OPTIONS FOR URDENGROUND COAL GASIFICATION

Coal Resource

In situ cosl gasification
process would serve as 2 substitute for the first step in the gasification of ocoal to

In 3itu
Alr Injeotion Stean/Oxygen Injection
i EEam 1004 c0, Ry, OW,, €0,
. "2 Th 0 dtu/sof
150-180 Ptu/scf J
7 \
c0, Memoval G DALYt
Methanation
Keutrical Jower Synthesis Oas Subatitute
Generation Pipeline Cas
150-180 Beu/saf 400 Btu/sat 950 Btu/sef

e A ———— e S
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The Soviets have utilized the lov Btu gas from air-blown m“‘acntim to generate
electricity. Total gss production at Angrenskaya for 1963 (31 x 107 acf of ~100 Btu/ecf
ges, some 2/3 of the Sovie’ in situ coal gasification production) was sufficien’ to pro-
duce more than 30 MiWe of power. 1In comparison, for two one-month ) periods the most
recent Harna experirsnt produced gas at rates sufficient to generate 6.9 MWe: however,
the gas wvas flared and not utilised.

Present United States development has focused upon the underground reaction and
demonstration of coal utilisation and acoeptabdle gss production. Onoe demonitrated,
gas-fired turdbines, cr steam power plants could be utiliged for electrical power geners-
tion at the site. Advanced puwer systaas for surface lowv Btu gasification now under
duvelopment may aleo find application. 1In situ gasification may, however, have some
unique problems in electriocity generation and appropriate asasurcmonts are being made in
conjurc.ion with the field experiments. Such problems as partioulete lol-m:n:ul»{6 poten-
tial pollutants and gas product fluctuations have been addressed in one study.

Utilizing a typical gas mixture fram tha Hanna I test (126 Btu/scf), various Rankine,
Brayton and cambined power generations cycles have been amalysed. Dependence of cycle
efficiencies upon turbine inlet tempersture, operating pressure and configurations were
deterzined; camdined cyole efficiencies greatsr than 50% were obtained for several
conceptual system designs.

Econamius

The limited technival data of the United States' experience precludses absolute
ocost studies fram being conducted. The RMussian Xiterature indicates that gas ocosts for
eleotrical power production fram in eitu ccal gasification were within 30% of um
econamically ocmpetitive with production from etri ed ooal (e.g., Angrenskays
1963; 20.1 roudles/ton of ccal equivalent versus 14.2 roudbles/ton of atrip-ained oool)
8oviet predictiocs; however, for full capacity plants were more cptimistic: projected
electrioity ooets were 1, 8 and 2.26 kopeoks/Xh for in situ ooal gasification and strip-
ained ooal, respectively.

Soviet and Americen ecocucmice cannot be directly oumpared 60 these arguments ocannot
be extended further. HNowever, seversl azalyses have besn made for the United States
resources, conoepts, and econcmics, with the !nd ts being considered either sud-
stitute pipeline gas or electrical power. 680 results are tadulated in Table III.
Another study directed at on-site pover gemeration Aid not believe that electrical plant
deaigns could de nﬂ'tgtmly defined from available data to allov for detailed coet
eutinmates to de made, Thus, & paremetric etuly of process performance wvas performed
and allowadle plant capi costs for a given fuel price was determined. For exampis,
with fuel oosts of 80¢/10° Btu, allowadle onpital investasats for Aifferent power oyulis
ranged fram 230-2804/k% .

Oiven the wide runge of assumptions utilisze4 in these studies and the inhervat
uncertainties, the resulting wide runge in estimated costs that vere odbtaired is under-
standable. It is not possidle to oconclude frum these data that in situ ocal gasification
offers a cheaper method of producing methane or electrical power. Nowever, sfaxlies do
indicate that in situ cocal gasification-besed proocesses 4o appear econamically
competitive given today's vwide range of costs vhich are encountered in energy praduction.

Envirommental

Many envirommental adventages have been promoted for in situ cvel gasification.
At the same time, however, the envirommental aspects remain ocoe of its largest unknowns.
¥Work has only recently begun to address these aspects and vwill require several large-
scaie tests and long-term monitoring for final evaluation. Nevertheless, results and
studies to date do not put the technology in an unfavorable positioa.
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Tadble III

Varioua Bcunamio Camparisons

gynthetic Pipeline Ges :$/MBCF) Bef. 1In Bitu Surface Gesification ycaveational
western, LLL Process, Optimistic 17 1.9% 2.8% --
Western, LLL Process, Conservative 17 2.83 2.8% ~5
Weutern, LLL Process 18 1.73 3.02 --
Western, LERC Process, Conservative 19 3.%2 L.62 -
Fastern, MERC Process, Conssrvative 19 5.02 5.5 25
Midweet, Gulf Process 20 2.21 2.98 .-
Western, (Qulf Process 21 1.57 2.9 ~-
Eastern, Qulf Procesr 21 2.28 .48 sa

Electrical Power (mils/KW-HR)

wWostern, LERC Process, Busbar Cost 22 ™ casa 17.2
western, LERC Process, Conservative 19 35.k 9.2 26.3
Eastern, MERC Process, Conscrvative 19 .l k.7 32.6
western, LERC Process 23 8.4 17.2-20.9 8.9-11.1
Fastern, NERC Process 23 18.2 20,%-23.0 12.7-1b.3

16

In situ processing vill ocdbviowsly produce less surfuce disruption thau will strip
mining ¢: the same resource. Hovever, removel of the coal over an extended area will
cause subsidence. Bubsidence effec.s will "»e site-spacific and determined by the
geology and extent of ccal removed. The Rissians have noted svoeidence in their tests
with dsleterious effects upon the process taolf and with sowe gas lsakage to the
surfuce.

However, in the western states, wxch of the strippaule coal is underlain by ocal
seams appropriate for UCO, thus, gasification coculd take place befire reclamation and
increasce the total energy axtractina per dollar of reclamation.

It s 2t known in this ocountry whether subsidence uill have to be controlled
\1.e., minimized or eliminated) or whether {t can de allowed to ocour, hopefully ip a
predicteols manner. It i{s estiaated that a 1000 M¥e plant, operating for 20 years by
the gasification of a %0 ft, sub-bituxinous coal seam would require less than four
square miles of surface area, and wauld produce subsidence of approximately 15 1¢. over
that area. This sudbsidence and the associated drilling and productiocn fucilities would
be the extent of the surface disruption. It should be reemphesised that United States'
tasts to date have not been conducted on a scale sufficient to cause odbaervadle
subaidence at the suriage,

Potential water prodblems oame fram the pollution or disruption of aquifers.
Most ococal depoeits ere more permmable than their surrounding formations and, thus,
vhen subsurface water 1s present, tend to be aquifers. Oesification of coal in thls
aquifer utilisrs some of the water. GSoludble (phenols, etc.) and insoludble (tars, etc.)
organic products are produced vhich can be transported into the aquifer. Finally, the
“sotivated” ash and tempsratures associatod with the gasification process result in
increased soludility of inorganic materials. BSeveral mitigating fuctors with respect
to passible aquifer pollution exist. Oroundwater movemsnt is slcw and can be of the
order of a meter a ysar. Another study indicates that the remaining oocal cutaide the




gasified region acts asz an adsorbent for organic pollu ts and, while not as effeciive
as activated charcoai, it aoes have a similar capacity. These factors would sha~ply
restrict a pollution tone to close to the process boundaries, even for consiuersbie
lengths of time. Roof collapse and subsequent subsidence could disrupt overlying
aquifers and affect their use. While these are site and geology specific, most major
aquilers tapped for use lie well below the coal depoeits conitidered for gasification.
LERC is prescutly oconducting e small scale test specifically aimed at the {nwestigntion
of hydrological and envirormentel intersctions with an in situ coal gasification pre se.

The extent of air pollution effects will, of course, depend upon the final produc’
utilisation, but real pramise axists compared with mined-coal-fired alectrical geners-
tion plants. Tests at Hanns show that only about one-tenth of thw coals’ 0.7% sulfur
content cames to the surface in the product gas; the dalance presumably remaine under -
ground as inorganic sulffdes. Furthermore, the sulfur in the product gss appears as
H28 which {s more amernadble ‘o -2%ublished scrubbing procedures than i{s 507 - the end
furm of most of the sulfur in air-Tired, surface coal cambusticn processes. Quantit’
of fly ash in the product gas at the Hanna testa were quite variable, tmt it appears
that sdequate design and lov space velocities can leave essentially all uf this pollutent
underground. This msay also result in econamic advantaget es fly aah scrubbing and re-
aoval by electrostntic precipitators to meet state and federal standards are a major cHs’
item in surfece generating plante today.

Health, Safety and Bocio-Econamic Impact

No definite studies of these aspects of in situ cval gasification have been
conducte ' 50 that extensive discuseicn is not warranted. Previoua sections have touc. ed
upon potential sdvantages, such as the elimination uf mining and 1its associated harar -,
the fact that high pressures and taxic "reactors” rema!n underground, and that a leas
lahor-{ntensive industry due to the roduced construction and size of the operating plant
vill be required.

CONCLL/SION

The technical feasibility of in situ coal gesification has been demonstrated in
saveral field experiments throughout the world. Today's {ncreeased enr~gy demands, t*
escalating costs of acrude oil and natural gas and the success of recent small-scale
field experiments lemrls support to the belief that this technology *ould offer an
attrective near-term alternative to increasing this nation's energy supplias. Hence
its developmont should be vigorously pursued to develop the data to obtain a
campiw.'ensive assessment.

Potential advantages include resource uti{iization, tharmal efficlency, product
utilization, reduced environmsntal and soclo-economice impect, and procese economics.
Similarly, potential problea areas, o7 more correctly process related unknowns, msay
exiet with respect to overall resource recovery and widespread applicebdility to all
coal resources, the envirommental effects of asubsidence and water quality, and the
demonotration of the viability of the different product options. The similarity of
the postulated sdvantages and the unknowns are charecteristic of the present status
of the technology.
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