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THE 1977 ERDA UNDERGROUND
COAL CONVERSIM PROGRAM

Dr. Paul R. Wieber and Dr. Albert P. Sikri
U.S. Energy Research and Develooment
Administration
20 Massachusetts Avenue, N.W. - Room 4121
,Washington, D.C. 20545

ABSTRACT

The status of the 1977 program for underground coal conversion program being
conducted by the U.S. Energy Research and Develooment Administration (ERDA) 1s reviewed.
The program management uses a team concept to maximize the resources of ERDA Headquarters
and of the Field facilities. The program participants are listed and the accomplishments
during the past year are sumarized. An appraisal of the status of the technology is
made, listing future priorities which the program will address. It is concluded that
low-Btu gas production using the Linked Vertical Well (LVW) concept could be commercial-
1zed by 1985, steam/oxygen technology will be develooed using the LVW concept, and
directional drilling and hydraulic fracturing are the most promising methods to link and
gasify the process wells in Eastern coals. .

INTRODUCTION Nation's coal resources could suoply our
needs for hundreds of years. The direct
The energy crisis we are encountering firing of coal can be used to generate

has come with several advance warnings. The electricity and supply process heat for
1973 o0i1 embargo led to a shortaae of trans- new or retrofit installations. But the

portation fuels. Domestic sources of ofl need for transportation fuels and aas for
had been unable to meet the expanding United . industrial and residential heat can also

States demand for some time, and we had be met by coal through the production of

relied on increased amounts of imported o1l synthetic fuels ‘by liquefaction and qasi-
to make up the difference. When those fication processes.

foreign sources were withdrawn, the first

shortages were felt in supplies of gasoline, ERDA is developing underaround coal

diesel, and jet fuels. Then fuel oil for conversion (UCC) processes as part of its
bome heating and industrial boflers was Fossil Energy program. These conceots

curtailed. Industry began to shift to coal, complement surface-based processes and
causing temporary shortage of the low-sulfur use petroleum-based technoloay to croduce
coal needed to meet environmental standards. gaseous and liquid fuels from coal in

Another warning came during the past cold . Place with 1ittle or no minina. The
winter when a second conventional fossil ‘reactant and product aases are carried
fuel, natural gas, could not be provided at between the surface and the coal seam by
rates adequate to meet increased heating oreholes (wells) drilled into the coal

needs. Businesses and schools'were shut & am. Using 8 downhole igniter, the
down, and many states ‘declared emergencies. * coal is heated to a suitable reaction
Although these shortages were temporary, it /temperature, and the reactina fluids

has become apparent that the days of cheap, are forced down the injection well and
abundant supplies. of these convenient fuels through the coal seam to the production
are over. The United States must develop well. The products are carried to the
other energy sources to protect fts future. surface where they are cleaned and

processed further in surface-based plants.
The Energy Research and Develooment

Administration (ERDA) has been given the The ERDA UCC program is concerned
responsibility to develop technology for mainly with underaround coal gasification
new and expanded sources of energy, both (UCG). If the reactants are air and
nuclear and non-nuclear. Fossil energy steam, the product s a low-Btu qas for
is a major non-nuclear area. It fuels more on- or near-site use. If the reactants
than 90% of our current needs. Enhanced are steam and oxygen, the product is a
gas- and ofl-recovery techniques promise medium-Btu gas. This qas may be trans-

to yield energy in the near-term. The ported to end-use centers which are



within a few hundred miles, or 1t can be
converted on-site to a transportable
commodity such as methanol, chemicals, or
synthetic natural gas. The ERDA program
1s exploring these and other options for
using both eastern and western coals in
underground processes.

The First Underground Coa) .
Gasification Symposium was conducted
by the Laramie Energy Research Center.
No papers were published, but the success
of the first meeting led to the ‘estab-
Vishment of the Symposium as an annual
program event. The Second UCG
Symposium was sponsored last summer by
the Morgantown Energy Research Center,
and the_proceedings were published this
spring.] We believe the Annual Symposium,
with published papers and opportunities
for informal discussions, provides an
essential forum for a fruitful exchange
of current {deas between 2ll parties in
advancing the state-of-the-technology.

Last year's overview paper by the
present authors summarized the past history
and promise of the technology, and the
structure and status of the ERDA program. 2
The format seemed approoriate for the
first published overview. This year we
intend to emphasize the program's organi-
zation, accomplishments, and changes in
the past year; its present status; and
its future direction. We will discuss
4 number of issues which we believe are
important in characterizing the present
status of the technology and in projecting
future plans for the program. Finally,
we will speculate how some of the concepts
being tested now in the program might be
combined into some commercial process
designs.

MANAGEMENT STRUCTURE OF THE UCC PROGRAM

The UCC program is in the Division of
0i1, Gas, and Shale Technology (0GST),
directed by Mr. Hugh D. Guthrie. ORST is ore
of seven Divisions under the Assistant Admin-
istrator for Fossi) Energy, Dr. Philip C.
White. OGST is divided into two directorates
-Petroleum and Natural Gas and In Situ
Technology. The In Situ Technology Directo-
rate contains the Shale 0i1 Branch and the
Underground Coal Gasification Branch. The
authors are members of the UCG Branch. The ucc
program is the only element of the Fossil
'Eneagy coal program in 0GST. It s placed
in 0GST because petroleum technology is used
in the underground part of the process, and
the UCC field tests face similar problems for

those of petroleum-and gas field work.
The surface portions of the total ucc
process are similar to the corresponding
chemical engineering unit operations in
coal synfuel processes that are entirely
surface-based. For this reason, the
work in the other coal divisions is also
relevant to the UCC program.

The UCC program {s building on
projects that were brought into ERDA
from the U.S. Bureau of Mines and the
Atomic Energy Commission. The current
trend is toward more industrial involve-
ment in the program, but the heavily
-weighted "in-house” character of the
program offered an opportunity to develoo
8 team concept in program management.

In setting up the team concept, the
relationship between ‘Headquarters (HQ)
and the “"in-house" Field members was
clarified to avoid misunderstandings and
and conflicts. As holder of the ultimate
authority for conduct and content of the
program, HQ selects orojects; sets ob-
Jectives, funding, and accomplishment
milestones; and reviews the progress of
the work. The Energy Research Centers
and National Laboratories propose
projects, prepare imolementation plans
for projects aporoved by HQ, and are
resoonsible for the execution of those
plans. The Operations Offices provide
administrative and, in some cases, tech-
nical management to facilitate project
execution. It was recognized that ERDA
HQ and the Field teams carried skills
which complemented each other and which
could combine syneraistically to benefit

.the overall program.  HQ maintains a

program overview and contacts with
national plans and policy which gives
the Field a perspective of the roles

of their separate orojects in the
national program. The Field offices
know the administrative and management
procedures required to conduct business
with industry. The Field research teams
have .acquired the detailed technical
knowledge which HQ needs in developing
realistic plans and goals. In addition,
the information developed in each field
project is applicable to all projects,
and HQ is the best party to coordinate
the exchange of this information between
the teams on a timely basis.

The team concept has been formally
implemented in the UCC program through a
Management Working Aroup, through a
Denver Project Office for Western projects,
and through Technical Working Groups.



The ‘Management Working Group consists
of the HQ UCG Branch members plus one person
from each of the two Energy Research Centers
and the two National Laboratories which
have major projects in the program, and -
one person from the Denver Project Office.
This group is an advisory group which
assumes a program (rather than a project)
perspective. It meets as needed, and all
members gives their best opinion on such
issues as direction of the program,
priority of projects within program goals,
methods of improved coordination and commu-
nication, and so forth. Although these
opinios are not binding on HQ, they are
given the fullest consideration when HQ
formulates program management decisions.

The group is still in the experimental
stage, but consensus indicates this has bee
an effective group up to now. :

The Denver Project Office was formed
as an extension of the San Francisco
Operations Office (SAN) in response to an
agreement between HQ and SAN. The agreement
delegates a major role to SAN in the imple-
mentation of the UCC program in the West,
including management of selected industrial
projects, coordination between all western
projects, and contracting for most projects
in the West. The formal inclusion of an
Onerations Office into the UCC team brought
e variety of talents into the program, and
the decision by ERDA top management to
‘impiement the agreement through an office
in the Rocky Mountain ‘States points out the
importance of that region's abundant coal
resources to UCC technology.

Project coordination and technical
information exchange is done fnformally,
through HQ review, and by meetings of the
Technical Working-Groups. ‘These groups
represented one of the first attempts at
team development. There are currently four
groups: Geology, Site Preparation, and
Field Testing; Instrumentation; Modeling
and Laboratory Experimentation; and Environ-
mental Support. The groups meet twice each
year to discuss what was learned in the past
six months and what is planned for the next
six months. The format includes informal
presentations in the morning and open
discussions in the afternoon. A1l partici-
pants, including universities and industrial
firms.-with contracts from the UCC program,
are invited to the group meetings which are
relevant to their projects. The technical
group meetings not only promote {nformation
exchange between the projects, but they also
offer the HQ representatives a valuable
opportunity to review across-the-program
status of a part of the UCC technology, such
as instrumentation. ;

“each program accomplishment.

“(LASL).

The building of a team to plan and
execute the UCC program is a management
goal we will continue to pursue. In
oarticular, the activities of the Manage-
ment Working Grouo and the Denver Office
will continue to be develooed in the
coming year. The team concept lets the
program goals become identified with the
goals- of each project and each member
of the team. This relates the success
of the program to the personal respon-
sibilities of each team member, and the
members can share in the satisfaction of
We believe
this is the best way to manage the UCC
program.

PROGRAM CONTENT

The major processes of this program
are shown in Table 1. These are Linke4
Vertical Wells-Air (LVW); Packed Bed
Explosive Fracturing and Steam-Oxyaen
Rasification (PB); Lonawall Renerator
and Eastern Coal Technoloay (LG); and
Steeply Dipping Beds (SPB). These are
suobiemented by Environmental Support and
Supporting Research. y

The major in-house participants in
the program are the Laramie Energy
Research Center (LERC), the Sandia Lab-
oratories in Albuquerque (SL), the
Lawrence Livermore Laboratory (LLL), and
the Morgantown Energy Research Center
(MERC). These laboratories are involved
in the field effort. The in-house
laboratories supporting this program are
the Argonne National Laboratory (ANL),
tne Oak Ridge National Laboratory (ORNL),
and the Los Alamos Scientific Laboratory
These laboratories are providing
supporting research and analyses. In
addition, there are HQ R&D contracts with

.the University of Pittsburgh, the Univer-

sity of West Virginia, Booz-Allen and
Hamilton, and the Stanford Research
Institute. The University of Alabama and
the University of Texas at Austin have
UCR contracts which have been recently
transferred to ERDA from the National
Science Foundation. Table 2 provides a
brief description of the projects, par-
ticipants, functions, and Fiscal Year
1977 funding.

SUMMARY OF PAST ACCOMPLISHMENTS

This section summarizes the accom-
plishments since last year when the
Second UCA Symoosiunlwas held at Morgan-
town, West Virginia. ' Table 3 shows the
sign{ficant accomplishments. These are
explained in detail in the sections to
follow.



Table 1.

FY 1977 Participants and Funding - Major Projects & Supporting Research

PROJECT ] PARTICIANT | PunoING 1000+
LINKED VERTICAL WELLS LARAMIE ERC 2350
(ROCKY MTN. ENERGY SITE)

SANDIA LABORATORIES 1,000
PACKED BED, STEAM-OXYGEN LAWRENCE LIVERMORE LAB 2.750
GASIFICATION (PUBLIC LAND)

v «‘ RESOURCE SCIENCES CONSORTIUM ' 0
EASTERN COALS (CONOCO SITE) MORGANTOWN ERC 1,000
STEEPLY DIPPING BEDS INDUSTRY 00

7.600

KINETICS OF IN $ITU REACTIONS ARGONNE NATIONAL LAE. 150

SYROLYSIS OF LARGE BLOCKS OF OAK RIDGE NATIONAL LAB. 150

TWO STAGE CO2-0; PYROLYSIS- LOS ALAMOS SCIENTIFIC LAB. o
GASIFICATION :

280

Table 2.

FY 1977 Rr&D Contracts and Funding - (Headquarters)

7731 r9Mm/e

CONTRACY TITLE

CONTRAC TOR
PRINCIPAL CONTACT

FUNDING (81,000y)

GAS-LIQUID PERMEABILITY OF conaLs

PERTAINING TO UCG

STRUCTURAL MECHANICS SIMULATION

ASSOCIATED WITH UCG

TECHNICAL DATA BOOK § MANAGEMENT
PLANS

MARKET STUDY FOR LOW AND MEDIUM
STU GAS FROM UCG OF WESTERN COALS

B BITU COAL LIOUEFACTION

SLOCK SUBSIDENCE
CONSULTATION

B SITU GASIFICATION OF TEXAS
LIONITE

FEASIBLE STUDIES OF W 8iTY coaL

GASIFICATION IN THE WARRIOR COAL FIELD
UNIVERSITY PROJECTS UNDER REVIEW

U.0. MITTSBURGH
WEST VIRGINIA UNIV
8002 ALLEN AND

HAMILTON

STANFORD RESEARCH
SETITUTE

WEST VIRGINIA
UNIVERSITY

8Al
Or. A E. BALFOUR
U.0. TEXAS

U.0. ALABAMA

0

“.

20°
TRANSFERRED FROM
BIBF

TRANSFERRED FROM
F

0°

-

*ESTIMATED OR NOTY PINAL.

LRI VY



Table 3.

Linked Vertica) Wells

0 Hanna 2 Test Completed
0 Hanna 3 Test Fielded
0 Hanna 4 & S Plans Done

Packed Bed, Explosive Fracturing, Steam-
Oxygen Gasification :

0 Hoe Creek 1 Test Done
o Preliminary Shaped Charges Test Done
0 Steam-Oxygen and Explosive Fracture
Plans Nearly Complete
Eastern Coal Technology
0 Pricetown 1 LVW Test Plans Completed
o Laboratory Data Analysis Started
0 Schedule for Field Site Preparations
Completed
Steeply Dipping Beds
0 RFP Issued
Environmental Support.

0 Gas Emissions Analyzed
0 Ground Water Quality Measurements Done

© A Study on Cleansing Properties of Coaly

Started

Supporting Research

0 Several'Process Models Working Well With

Field Data

0 Lab Pyrolysis, Gasification, and Per-
meability Data Obtained

Summary of FY 1977 Accomplishments

LINKED VERTICAL WELLS (LVW)

~ The LVW process is being developed by
LERC at 2 site near Hanna, Wyoming.
in Fig. 1, this concept uses reverse combus-

tion to link vertical wells in the coal seam.

LERC is testing the concept in a 9.2-meter
(30-foot)-thick subbituminous seam at 92- to
153 meter (300- to 500- foot) depths.
the gasifying agent with the resultant Tow-
Btu gas applied to electrical power genera-
tion. LERC has been active in the Hanna
‘Field since 1973. '

As shown

Air s

_process performance.

GAS CLtAN UP
AR COMPREISSOR BLDG [ 1¥-1 - 70 POWER PLANT

= .-oJLCEQL_;;;:¥92;§;§5

Wil AW INIECTION WELL '
8 I I

Fig. 1. Linked Vertical Wells Process

Continued analysis of the Hanna 2
field tests have verified their great
success. The well patterns for Hanna 2
are included in Fig. 2. The ¢otal coal
utilization from the 4-well pattern (wells
5,6,7, and 8) used for Phases 2 and 3 was
6,190 tonnes (6,700 tons), 1ndicat1n§ a
high overall areal sweep efficiency.S The
average heating value of Phases 2 and 3
was 146 Mega-joules per kilo-mo) (MJ/k-m01)
(165 Btu per standard cubic foot (Ptu/Scf))
with gas production rates of 9.6 million
k-mol/day (11.5 million Scf/day), consum-
ing 109 tonnes (120 tons) of coal per day
for a period of 62 days. The thermal
efficiency (ratio of the total usable en-
ergy produced to the total available erergy
in the coal) was B2.7%. This gave an .
energy return ratio (the ratio of the total
usable energy produced to the energy con-
sumed in operating the process test) of
4.5. The energy produced was the equiva-
lent of 7.5 Megawatts, assuming 33%
conversion efficiency. Hanna 2 showed
significant improvement over Hanna 1 in

-terms of energy efficiency, gas nroduction,

heatina value of the gas, and tonnage of
coal utilized.

Figure 3 shows the heatina value,
weight ratio of water produced to coal
utilized, and cold gas efficiency (the
ratio of the chemical energy ifn the nro-
duct gas to the eneray available in the
coal) oxeg the duration of Hanna 2, Phase
3 test.%s° These data show that water
intrusion has a significant effect on the
As water intrusion
in the coal seam increased, the heating
value and the cold gas efficiency dropned.
This test was run longer than optimum to
obtain data for comnarison with comouter
calculations.
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The mathematical modeling effort has
been fairly successful in fdentifying physi-
cal and chemical phenomena controlling the
orocess, interpreting of field test data,
and oroviding notential solutions to some
of the difficult orocess problems such as
maintaining 8 - high gas heating value.

The aporoximate boundaries of the fina)
cavity (burned-out region) are shown in
Fig. 4. This interoretation s based
on data from Sandia's instrumentation wells
(A thry M), ang LERC's mathematical model
oredicsigns and material balance calcula-
tions. " The size of the cavity as the
gasification progressed
the mathematical model. The plan view of
the cavity for the Hanna 2, Phase 2 and 3
test is shown in Figure 5. This also is

aarees well with

Well Layouts for Hanna Tests 1 Through §

estimated from data obtained from the
instrumentation wells and material
balances around the wellheads. The
dashed line in Fiq. & indicates the
averaoe boundary for the bottom

3 meters (10 feet) of coal. and the
so0lid line indicates the averane bound-
ary for the remaining 6 meters (20 feet)
of the coal seam. The orofiles at days
135 and 152 show that the qasification
was controlled by the link established
during reverse combustion. This shows
that the coal was being consumed from
the bottom to the ton of the coal seam
with hiah utilization and without over-
ride of the reaction zone.

INSTRUMENTATION AN PROCESS CONTRNL

Sandia Laboratories nrovided a
major instrumentation effort on the
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= — . AVERAGE BOUNDARY FOR
BOTTOM 10 FEET OF COAL

AVERAGE BOUNDARY FOR
TOP 20 FEET OF COAL

——E—

Fig. 4. Estimated Burned-Out Volumes
During the Hanna 2, Phase 2

\Experiment

@ vsEcTION . PRODUCTION WELLS
O DIAGNOSTIC WELLS

Fig. 5. Estimated Final Burned-0ut
Volumes for the Hanna 2, Phases

2 and 3 Experiments

Hanna 2 experiment, making this the best
instrumented field test series ever con-
ducted. Over 60N channels of information
were recorded from 20 1nstrumentat18n
wells and extensive surface arrays.
Based on these data, it was learned that
preignition temperature fncreases durino
air iniection are related to the air-flow
distribution within the coal seam, reverse
combustion 1s a 48n-7000C (90n-130n0F)
reaction, the linkage path is about )
meter (3 feet) in effective diameter,
linkage and gasification start at the
bottom of the coal seam with no tendency
to override, roof falls do occur during
gasification. the post-test cool-down of
he ares to temberatures below 93% (2nnoF)
requires several months, and coal utili-
zation in the exoerimental reaion was
comolete. This information has been very
useful towards understanding of the for-
mation of the reverse combustion link
near the bottom of the coal seam, outward
and voward nrogress of the aasification
process, and on-line gas analyses. A
movie has been made which displays the
vertical temoerature distribution within
the coal seam in ejaht of the instrumen-
tation wells from the start of the
linkage through Phase 2 of the gasifica-
tion. One frame from this movie is shown
in Fig. 6. These analyses are contributing
sianificantly to the»n#:cess understanding
and control.

In addition to orovidino diaanostic
information on the chemical and ohysical
mechanisms associated with the process,
Sandia is develoning remote sensing
techniques using passive acoustics and
induced seismic methods. These are based

" on detectina signal changes due to the

presence of the voids in hopes of
detecting the edges of the affected
reqions. Also, electrical techniques are
being investigated, based uoon the large
changes -in resistivity that occur durina
gasification. These data could provide
valuable information about the movement
and growth of the reaction zone.

'PACKED BED, EXPLASIVE FRACTURING. AND
STEAN/OKVAEN RASTFICATION (PB)

In October, 1976, the Hoe Creek 1
test was initiated by LLL usina air as
the gasifying agent. This was the first
ERNA test in which forward Qasification
was successfully conducted without estab-
1ishing a Yinkage between the wells by
means of & backward burn. Communication
between the wells was established by
means of a simole two-well fracturing
exoeriment (two exnlosive charaes were
fired simultaneously at the bottom of
the coal seam) which increased the

preshot coal permeability from 0.3 dar;y
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- Fig. 6.
Bottom' of HaNna Coal Seam

to about 2-4 darcys post-shot.’ The

- intent was to fracture the coal and
establish communication between the in-
jection and production wells along the
entire deoth of the coal seam, with
higher permeability at the bottom and
lower permeability at the top.

In actuality, the high permeability
zone was formed near the top of the seam
rather than at the bottom, which caused
the reaction zone to override.
oroceeded for ten days producing gas quality
in the range of 88-130 MJ/k-mol (100-150 °
Btu/Scf) and consuming 118 tonnes (130 tons)
of coal. fhas quality dropped dramatically
towards the end as the oxidation zone
aporoached the production well, It is
estimated that water influx into the
gasification region was about 65% of the
pregasification level. Thermal efficiency
during the gasification was estimated
to be 75%.

LONGWALL GENERATOR AND EASTERN BITUMINOUS
t’m TECANOLOGY (L5)

A process for eastern bituminous coals

‘is being developed by MERC. A deviated
well, 600 meters (2,00N feet) in lenqth,
was completed into the’1.8 meter (6-foot)
thick coal geam at a depth of 260 meters
(850 feet).® The well was turned to lie
horizontally for 150 meters (500 feet) in
the coal seam. Preparations are underway

v

Gasification

Temperature Profiles Showing Location of Reaction Zong At

for the Pricetown 1 minitest sometime

in mid-FY 1978 to get oreliminary field
data on the gasification behavior of

the coal usina the LVH conceot. The
olanning phase is complete, and the field
site oreparations are underway. Price-
town 1 will be the first trial of the
LYW process in an eastern coal seam.

The laboratory oroaram has included
the determination of the mechanical and
ohysical properties of coal under over-
burden stress. A series of aasification
experiments that simulate the field tests
were completed and the data are being
analyzed under an industrial contract.

STEEPLY DIPPING BEDS (SDB)

- The request for prooosals to conduct
SDB tests was released on May 17, 1977, .
for competitive bids from industry. The
contract is expected to be awarded (Phase
1) by Seotember 30, 1977.

Over 100 billion tons of SNB coal.
equivalent to 300 billion barrels of oil,
are estimated to exist in the United
States. A large percentage of Pacific
Northwest coal is steeply diopina, so
commercialization of an SNB process
could contribute to the future eneray
supply of the pooulous HWest Coast.



ENVIRONMENTAL SUPPORT AND SUPPORTING

RESEARCH, (ES] AND (SR)

These categories fnclude the
environmental and genera) scientific and
engineering studies that support the total
program. The ES work is an intimate part
of every major project. It has empha-
sized baseline studies and possible
emissions to the air and to subsurface
water flows. Argonne National Laboratory

ANL), Oak Ridge National Laboratory
ORNL), the Los Alamos Scientific Lab-
oratory (LASL).industrial firms and
universities are contributing to the SR
effort.

Ground-water guulitz Measurements. LERC's
Hanna 3 test is designed to be an
"environmental burn". It is expected to
provide detafled data on the effects of
the process on underground water flows and
composition changes. The test will use
two process wells.on an 18 meter (60 feet)
spacing with 12 additional water-monitoring
wells completed into the coal seam and the
overlying aquifer, shown in Fig. 2. Water
samples will be collected and analyzed
before the burn-and for at least 18 months
after the burn to test ‘long-term effects.

A 3-part program is being pursued by
LLL on the nature and sisnificance of
the groundwater problem.’ Their activi-
ties include a laboratory investigation of
reaction products that are potential
contaminants, a modeling study of the
evaluation of a contaminated groundwater
plume, and a groundwater sampling program
at the LLL gasification site at Hoe Creek,
Wyoming. Preliminary results show: the
ash bed is surrounded by a ring or shell
of deposited organic products after
gasification; the measured pH value within
the gasification zone fs 10-11; the highest
level of phenol concentration, approximately
100 parts per million, occurs just outside
the burn zone. This §s significantly lower
than that in the untreated waste water fram
8 typical surface gasification operation;
laboratory evidence suggests that the
cleansing properties of surrounding coal
effectively confine these contaminants
to an acceptably small region surrounding
the burn zone.

Air Emissions. The product gas of the
Hanna 11 test was sampled by the Radian
Corporation for trace components, parti-
culate matter, and major gaseous
components . This can allow assessments
of the environmental impacts and surface
cleanup requirements asociated with

utilization of the product Qas production.
Ve -y To. particulate and alkali compound
co-centritions were found. A1l valyes

we e coriidered low and within the realm
of control with existing cleanup tech-
nology.

Research and Planning. The ANL proiject
provides kinetic data on the chemica)
reactions that occur during in sity
gasification and to determine the
important process parameters for the
control of these reactions. Reaction
of steam with chars prepared from:
Wyodak and Hanna subbituminous coals
show. that the Wyodak char is ahnut twice
as reactive as the Hanna char.'” This

is judged to be due to greater surface
area due to larger macropores and
fissures of the Wyodak char as compared
to the Hanna char. Studies carried out
with hydrogen and steam partial pressures
similar to those expected underground
indicate that steam acts as a promoter
for the formation of methane from these
chars. The ORNL project is collecting
experimental data on the pyrolysis of
large ‘blocks of coal under simulated

in situ conditions. Therma) profiles
produced within the blocks during pyro- -
lysis indicate that-the volatilization
of water is the heat-transfer rate-
limiting mechanism, and that this water
reacts with char to form hydrogen and
carbon monoxide. The LASL project is
studying the technical and economic
feasibility of a two-stage C0,-02 under-
ground coal utilization scheme with
minimal water requirements. Work on
this project has just started.

The RAD contracts administered
through Headquarters are .with the .
University of Pittsburgh, the University
of West Virginia, Booz-Allen % Hamilton,
Inc., and Stanford Research Institute.
There are severa) others monitored by
the Energy Research Centers and National
Laboratories. The University of West
Virginia contract has been funded by the
Headquarters, but is monitored through
MERC. It focuses on the structural
mechanics of the coal and rock during
gasification. The University of Pitts-
burgh project {s measuring and
rationalizing the.gas-1iquid relative
permeabilities of coals fram Hanna and
Hoe Creek, Wyoming and Pricetown, West
Virginia. . Booz-Allen & Hamilton, Inc.,'
is providing planning support for
updating and refining a four-volume
report on the Five-Year Proaram Plan.
The "Overview" is completed, the "Tech-
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nical Data Book" and "Resources" volumes and markets, liquefaction and advanced
are almost done, and the “Management Plan" concents, and the Western and Eastern
is started. Stanford Research Institute Programs.
will conduct a market study for low- and
medium-Btu gas oroduced from UCK in the AIR GASIFICATION
Green River, Fort Unfon, Powder River and
San Juan River regions. The contract is The LVW-air gasification process
‘expected to be awarded soon. will receive the hiahest priority in the
next few years. The LvW concent, by
ANALYSIS QF THE STATUS OF THE TECHNOLOARY virtue of fts early start and the
: extension of previous work by the*Soviets
An appraisal of a number of fssues end others, is in the furthest stace of .
based on the information developed or develonment . Work, was done for forty
acquired by the ERDA program is oresented years with afr, so this aasification
in the following sections. We also indicate option has the areatest backaround for
needs which must be met in the future and success and early commercialization.
briefly speculate on the characteristics The successful results of LVW in Hanna ?
of future processes. The tooics which will have been discussed earlier. Without
be discussed are air gasification, gasi- demeaning the accomolishment, it should
fication with other reactants, 1inking be recoanized that this is only one
concepts, subsidence and water control, fully successful test series. A hiah
instrumentation, environmental aspects, quality gas must be produced anain at

systems analyses and economics, resources Hanna, at other coal sites, and at

v



larger scales of operation. Much work
remains to be done to show that the qua-
lity gas can be produced reliably, and
that the concept 1s commercially viable.
The large Soviet projects have produced
average gas heating values of 93 MJ/kmo)
(105 Btu/Scf) and consid?{ab1g Tower than
the values from Hanna 2. The Soviet .
results are consistent with those from
Hanna, accoyging to the analysis by"

Gunn et al. They believe that dif-
ferent gas qualities can be related to
the coal chemical and physical charac-

teristics and to water influx through the .

seam. These predictions could lead to
optimum site selection and process opera-
tion. For example, Hanna 3 will attemot
to control gas quality by controllina

the water-to-air ratio. As the seam water
influx increases, the blast rate will

be increased to maintain the optimum ratio
for maximum gas quality as predicted by
Runn's model.

It is expected that near-optimum
well spacings will be determined by
experiments such as Hanna 4, and calcu-
lations using two-dimensional models that
are being developed. This wil] ootimize
coal use and the underground reactor
efficiency. The question of subsidence
effects on process efficiency have not yet
been addressed in the ERDA program because
the scale of the experiments has been too
small. The Hanna 5 test wil) sunply our
first extensive data. This is also the
last test planned before going to a pilot-
scale oroject. Scaleup of the process for
greater production and Tongevity will give
the engineering data ‘needed to determine
commercial potential. Equally important
is the verification of the process
performance for similar coals at several
different site locations. The develonment
of & characteristic test for the process
must be done. This could be a simple
2-hole test for the LVW process, but if
subsidence is a critical ftem, a 4-spot
square pattern might be needed to affect
2 wide area of coal.

The air can be partially enriched by
Oxygen to raise the product gas quality,
giving a product which can be transoorted
farther and is easier to use. The reduced
volume flow for fixed-Bty oroduction
allows smaller equipment to be used, off--
setting some of the costs of oxygen
enrichment. Although this option is of
interest, 1t has a lower priority than
the main development sequence for air
gasification.

RASIFICATION USING COMBINATIONS OF
OXVREN, STEAM, C02 OR HYDROGEN

UCA using aaseous reactants with no
nitrogen gives a medium-Bty product which
can be uograded by further surface
processing to a synthesis gas or a syn-
thetic natural cas (SNG). Some possible
injection combinations are pure oxyaen,
steam (or water) with oxygen, carbon
dioxide with oxygen, and hydrogen.

Gasification with pure oxyaen {s
possible, but carries disadvantages.
High pressure pure oxygen can ause
combustibles to exolode, so an extremely
clean handling system is needed. It is -
possible to ignite the metal casing in
the hot coal seam, and the destruction
of the casing would result as the
reaction propagated up toward the surface.
Another problem is the excessive local
heating and clogaing of the coal subiected
to a stream of pure oxygen. The addition
of a water soray to the oxygen could
alleviate some of these problems and
make steam in-situ. However, the water
could also searegate at the bottom of
the seam and quench part of the reaction
zone.

It is more advantageous to gasify
with a mixture of steam and oxyaen.
The steam reduces the partial pressure
of oxygen, lowering the safety and
handling problems, cooling the casina
while also preventing hot soots in the
coal. The steam also acts as a source
of hydrogen in a chain of reactions, and
it is easily removed from the oroduct
stréam. The steam/oxygen ratio is not
restricted by reactor cooling oroblems,
so the operators are free to ootimize
this ratio. Steam/oxyqen gasification
also has negative aspects. The costs
of oxygen and of qeneratina the steam
are added, partially offset by cheaver,
smaller gas handling equipment. The
steam could condense in the seam before
reaching the reaction zone. Underaround
leakage becomes more serious when costly
oxygen is lost.

Steohens has analyzed the Soviet-
bloc oxygen enkichmen} tests, includina
one with pure oxygen.!3 The results are
abstracted on a nitroaen-free basis in
Table 4. The highest qas quality was
235 MJ/k-mol (267 Btu/Scf) for the pure
oxygen run. No maijor operational
problems were renorted, 81though seams
that oerformed poorly with air did also



Table 4.

Enriched Oxyaen Data Adjusted to a Nitrogen and Water-Free Basis

Cunbosition,To'l %
C0z, 02 Heating Value,

Station CHy H2 €O CnHm HpS Btu/Scf
‘Gorlovskaya 3.9 40.7 27.0 - 25.4 228 (259)
Lisichansk 3.9 25.6 12.4 0.3 56.2 148 (168)
Podmoskovnaya #VNII| 2.3  41.8 18.3 0.5 37.2 200 (227)
Podmoskovnaya 2.1 ©#1.5 185 0.5 37.3 191 (216)
Mars Mine, Poland* | 6.3 37.0 25.8 - 29.5 235 (267)
Gorgas, Alabama 41 25 21.2 0.3 48.0 172 (195)

*100% oxygen injection

with enriched oxygen. Thus, the steam/
oxygen system ‘appears to be techpically
feasible, and it will receive a higher
priority in the ERNA program.

It has been suggested that carbon
dioxide could replace steam as a diluant
for injection with oxyqen. The higher
concentration of CO2 could encourage
the production of carbon monoxide by the
Boudart reaction. The injection of hot
€0, to precondition and pyrolyze the coal
seam is also being explored by LASL.
Certainly it will.be more costly to remove
the CO2 than water vanor from the product

stream. But in areas where water is
scarce and the, coal seams are also very
Tow in water, this option may be worth
exploring.

The injection of hydrogen for in situ
. hydrogenation has been suggested, and it .
may be tested in the Belgian-herman
program. The hydrogen is relatively quite
.expensive and leakage would be economically
‘unacceptable. A plant would be needed to
generate the hydrogen in a commercial
operation, and this could a major under-
taking in itself, compounded Uy the remote
site locations in the United States.
Hydrogen injection has a low priority in
the ERDA orogram for these reasons at the
oresent time.

LINKING CONCEPTS

The difference between various
conceots can be reduced to the means used
to 1ink the nrocess wells throuagh the
coal seam, the mode of gasification,
and the application to a particular
resource. The most sianificant dif-
ferences 1ie in the linking method,
where the coal seam is prepared for
subsequent gasification by develoning
oreferred paths of flow for the reactants.
The various aporoaches to linkiaq will be
discussed here.

The LVW and Soviet processes use
reverse combustion to link the wells.
Afr is forced throuah the coal seam
toward an ignited zone, and that zone
is drawn toward the source of oxygen.
The hot oorous path that results is a
low resistance, non-pluaging path that
controls the aasification propacation.
Althouah reverse linkina is subiject
to variances in the natural permeability
of the seam, such as major cracks, it
has proved reliable in the ERDA tests
thus far. When linkina parallel paths,
it is possible to strike a 1ink diaaon-
ally ta another well, thus circumventina
part .of the coal. This should not be
critical to the operation of a laroe
plant, although it would affect the local



