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HIGHLIGHTS 

Capsule Summaries of the More Significant Articles in this Issue 

Annual Reports Indicate Downturn in Synthetic Fuels 

Pace has reviewed the Annual Reports of a large number of International 
energy companies. If synthetic fuels activities are mentioned at all in the 
Annual Reports, the descriptions indicate that very few companies are pursuing 
commercial projects. As described on page 1-1, the notable exception is 
Canadian oil sands projects. 

Synthetic Fuels Corporation Issues Its 1985 Annual Report 

In the 1985 (and final) annual report of the United States Synthetic Fuels 
Corporation (SFC), Chairman Noble expresses his regrets over the incomplete-
ness of the United States synfuels program. However, he believes that the four 
projects assisted at a total anticipated federal cost of $1.3 billion will provide 
important experience which can be used to promote national energy security in 
the future. Excerpts of his remarks are summarized on page i-iD. 

SFC Project Monitoring Team Moves to Treasury 

The SFC officially went out of business on April 18, 1986. As described on 
page 1-11, a project monitoring team comprised of seven personnel (plus 
support staff) from the SFC has moved to the United States Treasury 
Department. 

Sun's CEO Concerned About Lack of Synfuels Development 

In remarks before the March 17 Energy Technology Conference, Sun's CEO 
Robert McClements, Jr. expressed concern for synthetic fuels development in 
the United States. As summarized on page 1-15, he encouraged technological 
advances in the area of alternate energy sources as a means of giving the 
United States both a future competitive edge in world markets and energy 
stability. 

Synthetic Gasolines Are Good Replacements for Petroleum-Based Fuels 

Researchers at Southern Illinois University have tested methanol-to-gasoline 
and shale oil naphtha as possible replacements for fuels derived from conven-
tional petroleum. The study described on page 1-17 indicates that synthetic 
fuels perform well in engine tests. 

MOLTOX Pilot Plant Started Up 

Air Products and Chemicals Inc. recently started up a pilot plant to test the 
MOLTOX process for oxygen production. The process utilizes a molten mixture 
of sodium and potassium nitrites that absorbs oxygen from air. Technical and 
economic descriptions begin on page 1-18. 
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South Africa Evaluating Three Synthetic Fuels Projects 

The Republic of South Africa is currently evaluating three synthetic fuels 
projects. A natural gas-to-synthetic fuels project is described on page 1-21. A 
proposed torbanite (oil shale) project is summarized on page 2-29. Lastly a 
coal-based project is summarized on page 4-50. 

lEA Finds That Funding for Synthetic Fuels is Lacking 

In its most recent 1984 Review of National Programmes, the International 
Energy Agency reported that nuclear technology still receives major govern-
ment funding and support, while synthetic liquid fuels development garners only 
minor support: As described on page 1-22, the lEA member countries were also 
found to regard coal RD&D as largely the responsibility of industry. Overall, 
the lEA reported that 1984 member country energy budgets were at the same 
level as 1983 expenditures. 

Utah Statewide EIS Proposes 1,892,402 Acres as Wilderness 

The United States Bureau of Land Management (BLM) recently issued an 
Environmental Impact Statement (EIS) analyzing 82 areas in Utah for potential 
wilderness designation. Of the 3.2 million acres analyzed, BLM recommended 
that 1.9 million acres be designated as wilderness. See page 1-29 for a 
discussion of the impacts on oil shale, tar sands, and coal resources. 

Smaller Interchange Preferred by BLM and FS 

The Bureau of Land Management and Forest Service (FS) have jointly issued a 
Legislative Environmental Impact Statement regarding the proposed inter-
change of land management responsibilities in some areas. The Preferred 
Alternative, described on page 1-34, would transfer approximately 24 million 
surface acres and 204 million acres of minerals jurisdiction. This interchange is 
smaller than the original proposal put forth approximately one year ago. 

BLM Issues Record of Decision for Pacific Shale Project 

The BLM has issued a Record of Decision supporting the choice of its preferred 
alternative in the Final Environmental Impact Statement concerning the Pacific 
Shale Oil Project. The publication of this Record of Decision makes it possible 
for the BLM to act on the 1,853 acres of land purchases originally requested by 
the Pacific Project. A summary of the specific parcels requested and their 
proposed uses is given in the article on page 2-1. 

Initial Anvil Points Decommissioning Program Completed 

The United States Department of Energy (DOE) has completed the demolition 
and reclamation of the Anvil Points oil shale research facility west of Rifle, 
Colorado. This brings to at least a temporary close an almost 40 year history of 
oil shale research and development at the site. A brief history of Anvil Points 
and a summary of the decommissioning program may be found on page 2-4. 
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Sulfur Trioxide Tested for Retorting Oil Shale 
Western Research Institute has investigated the possibility of using sulfur 
trioxide instead of air as the oxidant to furnish heat for oil shale retorting. As 
explained on page 2-7, the potential advantage is that sulfur trioxide can react 
exothermically not only with the organic material but also with the carbonate 
minerals in the oil shale. WRFs preliminary calculations indicate that sulfur 
trioxide retorting could be economically competitive if the retort off-gases 
could be sold for at least $1.80 per million BTU. 

Combined Fines Retorting and Spent Shale Combustion Patented by Union 
A 1986 patent issued to Union Oil Company of California concerns a combined 
process for retorting the raw shale fines and burning the spent shale produced 
by Union's Unishale B process. As noted on page 2-10, implementation of this 
process could result in as much as a 6 percent net increase in net product yield. 

Swedish Alum Shale Tested in Slagging Gasification Reactor 
A flash fluid slagging gasification reactor developed by Aktiebolaget Svensk 
Alunskifferutveckling has been tested with Swedish alum shales from the 
Kvarntorp area. The reactor, described on page 2-13, operates at a high enough 
temperature to melt all the inert components of the shale, which are then 
discharged as molten slag. 

Jet Fan Demonstrates Good Performance for Oil Shale Face Ventilation 
Under cooperative funding from the Colorado Mining Association and the DOE, 
the United States Bureau of Mines carried out a program to test face 
ventilation systems for large-scale room-and-pillar oil shale mines. The results, 
published as RI-9006 and abstracted on page 2-19, show that a free jet fan 
performed as well as a ducted fan at distances of up to 320 feet from the face. 

Pulsed In Situ Retorting Process Patented 
A patent assigned to the Rio Blanco Oil Shale Project partners discloses an 
improved procedure for operating modified in situ retorts (page 2-22). A pulsed 
combustion procedure is described, in which some of the underground retorts 
are operated in a combustion mode while the other underground retorts are 
operated in a purging mode and vice versa for greater process efficiency and 
effectiveness. 

PAMA Testing First Phase of Pilot Retort 

PAMA (Energy Resources Development) Ltd. of Israel is running the initial 
testing phase of its 100 kilograms per hour oil shale pilot plant (see page 2-29). 

Nova Scotia Oil Shale Beneficiated 

Laboratory tests with a low grade (5 gallons per ton) Nova Scotia oil shale have 
accomplished appreciable beneficiation with a combination agglomeration/flo-
tation process. A summary of results, starting on page 2-30, shows that the 
Fischer Assay value can be upgraded by a factor of 3, with about 60 percent 
carbon recovery.
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USSR Develops New Approach to Shale Combustion 
A new procedure for direct combustion of oil shale has been reported in the 
Soviet Union. According to the article on page 2-32, a larger particle grind 
gives much more favorable results. 

Volatization of Trace Elements During Combustion Depends on Type of Shale 

The pathway of certain trace elements during fluidized bed combustion has 
been studied by the Geological Survey of Israel. Comparisons between Israel 
and western and eastern United States oil shales show there could be great 
differences in the amount of trace elements emitted to the atmosphere when 
these shales are burned (page 2-33). 

Shale Oil Exhibits Complex Tumorigenic Activity 
Work at Pacific Northwest Laboratory reveals that the tumor initiating activity 
of shale oil and its fractions is complex and is somewhat different from that 
seen with coal liquids. In some cases, as explained on page 2-35, shale oil 
actually seems to inhibit the tumorigenic activity of known carcinogens. 

Study Predicts Minor Water Quality Impacts Due to Shale Projects 
A water balance modeling study by In-Situ Inc. has calculated the cumulative 
impacts on the Colorado River system of the runoff and leachate which could 
result from several spent shale disposal piles. The results, tabulated on 
page 2-36, indicate that chemical loads would seldom increase by more than 1 
or 2 percent from the combined effects of all the projects considered. 

Issue of Tribal Jurisdiction Over Utah Shale Lands Inches Along 
Uintah and Duchesne Counties and the state of Utah are appealing a decision by 
the 10th Circuit Court of Appeals which gives the Ute Indian Tribe jurisdiction 
over an extensive area. As noted on page 2-43, there is likely to be little 
progress on a settlement until the Supreme Court decides whether to hear the 
appeal. 

Methane Concentration Lower in C-b Mine Than in Horse Draw Mine 

Methane desorption data from oil cores obtained by the Bureau of Mines in the 
underground Cathedral Bluffs mine indicate a much lower methane content than 
was previously measured at the nearby Horse Draw mine. However, as noted on 
page 2-43, different test methods were involved. 

Husky to Continue Design of Ri-Provincial Upgrader 

In April 1986 Husky Oil Ltd. reached an agreement with the Canadian federal 
government and the Alberta and Saskatchewan provincial governments to 
complete the engineering of the proposed Bi-Provincial Upgrader project. The 
terms of the agreement explained on page 3-1 include incentives totalling 
$63 million.
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Solv-Ex Process Slated for $260 Million Project by Shell Canada 
Solv-Ex Corporation, Shell Canada Limited, and the government of Alberta 
have announced an agreement which could lead to the construction of a 
$260 million demonstration plant based on Solv-Ex's tar sands extraction 
process. Details of the agreement are given on page 3-3. 

Suncor Notes Operating Difficulties in 1985 
Suncor, Inc. suffered a 61 percent drop in earnings from operations in 1985, due 
to a combination of lower oil prices and decreased production of syncrude. The 
company's plans for 1986 (page 3-5) include a major effort at cost reduction. 

Oil Price Drop Affects Canadian Companies and Projects 

With the drastic drop in world oil prices during early 1986, the Canadian heavy 
oil and oil sands industry will see large decreases in earnings. The article on 
page 3-6 discusses some of the project cancellations, etc., which have been 
announced and presents an analysis of the effect that US$15 per barrel oil 
prices in 1986 and 1987 would have on the large Canadian oil companies. 

BLM Issues Final Rules on Paying Quantities and Diligent Development 
The BLM's final rules which provide definitions and procedures for meeting the 
"production in paying quantities" and "diligent development" requirements for 
tar sand resources under combined hydrocarbon leases are presented on 
page 3-11. 

Alberta Government Aids Oil Sands Projects 
The Alberta government approved two significant measures to assist the 
Province's oil sands industry while waiting for oil prices to recover. A loan was 
granted to owners of the Syncrude project to allow planning and engineering for 
a major expansion to continue. Also agreed upon was a reduction in royalties 
paid by Suncor on the production from its oil sands plant at Fort McMurray. 
Specifics of the agreements are detailed on page 3-13. 

Canadian Tar Sands Predicted to Double, But Little United States Output 
Speaking at the 13th Energy Technology Conference, L. M. Woods predicted 
that Canadian tar sands production would double between 1990 and 2000, but 
that little would happen in the United States. A summary of his remarks is 
presented on page 3-14. 

Coal and Coke Found to be Economical for Steam Generation in Alberta 
L. A. Smith Consulting and Development Ltd., recently compared the cost of 
generating steam for in situ heavy oil and bitumen recovery using coal, coke, 
and natural gas. Excerpts from the summary of results are presented on 
page 3-16. 

Smaller Haul Trucks Achieve Record Performance at Oil Sands Group 
The overburden removal operations at Suncor's oil sands mine set new records in 
overburden removal during 1985. As reported on page 3-18, this was achieved 
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by the replacement of 150 and 170 ton haul trucks by a fleet of smaller, more 
efficient 85 ton trucks. 

Wit! Large Block Tests Define Tar Sand Processes 

Work underway at Western Research Institute uses packed tubes and large 
blocks to test modifications of in situ tar sands recovery schemes. A 
description of some experimental results is given on page 3-20. 

Surfactants Show Most Promise as Steam Additives in TRW Study 

A DOE-funded study carried out by TRW Inc. involved screening a large number 
of potential additives to steam injection processes. Conclusions reached 
(page 3-21) are tentative, but suggest that surfactants are the most promising 
class of additives for further work. 

Texaco Patents Horizontal Completion Method for Tar Sands 

A new patent assigned to Texaco presents a conceptual method for completing 
horizontal wells which are to be used for steam stimulation in a tar sands 
formation. The scheme involved the use of an inflatable, movable packer to 
direct the steam into the most efficient location (see page 3-23 for details). 

Army Engineers Study Acoustic Emissions from Tar Sands Production Front 

As a part of the joint United States-Canada Cooperative Agreement on tar 
sands research, the United States Army Corps of Engineers Waterways Experi-
ment Station in Vicksburg, Mississippi is conducting research on methods to map 
the location of in situ production fronts by the monitoring of acoustic emissions 
generated at the front. As described on page 3-28 field work is being carried at 
the Gregoire Lake in situ pilot plant in Canada. 

Environmental Assessment Issued for Sohio's Asphalt Ridge Lease Conversions 

Sohio Shale Oil Company proposes to convert approximately 2,850 acres of 
mining claims and oil and gas- leases to combined hydrocarbon leases. An 
Environmental Assessment addressing the lease conversion has been issued by 
the Vernal District Office of the BLM, and is summarized on page 3-30. 

BP Describes Wolf Lake Water Recycling Process 

BP Resources Canada Ltd. is currently operating a water recycling process at 
its Wolf Lake oil sands project. The water treatment plant described on 
page 3-34 processes up to 15,000 cubic meters per day of raw makeup water 
and produced water. Equipment design and experience gained during the first 
year of operation were described. 

Down-Sized Keystone Project Submitted to DOE as the Appalachian Project 

The Keystone Project which was under consideration for financial assistance by 
the SFC has been revamped and submitted to DOE's Clean Coal Technology 
Program. As described in the article on page 4-1, the new Appalachian Project 
will utilize one air-blown KRW gasifier combined with hot gas cleanup 
techniques to produce approximately 60 megawatts of power. 
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UCG Project is Proposed 

A project to produce synthesis gas by underground coal gasification (13CC) has 
been proposed by Energy International, Inc. The project would use the steeply-
dipping bed UCG technology at a site near Rawlins, Wyoming. The project 
schedule, summarized on page 4-4, calls for construction to begin in mid-1990. 

Cool Water Project Successfully Tests High-Sulfur Coals 

The Cool Water Project recently completed successful tests using high-sulfur 
Illinois No. 6 and Pittsburgh No. 8 coals. Emissions of NOx, SO2, and 
particulates (tabulated in the article beginning on page 4-6) were very low—ap-
proximately only 10 percent of those allowed by the United States Environ-
mental Protection Agency. 

Nine Companies Express Interest in Great Plains 

Nine companies, listed on page 4-7, submitted expressions of interest in 
participating in the Great Plains coal gasification plant. The expressions will 
likely assist DOE in formulating plans for the ultimate disposition of the plant. 

DOE Receives 51 Proposals for Clean Coal Program 

DOE received 51 proposals in response to its request for cost-shared projects 
that demonstrate clean coal technologies. Proposals for 12 gasification pro-
jects and 2 liquefaction projects were submitted. These 14 projects are briefly 
described beginning on page 4-9. 

Ohio Receives 176 Proposals for Clean Coal Projects 

By the closing date of March 14, 1986 the Ohio Coal Development Office had 
received 176 proposals in response to its solicitation for research or develop-
ment projects that demonstrate clean coal technologies. These projects, listed 
on page 4-16, have been evaluated, and to date 54 have been invited to submit 
detailed proposals for final selection for state grants and loans. 

COGA-1 Receives State and Local Assistance Package 

The article beginning on page 4-25 describes an assistance package offered by 
Illinois state and local governments to the COGA-1 coal-to-ammonia project. 
The $26 million package includes state Coal Development Funds, highway and 
rail improvements, job training, tax credits for pollution control equipment, and 
abatement of local real estate property taxes. 

Economics for Gasifier/Fuel Cell Projects Appear Attractive 

A. study of gasifier/fuel cell configurations summarized on page 4-31 analyzed 
both phosphroic acid And molten carbonate fuel cells fed by coal-derived fuel. 
Study results indicate that the costs of electricity using the two different types 
of fuel cells differ by only 6 percent.
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No Technical Barriers to Simplified IGCC Are Expected 

DOE has been developing concepts that could simplify integrated gasification 
combined cycle (IGCC) power generating plants. These techniques, summarized 
on page 4-36, may reduce the cost and improve the efficiency of current IGCC 
technologies. Various techniques being tested include cyclones for particulate 
removal and in-bed limestone addition or external sorbents for sulfur control. 

Recent Developments in Two-Stage Liquefaction Summarized 

The Advanced Coal Liquefaction Pilot Plant at Wilsonville, Alabama has been 
operated in several configurations with different types of coal. Tests were 
conducted using the Integrated Two-Stage Liquefaction (ITSL) mode and the 
Reconfigured Integrated Two-Stage Liquefaction (RITSL) mode for both bitumi-
nous and subbitutninous coals. Other tests evaluated the Double-Integrated 
Two-Stage Liquefaction (DITSL) mode, disposable catalysts, and alternate ash 
purge methods. Results of these recent tests are summarized on page 4-45. 

Sasol Evaluating Fischer-Tropsch Process Options 

Sasol has been evaluating several options for improvin g product yields from the 
Fischer-Tropsch process. These improvements, explained on page 4-50, include 
new Fischer-Tropsch catalysts, different FT reactors, and additional down-
stream processes. 

High-Temperature Winkler Demonstration Plant Commissioned 

A 30 tons per hour high-temperature Winkler (FITW) demonstration plant is 
being commissioned by Rheinbraun at the Berrenrath refinery in West Germany. 
The plant will produce synthesis gas for methanol production from brown coal. 
Plant specifications are described on page 4-52. 

Coal Liquds Not Expected to Pose Health Hazard 

As described on page 4-60, a comprehensive study of the toxicity of coal-
derived liquid fuels has been completed by a consortium of laboratories and 
research organizations. With proper design, the scientists conclude that coal 
liquids do not pose a significantly greater health hazard than petroleum. 

Reagan Administration Endorses Acid Rain Report 

In a significant about-face of policy, the Reagan Administration recently 
endorsed the Joint Report of the Special Envoys Drew Lewis and William Davis 
regarding acid rain. In endorsing the Report, Reagan pledged to provide the 
$5 billion clean coal technology funding recommended by the Special Envoys. 
See page 4-61.
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CORPORATIONS 

ANNUAL REPORTS REFLECT CONTINUED 
DOWNTURN IN SYNTHETIC FUELS 

The decline in industry support of commercial synthetic 
fuels projects that began in 1982 continued during 1985. 
Many projects were slowed, deferred, or cancelled 
primarily due to economic considerations. Several 
forces contributed to the downturn in the synthetic 
fuels industry. First, the drop in conventional energy 
prices reduced the near-term prices that could be 
realistically expected for synthetic fuels. Second, slow 
economic growth plus low energy prices reduced many 
companies' revenues, thus reducing their capability to 
fund major capital expenditures. Third, lack of long-
term energy policy by the United States federal govern-
ment (which eventually led to the demise of the United 
States Synthetic Fuels Corporation) removed the pro-
spects of needed government assistance. On an Inter-
national scale, government support for synthetic fuels 
remained strong in South Africa and Canada, with 
moderate support in countries such as Japan, Australia, 
West Germany, the United Kingdom, the Soviet Union, 
Israel, and others. 

Pace has acquired 1985 annual reports from an inter-
national group of diverse companies involved in synthe-
tic fuels. The following excerpts from these annual 
reports indicate continued industry interest in synthetic 
fuels technology development. However, most United 
States companies have "gone back to the drawing 
board" and have resorted to laboratory or pilot plant 
studies rather than commercial-scale projects. This 
trend is not reflected in annual reports from Canadian 
companies. 

The excerpts are direct quotations from 1985 annual 
reports. Additional annual reports will be reviewed in 
the September 1986 issue of the Pace Synthetic Fuels 
Report. 

ALBERTA ENERGY COMPANY 

See the article in the Oil Sands section in this issue 

ALLEGHENY POWER SYSTEMS, INC. 

In 1985, the subsidiaries continued participation in the 
KILnGAS coal gasification project, which they have 
supported from its beginning in 1976. Preparations 
were made for further operational testing with the 
emphasis now on demonstrating plant reliability. 

ALLIS-CHALMERS CORPORATION 

In the area of coal gasification, funding support was 
provided by the United States Department of Energy, 
the State of Illinois, and several electric utilities for a 
reliability, availability and maintainability program at 
the company's KILnGAS plant at Illinois Power Com-
pany's Wood River Station. Expenditures for new 
product development and improvement of existing pro-
ducts not directly reimbursable under contracts with

customers were $19.9 million, $63.4 million, and 
$44.8 million in 1985, 1984, and 1983, respectively. 
Included are costs related to KILnGAS and Fluidcarbon 
of $2 million in 1985, $37.6 million in 1984, and 
$19.5 million in 1993. 

BRITISH PETROLEUM COMPANY, THE 

In Canada, the Wolf Lake oil sands project is producing 
its targeted 7,000 barrels per day of bitumen. SP 
Canada plans to expand production to 35,000 barrels per 
day by the end of the decade. 

In light of the current energy environment, research 
into producing oil from shale or tar sands has been 
reduced to maintenance levels. Nevertheless, Standard 
Oil plans to continue developing unconventional and 
alternative fuel processes if it makes economic sense at 
lower energy prices. 

CHEVRON CORPORATION 

Another alternative energy project was put on hold 
during the year. Faced with deteriorating economic 
prospects because of the decline in crude oil prices, 
Chevron shut down its oil shale evaluation effort in 
Colorado and Utah. The project, however, successfully 
added to oil shale technology. 

COMBUSTION ENGINEERING, INC. 

Combustion Engineering has a contract in association 
with Kaiser Engineers to do a feasibility study for a 
large coal gasification plant in the People's Republic of 
China. 

DRAVO CORPORATION 

Dravo is furnishing first-phase engineering for a plan-
ned $60 million cogeneration facility in Montana which 
will furnish process steam for coal liquefaction. 

DYNALECTRON CORPORATION 

In the fourth quarter, management adopted a plan for 
the divestiture of the Process Development, Licensing 
and Engineering Services business segment. This action 
recognizes the continuing stagnation in the petroleum 
and petrochemical industries and the apparent demise 
of the nation's synthetic fuels program. It is antici-
pated that this segment of business will be sold to a 
firm whose operations are more closely related to this 
field than those of Dynalectron. 

EASTMAN KODAK COMPANY 

In acetyls, we will implement specific cost-reduction 
plans to reach our goal: to be the world's lowest cost 
manufacturer. Our new coal gasification plant, recent-
ly cited for outstanding innovation by the leading 
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publication in the chemical industry, will help us 
achieve that goal. Strong gorwth was recored during 
the year in sales of acetyl products from the coal 
gasification process. 

ELECTRIC POWER RESEARCH INSTITUTE 

In June the Cool Water coal gasification-combined-
cycle project, which represents EPRI's largest single 
commitment of research funds, completed a highly 
successful initial year of operation. The commercial 
demonstration facility, near Barstow in southern Cali-
fornia, produced approximately 413 million KWH during 
its first year, with emissions of 502, NOx, and particu-
lates averaging only about one-tenth the levels now 
specified for new coal-fired plants. The California 
Department of Health Services determined that the 
solid residue (ash) from coal gasification is non-hazard-
ous and can thus be sold as an abrasive or insulation 
material. 

After its first full year of successful operation, which 
confirmed many of the basic advantages of integrated 
gasification-combined-cycle technology, the pioneering 
Cool Water power plant has begun test runs using a 
wide variety of high-sulfur eastern coals. Some utili-
ties have already begun to include phased construction 
of this new type of generating plant in their future 
capacity expansion plans. 

EQUITY OIL COMPANY 

In 1978 the Company sold its interest in certain oil 
shale properties to Atlantic Richfield Company for 
$16 million. The purchase price is payable in 15 install-
ments of $1,066,667 due each year on February 1. 
Interest is imputed on these payments at 5 percent per 
year over 15 years, aggregating $4,374,783. 

EXXON CORPORATION 

Imperial started up the first four phases of its heavy oil 
development project at Cold Lake, Alberta. At year 
end, the company was producing about 50,000 barrels 
per day by injecting steam into the buried oil sands and 
pumping the heated oil to the surface. 

Phases five and six, which added 164 million barrels of 
net crude oil reserves, are under construction and 
scheduled to begin production in 1986. Imperial also 
announced plans for additional phases in the project. 

Operating improvements at the Syncrude project, which 
produces synthetic crude oil by mining and processing 
Alberta's Athabsca oil sands, led to record production 
averaging 128,000 barrels per thy, 15 percent above the 
previous high set in 1983. Imperial has a 25 percent 
interest in the project. 

An expansion program is now under way to add new 
mining and processing equipment. The expansion will 
increase Syncrude capacity to an estimated 
145,000 barrels per day in 1987.

GAS RESEARCH INSTITUTE 

To expand Lower 49 gas supply options at costs compe-
titive with other North American energy supplies after 
the year 2000, GRI is funding basic research on the 
conversion of biomass, wastes, and coal-to-methane, or 
substitute natural gas (SNG). 

GILBERT ASSOCIATES, INC. 

Government, industrial, and utility clients drew on 
Gilbert/Commonwealth's expertise in a variety of ad- 
vanced energy areas. Our staff worked to assess and 
Implement a range of promising technologies: fluidized 
bed combustion, Including "second generation" techno-
logy; advanced pulverized coal applications; coal gasifi-
cation and coal slurries, and wind energy. Services 
were varied, ranging from assessing economic and tech-
nical feasibility to developing conceptual designs for 
future planning to engineering expansions of such facili-
ties as the Electric Power Research Institute's high 
sulfur test center. Along with energy production, gas 
clean-up was another area of emphasis. Work included 
developing commercial-scale conceptual designs for 
several advanced high temperature desulfurization pro-
cesses. 

GULF CANADA LTD. 

See the Article in the Oil Sands section of this issue. 

HUSKY OIL LTD. 

See the Article in the Oil Sands section of this issue. 

ILLINOIS POWER COMPANY 

Examples of major Electric Power Research Institute 
(EPRI) programs are clean coal technology; nuclear 
component system reliability; and industrial electric 
technologies. We continued support of the KILnGAS 
coal gasification research project at our Wood River 
power station during 1985. The project is designed to 
demonstrate the feasibility of generating electrical 
power using an Allis-Chalmers Corporation process 
through which low-BTU gas is derived from high-sulfur 
coal such as Illinois coal. After testing in 1984, the 
KILnOAS program entered into a new, three-phase 
effort to improve demonstration plant performance. 
The work consists of three successive cycles of perfor-
mance evaluation, plant modifications, and operations 
and testing. The principal goals are to improve the 
performance of the KILnGAS process and to identify 
any operational problems which may arise as a result of 
winter operation.	 Phase one was scheduled to be 
completed in March 1986. The total cost of the 
KILnGAS program at the end of the first phase will be 
$024.3 million dating back to 1990. The program is 
being supported by Allis-Chalmers Corporation, the 
state of Illinois, the United States Department of 
Energy, EPRI, and a consortium of 12 utilities including 
Illinois Power Company. In December Congress ap-
proved and the President signed legislation providing 
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cesses. Catalyst life tests were also conducted using a 
Lurgi-type raw gas. 

for $15 million in additional federal support for the 
project. 

INSTITUTE OF GAS TECHNOLOGY 

U-GAS Development 

IGT conducted gasification tests for GRI in our newly 
completed high-pressure 8 inch process development 
unit. The objective of these tests is to establish a data 
base for fluidized-bed, ash-agglomerating gasification 
at pressure up to 300 psig using bituminous, subbitumi-
nous, and lignite coals. 

We also conducted a 6 day U-GAS pilot plant test for 
American Natural Resources Company using a Utah 
bituminous coal to produce low-BTU gas. The test 
attained all its objectives and coal conversion efficien-
cies up to 99 percent were achieved. Design data were 
obtained under six different operating conditions, in-
cluding two special experiments aimed at improving the 
performance and economics of commercial low-BTU 
gas plants. 

ICT provided technical support to Charbonnages de 
France (CdF), the French national coal company, on the 
detailed engineering of a 200 tons per day high-pressure 
U-GAS demonstration plant to be constructed in 
France. During the year, a French engineering com-
pany completed the design and cost estimate for the 
plant. 

DOE continued funding basic research at IGT on the 
development of two novel coal gasification process 
concepts. The first employs carbon dioxide instead of 
steam as a coal-gasifying medium. The carbon dioxide 
in the gasifier effluent is removed at high temperatures 
and recycled back to the gasifier. 

The second process concept uses a semivolatile inor-
ganic compound as a gasification catalyst that can be 
recirculated within the gasifier. Laboratory batch 
reactor screening tests have identified cesium hydr-
oxide as having the highest activity for catalyzing coal 
char gasification. 

The Illinois Coal Research Board and the Illinois De-
partment of Energy and Natural Resources have ini-
tiated a program to determine the technoeconomic 
feasibility of producing chemical feedstocks from Illi-
nois coals. The program will investigate the suitability 
of short residence-time pyrolysis and hydropyrolysis to 
convert Illinois coals to premium value liquid products 
and other chemical feedstocks. 

IGT participated in an on-going CR1-sponsored program 
for the development of the Direct Methanation Process, 
which is based on a novel family of sulfur-resistant, 
low-carbon-fouling hydrogenation catalysts. These 
catalysts can decrease both capital and operating costs 
because the final substitute natural gas (SNG) is direct-
ly produced from a raw synthesis gas. The catalyst has 
been tested using samples of simulated raw gas repre-
sentative of the Lurgi, British Gas Corporation Slogger, 
underground coal gasification, and Westinghouse pro-

Coal and Ash Chemistry 

IGT is also investigating the effect of coal mineral 
matter composition, concentration, particle size, and 
distribution on the formation of ash agglomerates dur-
ing gasification. 

In a GRI-funded program to determine the physical and 
chemical properties (including gasification characteris-
tics) of finely ground (1-4 micron particles) de-ashed 
Pittsburgh No. 8 bituminous coal, IGT researchers found 
that this coal fluidizes well at ambient conditions and 
has about 50 percent higher reactivity than the -10+40 
mesh parent coal. 

IGT is continuing work with the University of Chicago 
(UC) to assess the relative importance of the product-
forming reactions that occur during coal gasification. 
The novel technique developed by the IGT/UC team 
involves introducing key structural elements into the 
coal (some of which contain isotopic labels) and deter-
mining their fate during gasification. 

Shale 

In a microprocess-controlled laboratory-scale hydro-
retorting assay unit for HYCRUDE Corporation, IGT 
has now tested 35 oil shales from 18 countries. Results 
indicate that, with eight of the shales, the HYTORT 
process can produce about three times the oil yield 
obtainable by conventional thermal retorting. With a 
majority of the others, hydroretorting produced more 
than 1.5 times the conventional oil yield. 

KOPPEES COMPANY, INC. 

In February 1994, the Company's project to construct a 
synthetic fuel facility (peat-to-methanol plant) through 
a partnership, Peat Methanol Associates, was cancelled 
upon the United States Synthetic Fuels Corporation's 
decision not to provide additional financial assistance. 
During 1984 and 1983, the Company recognized 
$1,553,000 and $7,669,000, respectively, of equity 
losses from its synthetic fuel investments. 

MIDCON CORPORATION 

The Company's consolidated net income for the fourth 
quarter and fiscal year ended September 30, 1985, was 
reduced by an extraordinary charge of approximately 
$85.5 million as a result of termination of participation 
in the Great Plains coal gasification project (the Pro-
ject) by MCN Coal Gasification Company (MCN Coal), 
a subsidiary. 

On August 1, 1985 the Company announced that MCN 
Coal, together with the four other partners of Great 
Plains Gasification Associates (the Partnership), sent 
notices to the United States Department of Energy 
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(DOE) stating that they had voted to terminate partici-
pation in the coal gasification project. 

MCN Coal was a 15 percent equity participant in the 
Partnership's commercial scale coat gasification project 
in Mercer County, North Dakota. The other four 
partners are affiliates of other major pipelines or gas 
distribution companies. 

The partners were to provide 25 percent of project 
construction costs in the form of equity investments; 
the remaining 75 percent to be raised by the Partner-
ship through the issuance of up to $2.02 billion in debt 
guaranteed by the DOE. MCN Coal had agreed to 
invest its share of construction costs (up to $ill mil-
lion) and to certain limitations on its rights to withdraw 
from the Project, as did the other participating com-
panies. 

Initial deliveries of gas from the Project began on 
July 28, 1994 and start-up and testing was continuing. 
The Partnership, as well as the DOE and the United 
States Synthetic Fuels Corporation (SFC), had been 
negotiating for two years to finds solution to financial 
assistance problems, and a satisfactory solution ap-
peared to have been reached to assure a maximum 
opportunity for long-term operation of the Partnership's 
coal gasification project. However, on July 30, 1985, 
the SEC received notification from the DOE that it 
could not support the financial assistance package 
which had been agreed to, in principle, by the SFC. 

Included in the Company's results of operations is 
capitalized interest of $5.4 million in fiscal 1983, 
$7.3 million in fiscal 1984, and $7.3 million for fiscal 
1985. Also Included In income are tax credits from the 
Project subject to partial recapture; $11.7 million was 
recorded in fiscal 1983, $11.9 million in fiscal 1984, and 
$6.0 million in fiscal 1985. 

MOBIL CORPORATION 

Two innovative applications of ZSM-5, Mobil's most 
versatile proprietary catalyst, reached commercial 
status in 1985: the first, a method to convert natural 
gas to high-quality gasoline, as in the New Zealand 
plant; and second, a technique of combining ZSM-5 with 
standard cracking catalysts to enhance gasoline octane 
from a fluid catalytic cracker. Today there are seven 
ZSM-5 refining, chemical and synfuel processes in com-
mercial use, and two others are ready for commercial 
development. 

Mobil Mining and Minerals Company is responsible for 
Mobil's coal, phosphate, uranium, oil shale, and tar 
sands, and the non-oil mineral interests acquired with 
Superior. Mobil owns and operates a coal mine in 
Wyoming and is a major producer of phosphate rock. 
During 1985, certain assets unrelated to the company's 
main businesses were sold.

MURPHY OIL CORPORATION 

Murphy decided in 1985 to accelerate enhanced oil 
recovery investment, particularly the Lindbergh pro-
ject. Various regulatory approvals were either obtained 
or assured by mid-year. Drilling under Phase I was 
completed at year-end. Construction of facilities and 
flowlines should be finished n the first quarter 1980, 
when start-up is expected. Results of a 1984 pilot 
expansion indicate better than projected performance. 
If such is the ese, Lindbergh will be developed to the 
equivalent of Phase II at 5,000 barrels per day during 
1987. Return on Investment at Lindbergh is very 
attractive at 1985 prices, and studies indicate the 
project is still economic at lower prices. Results of 
pilot projects at other properties could lead to addi-
tional development of thermal reserves. Early results 
at Morgan in Alberta and Tanglef lags in Saskatchewan 
are encouraging. 

NATIONAL INSTITUE FOR PETROLEUM AND 
ENERGY RESEARCH (NIPER) 

See the article in the Oil Sands section of this issue. 

NORCEN ENERGY RESOURCES LIMITED 

The Company's 1935 heavy oil program resulted in a 
total of 44 new wells which added 600 barrels per day 
of productive capacity. These gains were offset by 
declines in other areas. 

Noreen remains active in the development of enhanced 
recovery technology. By year-end, construction was 
nearing completion on a pilot enhanced recovery pro-
ject using steam injection at Both, Alberta. The 
project, which involves nine producing and injection 
wells plus three observation wells, is near a 105 acre in 
situ combustion project which the Company has oper-
ated since 1983. 

Production of heavy oil in 1985 was 3,200 barrels per 
day, up from 3,170 barrels per day in 1984 and 
2,750 barrels per day in 1983. 

Noreen receives royalties on sales of synthetic crude oil 
derived from the mineable sands on a lease near Fort 
McMurray, Alberta. In 1985, after payment of PORT, 
revenues amounted to $26.6 million, compared to 
$24.3 million in 1984. Difficulties experienced at the 
plant resulted in a decline in production in 1985 to 
39,500 barrels per thy, from 46,450 barrels per day in 
1984. 

An appeal of a decision of the Court of Queen's Bench 
of Alberta respecting Noreen's entitlement to royalties 
on certain revenues was heard in late 1985. A decision 
is expected in the first quarter 1986. 

NORTH AMERICAN COAL CORPORATION, THE 

During the year, the Freedom Mine dramatically in-
creased its shipments to the Great Plains Gasification 
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Project which, despite its financial problems, operated 
at or near capacity. Shipments to Great Plains reached 
4.8 million tons in 1995. 

Last year when the gasification plant was denied 
federal price supports, its sponsors withdrew their sup-
port, leaving control of the $2 billion project in the 
hands of the United States Department of Energy 
(DOE). The DOE will continue to operate the plant 
until it decides the ultimate fate of the Project. 

While strenuous efforts are being made by many parties 
in North Dakota to preserve the Project, the sharp 
decline of oil prices puts additional pressure on the 
continued viability of the plant. If the plant is closed, 
Coteau would continue to supply Basin Electric Power 
Cooperative, which received approximately 3.1 million 
tons of lignite in 1985. 

NOVA, AN ALBERTA CORPORATION 

NOVA's petroleum activities are carried out through 
Husky Oil Ltd. (57 percent owned) and Novalta 
Resources Ltd. (100 percent owned). Husky, an estab-
lished industry leader in heavy oil activities, made 
significant progress in 1985 as record levels of produc-
tion and drilling were achieved, in addition to a strong 
exploration and land acquisition program. 

About 419 net development wells were drilled, including 
92 wells drilled as part of Husky's 1985 enhanced oil 
recovery (EOR) program, which is designed to evaluate 
experimental oil recovery techniques such as cyclic 
steam injection, steam flooding, and fireflooding. 

EOR projects contributed over 7,000 barrels per day to 
total gross heavy oil production of 34,314 barrels per 
day. Production of light oil averaged 9,991 barrels per 
day and natural gas sales averaged 62.6 million cubic 
feet per day. 

Exploratory drilling for both heavy and light oil con-
tinued at high levels last year. In 1986, heavy oil 
exploratory drilling is projected at 33 gross wells, 
mainly in the Primrose Lake, Cold Lake, and Beacon 
Hill areas. An exploration program that includes drill-
ing 85 wells over a three-year period began early this 
year on the Caribou Lake block in the Primrose Lake 
area. Land acquisition programs will continue in 1986. 

Alberta Gas Chemicals, in conjunction with a major 
integrated oil company, began to test the market last 
year for a blend of unleaded gasoline and methanol at 
16 service stations in Ontario. 

For the first time in central Canada, the public can 
purchase a high octane blended fuel which also reduces 
engine emissions. The product is being tested as an 
alternative to regular unleaded gasoline and could pro-
vide a significant new market for methanol. Methanol 
is established as, a viable gasoline blending component 
in several countries, including West Germany, New 
Zealand, and parts of the United States.

OCCIDENTAL PETROLEUM CORPORATION 

We were disappointed that the United States Synthetic 
Fuels Corporation was abolished after it had signed a 
letter of intent to help with development of our Cathe-
dral Bluffs shale oil project. In the long run, we believe 
our shale oil properties will be very valuable as domes-
tic oil reserves dwindle. In October 1985, Occidental 
signed an option to buy out Tenneco Shale Oil Com-
pany's 50 percent interest in our 4 billion barrels of 
shale oil, which could be produced from our 5,094 acre 
Cathedral Bluffs tract in Rio Blanco County, Colorado. 

PACIFIC LIGHTING CORPORATION 

The Company has a 10 percent interest in Great Plains 
Gasification Associates (Great Plains) through a subsi-
diary. On August 1, 1985 following the collapse of 
almost two years of negotiations to obtain government 
price supports, the partners in Great Plains exercised 
their rights, under agreements with the Department of 
Energy (DOE), to terminate their participation in the 
project in North Dakota that produces synthetic natural 
gas from coal and which was scheduled to be placed 
into commercial service on August 1, 1985. As a result 
of the termination, control and operations of the plant 
and related funding obligations have become the re-
sponsibility of the DOE and the Company provided for a 
loss on its investment in Great Plains that reduced 1985 
net income by $60 million, equivalent to $1.52 per share 
of common stock. 

PAN CANADIAN PETROLEUM LIMITED 

Development of the heavy oil reserves underlying Pan-
Canadian lands in the Elk Point area continued. Steam 
stimulation testing at Lindbergh has been encouraging 
and the 1996 program provides for the expansion of 
these activities. 

Syncrude produced a record 47 million barrels of syn-
thetic crude, a 49 percent gain over 1984 levels. The 
200 millionth barrel of synthetic crude was shipped 
from Syncrude in April. PanCanadian's share of produc-
tion increased to 4,590 barrels per day. 

Synthetic crude oil revenue from the Syncrude oil sands 
plant amounted to $65.5 million, 27 percent higher than 
1934 levels. The combined increases were attributable 
to increased volumes, $32.0 million and improved 
prices, $16.3 million. 

The weighted average prices received by Pancanadian 
in 1985 for conventional and synthetic crude oil were 
$33.72 and $39.10 per barrel, respectively. Compara- 
tive prices for 1984 were $32.37 per barrel for conven-
tional and $41.35 per barrel for synthetic crude oil. 
The average price realized by PanCanadian for conven-
tional oil, subsequent to deregulation on June 1, 1995 
was $34.09 per barrel, 3 percent higher than that re-
ceived under the government administered pricing sys-
tem. The price of synthetic crude, however, decreased 
13 percent and averaged $36.62 per barrel after deregu-
lation. 
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ROYAL DUTCH PETROLEUM COMPANY 

In Canada, a project was begun to raise production of 
heavy crude from oil sands at Peace River, Alberta to 
10,000 barrels per day. Construction was started on a 
demonstration coal-gasification plant at the Deer Park, 
Texas refinery which is due to begin operating in 1987. 

SASKOIL 

Battrum, located south of Swift Current; the three 
Battrum units employ an enhanced oil recovery techni-
que that has been a commercial success in the Battrum 
field for over 20 years., Known as "fireflooding," this 
technique is applied by injecting air into the reservoir 
and then igniting a portion of the reservoir's oil. The 
resulting combustion heats the remaining oil and drives 
it to the producing wells in the field. Saskoil's average 
21 percent working interest in the units provides ap-
proximately 19 percent of the company's proven 
reserves. This is the largest concentration of reserves 
that we have in any one pool. 

During 1985, major improvements were made to the 
Battrum facilities, with Saskoil's share of the east at 
$2.4 million. In addition to increasing efficiency and 
extending the life of existing operations, the improve-
ments make the expansion of flood patterns possible 
and allow us to maximize our recovery from the field. 
Drilling required to expand patterns is scheduled for 
1986. 

North Battleford Heavy Oil Project: Saskoil has a one-
third interest in this pilot steam project. In its tenth 
year, the project is currently too small to convert to a 
commercial operation. In an effort to determine re-
serves and the feasibility of expansion, eight wells were 
drilled within eight kilometers of the pilot site. Drill-
ing failed to establish the reserves needed to support 
expansion and the program was terminated. 

At present, we are evaluating our participation in this 
project and the value of the information it is providing 
us. During 1986, a decision will likely be made pertain-
ing to our future level of involvement. 

Onion Lake: Saskoil holds a 100 percent interest in 
5,000 hectares at Onion Lake, located 45 kilometers 
north of Lloydminster. Discovered in 1978, the reser-
voir is saturated with oil that is too heavy to produce 
under primary recovery. Based on the characteristics 
of the reservoir and on a successful steam stimulation 
test in 1984, the pool is considered to have excellent 
potential for an enhanced oil recovery scheme. 

Saskoil is presently talking with potnetial joint venture 
partners about development of the project. If partner-
ship arrangements can be settled, Onion Lake could 
develop into a large, commercial enhanced oil recovery 
program. 

Senlac: Studies sugget that Senlac, Saskoil's largest 
operated heavy oil pool, is unlikely to respond success-
fully to waterflooding. In order to sustain and increase 
production from Santee, it is necessary to evaluate the

feasibility of recovery techniques in the pool while it is 
still producing under primary recovery. In response to 
this, a detailed design of an oxygen-injection pilot was 
completed by late 1985. Pending partner and regula-
tory approvals, this pilot will become operational in 
1986. 

SHELL CANADA LIMITED 

Progress continues at the Peace River in situ oil sands 
project in Alberta. With the current expansion phase 
scheduled for completion in late 1936, planning has 
started for an additional expansion by the early 1990s. 
Consideration is also being given to installation of an 
upgrader to process Peace River bitumen into synthetic 
crude oil. As well, Shell has prime oil sands mining 
leases in Alberta's Athabasca region and a laboratory 
pilot to test a new mining extraction technology may be 
conducted in 1986. 

The single most significant investment in Shell Canada's 
strategy to increase crude oil reserves and production 
potential involves the Peace River in situ oil sands 
project in northern Alberta. A pilot plant at Peace 
River, operating since 1979, has effectively demon-
strated Shell's pressure-cycle steam-drive recovery pro-
cess, which is expected to recover more than 50 per-
cent of the bitumen in place at the site. 

A first-phase expansion started in 1995 is ahead of 
schedule and under the initial total budget of $200 mil-
lion. Drilling of 213 wells during the year was com-
pleted four months ahead of schedule. Construction of 
processing, steam generation, oil dehydration, and addi-
tional water treatment facilities is expected to be 
completed in the third quarter of 1986. 

This expansion will quadruple production capability to 
1,600 cubic meters per day and first sales are anticir 
pated by the end of 1986. Engineering design has 
started for a second expansion phase which will raise 
total production to 4,800 cubic meters per day, with 
Shell Canada having a 50 percent share. Resulting 
reserve additions could amount to 13 million cubic 
meters. 

SHELL OIL COMPANY 

Emerging businesses and exploratory research programs 
are aimed at leading Shell Oil into new business oppor-
tunities related to its technological skills. They cover 
such diverse areas as coal gasification, biotechnology, 
solar energy, catalyst development, health sciences, 
and exploratory chemistry. 

SOUTHERN CALIFORNIA EDISON COMPANY 

The Cool Water Coal Gasification plant completed a 
successful first year of operation. It is the nation's 
first commercial-scale project using the most advanced 
technologies to generate electricity from coal. 
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The plant converts 1,000 tons of coal per day into a 
clean-burning gas used in turbines to produce 100 mega-
watts. It is in the second year of a five-year test and 
evaluation program to determine its commercial feasi-
bility. 

In addition to taking the power produced by the plant, 
Edison provided the site for the project and is the plant 
manager. Other participants in the project include 
Texaco Inc., Bechtel Power Corporation, General Elec-
tric Company, the Electric Power Research Institute, 
and the Japan Cool Water Partnership. 

SUN COMPANY 

In 1985, Sun and its partners turned back to the federal 
government the Utah oil shale leases of the White River 
Shale Corporation. Commercialization of oil shale is 
not likely in the foreseeable future because a demon-
strated technology does not exist to process the shale 
at a cost competitive with conventional crude oil. An 
Important change in Canada's regulatory climate in 
1985 freed crude oil prices to be set by market demand. 
For Suncor, the result was to significantly decrease the 
price we receive for the synthetic crude oil from our oil 
sands operation. Profit margins on refining and mar-
keting operations improved, but overall the 75 percent 
owned subsidiary earned 35 percent less in 1935 than in 
1984. 

During 1985, Suncor acquired undeveloped heavy oil 
acreage in the Cold Lake area of Alberta, and began 
the first stage of in situ steam recovery. Completion 
of this 5,000 barrels per day module and the develop-
ment of additional capacity will depend on market 
conditions and other factors. 

At the oil sands plant, production was lower than the 
previous year due to a triennial maintenance shutdown 
and operating problems. 

During the year, Suncor began marketing V-plus motor 
fuel, a blend of methanol and gasoline. Motorist 
acceptance has been high, and the chain of stations 
selling V-plus is being expanded. 

SUNCOR INC. 

See the article in the Oil Sands section of this issue. 

TENNESSEE VALLEY AUTHORITY 

A three year demonstration project using coal to make 
ammonia for nitrogen fertilizers was completed. It has 
proved that coal is a technically viable route to am-
monia. The technology is ready for use if future 
economic or energy supply problems make it attractive 
to use coal in place of conventional ammonia produc-
tion from natural gas.

TEXACO INC. 

During 1935, Texaco's long-range research and develop-
ment projects focused on such key areas as additive 
technologies that will increase economies and decrease 
knocking in gasoline engines; the extension of coal 
gasification technology to petroleum coke; catalysts 
that help produce high-octane components from natural 
gas; and the use of biopolymers for enhanced oil re-
covery. 

The Cool Water Coal Gasification plant in California, 
the first commercial-scale application of Texaco's pro-
prietary coal gasification technology to the electric 
power industry, completed its first full year of opera-
tion in 1995. The facility achieved its best operating 
results late in the year, with a monthly average of 
69 million kilowatt hours of electricity, enough to serve 
over 100,000 households. 

Texaco's strategy was to dispose of those Getty assets 
which did not fit within Texaco's business plans. Princi-
pal among the assets that have been sold are: 
Employers Reinsurance Company, Entertainment and 
Sports Programming Network, Mitsubishi Oil Company, 
Chemplex Company, and Skelgas, Inc. in 1984, and 
Getty mining properties including coal, mineral, and 
gold properties, certain chemical operations, and Getty 
Synthetic Fuels, Inc., in 1985. 

TOSCO CORPORATION 

Tosco is engaged in enhanced oil recovery (EOR activi-
ties) in three California oil fields (Placenta, McKittrick 
and Jasmin) through its wholly-owned subsidiary, Tosco 
Enhanced Oil Recovery Corporation (TEORCO). 
TEORCO's EOR activities involve the injection of 
steam into sands known to contain heavy oil. 

The Company continues to hold oil shale properties of 
approximately 20,450 acres leased from the State of 
Utah and 2,950 acres owned in fee in Colorado. In 
addition, Tosco has options to purchase approximately 
22,200 net mineral acres of unpatented oil shale mining 
claims in Colorado. The unpatented claims are involved 
in litigation with the Department of the Interior. A 
1985 District Court decision resolved the issues in favor 
of the claimants, including Tosco; however, this deci-
sion has been appealed by the Department of the 
Interior. 

The continuing decline in oil and gas prices also 
resulted in a write-down of the carrying value of 
certain other assets in 1934, primarily oil and gas and 
oil shale and related assets, including Tosco's Sand Wash 
Oil Shale Project in Utah and its oil shale reserach 
facility in Rocky Flats, Colorado. The 1984 write-down 
associated with these assets was approximately 
$19.4 million. 

Tosco owns interests in and has leases and options to 
acquire certain unpatented oil shale mining claims by 
making payments at an annual rate of approximately 
$180,000 and has rights to acquire the claims at an 
approximate cost of $14.5 million, the major portion to 
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be payable in 15 annual installments, plus interest at 
5 percent. The unpatented mining claims are the 
subject of, or may be directly affected by, several 
related administrative and judicial proceedings in which 
representatives of the United States are contesting the 
validity of unpatented oil shale placer mining claims, 
including those which Tosco owns or leases with options 
to purchase. On May 1, 1983 the United States District 
Court in Colorado ruled that the United States Depart-
ment of Interior had illegally invalidated certain oil 
shale mining claims and erred in refusing to issue 
mineral patents to Tosco and other companies for such 
oil shale depoits. While this case deals with only a 
portion of Tosco's unpatented claims, if the holding in 
the case is sustained, Tosco expects it would be entitled 
to patents on substantially all of its unpatented claims. 
The government has appealed the decision. 

Tosco owns or has interest in unproved oil and gas 
properties, including Tosco's NRRI interest in IEDC and 
oil shale assets, all of which are long-term develop-
mental projects. The value of these assets is highly 
dependent upon the future prices of oil and gas and 
upon a variety of other factors which impact the 
feasibility and economics of such development projects. 
These include, in the case of Tosco's NRRI interest, the 
willingness and ability of the shareholders of IEDC to 
fund the exploration and development program and, in 
the case of oil shale, future mining and extraction 
costs. There is no assurance that developmental funds 
will be invested and therefore there is no assurance of 

the timing and amount, if any, of future revenues that 
may be received from these projects. In addition, 
Tosco, prior to the cost reduction programs of 1993 and 
1984, had relatively higher general and administrative 
and research and development costs because of Its 
significant efforts in shale oil and other corporate 
development activities. 

In 1982, Tosco incurred a pre-tax operating loss of 
$14.0 million, excluding a gain on the sale of Tosco's 
interest in the Colony Shale Oil Project and related 
community development properties ("Colony") and 
extraordinary credits attributable to the early retire-
ment of debt at a discount. Results of operations for 
1982 included the effect of a re-evaluation of the 
remaining engineering lives of Tosco's refineries and 
related assets. The effect of this change in accounting 
estimate was to decrease depreciation expense for 1982 
by approximately $16.2 million. 

On May 2, 1982 Tosco, through wholly-owned subsidiar-
ies, exercised its right to sell its 40 percent interest in 
Colony to Exxon Corporation. Proceeds from this sale 
were approximately $389 million, including interest. 
After repayment in full of United States government 
guaranteed debt of approximately $75 million, recovery 
of its investment and a provision for income taxes, the 
sale of Colony contributed approximately $110 million 
($4.84 per share) to Tosco's net income. 

TRANSCO ENERGY COMPANY 

On July 30, 1965, Great Plains Gasification Associates 
(Great Plains) was advised that the United States

Department of Energy (DOE) would not support the 
United States Synthetic Fuel Corporation's proposed 
financial assistance package. As a result of this 
decision, Groat Plains, in which Transco Coal Gas 
Company (TCGC), a wholly owned subsidiary of 
Transco, holds a 20 percent interest, notified the DOE 
of the termination of its participation in the notion's 
first commercial-sized synthetic fuels project effective 
August 1, 1985. In February 1986, the DOE invoiced 
Great Plains for approximately $44 million for certain 
costs the DOE claims are owned by Great Plains. Great 
Plains is contesting this invoice and has demanded an 
audit of the matter. 

TGPL entered into a 25 year contract with Great Plains 
to purchase 25 percent of the plant's total production, 
estimated to be approximately 125 million cubic feet of 
gas per day. The price of such gas is tied to certain 
indices and is limited by certain ceilings which prices 
the gas above market clearing prices. In August 1985, 
the DOE, as successor to Great Plains, filed suit in the 
U.S. District Court for North Dakota (the District 
Court) seeking a declaratory judgment that the gas 
purchase contracts entered into between Great Plains 
and certain pipelines, including TGPL, are valid and 
binding. The District Court granted summary judgment 
in favor of the DOE. TGPL intends to appear this 
judgment. 

UNOCAL CORPORATION 

One of the most abundant alternatives to traditional 
fossil fuel energy sources is shale oil, a synthetic crude 
oil produced by retorting shale rock. Estimated 
reserves of shale oil in the United States, for example, 
far exceed the total proved crude reserves in all of the 
Middle East. 

Unocal, long committed to aggressive development of 
alternative energy resources, has constructed the 
world's first commercial-scale shale oil mining and 
retorting facility near Parachute Creek, Colorado. 

During 1995, a series of startup operations proved that 
the retort works satisfactorily. However, cooling of 
the hot, retorted shale has remained a serious problem 
that prevents continuous operation. Unocal engineers 
are now working on a major modification that should 
improve the cooling capability within the shaft cooler. 
The company will begin startup operations in the spring 
of 1986. 

In 1985, Unocal signed a contract with the United 
States Synthetic Fuels Corporation that will enable the 
company to develop technology that could be applied to 
the Phase I project. Under the new agreement, SFC 
could provide up to $500 million in a combination of 
additional price and loan guarantee assistance if the 
company proceeds with the installation of fluidized bed 
combustor technology. 

Fluidized bed combustion (FBC) is a method of burning 
residual carbon and recovering waste heat directly from 
the retorted shale. Process development and cost 
estimate work on this technology is scheduled to be 
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completed by the end of 1936. Lithe FBC technology 
proves economically and technically feasible, it could 
be incorporated into the shale project. 

Due to current expectations and the level of govern-
ment support on synthetic fuel, the cornany has pro-
vided for the write-down of the value of oil shale assets 
by $250 million. The provision represents the excess of 
carrying value of oil shale assets over the estimated 
future cash flow from oil shale operations. 

YEBA OEL AG 

The company is engaged in developing processes for the 
manufacture of liquefied synthetic fuels from the heavy 
oil, oil shale, and coal as complementary fuels to 
conventional crude. 

The production of heavy oil and the upgrading—espe-
daily by hydrogenation—of refinery residues and heavy 
crude oil are central to Yeba Oel's development pro-
gram. Hydrogenation of coal is another activity to 
which much attention Is being devoted. 

During 1984, new exploration and extraction technolo-
gies for the economic recovery of heavy oil were 
further developed. A large number of laboratory stud-
ies and technical experiments were conducted at uni-
versity Institutes in furtherance of the program. 

The joint German-Venezuelan study on the integrated 
production and upgrading of heavy oil In Venezuela was 
intensively carried forward. The second phase is due 
for completion in 1985 and the partners have already 
decided to undertake a third phase.

Further successful development work has been done on 
Veba Oel's own Vcba-Combi-Crackin g (VCC) process. 
The heavy oil pilot plant, started up in 1983, ran for 
5,900 hours in 1984 under hydrogenation conditions. 
Thisexceptionally high availability is evidence of the 
high technical standard, reliability, and flexibility of 
the VCC process. 

The interest aroused by this process is apparent from 
the orders placed by outside customers for test runs in 
the trial plant. Investigations made by independent 
specialist bodies have co,ifirmed its superiority for the 
upgrading of heavy oil residues by hydrogenation. 

Twenty-five trial runs have now been carried out with 
the 200 tonnes per day coal hydrogenation demonstra-
tion plant at Bottrop, operated jointly by Ruhrkohle AG 
(60 percent) and Veba Oel AG (40 percent), with a total 
running time of 18,000 hours. This included 
14,000 hours during which more than 100,000 tonnes of 
coal were fed in. The longest trial run with coal lasted 
for 4,500 hours, during which time 35,000 tonnes of 
hard coal were processed. 
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GOVERNMENT 

SFC ISSUES ITS 1985 ANNUAL REPORT 

The United States Synthetic Fuels Corporation (SEC) 
submitted its fifth Annual Report covering work of the 
Corporation for its 1985 fiscal year. The SFC's activi-
ties were concisely summarized by Chairman Edward E. 
Noble as follows: 

"Nineteen eighty-five was a year marked by both en-
couraging success and deep disappointment for the 
United States Synthetic Fuels Corporation. Under the 
direction of a reconstituted Board of Directors, the 
Corporation formulated a Statement of Objectives and 
Principles, revised its Phase I Business Plan, and made 
excellent progress toward completing a limited but 
diverse portfolio of synthetic fuel projects to provide 
the country with long term energy security. The 
Corporation also submitted its Comprehensive Strategy 
Report and Appendices to the President and Congress in 
June 1985. 

Throughout the year the Corporation enjoyed good 
success in all of its project activities. In its first full 
year of commercial operation, the Cool Water coal 
gasification project consistently surpassed design esti-
mates for technical and environmental performance and 
continues to burn coal more cleanly than any other 
technology yet devised. 

Construction on the Dow Syngas coal gasification pro-
ject proceeded smoothly. When complete, it is 
expected to equal Cool Water in its technical and 
environmental performance. 

A major contract amendment was executed in 1985 by 
the Corporation and Union Oil Company for the Para-
chute Creek oil shale project. The Corporation also 
awarded loan and price guarantee assistance to the 
Forest Hill heavy oil project. With this award the 
Corporation has provided assistance to at least one 
project in each of the key synthetic fuel resource 
categories: coal, oil shale, and tar sands/heavy oil. 

Among the disappointments in 1985 were the loss of 
two additional projects which could have materially 
broadened the national experience with synthetic fuels. 
Both projects were qualified to receive Corporation 
assistance, but in the absence of critical interagency 
support first and ultimately with the withdrawal of 
legal authority, the Board was unable to complete 
awards to either the Great Plains lignite gasification 
project or the Seep Ridge in situ oil shale project. 

Another disappointment was the abruptness of the leg-
islation terminating the Corporation, which precluded 
the completion of negotiations with an additional two 
or three critical synthetic fuels projects. Falling 
energy prices and rising federal deficits were cited by a 
majority as justification for the early termination of 
the Corporation. On December 19, 1985 as part of the 
Continuing Appropriations Act for Fiscal Year 1986, 
Congress terminated immediately the authority of the 
Board of Directors to make new financial assistance 
awards and directed that the Corporation be closed 
within 120 days."

Noble described SFC outlays as "modest' over the past 
five years. From fiscal year 1931 through fiscal year 
1985 the Corporation spent 21 percent of the amounts 
authorized and appropriated by Congress for admini-
strative expenses. Outlays for financial assistance to 
projects aggregated roughly $31 million as of Decem-
ber 31, 1935. Outlays against financial assistance 
agreements are expected to remain relatively low 
through the 1930s. Because of the lengthly construc-
tion period for synthetic fuel plants, most price guaran-
tee payment outlays are not expected to occur until the 
1990s and will be spread over several years. Further, as 
a result of the profit sharing and revenue sharing 
provisions contained in the assistance contracts nego-
tiated by the Corporation, a substantial portion of these 
outlays are expected by the SFC to be recouped in 
subsequent years. Based on the Corporation's price 
forecasts, estimated net outlays for fiscal years 1986 
through 1989 for the four projects with financial assist-
ance contracts are $3.4 million for the Parachute Creek 
Program, $64.1 million for the Cool Water project, 
$125.6 million for Dow Syngas,añd $25.4 million for the 
Forest Hill project. 

Chairman Noble included a few personal thoughts on 
the SFC's operational history. He notes that the Cor-
poration was created in a period of extreme public 
concern and imbued with excessive expectations. Orig-
inally intended to assist 30 or 40 major synthetic fuel 
projects at estimated costs of $1 to $2 billion each, the 
Corporation could never have achieved this goal be-
cause the realities of the energy market and national 
needs were far different. The country did not require 
massive amounts of synthetic fuel production, and the 
proposed $88 billion investment was far too large. 
Moreover, in Noble's estimation, a lack of experience 
with commercial plants, coupled with low levels of 
project design and intense labor demand for construc-
tion of so many large plants so quickly would surely 
have led to huge cost overruns and probable failure of 
the infant industry. 

Mr. Noble expressed his regrets and hopes for the 
future of synthetic fuels in the following excerpt from 
the 'Chairman's Message': 

"My regret from this experience is the incomplete-
ness of the synthetic fuels program we leave the 
country. My concern is that, with the govern-
ment's pulling back at such a late date on its 
commitment to synthetic fuels, the private sector 
will not soon again commit its own capital first in 
a cooperative federal program. Yet I believe the 
approach we initiated is far superior to the more 
traditional cost-plus arrangement which so often 
results in high cost overruns and less effective 
programs. 

I leave the Synthetic Fuels Corporation now with 
full confidence that the four projects we have 
assisted, at a total federal cost of $1.3 billion to be 
outlayed only gradually over the next ten years, 
will provide industry with important experience 
and knowledge which can be used to promote the 
country's energy security well into the future. My 
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hope is that the limited nature of this experience 
will be sufficient to the country's long term needs." 

SFC PROJECT MONITORING TEAM 
MOVES TO TREASURY 

On April 18, 1986 the United States Synthetic Fuels 
Corporation (SFC) officially went out of business as 
mandated by Congress in December 1985. As explained 
on page 1-1 of the March 1986 Pace Synthetic Fuels 
Report, Congress rescinded all funding for the SFC. 
However, because Congress did not actually abolish the 
agency, the SFC continues to exist, if only on paper. 

A small group of former SFC personnel were transfer-
red to the United States Treasury Department, report-
ing to Charles Sethness, Assistant Secretary of Finance. 
The group will monitor the progress of the four projects 
that received SFC awards of financial assistance. This 
monitoring capacity includes providing financial dis-
persements to the projects, tracking physical plant 
construction and operation, and reviewing environ-
mental emissions, permits, etc. 

The monitoring team is headed by Ralph Bayrer. Other 
SFC personnel now at Treasury include: 

• Frank McElroy, who will monitor contracts in-
volving the Cool Water coal gasification com-
bined-cycle project in Daggett, California and 
Unocal's Parachute Creek oil shale project in 
Colorado 

• Ted Atwood, contract monitor for the Dow 
Syngas coal gasification project in Plaquemine, 
Louisiana 

• Stewart Clayton, contract monitor for the For-
est Hill heavy oil project in Wood County, 
Texas 

• Andrew Lawrence, who will handle all environ-
mental responsibilities for the synfuels projects 

• John Scango, who will be responsible for all 
cost schedule analysis work 

• Dan Decena, who will handle all financial 
analysis and accounting. 

Additionally, John Bowman from Treasury has been 
temporarily assigned as legal counsel for the group. 

(The SPC's 1985 Annual Report is summarized in a 
companion article in this section.) 

DOE RELEASES NEPP LONG-RANGE 
PROJECTIONS 

In its December 1985 "National Energy Policy Plan 
Projections to 2010," the Department of Energy pro-
jects that coal, nuclear, and renewable energy use will 
Increase substantially over the long term, while oil and 
gas are likely to become Increasingly difficult to find 
and develop beyond 1990. 

The DOE structured its analysis to include:

• A description of energy scenarios 

• A description of the interdependence between 
prices and physical flows of energy in the 
United States economic system 

• Comments on the data and mathematical 
models used in the analysis. 

Despite the inherent uncertainties associated with 
energy forecasting, some converging views about future 
energy trends are noted by the DOE analysts: 

• Although the outlook for future world oil prices 
is highly uncertain, most analysts agree that 
world oil prices will probably fall or remain 
constant in real terms until the late 1980s, 
barring any major oil supply disruption. Beyond 
1990, the outlook becomes increasingly uncer-
tain 

• The 1973/1974 and 1979-1981 oil price hikes set 
into motion strong energy conservation trends 
that are likely to continue, particularly con-
cerning oil use. Even though prices are tem-
porarily declining, the long-term expectation is 
for higher prices 

• Oil prices increases traditionally have spurred 
development of alternate energy resources 

• Recent declines in world oil prices add greater 
uncertainty to future market behavior. Many 
projects, including synthetic fuels development, 
can hinge on price breaks as well as price hikes 

• Under all but the most extreme assumptions, 
the United States and most of the rest of the 
world will remain a net importer of oil, with 
OPEC as a major supply source for at least the 
next twenty years 

• Electric generating capacity will require major 
additions to meet the projected growth in de-
mand for electricity in the coming twenty-five 
years. 

DOE analysts are careful to highlight the inexactitude 
of projecting future energy trends by reviewing past 
NEPP world oil forecasts. For example: NEPP-1981 
tagged the 1985 oil price at $50 per barrel, compared to 
NEPP-1979 and NEPP-1983 targeting $27 to $28 per 
barrel. 

Energy Scenarios 

In preparing its energy projections for the 1985 Nation-
al Energy Policy Plan, the DOE chose a scenario 
approach to represent some of the uncertainties con-
nected with projecting future energy conditions. These 
scenarios, summarized in Table 1, were designed to 
present a wide range of circumstances. 

The following paragraphs outline projections derived 
based on the Reference Case scenario. 

PLe!gy !dca 

• Between 1985 and 1990, demand for OPEC oil is 
projected to increase as worldwide economic 
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TABLE i tional oil sources such as shale oil	 and coal 
liquids will be in the $50 to $80 per barrel range 

SUMMARY OF NEPP (1994 dollars). 
ISeS ENERGY	 MOB

Table	 2 summarizes	 the	 DOE's world oil price pro- 
lno.ic croci,, 

World ci ... jections under the various scenarios. 
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Table 3 präents a summary of the DOE's projections 
for United States energy production, consumption, and 
imports through the study for 	 horizon. activity expands. 	 Demand for OPEC oil exports 

is projected to increase from 15.4 million bar- Primary energy consumed in the Reference Case is 
rels per day in 1984 to about 18.5 million bar- projected	 to	 increase	 at	 only	 1.6 percent	 annually, 
rels per day by 1990.	 This level of demand compared to the DOE's 2.9 percent projected annual 
should create some upward price pressure in the rate of United States economic growth during the same 
world oil market. period.	 This forecast would amount to a 30 percent 

•	 By 1990, the world oil price (in 1984 dollars) is increase in energy consumption during the 1985 to 2010 
likely to be between $20 to $25 per barrel, period (from 36 million barrels per day oil equivalent to 

•	 Beyond 1990, world oil prices are tentatively
47 million barrels per day).	 DOE analysts base their 

projected to reach	 between	 $31	 to	 $42 per projections on trends toward fuel switching, decline of 

barrel by the year 2000, and between $47 to certain energy-intensive industries, and a continuation 
of energy conservation measure. 

$67 per barrel by 2010. 	 By that time, however, 
the DOE analysts concede that the emergence According	 to	 the	 DOE's analysis,	 domestic	 oil and 
of alternative energy sources—or technological natural gas production is expected to be between 38 to 
changes that cannot be anticipated—may ren- 40 quads per year through the 1930s. 	 However, the 
der such projections outmoded, analysts warn that finding and developing oil and gas 

•	 The	 DOE analysts see world oil prices rising' reserves will become an increasingly difficult task after 
between 1990 and 2010 in part because such an 1990, because the "easy" finds have already been made. 
increase keeps demand for OPEC oil exports Of course, any discovery of large quantities of oil could 
within the 19 to 25 million barrel per day range. alter this production path. 
They believe that higher demand for OPEC 
oil—unless it is met by a significant increase in Coal production is projected to increase more than that 
OPEC	 production capacity—could eventually of any other fuel between 1985 and 2010. 	 By 2010, 
push world oil demand against an inelastic sup- DOE researchers project coal production to reach al-
ply constraint, thereby possibly causing world most 40 quadrillions--e 100 percent increase—due pri-
oil prices to jump abruptly and to a higher level manly to increased coal use for electricity generation. 
than would otherwise occur 

•	 The DOE assumes that the cost of unconven-
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TABLE 3 

SUMMARY OF UNITED STATES ENERGY PROJECTIONS 
REFERENCE CASE

(Qua&Illico ETU Per Ye.,) 

6) 
1985	 1990	 1995	 2000	 2010 

Domestic production: 
Crude oil and NCL	 1) 21.3 21.2 19.3 18.3 15.6 
Natural Ca	 2) 17.6 18.0 18,0 16.6 15.3 
Coal 19.6 23.2 26,0 29.6 39,7 
Nuclear 4.2 6.1 6.5 6.9 I.? 
R.n.vables and Geothermal 6.4 6.8 8.5 10.3 16.5 
Other  

Subtotal	 3) 69.1 75.4 78.4 81.8 93.7 

Iports: 
Crude	 it and refined petroleum 8.8 12.5 14.4 15.8 17.6 
Natural ga. 1.0 1.4 2.4 3.4 3.0 
Coal	 4) (2.2) (2.2) (2.3) (2.7) (3.0) 
Other	 5) 0.1 0.2 0.3 0.3 0.3 

Subtotal	 3) 7.9 11.9 14.7 16.8 17.1 

Total supply	 3) 77.0 87.3 93.1 98.6 110.8 

End•u.e consumption; 
Petroleum liquid. 29.9 32.3 32.3 32.9 33.0 
Natural gas 15.2 16.7 17.3 17.8 16.8 
Direct coal 3.0 3.8 3.7 3.9 5.4 Electricity

7.8 9.1 10.3 11.5 14.3 
Decantralised r•nevablee 2.9 3.3 4.0 4.8 6.9 
Other .	 . .	 . .	 . 

Subtotal	 3) 38.6 65.2 67.9 70.6 78.3 

Conversion 1°.. 18.1 22.1 25.2 28.0 34.5 

Total Cone caption	 3) 77.0 87.3 93.1 98.6 110.0

1) Includes oil shale, but exclude. coal liquid.. 
2) Lacludas synthetic Sam fr.coal. 
3) Totals may not add due to rounding. 
4) Irackac. indicat, net coal exporta. 
5) )stel.ctricity Sport.. 
6) The 1985 data are band on information contained in th, draft HA report 

Annual Enargy Outlook . 1985, December 1985. 

Coal's share of electricity generation is expected to 
increase slightly, from about 55 percent in 1984 to 
60 percent by 2010. Oil and gas are projected to be 
priced out of most utility markets, so that on and gas 
generation drops from 18 percent in 1984 to about 
6 percent by 2010. 

Synthetic Fuels Production 

The DOE researchers briefly touch on the role of 
synthetic fuels in the NEPP. They do not see synthetic 
fuels production becoming significant until after 2000. 
Even in 2010, coal used for synfuels production is 
expected to use only 2 percent of energy consumed in 
the transformation sector (which also includes the elec-
tric utilities industry). Transforming coal into liquids 
and gases is about 50 percent efficient, and because of 
both technological and environmental constraints, the 
DOE analysts see the cost of this transformation as a 
limiting factor. They cite lower world prices as having 
pushed the previously-anticipated date when synthetic 
fuels would become cost competitive futher into the 
future.

CONCLUSIONS 

The DOE researchers draw two very general conclusions 
from their energy projection work: 

• The energy future of the United States will 
continue to be marked by uncertainty. 

• Flexibility (which DOE believes is best provided 
by relying on market forces and on the avail-
ability of a balanced mix of energy resources) 
offers the best opportunity for ensuring an 
effective response to uncertain conditions. 

CALIFORNIA ENERGY COMMISSION 
IDENTIFIES ENERGY DEVELOPMENT 
TRENDS IN THE STATE 

To provide California with the most secure and reliable 
energy supply strategy possible, alternative sources of 
energy production must be pursued. This goal was 
stated in the staff draft of the Energy Development 
Report released in April by the California Energy 
Commission's Research, Development, and Demonstra-
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tion (RD&D) Committee. This report was prepared in 
compliance with California's Public Resources Code 
Section 25604, which calls for the Commission to sub-
mit biennially to the Governor and legislature a report 
on energy development trends in the State, including 
the status of new and existing energy technologies. 

The RD&D Committee summarized major energy devel-
opment trends in California for: 

• Electricity 
• Transportation 
• Petroleum 
• Natural Gas. 

For the above areas, the Committee offered recom-
mendations for integration and transfer of energy tech-
nology R&D, and R&D technology/project selection cri-
teria. Major findings of interest with implications for 
synthetic fuels development and use in the State are 
highlighted below. 

Electricity 

According to the Committee, electricity supplies ap-
pear adequate to meet California's needs through at 
least the mid-1990s. They recommend that near-term 
R&D priorities should focus on improving the existing 
system, such as development of advanced air pollution 
technology for reducing NO, from existing oil, gas, and 
coal-fired boilers, both in and out-of-state. Long-term 
R&D activities should give priority to developing ad-
vanced generation and conservation technologies that 
can produce energy in a cost-competitive manner using 
non-petroleum resources such as low-emission, high-
efficiency, modular coal-based generation and liquid-
dominated geothermal resources. The Committee be-
lieves that advanced pulverized coal, fluidized-bed, and 
integrated coal gasification combined cycle technolo-
gies which are being developed for coal-fired power 
plants should be investigated. (The world's first demon-
stration of 10CC technology using commercial scale 
components is the $294 million Cool Water Project 
located in the Mojave Desert which began operations in 
May 1984.) These technologies are cited as capable of 
improving efficiency and load flexibility, as well as 
significantly reducing air pollutant emissions from cur-
rent levels. However, the Committee warns that, be-
cause 10CC is a complex technology, utilities' confi-
dence in the long-term operation of these plants is 
essential for further development.

Transportation 

In the Committee's view, the Transportation Sector 
poses both energy and environmental problems in need 
of major solutions. However, higher demand/lower 
prices for petroleum motor fuels pose a dilemma for 
the development of transportation energy alternatives. 

The only alternative fuels which have managed even a 
slight inroad in total petroleum fuels use--propane and 
ethanol--have lost what little market share they pre-
viously enjoyed as gasoline prices have reached unex-
pectedly low levels. Prospects for widespread intro-
duction of methanol fuel, which has been the subject of 
a major state research and demonstration program, 
have also been set back. 

Petroleum 

California's demand for some petroleum products, as 
well as its production of crude oil, both reached new 
record levels in 1935. The Committee notes, though, 
that the State continues to import about one-half the 
oil it needs. Development of newly-discovered offshore 
fields and expanded thermally-enhanced recovery 
(ThoR) activity could result in major increases in the 
State's oil production within the next few years. How-
ever, environmental challenges coupled with the econ-
omics associated with current low oil prices could cause 
development activity to be sealed back or at least 
delayed. Notwithstanding, advanced coal combustion 
systems are being tried with apparent success in meet-
ing emissions regulations, notes the Committee, so coal 
may also become a significant source of TEOR fuel. 

Natural Gas 

In the Committee's opinion, new opportunities for nat-
ural gas use hinge on expanded supply and delivery 
capability. Natural gas suppliers are actively seeking 
new markets for their products, such as the TEOR 
market, industry, and commercial facilities, and trans-
portation. At the same time, in-state natural gas 
production is on the decline, and California is expected 
to become increasingly dependent on gas pipelined from 
other western states, Canada, and Mexico. These out-
of-state supply sources seem to have adequate re-
sources to support expanded natural gas deliveries to 
California. Several new gas pipeline proposals are 
currently active, with the goal of providing gas to 
thermally-enhanced oil recovery operations in Kern 
County.	 # # # # 
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ENERGY POLICY & FORECASTS 

SUN'S CEO CONCERNED OVER DISAPPEARANCE. 
01' UNITED STATES SYNFUELS PROJECTS 

In a "state of energy" speech before the Energy Tech- 
nology Conference in Washington, D.C. on March 17,, 
1936, Robert McClements, Jr. cited several outcomes 
of the dramatic recent crude oil price drops, including 
the elimination of most United States synthetic fuels 
projects.	 - 

The Sun Company's Chief Executive Officer blames the 
United States' thirteen year "roller coaster ride" of 
energy pricing hikes and free falls, on the lack of any 
national energy polidy. He believes that there has been: 
nothing in place to unite the oil, gas, coal, nuclear, 
synthetic fuels, and hydroelectric optionsavailable: as 
a result,,th his.words, "everyone sought out their own 
way." ..-  

McClements identifies a need for a "...coalition of 
common sense, • a rational effort that provides our 
population with the energy it needs, our environment 
with the protection it should: have, and our private 
enterprise system the incentive it needs to carry the 
United States into: the 21st century united by purpose 
rather than divided by different agendas." 

He sees the' nation's reliance on political decisions as an 
out-of-balance supply/demand factor. McClements be-
lieves that industry and government working together 
as much as possible is a laudable goal. However, unlike 
some in the oil business,-h6 disagrees with the industry 
applauding the free' market when it is 'working to the 
industry's 'benefit and then turning to government to 
prop industry up when the wind changes direction.

McClements also criticizes what he views as the na-
tion's obsession with forecating the future versus man-
aging the present. He believes the only common link of 
energy forecasts is they were all wrong. lie stresses 
the need to put industry technological and managerial 
talents to work on shaping the future, rather than being 
affected by it. One of the main goals he sees is to 
maintain a strong competitive edge, both as a nation 
and within the industry. He sees today's technology as 
tomorrow's product and the day-after-tomorrow's world 
trade position. Thus, by reacting to currently low crude 
prices and eliminating technological advances in alter-
nate fuels development, including synthetic fuels and 
nuclear applications, McClements sees the United 
States losing its competitive edge by its own inaction 
and short-sightedness. 

Conclusions 

In his closing remarks, the Sun CEO encourages the 
nation to use its leadership, technology, confidence, and 
common sense to bring about the balanced interests of 
industry, the consumer, and the government, lie be-
lieves that focusing on the present and gearing up the 
options for energy independence —such as vigorous syn-
thetic fuels development—will be the best way to 
ensure future supply/demand balances at affordable 
prices. 
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ECONOMICS 
UNOCAL CHAIRMAN URGES ADOPTION 
OF OIL IMPORT PEE 

In remarks before the Senate Energy and Natural Re-
sources Committee on March 20, 1986, Fred L. Hart-
ley, Chairman and CEO of Unocal Corporation, pre-
sented his reason for viewing OPEC's Increased oil 
supply as a 'Trojan horse.' Hartley was encouraging the 
adoption of an oil import fee as a means of decreasing 
the United States' vulnerability to foreign energy 
sources. 

Key oil prices have fallen 50 percent in three months, 
while Saudi oil and product imports jumped from 
27,000 barrels per day in September 1995 to 
642,000 barrels per day by December. in Hartley's 
estimation, continuing price drops would destroy many 
United States oil companies and increase the power of 
the few survivors and OPEC. 

He predicts that at a crude oil price of $13.50, en-
hanced oil recovery (EOR) projects and stripper well 
production would be eliminated. Because current EOR 
production is about 650,000 barrels per thy and EOR 
has been projected to provide about 25 percent of all 
future production from reserve replacement between 
now and the end of the century, this represents a major 
loss, both immediately and in the future. If stripper 
wells are shut in at $15 per barrel oil prices, United 
States production would drop nearly 300,000 barrels per 
thy in the first year. At $10 per barrel oil, Hartley 
cites conclusions from an Interstate Oil Compact Com-
mission report which forecasts some 600,000 barrels per 
thy of production being eliminated. In combination, 
EOR and stripper well losses would equal a first year 
loss of about 1 million barrels per day, a shortfall which 
would have to be made up by imports. Any sharp 
increase in oil imports could, in Hartley's terms, "set up 
America for yet another war of shortage" which we are 
unprepared to deal with and would be detrimental to 
the national economy. 

Hartley strongly favors adoption of what he calls a 
"flexible security oil-import fee." Any drop in imported 
oil prices would cause the fee to rise. Hartley pegged 
$27.00 as the most reasonable equilibrium maintenance 
price for oil. He said that at $27.00 per barrel oil, 
domestic oil production —currently about 9 million bar-
rels per day—.declines slowly to about 8.5 million bar-
rels per day by 1990. Consumption rises to about 
16 million barrels per day and imports to about 6 mil-
lion barrels per thy. These trends would be expected to 
continue through the end of the century, setting the 
stage for a more gradual transition to increasing 
reliance on imported oil. 

Hartley stresses that Unocal is not calling for market 
controls. He urges that any fee be simple and include a 
'sunset' provision to ensure it will end after its main 
goal is reached of avoiding the economic danger of 
sharp swings in energy price and supplies. He believes a 
properly structured import fee would provide a floor 
price for domestic crude oil at a level necessary to 
ensure long-term development of United States energy 
resources, which is an essential part of national se-
curity.	 In addition, the fee should also provide a

differential for product imports to protect the United 
States refining Industry from a flood of product Im-
ports. 

The Unocal Chairman recognizes that no such fee 
system could be implemented without creating some 
competitive distortions within the domestic energy net-
work, but he sees the most equitable fee as having no 
exemptions or exclusions. Having no exceptions would 
simplify the import fee and avoid the major problems 
that were created by the defunct DOE entitlements 
program. 

Hartley addresses arguments presented by opponents of 
any import fee: 

• In response to a fee's potentially severe nega-
tive impact on the United States economy, he 
admits it might dampen some prospective gains,

• but says that any "security Insurance" such as
an import fee or a national defense budget-must 
have an associated cost. He does not feel this 
cost is large compared to the relative security 
and stability It could provide. 

• To the second claim, that an import fee would 
interfere with the free market, Hartley scoffs 
at the notion of a tree market. He points to 
governmental policies which effectively over-
ride the 'free market' concept: the Windfall 
Profits Tax that the government imposed fol-
lowing deregulation, and the tax reforms which 
would raise the oil industry's tax bills. For the 
United States to compete equally with the 
Saudis, he believes United States domestic re-
serves must be able to be produced for costs 
similar to those in Saudi Arabia. 

• Hartley does not see imposition of a fee system 
as an overreaction to a short-term event. Had 
Prices fallen 10 to 20 percent, he agrees that no 
action would have been warranted, but the 
50 plus percent drop he views as a long-term 
"war of attrition" that needs to be fought with 
an import fee. 

• As a fourth argument, Hartley disagrees that 
the fee would "drain America (oil reserves) 
first." He points to a fundamental principle of 
energy policy—in a crisis, the Important factor 
is to produce and deliver energy, not how much 
energy is theoretically available.	 He views 
United States oil reserves as a valuable stra-
tegic commodity that must be readily available, 
which requires a going industry producing as 
much oil as is economically and technically 
possible. 

Conclusions 

Hartley concludes that OPEC's aim has never been, nor 
is now, for a free market. He sees its present goal 
being to stimulate demand growth and forcing others to 
cut back on exploration and development until OPEC is 
restored to price/supply dominance. He encourages 
imposition of an oil import fee to help prevent that 
situation and to help move the United States toward 
long-term energy stability. 
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TECHNOLOGY 

SYNTHETIC GASOLINES REVEALED AS POSSIBLE 
REPLACEMENT FOR PETROLEUM GASOLINE 

Researchers at Southern Illinois University have com-
pleted portions of a study that reveals synthetic gaso-
lines distilled from coal liquids or shale oil-based naph-
thas could be strong candidates for replacing natural 
petroleum-base gasolines. In the tests, the perfor-
mance and emissions characteristics of synthetic meth-
anol-to-gasoline fuel (MTG) and a gasoline distilled 
from oil shale naphtha (Shale I) were compared with 
those obtained from a standard petroleum-base gaso'.ine 
in an unmodified four-cylinder carburetted spark igni-
tion engine. The results of the study, "Performance and 
Emissions of Synthetic Gasoline in a Spark Ignition 
Engine" were published in the 23rd Automotive Devel-
opment meeting. The scientists concluded that fuel 
composition and distillation characteristics influence 
engine performance and emissions. Properties of the 
fuels tested by the university scientists are listed in 
Table I.

TABLE 1 

FUEL PROPERTIES
(Hydrocarbon Types, Volume Percent) 

Indolene MTG Shale I 

Paraffins 64.5 65.3 82.9 
Olefins 1.2 1.2 0.1 
Aromatics 34.3 33.5 17.2 
API Gravity 56.8 58.4 62.2 
Specific Gravity 0.7515 0.7451 0.7305 
RVP, PSI 8.0 9.5 10.1 
Lower Heating 18,513 18,578 13,652 
Value (BTU/Lb) 
Octane Number 92.2 91.75 87.4
(R+M)/2 

Before the specifications of a synthetic transportation 
fuel can be defined an investigation of its combustion, 
power, and emission characteristics is necessary, poten-
tial problems need to be determined, and the fuel and 
engine modified if necessary to achieve an optium 
engine-fuel combination. 

In-cyclinder combustion characteristics of a fuel are 
particularly important from the standpoint of engine 
design and operation. Combustion chamber design; 
spark strength, duration, and timing; fuel air mixture 
ratio and mixing conditions; fuel delivery characteris-
tics and emissions control are all related to the fuel 
combustion characteristics. Because of very little work 
on the subject; the University of Illinois initiated a 
research program to furnish in-cylinder combustion and 
emissions data on synthetic automotive fuels.

The results of the experiment are as follows: 

Carbon Monoxide Emissions 

Engine emissions data for the fuel were compared as a 
function of equivalence ratio. The scientists measured 
the equivalence ratio chemically by exhaust gas analy-
sis and also on a mass basis by measuring the air and 
fuel flow separately. Carbon monoxide emissions ver-
sus the equvalence ratio is shown in Figure 1 for the 
tested fuels. The researchers found the carbon non-
oxide emissions to compare closely except at the rich 
mixture end, where MTG and Shale I appear to be 
somewhat higher. They explain this variation through 
the composition of the hydrocarbons. Due to the lower 
distillation temperatures of MTG and Shale I, the fuels 
likely contain greater amounts of harder to ignite lower 
molecular weight paraffins or aromatics. This could 
lead to longer ignition delays for the MTG and shale 
blends. Further information will be available on this 
subject from future tests to be conducted by the Illinois 
scientists.

FIGURE 1 

CO EMISSIONS FROM INDOLENE AND 
MTG FUEL, AND SHALE BLEND GASOLINE 

•	 SPEED:	 1800 RPM	 INDOLENE 

0 SHALE I 
6 •	 LOAD: 25% FUL	 A ITO 

0.9	 1.0	 1.1	 1.2 

RIOl	 EQUVAtETiCE RAT ID	 LENS 

Unburnt Hydrocarbon Emissions 

As can be seen from Figure 2 there was very little 
difference between MTG and Shale I unburnt hydrocar-
bon emissions. Again the differences between these 
two fuels and lndolene can be explained by the hydro-
carbon composition. 

NO1 Emissions 

The NOx emissions in the wet exhaust from the tested 
fuel are shown graphically in Figure 3. Slightly lower 
values were measured for MTG and Shale I than for 
Indolene, indicating slightly lower peak combustion 
temperatures. 
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FIGURE 2 

UNBURNT HYDROCARBON EMISSIONS
FROM INDOLENE, MIG FUEL, AND SHALE

BLEND GASOLINE

achieved improved thermal efficiency for the 2W1T0 and 
Shale Blend. The researchers intend to provide new 
information and possible causes for the above observa-
tions through proposed additional testing. 

FIGURE 4 

BRAKE THERMAL EFFICIENCIES
OF THE TEST FUELS 
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Thermal Efficiency 

The brake thermal efficiency for the three fuels is 
shown in Figure 4. The Illinois researchers measured 
slightly lower efficiencies for MTG and Shale I than for 
Indolene. This variation can also be attributed to the 
somewhat lower combustion temperatures for MTG and 
Shale L Another contributing factor could be the 
influence of maintaining the same spark advance at the 
MET value for Indolene when spark advance would have

Conclusions 

The University of Illinois researchers concluded that for 
the same spark advance, the synthetic gasolines yielded 
performance and emissions characteristics which com-
pared favorably with the standard petroleum-base gaso-
line. Both the MTG fuel and the shale-based gasoline 
could be used in unmodified spark ignition engines. 
However, the results show that engine thermal effiency 
needs to be optimized for the various synthetic fuels. 

AIR PRODUCTS STARTS MOLTOX PILOT—NEW 
OXYGEN SOURCE FOR SYNFUELS 

In March 1996 Air Products and Chemicals Inc. suc-
cessfully started up a 0.25 ton per thy pilot plant 
demonstrating the MOLTOX chemical process for oxy-
gen production. The process has been under develop-
ment with cooperative funding from the United States 
Department of Energy. The $5 million, four year pro-
ject is in its final year. 

The MOLTOX process uses a molten mixture of sodium 
and potassium nitrites which chemically absorbs oxygen 
from air in a continuous gas/liquid absorption process. 
Oxygen reacts with the nitrites to form nitrates at 
operating temperatures of about 1,000°F and moderate 
pressure. Oxygen can then be stripped from the melt 
either by heating or by depressurizing. The process can 
therefore be configured either as pressure swing ab-
sorption (PSA) or thermal swing absorption (TSA). The 
basic operating modes are: 

Pure Pressure Swing—For integration with the 
pressurized gases of gas turbine power plants. 
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For the TSA salt loop, the molten salt from the 
absorber is heated in a salt heater to 1,200°F and then 

't sent to the desorber where the gaseous oxygen is 
released. The salt is withdrawn from the bottom of the 
desorber and cooled to 950°F in the salt cooler before 
entering the absorber for recontact with the hot air. 
The salt is circulated around this TSA loop by a pump 
operating at the 950°F salt temperature. 

For the PSA salt loop, the pressure of the molten salt 
from the absorber is reduced across a pressure letdown 
valve before the salt enters the desorber. The pressure

Pure Thermal Swing—For integration with the heat 
recovery and steam generation section of industrial 
and utility steam boilers. 
Combined Pressure and Thermal Swing—For any 
application in which heat and pressure energy are 
available; 

Simplified process diagrams of the two salt loop types 
are shown in .Zigure..1. For either type of MOLTOX 
process salt loop, dry, carbon dioxide-free air enters 
the absorber at 950° to 1,200°F and 60 to 186 psia and is 
contacted with the molten salt. The oxygen reacts 
chemically with the salt and is removed with the salt 
from the bottom of the absorber. The molten salt from 
the absorber flows to the desorber where the chemical 
reaction is reversed and gaseous oxygen is released 
from the salt and removed as product. 

FIGURE I

of the desorber is controlled by the gaseous oxygen 
pressure through a vacuum oxygen compressor. The 
salt is removed from the desorber by a salt pump and 
recirculated back to the absorber at the necessary 
pressure for recontact with compressed air. The com-
pressed air entering the absorber contains about 
77 weight percent nitrogen which is removed from the 
top of the absorber at essentially the same pressure and 
temperature as it entered. 

The pure TSA MOLTOX process requires 8.7 million 
BTU of heat through the salt heater for each ton of 
oxygen product. The net energy required for MOLTOX 
process oxygen production is substantially below that 
for the cryogenic process. Existing cryogenic plants 
were largely built in the 1960 to 1973 period and 
require in excess of 450 KWH per ton of oxygen, while 
new oxygen cryogenic plants can be designed for about 
350 KWH per ton of oxygen. 

The primary advantage of chemical air separation i
s

 that the chemical reaction does not consume the com-
pression energy of the major portion of the supply air, 
i.e., the nitrogen. With the PSA MOLTOX process, a 
nitrogen expansion turbine recovers the energy. With 
the 'ISA MOLTOX process version, high level heat 
regenerates oxygen from the salt and is then rejected 
at about 1,000°F by genera Ling steam. 

Integration is needed with a heat source and heat sink 
for power recovery. Specifically, the salt h&ater inte-
gration can be used in the radiant and convective heat 
transfer sections of fired or unfired steam boilers. 
Placing the MOLTOX salt heater in the radiant and 
convective section of a high- or medium-pressure boiler 
then allows more efficient use of this high-quality heat 
by first transferring it to the MOLTOX salt at about 
1,2000?. Oxygen is generated and , the heat is then 
rejected at about 950°F in the salt cooler of the 
MOLTOX plant to generate steam as before. 

Examples of fired steam boilers for which this integra-
tion may be done include coal-fired utility or industrial 
boilers, gas or oil-fired boilers, or special boilers using 
waste fuels. The salt heater can also be integrated 
with unfired heat recovery boilers. Heat • recovery 
steam generators are used in partial oxidation reactors, 
in coal gasifiers, and in cogeneration applications, such 
as in combined-cycle plants recovering heat from the 
exhaust of gas turbines. 

Economics 

Process economic studies have shown a S to 30 percent 
oxygen cost advantage for the MOLTOX process over 
cryogenic distillation. This cost advantage depends on 
the specific application. Figure 2 presents one set of 
economic data, based on furnishing 99.5 percent purity 
oxygen at 600 psig and 1,000 tons per day. As shown in 
Table 1, the MOLTOX process requires a larger capital 
investment, but consumes much less electricity. 
Figure 2 illustrates that the cost advantage is a strong 
function of the cost of electricity to a cryogenic 
process. 
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TABLE 1

secondary reforming) have sufficient heat available to 
provide the entire energy requirements for a MOLTOX 
TSA plant. New applications with very large oxygen 
requirements (coal gasification for synfucls and/or 
combined cycle power generation; and direct smelting 
of iron) have enough available heat to provide for a 
combination MOLTOX TSA/PSA plant. 

The MOLTOX oxygen process is projected to be compe-
titive wherever significant process heat integration can 
be achieved. Each application or market will have its 
own optimum design, depending on the type of heat 
source, the amount of high level heat available, and the 
type heat recovery employed. 

The 0.25 ton per thy pilot plant is scheduled for one 
year of operation. A 50 tons per thy oxygen semiworks 
unit is planned following successful pilot plant opera-
tion. Commercial oxygen plants, in excess of 500 tons 
per day oxygen, should be available in the early 1990s. 

Support by the DOE for MOLTOX process development 
will end after completion of initial pilot plant opera-
tion. Air Products plans to seek development support 
from partners who are either oxygen users or suppliers 
of oxygen-using technology; and who can also provide 
high temperature metallurgical expertise. The areas of 
technical uncertainty to be addressed by the semiworks 
plant are to demonstrate plant scaleup and process heat 
integration at an oxygen-using host site. 

OXYGEN COST COMPARISON
(1,000 T/D of 99.5% Purity Oxygen

at 650 psig) 

Cryogenic	 Molten 02 
Plant	 Plant 

Capital Invest-	 $18.6 MM	 +10% to +3596 
meat 

Cost ComponentOxygen Cost 	 Cost Differential 
(S/Ton)	 (S/ Ton) 

Capital Related 
O&M 
Electric 7.5/ 

1 0.Ot/KWH 

Total Oxygen 
Cost 

% Savings

	

12.03	 +1.00 to +4.50 

	

4.74	 +1.00 to +2.50 

	

27.58/36.71	 -12.00 to -16.00 

	

44.35/53.54	 -5.00 to -14.00 

11% - 26% 

Many emerging new oxygen markets are expected to be 
candidates for MOLTOX process integraton. Several 
applications (oxygen enrichment of coal and coal/water 
slurry boilers, refinery fluidized catalytic cracker cata-
lyst regenerators, sulfur recovery plants, and oxygen
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INTERNATIONAL 

NATURAL GAS-TO-SYNTHETIC FUELS 
PROJECT PROPOSED FOR SOUTH AFRICA 

Three proposed synthetic fuels projects in South Africa 
were briefly described in the March 1986 issue of the 
Pace Synthetic Fuels Report. Additional details of two 
of these projects are described in the International 
portion of the Oil Shale and the Coal sections of this 
issue. The third project involves the production of 
synthetic fuels from off-shore natural gas. This project 
would be linked to development of the natural gas fields 
located in the Indian Ocean approximately 25 kilo-
meters off the coast of Mossel Bay. 

The current status of the Mossel Bay project is that 
feasibility studies for both the on-shore (gas conversion 
plant) and off-shore (platform and pipeline) sections 
have been completed, and the project appears to be 
technically viable. Prior to the recent oil price 
decrease, the project was also determined to be 
economically viable for various assumptions regarding 
economic parameters. The off-shore project is likely to 
be developed by the Central Energy Fund (Pty) Ltd. 
(CEF) and Seeker. It is hoped that current CEF 
negotiations with major companies will result in private 
sector development of the on-shore project. Thus, it is 
envisaged that the State (through the CEF and Seeker) 
will supply gas to a privately owned on-shore processing 
facility. Gasoline and diesel fuel would be marketed by 
the oil companies. Production is scheduled to begin in 
1991. The estimated cost of the project up to 1991 is 
R3 million (in mid-1985 Rant) or approximately United 
States $1.2 billion. 

When the project is fully commissioned it will result in 
a foreign exchange saving of some 800 million Rand (in 
present-thy money). The Mossel Bay project will also 
increase the energy self-sufficiency of the Republic of 
South Africa, and will serve as the nucleus of industrial 
development in an economically underdeveloped area. 
Approximately 1,400 permanent employees will be di-
redly employed in the project. It is expected that 
10,000 employees will be involved at the peak of Con-
struction activities of which 5,000 will be engaged in 
the Mossel Bay area. 

The present proven natural gas reserves of 1.22 trillion 
standard cubic feet would supply the project for some 
twenty years. However, because a project life of 
twenty-five years is considered to be essential, a fur-
ther drilling program is already under way. Excellent 
results are being achieved with continued drilling, and a 
project life of thirty years may be possible. 

For the on-shore gas processing plant, various tech-
nologies including the Sasol-Synthol process and the 
Mobil MTG process have been considered, although a 
final decision has not been made. It is envisaged that 
the project will yield gasoline and diesel in approx-
imately even proportions but with the necessary flex-
ibility to meet changing demand patterns. 

Based on a thirty year project life, the capital require-
ments are estimated as follows:

Million Million 
Rand U.S. $ 

Offshore Gas Development 	 3,100 1,240 
Onshore Processing Plant 	 LIQQ 

Total	 4,800 1,920

Approximately two-thirds of these expenditures will be 
required by 1991. It is expected that capital require-
ments needed to complete the project after 1992, if 
required, will be financed by the project itself. 

The proposed project schedule is as follows: 

Beginning of 1986—Appoint project management 
team and begin conceptual design and planning 
phase 

Middle of 1986—Complete Seeker's drilling 
program 

1987 to 1990—Construct plant under the direction 
of the project management team 

Middle/End 1991—Begin initial synthetic fuel 
production 

1992—Commission plant fully. 

Potentially suitable sites have been evaluated, but a 
final decision has not yet been made. The infra-
structural requirements in the Mossel Bay area have 
been found to be of a relatively high standard, and only 
extension and additions will be necessary to support a 
project of this magnitude. 

The estimated water consumption for the project is 
7 million cubic meters per year. The Department of 
Water Affairs has recommended the use of a planned 
dam on the Brak River, known as the Wolwedans Dam, 
as a source of water for the project. The estimated 
maximum availability of water from this future source 
is 13 million cubic meters per year. 

R & D OF SYNFUELS ON THE MOVE N JAPAN 

In 1980 the Research Association for Petroleum Alter-
native Development (RAPAD) was established to dev-
elop technologies to produce alternative liquid fuels. 
The association was established by 23 private compan-
ies of Japan with the support of the Minstry of Inter-
national Trade and Industry (MITI). An eight year 
program was launched with a budget of approximately 
$120 million. A total of $12 million from that budget 
has been al l ocated for 1926. 

RAPAD's program of research includes a variety of 
subjects. A brief description of RAPAD's progress n 
each area of their research follows. 
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Developing technologies for upgrading tar sands bitu-
men with less low value by-products and a higher yield 
of high quality synthetic crude oil is a target of one 
program. RAPAD is exploring three possible routes for 
upgrading tar sands. They include hydrovisbrea king and 
hydrotreating process, thermal visbreaking and solvent-
deasphalting process, and thermal and catalytic hydro-
cracking process. Each series of processing is being 
evaluated by RAPAD on a continuing basis through pilot 
plants constructed for each route. 

Scientists at RAPAD believe that shale oil is one of the 
most promising alternative liquid fuels, but because of 
high metal and nitrogen content and other impurities, it 
is difficult to upgrade. RAPAD's objective in this area 
of research is to develop technologies for upgrading 
shale oils while optimizing refining systems for process-
ing syncrude in existing petroleum refineries. Two 
processing series are being looked at for shale oil 
upgrading. One involves hydrorefining with an ebul-
lated-bed reactor and the other uses hydrorefining with 
fixed-bed reactor. Both processing series are being 
evaluated by RAPAD with pilot plants built in early 
1986. 

The upgrading of coal-derived liquids is a third subject 
area being researched by RAPAD. The objective is to 
develop methods for upgrading coal-derived oils which 
are suitable for Japanese oil refining and utilization. 
Studies are in progress on the hydrotreatment of coal 
oils with unicroreactors and in the compatibility of 
these oils with corresponding petroleum oils. An opti-
mum system for commercialization is being sought by 
RAPAD based on their results. 

A fourth area of research at RAPAD is exploring ways 
to produce liquid fuels from synthesis gas. These liquid 
fuels can be categorized into three areas: middle distil-
lates and gasolines, high-octane gasoline from syngas-
to-gasoline, and the efficient production of alcohols 
mixture by catalytic reaction. RAPAD is studying 
various catalysts to be used in the Fischer-Tropsch 
process that improve yields of light and middle distil-
lates. They have also looked at shape-selective cat-
alysts that improve the syngas-to-gasoline process. The 
standard catalyst has also been successfully evaluated 
in a pilot plant for the production of alcohols mixture 
by catalytic reaction. 
A final area of research by RAPAD is in biomass 
conversion and utilization. Four different projects fit 
into this area. They include ethanol production from 
cellulosic biomass, continuous ethanol production using 
mobilized yeast cells, acetone-butanol fermentation, 
and the utilization of alcohol. The first three projects 
are being studied through pilot plant operations. The 
utilization of alcohol is being studied by evaluating the 
quality and performance of ethanol-gasoline blend fuels 
for anti-knock quality, stability, etc. Tests will be 
made by RAPAD by 1987 on alcohol samples made from 
cellulose.	 # # #	 - 
LEA STUDY FINDS NUCLEAR POWER TECHNOLOGY 
RECEIVES MORE SUPPORT THAN SYNFUELS 

In its recent report "Energy Research, Development and 
Demonstration (RD & D) in the lEA Countries," the 
International Energy Agency highlighted their finding 
that conventional nuclear technology, which has been

commercially proven for years, still receives consider-
able government support. On the other hand, the lEA 
member country governments tend to regard coal 
ltt) & 0 as largely the responsibility of industry. 

The lEA's last "Review of National Programmes" was 
published in 1990. tip until that time, each lEA country 
was subject to an in-depth review on a three year cycle. 
On completion of the 1990 review, however, it was felt 
that some additional time should elapse to enable 
individual countries to react to reviewfindings and 
recommendations, and to provide enough time for any 
corrective action taken to become apparent through 
later reviews. 

The overall focus of the lEA report was the theme of 
synthetic liquid fuels development. This theme was 
chosen based on an earlier finding in the agency's 
"Energy Technology Policy Study" (Pace Synthetic Fuels 
Report, March 1986 page 1-12) which identified liquid 
fuels as a principal area of vulnerability in lEA energy 
economies, and concern had been expressed at the 
relatively modest scale of RD & 0 being carried out in 
the area. 

Synthetic Liquid Fuels Development 

As noted above, an important issue facing lEA member 
countries is the relatively modest amount of govern-
ment-sponsored RD & D in synthetic and alternate li-
quid fuels technologies, even though these are the very 
fuels that have been identified as a principal vulnerabi-
lity of lEA economies. One aspect of this issue is the 
apparent imbalance between RD & D for synthetic li-
quid fuels versus electricity-related technologies (pri-
marily conventional and advanced nuclear). 

The study found that part of the discrepancy can be 
explained by the responsibility that many governments 
have of ensuring stable/adequate electrical generating 
capacity. At the same time, the oil industry—which. 
historically considered liquid fuels development to be 
its domain—has become increasingly reluctant to 
shoulder the technical and financial risks associated 
with developing such synfuels. The lEA study suggests 
that a much more active governmental stance would be 
appropriate, despite the view that synthetic liquid fuels 
will not be economic nor be making any substantial 
contribution to energy balances before the end of this 
century. 

Six countries—Australia, Canada, Germany, Japan, 
New leland, and the United States—were chosen for an 
in-depth review, since each of the six has a particular 
stake in synthetic liquid fuels development. 

The six lEA member countries were reviewed in the 
report as follows: 

Australia has a significant resource base in most of the 
traditional sources of synthetic liquid fuels (brown and 
black coal, natural gas, and oil shales). Because it is 
also currently highly self-sufficient in liquid fuels 
(around 80 percent), Australia is likely to have an 
important role in future synfuels developments as a 
resource supplier, while there is no immediate need to 
develop them for its own uses. The Australian RD & D 
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policy is open to foreign private sector initiatives for 
actual synfuels developments. Joint Australian-Japan-
ese programs in oil shales and black coal, an Australia-
United States oil shale program, and the Australian-
Japanese brown coal liquefaction pilot plant are exam-
pies of the activities undertaken in this area. Depend-
ence on foreign initiatives, however, may underline the 
uncertainties of the scale and timing of synfuel devel-
opments. 

Canada. Synfuels developments have tended to focus 
on the development and commercialization of oil sands 
and heavy oils. Although current production of synthe-
tic crude oil (about 10 percent of Canada's demand for 
oil) is through surface mining of oil sands, RD & D 
continues with respect to other recovery and upgrading 
methods. Some work has also been carried out on coal 
and natural gas conversion and coprocessing of coal 
with bitumen. One of the most interesting aspects of 
Canadian synfuels developments is the relationship be-
tween federal and provincial governments which per-
mits a decentralization of RD & D activity and the 
encouragement of greater industry involvement. 

Germany, unlike Australia and Canada, has large indi-
genous reserves only of coal. Thus, synfuels RD & D is 
primarily aimed at conversion of this resource, although 
some work is also being carried out on natural gas 
conversion and use of methanol. The three major 
German coal-mining companies are responsible for most 
of the RD & D in the synfuels area, occassionally with 
considerable government subsidies. The next level 
decision will necessitate a choice among the technolo-
gies developed to date as to which is most appropriate 
for demonstration at the commercial scale. Industry is 
clearly in a position to proceed independently in some 
areas, but the lEA notes the possible impact of the 
dispersed nature of earlier government support and the 
absence of a clearly articulated government strategy 
for future developments. 

Japan. Because of the absence of indigenous fossil 
energy resources, Japan is actively pursuing technolo-
gies for the conversion of a wide range of foreign 
resources, including black and brown coal and oil shales, 
with some work on alcohol fuels. Japan is constructing 
a pilot brown coal direct liquefaction plant in Australia 
and a black coal direct liquefaction pilot plant in Japan 
which will be used to test various foreign coals, among 
them Canadian and Australian. While early stages are 
largely government funded, industry participation in 
them through secondment of personnel and use of 
facilities is encouraged, and later stages of develop-
ment are undertaken by consortia. Japan's objectives 
of energy security and economic competitiveness should 
give Japan the future choice between several alterna-
tives for the production of liquid fuels at the time the 
choice must be made. 

New Zealand, the smallest economy reviewed in-depth 
is identified by the lEA as having the most coherent 
overall program for synthetic liquid fuel developments. 
Beginning in 1978, New Zealand has systematically 
investigated and implemented a series of synthetic and 
alternative liquid fuel technologies. The major synfuel 
activity in New Zealand is the 14,500 barrels per day 
natural gas-to-gasoline plant, developed by industry and

funded 75 percent by the government and 25 percent by 
industry. On-going investigations are evaluating future 
uses of the large resources of lignite and peat, while 
medium-to-longer term alternatives such as tallow 
esters as a diesel extender and the transition to a 
methanol-based transport system are also receiving 
considerable attention. The New Zcland experience 
demonstrates the progress that can be made even by a 
small economy when limited resources are focussed 
narrowly and in a well-defined program, according to 
the IRA. 

The United States like Australia and Canada, has a 
large and diversified resource base and, like Japan, a 
sophisticated technological infrastructure. The only 
commercial scale synthetic liquid fuel plant in the 
United States uses oil shale as a feedstock. Much of 
the coal gasification activity has as its objective the 
generation of electricity through combined-cycle oper-
ation and the production of chemicals. Because of this 
broad experience with gasification, future coal conver-
sion developments in the United States are expected to 
adopt indirect liquefaction. The aim of United States 
synfuels policy was not to create production capacity 
but to foster the capability to build it in the future. 
Government-supported synfuels RD & D in the United 
States includes support for work up to the proof-of-
concept stage (PDU). The lEA notes that because the 
United States government has no mechanism for sup-
port of activities between the PDU scale and plants of 
about 1,000 tons per day feedstock capacity, scale-up 
may present problems for future synfuel development. 

To make comparisons of each country's government-
sponsored energy RD & D expenditures during 1984, the 
lEA grouped member countries as shown in Table I. 

TABLE 1 

COMPARATIVE LEA GOVERNMENT
ENERGY 1984 RD & D EXPENDITURES

(United States Dollars) 

Group I	 Group II 
Budget Higher than	 Budget Between 

1x109	 lxOS and 1x109 

Japan	 Canada 
United States	 Germany 

Italy 
Netherlands 
Spain 
United Kingdom 

Group III	 Group IV 
Bud Let Between	 Budget Lower 
2x10 and 1x10 8	 than 2x107 

Australia Denmark 
Austria Greece 
Belgium Ireland 
Norway New Zealand 
Sweden Portugal 
Sitzerland Turkey
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The percentages of total expenditures by each group by 
technology area are illustrated in Table 2. 

TABLE 2 

PERCENTAGE OF TOTAL EXPENDITURE
FOR EACH GROUP

BY TECHNOLOGY AREA

that enough is learned to establish the technical viabi-
lity and engineering feasibility of a concept and to 
forecast its expected economic and environmental per-
formance standards, thereby permitting industry to 
make decisions concerning possible further develop-
ment. The lEA report finds that the proof-of-concept 
approach works best in countries with strong industrial 
RD & 0 capacity and high risk capital. Larger firms 
can often undertake the research in-house at relatively 
low costs; funding difficulties arise at the pilot stage 
(such as for synfuels) where both risks and costs are 
high. 

Nuclear Re-
Con- 011/ Con-	 Ad- new-
serv. Gas Coal vent. vanced able Other Total 

Group 

I 5 3 9 37	 ,29 7 10 100 
II 13 6 10 25	 22 14 10 100 
Ill 19 12 9 18	 14 14 14 100 
IV 22 5 23 9	 1 30 10 100 

Total 8 5 9 31	 29 9 9 100

The study also finds it noteworthy that the United 
States Department of Energy established the Office of 
Technology Transfer, even though the government has 
long experience in contracting out work to industry. In 
addition, the lEA pointed to the fact that while the 
United States government has mechanisms for funding 
at the PDU and demonstration phases, none exists at 
the pilot plant stage. 

Australia/Italy—Here and in other smaller countries, 
government funding of RD & 0 dominates that by in-
dustry. 

The table highlights some interesting disparities. For 
example, Group I accounts for over 60 percent of total 
lEA expenditures for energy RD & 0, yet Group I 
countries allocated only 9 percent of these funds for 
coal technology RD & D. On the other hand, Group IV, 
with less than 1 percent of total lEA energy expendi-
tures, set aside 23 percent of its funds for coal 
research. These countries—having small conventional 
energy reserves—feel a far more pressing need to 
develop both alternate and renewable energy sources to 
ensure a stable energy future. 

Energy RD & D in Private Sector 

The lEA report notes the importance of effectively 
transferring technology from government-funded labor-
atories to industry, and concedes that such transfers 
are often not a smooth process and are constantly 
subject to industry/science policies and politics. 
Countries generally have in place a range of measures 
such as joint funding, information dissemination, and 
staff exchangers, but the effectiveness of such mea-
sures is sometimes questionable. The lEA comments on 
several specific successful transfer mechanisms: 

Japan—has achieved notable success due in large part 
to high degree of cooperation between industry and 
government agencies, especially MIT!. For example: to 
speed transfer of black coal liquefaction technology, 
the government established a corporation fundedjointly 
by government (90 percent) and industry (10 percent) 
with 18 industry sponsors. (However, the lEA report 
notes that anti-trust laws in other countries knight 
make a similar approach difficult.) 

United States—fob many energy RD & D projects, the 
United States and other countries have adopted a 
"proof -of-concept" approach. This procedure ensures

Canada/United Kingdom—Through AOSTRA, Canada 
appears to have relatively good government/industry 
links for energy RD & D transfer. In the United King-
dom, where particular efforts in the area of energy 
conservation have been made, that country's Energy 
Efficiency Demonstration Scheme has strict guidelines 
regarding replication and information dissemination. 
The LEA notes that good results have been shown under 
these guidelines. 

Conclusions 

The study authors conclude that ecenoimc recession in 
recent years has had a particularly severe effect on 
energy RD & D both in government and private sector 
efforts. This is an area which is perceived by many 
finance planners as being of reduced priority in a period 
of plentiful oil supplies, and which can be set aside 
temporarily to reduce expenditures. The lEA report 
stresses that this attitude runs counter to long-term 
interests of both energy security and economic growth. 
The study recommends that current market conditions 
for oil should be viewed as providing an opportunity 
through RD & 0 to reduce future energy system vulner-
abilities. 

Specific points emerging from the review are sum-
marized as follows: 

• In overall energy budgets, 1984 reflected a con-
tinuation of 1983 expenditure levels. However, 
individual countries showed marked changes in 
technology support: Germany had a significant 
reduction in conventional nuclear technology 
research; the United States lowered support for 
breeder reactor research and renewables; while 
Italy emerged as a major backer of energy 
RD & D in all areas except coal. 

• There is still a substantial disparity between 
declared policy to give greater emphasis to coal 
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usage and the modest sums devoted to ad-
vance/prove the required technology. Strongest 
support of coal comes from the smallest econo-
mies, which due to funding limitations, cannot 
advance the technology to any significant de-
gree. 

• Nuclear power expenditures continue to domi-
nate the overall picture of lEA energy RD & D 
budgets. 

• As in other technology areas, technology trans-
fer is a critical issue in the area of synthetic 
and alternative liquid fuels where greater 
reliance is placed on private sector initiative. 
The lEA finds that commercialization of syn-
thetic liquid fuels technologies is only occurring 
where there is strong government commitment 
to its further development, as in Canada and 
New Zealand. Current economies do not favor 
commercialization, and major demonstration 
projects are not proceeding in the absence of 
government support. 

• Advances in coal gasification technology (parti-
cularly Its commercial application in combined 
cycle generation and chemicals production) are 
being carried out independently by industry. 
While in many cases this work is not being 
undertaken with the objective of producing syn-
thetic liquid fuels, the lEA believes that devel-
opment and demonstration of the technology on 
a commercial basis will ensure its availability 
for use in indirect coal liquefaction if synthetic 
liquid fuels are needed. 

ERCB REVIEWS ALBERTA'S ENERGY 
RESOURCES IN 1985 

The Alberta Eneigy Resources Conservation Board 
(ERCB) released its annual review of energy develop-
ments in the province. The following paragraphs pro-
vide a summary of important developments and statis-
tics for 1985 in the areas of oil, oil sands, coal, and 
natural gas. Table 1 presents a comparison of Alberta's 
reserves and production in relation to all of Canada. 

A renewed emphasis on exploration for conventional oil 
reserves which began in late 1982 continued strongly 
throughout 1985. Alberta's average daily deliveries of 
oil and equivalent in 1985 totalled 1.3 million bar-
rels: of this amount, 300,000 barrels went to Alberta 
refineries; 660,000 to other Canadian provinces; and 
340,000 barrels to United States markets. Revenues 
from oil and equivalent contributed 59 percent of the 
record $25.4 billion gross energy revenues for Alberta 
in 1985. 

Alberta's portion of Canada's oil and gas production is 
higher than the proportion of total reserves, while the 
province's combined oil and bitumen production cur-
rently equals 15 percent of United States total oil 
production. Alberta's conventional oil reserves and 
productivity will be declining long term, but this trend 
will be balanced by increasing oil sands production, 
thereby keeping total oil production constant for the

TABLE 1 

ALBERTA VS. TOTAL CANADIAN
REMAINING RESERVES AND PRODUCTION 

(Petajoules) 

Allot %in 
Alberta Canada Alberta 

Remaining Reserves 
at Year End 1985 

Conventional Oil 25,400 32,600 78 
& Equivalent 

Natural Gas & 73,000 84,900 86 
Equivalent 

Synthetic Crude & 154,100 154,100 100 
Bitumen 

Coal 419,500 552,000 76 
Total 672,000 823,600 82 

1985 Production 

Conventional Oil 2,430 3,400 71 
& Equivalent 

Natural Gas & 2,940 3,100 95 
Equivalent 

Synthetic Crude & 530 530 100 
Bitumen 

Coal 470 1,250 38 
Total 6,370 8,280 77

province. In recent years the decline in remaining 
recoverable reserves of oil has been arrested due to 
greater exploration, which was stimulated by attractive 
royalty, tax, and pricing arrangements. 

Enhanced-Oil ReeSqyery_ 

Alberta is achieving maximum recovery of its oil re-
serves through EOR projects. At the end of 1983 there 
were 607 EOR projects operating in the province, rang-
ing in size from those with simple injector/producer 
wells to complex projects of 133 injection wells pres-
sure-maintaining 400 producing wells. EOR operations 
have increased the average oil recovery rate to over 
28 percent, adding more than 4 billion barrels to 
Alberta's recoverable oil reserves. 

Oil Sent 

The rapid development of in-situ oil sands operations in 
Alberta continued in 1985. Fifteen new projects were 
approved by the ERCB and 1,095 oil sands wells were 
drilled. Alberta's bitumen production rose from 
30,000 barrels per day in December 1984 to an esti-
mated 75,000 barrels per day one year later. Part of 
this substantial increase is attributable to Esso's Cold 
Lake project which initiated production during 1985. 
Production of synthetic crude oil from the two oil sands 
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cent was used in the province, while 36 percent was 
exported to the United States. On the exploration side, 
the constraints on marketing Alberta gas in the United 
States, coupled with large volumes of producible shut-in 
gas, had a dampening effect on gas exploration activ-
ities. Successful gas wells drilled in 1985 totalled 
1,800—down from almost 4,000 in 1980. 

mining plants in the Fort McMurray area, Suncor and 
Syncrude, equaled 60 million barrels—up from 48 mil-
lion barrels in 1984, 

Environmental Initiatives 

Guidelines for handling and safely disposing of oily 
sands and wastes were issued by the ERCO in 1985 (see 
the March 1986 Pace Synthetic Fuels Report,
page 3-29). This sand, which is produced along with 
bitumen from in-situ oil sands operations, previously 
was disposed of by the oil companies, who spread it 
along roadways. The new guidelines establish proce-
dures for receiving regulatory approval, storage facili-
ties, reclamation processing, and final disposal. 

Coal 

Exploratory drilling for coal in Alberta increased In 
1985 following a three year decline. This Increase 
occurred In the Plains and Mountain regions with only a 
slight change recorded for the Foothills area. In 
general, oversupply and identification of already-known 
large reserves have accounted for the previous decline 
in coal exploration. Notwithstanding, in 1985 the ERCB 
estimate of coal reserves increased by about 600 mil-
lion tonnes. 
Production of subbituminous coal to supply electric 
generating plants increased by 8 percent in 1985, reach-
ing 17 million tonnes. 

Alberta had 19 surface and underground coal mines in 
production during 1985. A total of 16.7 million tonnes 
of coal, or 73 percent of total production, remained in 
Alberta for electricity generation. Of the remainder, 
about 1.3 million tonnes was shipped to Ontario, over 
4 million tonnes to Japan, and the balance to twelve 
other countries. 

Natural Gas 

On October 31, 1985 the Federal government and the 
Alberta, British Columbia, and Saskatchewan govern-
ments agreed on a new basis for pricing and marketing 
natural gas in Western Canada. The main features of 
this agreement were: 

• Domestic gas prices deregulated following a 
twelve month transition period 

• Amendments to policies and tests for exports of 
natural gas to provide freer access to export 
markets 

• Elimination of Alberta's export flowback sys-
tem after November 1, 1986. 

The full effect of such changes, without consideration 
of unrelated pricing changes, would be to increase 
annual cash flow to the Alberta energy industry by 
some $2 to $3 billion. 

Natural gas production in Alberta during 1985 totalled 
2.94 trillion cubic feet, which represented 48 percent of 
the total energy produced in Alberta. Of this, 29 per-

Environmental Issues 

A comprehensive review of sulfur recovery require-
ments at Alberta sour gas processing plants is expected 
to be completed by late 1986. A task force is investi-
gating recent changes in technology and the economics 
of gas processing to determine whether current re-
covery standards are appropriate. A final report will be 
publicly released in 1987. 

ERCB Responsibilities 

In its annual report, the ERCB also reviewed its role In 
the development of energy resources in Alberta. Areas 
of responsibility include: 

Reviewing Applications for Energy Projects—In 
1985, the ERCB received 12,501 applications 
for energy facilities. Of these, only 89 appli-
cations required public hearings due to environ-
mental concerns or industry disputes. The 
ERCB continues to stress the importance of 
applicants resolving the public's concerns re-
garding proposed energy facilities to avoid 
time-consuming public hearings. 

Regulating Operations at Energy Facilities—Fi-
gure 1 shows the diverse range of energy re-
sources required to meet end-use requirements 
in Alberta. Proper management of these re-
sources is an essential part of ERCB's legislated 
mandate to ensure the conservation or optimum 
recovery of Alberta's energy resources. The 
ERCB oversees essentially all aspects of devel-
opment and production operations. These acti-
vities are carried out by monitoring perform-
ance through reports filed by operators and by 
inspecting the actual energy facilities. Re-
views cover a wide range of activities, such as: 
checking pressure and production performance 
in the over 600 EOR projects; reviewing per-
formance of oil pools where LOR projects have 
not been initiated; and assessing the perform-
ance of experimental in-situ projects to recover 
bitumen. 

Providing Advice and Information—The ERCB 
gathers, records, and compiles a wide variety of 
information relevant to the energy industry, 
much of which assists industry in its search for 
energy resources. Information includes: well 
logs, drilling samples, drilling cores, core analy-
ses, and well/plant production data. The Board 
also provides a wide variety of advisory ser-
vices to the Alberta government, to industry 
and to the public. 
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ALBERTA END-USE ENERGY REQUIREMENTS 
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ERCB reported relatively constant expenditures in re-
cent years, but showed $41.2 million 1985 operational 
cost—up $5 million from the previous year. According 
to the Board, this increase was largely due to more 
direct work with the public and industry. Compared to 
total energy produced, ERCB's expenditures amounted 
to about 4 cents per barrel oil equivalent. Funding for 
the ERCB derives from two sources in nearly equal 
portions: an administrative levy on operating wells in 
the province; this is matched by a direct grant from the 
Alberta government. 

The ERCB is headed by six professionally-qualified 
Board members, appointed by the Alberta Cabinet. 

The ERCB employs a staff of 780, including engineers, 
geologists, economists, and statisticians to name some 
disciplines. The staff is divided into 14 departments, 
located in ERCB's head office in Calgary and in ten 
field offices throughout Alberta.

1-27	 SYNTHETIC FUELS REPORT, JUNE 1986



WATER 

SALINE WATER USE BY INDUSTRY REJECTED 
DUE TO LACK OF INTEREST 

The Bureau of Reclamation recently released a Draft 
Environmental Impact Statement (EIS) regarding the 
Uinta Basin Unit of the Colorado River Water Quality 
Improvement Program. The EIS analyzes several alter-
natives for controlling the estimated 450,000 tons of 
salt that enter the Colorado River each year from the 
Uinta Basin. Of the alternatives that were studied, the 
recommended plan is to line 55.5 miles of canals and 
laterals with concrete to reduce seepage. This plan 
would reduce salt loading to the Colorado River by 
21,000 to 30,000 tons per year. 

The Uinta Basin contains large reserves of bituminous 
and subbituminous coal, oil shale, and tar sands. There-
fore, Reclamation evaluated three potential industrial 
uses of the saline drain-water. These proposed uses 
are: (1) water for processing the coal, oil shale, or tar 
sands; (2) water for transporting coal In a slurry pipe- 
line; and (3) water for cooling at a local coal-fired 
utility powerplant. Reclamatin rejected the option of 
industry use of the saline water because none of the 
potential users expressed an interest in the concept. 
However, the concept was not completely disqualified 
for future consideration if an industrial use develops. 

With regard to the synthetic fuels industry, Pace be-
lieves that the importance of the EIS lies not in the 
recommendation to line the canals (thereby rejecting 
the concept of industrial use of the water). Rather, the 
EIS advances a concept that could be considered In 
future proposals of projects that use large quantities of 
water in the semi-arid Uinta Basin. Obviously, many 
technical problems would need to be overcome if saline 
water is to be used in an industrial facility.
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RESOURCE 

UTAH STATEWIDE WILDERNESS EIS PROPOSES 
1,892,402 ACRES 

The United States Bureau of Land Management (BLM), 
Utah State Office, has issued a draft environmental 
impact statement (EIS) which addresses the BLM's re-
commendations for further wilderness designations in 
the State of Utah. 

Location 

The Federal Land Policy and Management Act of 1976 
requires the ELM to inventory, study, and report to 
Congress the opportunities for designation of public 
lands for inclusion in the National Wilderness Preserva-
tion System. In Utah, ELM is meeting this requirement 
in a comprehensive statewide program. This is in 
response to requests from the Governor of Utah and 
Utah Congressional Delegation. 

In Utah, ELM manages about 22 million acres of public 
land, located primarily in the western, southern, and 
eastern parts of the State. As a result of the wilder-
ness inventory process ELM identified 82 Wilderness 
Study Areas (WSA5). Table 1 indicates, for each region 
of the state, the number of WSAs and the number of 
acres under study within each of the affected counties. 
Locations of individual WSAs are shown in Figure 1. 
.Table 2 lists the names of the WSAs included in each 
region and the maximum acreage of each WSA. 

The WSAs analyzed include 3,231,327 acres of ELM-
administered public land, or about 6.15 percent of the 
land in Utah. Table 3 summarizes the overall totals of 
land under wilderness designation, management, or 
study within Utah. 

Throughout much of the ELM-managed land in Utah, 
the State owns four isolated sections (generally Sec-
tions 2, 16, 32, and 36) in each Township. These lands 
are administered by the Division of State Lands in 
support of the State Public School Trust and other 
institutional trust funds. 

BLM does not propose acquisition of State land as part 
of wilderness designation. However, the State of Utah 
has proposed that parcels of State-owned land, within 
and adjacent to WSAs, be exchanged for parcels of 
public land in other areas. 

The position of the State of Utah has been that the 
requested exchanges must be: (1) initiated concurrently 
with legislation establishing any WSA as a wilderness 
area; (2) such exchanges must be completed within 
180 days of designation; and (3) State land in-holdings 
identified for exchange by the State must be exchanged 
out if any part of the WSA is to become a wilderness 
area. If these conditions are not met, the State will not 
support a recommendation for wilderness on any WSA. 

Concurrent with the State request discussed above, the 
State of Utah initiated a special statewide exchange 
program known as Project BOLD. This is a separate 
statewide proposal not tied to the wilderness review

TABLE 1 

BUd UTAH WSA ACRES BY 
REGION AND COUNTY 

Number 
of Acres 

Region WSAs County in WSA 

West-Central 11 Tooele 99,150 
Juab 92,390 
Millard 265,600 
Beaver 7,140 

Sub-Total 464,290 
Southwest 30 Iron 4,433 

Washington 88,461 
Lincoln (Nevada) 5,400 
Kane 639,559 
Garfield 288,446 

Sub-Total 1,026,278 
South-Central 10 Garfield 238,260 

Wayne 189,706 
Sub-Total 426,966 

Southeast 15 Wayne 1,920 
San Juan 397,897.5 
Grand 17,817.5 
Emery 18.580 

Sub-Total 436,015 
East-Central 16 Emery 427,555 

Grand 319,415 
Carbon 85,960 
Uintah 44,958 

Sub-Total 877.789
Total	 3,231,327 

process; however, if implemented, it would eliminate 
any need for a special State-ELM exchange program for 
designated wilderness areas. The Project BOLD pro-
posal itself requires Congressional approval. 

Alternatives Analyzed 

Eleven statewide alternatives (combinations of WSAs) 
are identified, with seven of these analyzed in detail in 
the E. The alternatives analyzed in detail are as 
follows: 

ELM Proposed Action 
• Designated 1,992,402 acres 

• Includes all areas and acres judged by ELM to 
meet test of suitability 
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TABLE 3 sale.	 After designation, existing pre- and post-FLPMA 
oil	 and	 gas	 leases,	 involving	 about	 1,199,927 acres, 
would be phased out upon expiration unless an oil and 

EXISTING AND POTENTIAL gas	 find	 in	 commercial	 quantities	 is	 shown.	 The 
WILDERNESS AREAS IN UTAH 366,727 acres	 of	 existing	 pre-FLPMA	 leases	 in	 the 

designated areas could be explored and developed prior 
to October 21, 1986.	 Post-FLPMA leases could also be 

Percent developed subject to non-impairment provisions. 
of Land 

Land Administration Acres in Utah Oil and gas leases in Special Tar Sand Areas (STSA5) 
could be converted to combined hydrocarbon (tar sand) 

National Forest: leases with non-impairment stipulations. 	 For analysis 
Designated 802,639 1.53 purposes, it was assumed that tar sand development 
Recommended 1,264,431 2.41 would not occur in wilderness areas. 

State 56,800 0.11 
Indian Tribe 413,000 0.79 
BLM - Designated 22,551 0.04 Mineral and Energy Resources 
BLM - Study 3,231,327 6.15 
Total Specific information available on mineral and energy 

resource values within 	 WSAs is limited.	 To provide 
data on potential mineral values for WSAs, BLM con-
tracted with the United States Department of Energy 
and Science	 Applications	 Inc.	 (SAD.	 During	 public 

No Action/No Wilderness Alternative hearings, oil company representatives have commented 
that the SAl numbers are based on absolute data and 

•	 Designates zero acres that the actual oil and gas potential is much higher than 
BLM's estimates.

All Wilderness Alternative 
• Designates 3,231,327 acres 
• Provides upper limit of WSA acreage 

Manageability Alternative 
• Designates 2,606,546 acres 
• Includes areas without significant management 

problems 

Paramount Wilderness Quality Alternative 
• Designates 1,474,380 acres 
• Includes highest quality areas having minimum 

conflicts with other resources 
Regional Representative Areas Alternative 
• Designates 913,225 acres 
• Includes one or more WSAs representative of

each of five geographic regions in the State 

Small Cluster Concept Alternative 
• Designates 851,271 acres 

Identifies clusters that total 100,000 acres or 
more, including adjacent non-ELM wilderness 
lands or proposals. 

Proposed Action 

Table 2 includes a key indicating for each WSA its 
disposition under the ELM Preferred Alternative, as to 
whether all, none, or part of the WSA would be design-
ated as wilderness. With this alternative 
1,892,402 acres in 58 WSAs would 

be 
designated as 

wilderness. These acres would be withdrawn from 
mineral entry and closed to new mineral leasing and

Many WSAs have known or suspected potential mineral 
reserves and resources. A total of 52 WSAs are 
predicted to have energy and/or mineral development 
possibilities. There is no current coal production in any 
of the WSAs, although as of 1983, 79,221 acres in seven 
WSAs were leased for coal. 

In response to the Combined Hydrocarbon Leasing Act, 
ELM is converting certain oil and gas leases located in 
Special Tar Sand Areas (STSAs) to combined hydrocar-
bon leases to allow for tar sand development. Portions 
of 14 WSAs, totaling 149,132 acres are located in these 
STSAs, as shown in Table 4. Initial surface mining and 
development are most likely to occur on the Sunnyside 
and PR Spring STSAs, although the Tar Sand Triangle 
STSA is reported to contain the largest tar sand depo-
sit. 

No oil shale leasing or production from oil shale has 
occurred in WSAs. Table 5 shows the WSAs with 
potential for oil shale resources; however, none of these 
are in the portion of the Uinta Basin with the largest 
and richest deposits, where development would be most 
likely to occur. 

Impacts on Energy Production 

Loss of potential mineral and energy production would 
result from constraints on extraction of these resources 
on the 1,892,402 acres in all or part of 58 WSAs design-
ated as wilderness with the preferred alternative. 

Within designated wilderness areas, an unknown, but 
relatively small percentage of the potential 950 million 
barrels of oil and/or 5,700 billion cubic feet of gas in 
WSAs may be recovered on existing leases. However, 
an estimated 50 percent of these estimated resources 
would be foregone. Although not yet well defined, a 
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TABLE 41 

WSA'S LOCATED IN SPECIAL TAR SAND AREAS 

Figure I	 Pennant 
Reference WSA Acreage of WSA In 
Number WSA Name JTSA in STSA STSA 

31 North Eacciante CenyonilThe Gulch Circle Cliffs 10.210 9 
35 Dirty Devil Tar Send Triangle 20 LOSS than I 
39 HOrseshoe Canyon (South) Tar Sand Triengl. 58 Len than I 
40 French Spring-Happy Canyon Tar Sand Triangle 22.480 90 
47 Fiddler Butte Tar Sand Triangle 41.250 56 
59 Sin Rafael Reef San Rafael 1.920 3 
60 Crack Canyon San Rafael 830 2 
62 DevIls Canyon San Rafael 960 10 
63 Side Mountain San Rafael 2.800 3 
54 Mexican Mountain San Rafael 28.864 45 
85 Jack Canyon Sunnysisa 21 27 
86 DesolatIon Canyon Sunnyaide 1,840 1.than I 
71 Flume Canyon PR Spring 1,450 3 
73 Winter Riage PR Spring 35,300 83 

Total 149.132acrea 

TABLES 

WSA 1S WITH POTENTIAL OIL SHAL,E RESERVES 

Figure I 
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85 Jack Canyon go,.ox IX 7.500 
56

 
Desolation Canyon 23.500. 44.1 127800 

67 Turtle Canyon o II 3.717 
86 Floy Canyon 10AGODIX, -	 7.5 5.780 
60

 
Coal Canyon 10.000,000 ''4 7.040 

70 Spruce Canyon 5.41001000 761 18,960 
71 Flume Canyon 1010001000 401 20,410 
73 Winter Ridge 4I,000 IX 42,482 

Totals Up 10 I98.6110. 200,753

portion of the carbon dioxide gas resource in the 
Phipps-Death Hollow ISA Complex also would be fore-
gone. 

Although 740 acres in designated areas have existing 
coal leases (Turtle Canyon WSA) and could be developed 
under pre-FLPMA lease rights, coal production in these 
WSAs is considered to have low probability. New coal 
leases in designated wilderness areas would not be 
issued. Therefore, an estimated resource of up to 
149.5 million tons of in-place coal resource in 10 WSAs 
(72.6 million tons recoverable) would be foregone with 
this alternative. This would be about 2.3 percent of the 
estimated in-place coal reserves in Utah. 

Under provisions of the Combined Hydrocarbon Leasing 
Act, about 7,278 acres of existing oil and gas leases 
could be converted to combined hydrocarbon leases 
within Special Tar Sand Areas (STSA5) in designated 
wilderness areas. Tar sand development could be 
allowed on converted leases but would be subject to 
non-impairment stipulations. Other leasing for tar sand 
(new competitive leasing) in designated wilderness 
would not occur. Overall, about 934.3 million barrels of 
in-place oil (280.9 million barrels recoverable) from

estimated tar sand resources In the WSAs would be 
foregone. Because this would be only about 2 to 
4 percent of the total estimated 23 to 45 billion barrels 
of in-place resource in Utah, it would not be a signifi-
cant resource loss. 

Because there are no oil shale leases in WSAs and very 
little oil shale resource, there would not be significant 
loss of recoverable shale oil. An estimated 13.5 million 
barrels of In-place shale oil (4 million barrels recover-
able) could be foregone in two WSAs. This would 
represent less than 0.004 percent of the in-place shale 
oil resource in Utah. 

Economic Impacts 

The analysis concludes that changes in existing and 
future employment levels would be directly related to 
changes in resource uses with WSAs. Mineral develop-
ments often require a large work force when compared 
to the labor force of a small community. Future 
employment opportunities in some rural communities 
could therefore be limited with the proposed alterna-
tive. This effect would not be a change from existing 
employment levels but a potential limit on future levels 
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of employment which could occur without wilderness 
designation. 

It was estimated that future employment levels in some 
communities (mainly in six counties) could be at least 
5 percent less than without wilderness designation. The 
relative size of Utah's economy would obscure these 
potential income effects from a statewide perspective. 
Wilderness designation could affect federal revenues 
and resulting shared allocations to State and local 
governments. Unless held by production, existing leases 
in all or parts of 58 WSAs would expire and $1,877,900 
of average annual rental and $121,990 of average 
annual bonus bid revenues would be foregone. 

The potential losses in federal revenue and the corre-
sponding portion allocated to the State would be less 
than 5 percent. This amount is less than 1 percent of 
the total revenues collected by the state and local 
governments. 

SMALLER BLM/PS INTERCHANGE SELECTED 
AS PREFERRED ALTERNATIVE IN EIS 

On January 30, 1985 the Bureau of Land Management 
(BLM) and the Forest Service (FS) proposed to Inter-
change management of federal lands. The purposes of 
the proposed interchange are to enhance public service, 
Improve efficiency, and reduce total BLM and PS costs 
of managing lands and minerals by resolving overlapping 
and intermixed juridic;ions. In Feruary. 1986 the 
agencies released a jointly prepared Legislative Envir-' 
onmental Impact Statehient (ISIS) to provide Congress, 
state and local agencies, and the public with informa-
tion regarding the proposed interchange. The LEIS 
analyzes five alternatives as follows: 

• Proposed Action (transfer 24 million acres) 

• June 7 Alternative (transfer 30 to 35 million 
acres) 

• Intermingled Lands Alternative	 - 

• 'No-Action State Legislation Alternative 

• No-Action Alternative (continuation of present 
management). 

To receive input regarding the Interchange, the BLM 
and Forest Service conducted 85 public meetings, re-
corded more than 600 comments, and held a formal 
public comment period that included 30 public hearings. 
From this information, the following issues were devel-
oped for analysi& 

• Impacts on wilderness characteristics 
• Impacts on timber production 
• Impacts on livestock grazing use 
• Impacts on wildlife habitat 
• Impacts on recreation use 
• Impacts on minerals production 
• Impact on lands available for disposal 
• Impacts on state and county revenues 
• Impacts on local employment levels 
a s Impacts on community infrastructure 
• Impacts on hydropower site development.

Description of Alternatives 

Data regarding the five alternatives analyzed in the 
LEIS are summarized in Table 1. Different quantities 
of surface and subsurface acreage to be interchanged 
are proposed In the alternatives, which would result in 
different changes in staffing, number of regional 
offices, cost savings, etc. 

The Proposed Action (Preferred Alternative) was devel-
oped from the first formal description of the Inter-
change that was offered on June 7, 1985 and subse-
quently modified based on public comments. The 
Proposed Action would transfer approximately 24 :nil-
lion acres of land between SLM and Forest Service 
(14.8 million acres from BLM to Forest Service; 
9.4 million acres from Forest Service to eLM), and 
204 million acres of minerals Jurisdiction would be 
transferred from BLM to Forest Service. The new 
boundaries for this alternative are shown in Figure 1. 

TABLE 1

SUMMARY OF DATA FOR PROPOSED BLM/SF UITBRCHANQR 

Ac... nattj.d (.iL1to1) 
8tH 

Surf.	 Subsurface S grf.c. !ubaurf.c. 
Ptos.d actIon 171.7	 215 174.1 204 
Sun. 7 Alt. roach. 174.5	 213 171.0 203 
int.Ir lad Larda 

•	 taod Tan.f.r Only 176.1	 420 169.7 0 •	 .	 With Kin. rai. . 176.1	 240 169.7 ISO 
Stats-my-Stars 171.7	 215 174.1 204 
NO Action (furr.nt Situation) 	 117.1	 420 161.7 0 

Ptnpo.sd Actions eoflac. terms transferred from 1111 to £5	 14.8 sillion 
.arf.ce er.. traaaf.rr.d from FS to IUIs	 9.4 million 

Offices 
No-*t.acy 8129 

., To..	 DO	 IA SO	 •	 60 
Proposed Action 36	 •	 44	 121 113 612 
J. I Altarnaci's 22	 31	 96 111 606 
tntsrsirflsd lard.: 

Land Transfer Only 70	 52	 lAS 119 631 
Wits. 11n.r.1.. 67	 50	 144 119 831 

Stat.-sy-5 tar. 36	 44	 021 Ui 612 
No Action 71	 53	 146 119 631 

Stilfin 
1114 

Srafl Chs.8s Staff
15

Cn.s
Coabtn.d 
Cbs,. 

Propo..d Action 6.950	 .450 ,200 4100 . -350 
,.7 Altaruati. 5.950	 .1450 29.800 +700 -750 
I ot.rnitsl.d Lard. 

Laud Tan.f.r 001. 7.400	 nu.inal 291200 oominal nomiu.1 
With Mionral. 7.030	 -350 29.350 +230 -130 

Stat.-sy-Stat. 6.950	 -450 29.200 .100 350 
No Action 7,400 29.100 -

Coata/Sanr.m (I •lllioo.)
Avns. Annual 

First ft '•. ye.. Sane4. Aft.r 
Co..	 S.vino	 Net davis. Implsmanration 

PSOPOStI T1I	 21-24	 53-36	 29-35	 13-13 
J. 

I'
	 43-46	 115-020	 69-71	 27-3 

i	
2

tut.r..41.d Lard.: 
LandTrarsf.r On	 -7 ly	 3-4	 8-00	 4	 1-2 
With Minerals 	 74	 19-21	 11-14	 4-5 

Stats-S -S ter... 	 25-275 •	 451755	 16-22's	 13-13 
stIlt DO • district office; IA • r..ourr..rn'. 
PS	 SO • formic sup. rn.o ri office; to • .,or district 
'toundina r..ults in on C Mud.. E.tia.r.d otnbsr of po.itio.a saved for both 
a,.Ici.. vo,sld be lsua r han $0. 
"1.d i,tdIIal

 
State La; i.t.t too Alt.nat to. costs and 'anna. for Es.. first 5 

v.a ra o. Ft calculated from t I. date of Legislation. tact, year that 
Legislation is postponed vould deer.... 1or-tnn tan. • by approxiaat.ly its 

annual aavitgs aft.. iLsa.utatcon (113-13 .000.000). 
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FIGURE 1 

PROPOSED INTERCHANGE BOUNDARIES 
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Estimated savings of $13 to $15 million per year would 
be achieved. Currently 71 communities have both BLM 
and Forest Service offices. If the Proposed Action is 
adopted, only 36 communities would keep both offices, 
while the remaining 35 would keep only one office. 
Approximately 350 jobs would be eliminated. 

The June 7 Alternative is similar to the Proposed 
Action except that more land management responsibili-
ties would be interchanged. The June 7 Alternative 
would transfer 18.3 million acres from BLM to the 
Forest Service and 16.0 million acres from the Forest 
Service to BLM. Approximately 205 million acres of 
minerals jurisdiction would be transferred from BLM to 
Forest Service. If this alternative is adopted, 49 
communities would retain only one office, and the 
remaining 22 communities would have both ELM and 
Forest Service offices. Annual average savings would 
be $27 to $32 million, and 750 jobs would be eliminated. 
(Refer to the September 1985 Pace Synthetic Fuels 
Report, page 1-36 for a description and map of this 
alternative.) 

The Intermingled Lands Alternative proposes a transfer 
of isolated areas and other small tracts of lands of one 
agency that are intermingled with or near larger blocks 
of lands managed by the other agency. This alternative 
would transfer about 880,000 surface acres to ELM and 
1,917,000 surface acres to the Forest Service. Two 
options are proposed for the Intermingled Lands Alter-
native: (1) transfer of surface and minerals jurisdiction 
and (2) transfer of surface jurisdiction only.

Under the transfer of surface and minerals jurisdiction 
option, of the 71 communities that now have ELM and 
Forest Service offices, 67 would continue to have both 
offices. A total of 100 jobs would be eliminated, and 
average annual savings would be $4 to $5 million. 

Under the transfer of surface jurisdiction only option, 
70 communities would continue to have both Forest 
Service and ELM offices. Less than 50 jobs would be 
eliminated, and an average annual savings of $1 to 
$2 million would result. 

Under the Individual State Legislation Alternative, the 
Interchange proposals for each state would be consid-
ered in a separate legislative package, or states with 
similar situations could be grouped together in legisla-
tive packages. Each state would have the same pro-
posed jurisdictional boundaries and office locations as 
with the Proposed Action. The main difference be-
tween the Individual State Legislation Alternative and 
the Proposed Action would be in the time and costs 
required (1) for ELM and Forest Service to prepare and 
submit each package to Congress, (2) for Congress to 
consider each state separately, and (3) for ELM and 
Forest Service to implement the Interchange once Con-
gress acts on the individual state proposals. 

Under the No-Action Alternative, the Interchange of 
lands and minerals jurisdiction would not take place, 
although small case-by-case land transfers would con-
tinue as they have in the past. ELM and the Forest 
Service would continue to manage the lands and re-
sources under their jurisdictions in the same manner as 
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ment and loss of wilderness characteristics and pre-
clude wilderness designation in the future. The No-
Action Alternative would not affect wilderness char-
acteristics. 

they do now. BLM would also continue to administer 
federally owned subsurface minerals underlying all 
state, private, and federal lands. 

Environmental Consequences 

Table 2 summarizes the consequences that each of the 
alternatives are projected to have on the issues devel-
oped from public input. 

With regard to wilderness characteristics, implementing 
the Proposed Action would not affect any of the 
wilderness study areas (WSA5) or roadless areas consid-
ered for Interchange beyond what might occur if the 
Interchange would not take place. The Intermingled 
Lands and Individual State Legislation alternatives 
would have the same impacts as the Proposed Action 
except that the Intermingled Lands Alternative would 
Involve fewer areas. Under the June 7 Alternative, 
WSAs transferred to the Forest Service and determined 
to be non-suitable for wilderness could be released from 
wilderness consideration thereby resulting in impair-

Regarding timber production, the Interchange under the 
Proposed Action, June 7 Alternative, and Individual 
State Legislation Alternative would allow BLM to re-
quire timber harvesters to pay for cleaning up timber 
cutting debris and reforesting the public lands following 
the sale. Otherwise, the Alternatives would not appre-
ciably affect timber production. The Intermingled 
Lands Alternative would have the same effects as the 
Proposed Action except that It would not grant BLM 
the authority to collect money from timber purchasers 
for brush disposal and reforestation. The No-Action 
Alternative would not affect timber production on 
public or National Forest System lands. 

Concerning livestock grazing, none of the alternatives 
would appreciably affect livestock grazing use levels, 
timing of livestock use, or intensity of use supervision. 
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Regarding wildlife habitat, the Proposed Action, June 7 
Alternative, and Individual State Legislation Alterna-
tive would sligtily improve wildlife habitat on public 
lands by providing BLM authority to collect money for 
reforestation and wildlife habitat improvement follow-
ing timber sales. Under the Intermingled Lands Alter-
native and No Action, no significant impacts to wildlife 
habitat are expected. 

None of the Alternatives would appreciably affect 
recreation use on public or National Forest System 
lands. 

With regard to mineral production, the Proposed 
Action, June? Alternative, and Intermingled Lands 
Alternative would result in no significant adverse envi-
ronmental impacts. The administrative changeover 
may cause some delays in the scheduling and processing 
of applications, but would not affect mineral production 
levels. After full implementation, the minerals 
industry should experience some reduced costs and 
reduced time to process mineral applications. The 
ultimate impacts to the environment would not change. 
Under the Individual State Legislation Alternative, po-
tential inconsistencies in legislation for individual 
states could make it less efficient for minerals to be 
produced, but impacts to mineral production or to the 
environment are not expected to be significant. Be-
cause the No-Action Alternative would continue pre-
sent management, it would not change mineral produc-
tion. 

Concerning lands available for disposal, the Proposed 
Action, June 7 Alternative, and Individual State Legis-
lation Alternative would not affect the disposal of 
federal lands except to facilitate BLM's meeting of 
public interests by allowing the disposal of lands under 
the Small Tracts Act. Therefore, no significant im-
pacts to the physical or biological environment are 
expected. With the Intermingled Lands Alternative, 
less land could be disposed of after the Interchange 
than at present, and potential impacts on the physical 
and biological environment from land disposal activi-

tives would decrease. The No-Action Alternative would 
not affect land disposal potential. 

Regarding state and county revenues, the Proposed 
Action, the June 7 Alternative, and the individual State 
Legislation Alternative would have only a slight adverse 
effect on federal land-related revenues received by 
states. The Intermingled Lands Alternative would only 
slightly affect federal land-related revenues received 
by states, but changes in payment formulas could 
increase or decrease by as much as SO perc3nt revenues 
received by individual counties. The No-Action Alter-
native would not affect federal land revenues received 
by counties and states. 

Concerning local employment levels and community 
infrastructure, for almost all communities the employ-
ment and community infrastructure impacts would be 
insignificant under the Proposed Action, June 7 Alter-
native, and the Individual State Legislation Alternative. 
Both options of the Intermingled Lands Alternative 
would involve insignificant staffing changes and result 
in insignificant employment and community infrastruc-
ture changes. The No-Action Alternative would involve 
no staffing changes and would thus have no impacts. 

With regard to hydropower site development, lands 
transferred from the Forest Service to BLM would 
generally retain their reserved status under all alterna-
tives. Because of the relatively few hyropower sites 
involved, the impact from these alternatives is not 
expected to be regionally or nationally significant, but 
could be significant locally if a particular site is 
developed. The No-Action Alternative would not signi-
ficantly affect the development of hyropower sites or 
their associated environmental impacts. 
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RECENT GENERAL PUBLICATIONS /PATENTS 

The following papers were presented at the Alternate Energy '86 Conference at Captive Island, Florida on May 18, 1986: 

Honorable Don Fuqua, "The Role of Government in Alternate Energy." 
W. Kenneth Davis, "World Energy Issues in the 1990s." 
Jack Wilkinson, 'Are We Headed Back Up the Roller Coaster?" 
Charles Ebinger, "Low Prices and Ample Supplies: Any Cause to Worry?" 
John Val Browning, "Australia: Oil Shale." 
James H. Beard, "New Zealand: Methanol-to-Gasoline." 
Robert Ebel, "Soviet Union: Oil and Gas Outlook." 
Thomas A. Petrie, "United States: The Road to Import Dependence An Updated Assessment of United States 
Oil Supply/Demand Prospects, 1986-1992." 
Irving Leibson, at al, "Alternate Fuels Policy for the 1990s What Makes Sense?" 

The following papers were presented at the American Chemical Society Meeting In New York, New York on April 13, 
1986:

J. B. Green, at al, "Separation and Analysis of Hydroxyaromatic Species in Liquid Fuels IL Comparison of 
ArOH in SRC-11 Coal Liquid, Wilmington, California, Petroleum and 05CR Shale Oil." 
C. P. Selby, at al, "Chemical Basis for Photomutagenicity in Synthetic Fuels." 
T. Vo-Dinh, "A Ranking Tool for Potentially Carcinogenic Folynuclear Aromatic Compounds in Synfuel 
Products." 
S. A. Tabak, at al, "Production of Synthetic Gasoline and Diesel Fuel from Non-Petroleum Resources." 
M. S. Koleda, "A Perspective on the Future of Synthetic Fuels." 

Proceedings of the Twenty-Third Automotive Technology Development Contractors' Coordination Meeting, March 1986, 
Warrendale, Pennsylvania: 

S. Rajan, at al, "Performance and Emissions of Synthetic Gasolines in a Spark Ignition Engine." 
M. IL Swain, at al, "Evaluation of Deposit Formation with Synthetic Gasoline." 
Shannon Vinyard, "Synthetic Fuel Operation in a Heavy Duty Diesel-Part I: Test Objective, Setup and 
Procedures." 
Changtio Kim, at al, "Aldehyde and Unburned Fuel Emission Measurements from a Methanol-Fueled Texaco 
Stratified Charge Engine." 
D. Kretschmer, at al, "Alternative Fuels for Gas Turbines-Work Done for the Canadian Department of 
National Defense at the Laval University Combustion Laboratories." 
D. K. Mitchell, "The Durability of a Fleet of Methanol Fuelled Vehicles." 

California Energy Commission, "Energy Development," Draft Report, April 1986. 

Energy Resources Conservation Board, "Energy Alberta 1985." 

The following papers were presented at the Ninth Annual Energy-Sources Technology Conference in New Orleans, 
Louisiana on February 23, 1986: 

D. F. Othmer, "Alcohols - Fuels for Automobiles." 
H. L. Fein, at al, "Synthetic Fuels: The National Economic Benefits." 
K. H. Marple, "Importance of International Logistics for Fuel Oxygenate, Fertilizer and Energy Products." 
J. B. Dicks, "Technical Innovative Coal and Petroleum Technology Status Report." 
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The following papers were presented at the 13th Energy Technology Conference on March 17, 1986 in Washington, D.C.: 

Robert Rosenberg, Sr., "State of Energy Address." 
T. J. Kerrigan, "World Oil Surplus and Perspective." 
J. E. Treat, "Impact on Energy Investment." 
T. Anyos, "Commercializing EPRI Technology." 

W. D. Ingle, "An Approach to the Commercialization of Institutional Research: A Review of the CR1 
Experience." 

B. L. Mohler, "Approaching the Market with New Technologies." 

Edwards, M., at al, "Conversion of Methanol to Gasoline," Union Rheinische Braunkohlen Kra! tstoff Aktiengesellschaft. 

Hartley, Fred L., "The High Cost of Low-Priced Oil," Unocal 76, March 1986. 

Hogan, William W., at al, "Oil Market Risk Analysis," John F. Kennedy School of Government, Harvard University. 

International Energy Agency, "Energy Research, Development and Demonstration in the lEA Countries," 1984 Review. 

Landsberg, Hans H., 'The Death of Synfuels," Resources, Winter 1986. 

RAPAD, "R & D Of Synfüels on the Move." 

United States Department of Energy: 

"The National Energy Policy Plan." 
"National Energy Policy Plan Projections to 2010." 

United States Department of the Interior: 

"The Interior Budget in Brief, Fiscal Year 1987." 

Bureau of Land Management/Forest Service Interchange, "Legislative Environmental Impact Statement." 
"Uinta Basin Unit Planning Report/Draft ES for Colorado River Water Quality Improvement Program." 
"Utah BLM Statewide Wilderness Draft Environmental Impact Statement, Volume I Overview." 

GENERAL - PATENTS 

"Process for Treating Modified Oil Shale to Recover Shale Oil," Costandi A. Audeh and Joseph J. Dickert, Jr. - Inventors, 
Mobil Corporation, United States Patent 4,568,446, February 4, 1986. A method for converting hydrocarbonaceous 
materials such as oil shale, tar sands and other similar materials into hydrocarbonaceous fluids by use of a liquid 
hydrogen donor wherein the reaction is conducted in a substantially air free environment and the resultant modified 
organic content on said shale is recovered without the use of a hydrocarbonaceous solvent. 

"Method and Apparatus for Combating Encroachment by In Situ Treated Formations," Donald J. Dowling and Harold A. 
Palmer - Inventors, Texaco Inc., United States Patent 4,576,231, March 18, 1986. A method and apparatus is applicable 
to in situ heating of oil shale or tar sand. The heating is by radio frequency that is applied down hole by a central 
conductor that extends beyond a coaxial shielding conductor to form the antenna or applicator. Encroachment by the 
heated formation is overcome by applying motion to the central conductor to remove encroaching formations. 

"Method and Apparatus for Combustion of Diverse Materials and Heat Utilization," Leland M. Reed, William A. Reed and 
Walter C. Seeman - Inventors, PEDCO Inc., United States Patent 4,583,468, April 22, 1986. A method and apparatus is 
disclosed for combustion of diverse materials, particularly combustible solids, liquids or gases, such as sewage sludge, 
refuse, coal, refinery sludge, tar sands, coal shale, coal tailings and spent foundry sand. A rotary combustion apparatus 
is employed which consists of a cyclindrical drum, or other similar regularly shaped chamber, with a substantially 
horizontal axis of rotation including an ignition zone, a principal combustion zone, a falling temperature zone and a spent 

removal zone. The apparatus further includes solids transport chutes for forward and backward circulation of 
'solids arranged for the transfer of solids to or from one or more points. Feedstock may also be heated by recycled hot i&Ms. The method and apparatus employs direct solids-to-gas contact established by lifting and cascading combustible 

solids through a hot gas stream.
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GENERAL - PATENTS 

"Process for Treating Modified Oil Shale to Recover Shale Oil," Costandi A. Audeh and Joseph J. Dickert, Jr. - Inventors, 
Mobil Corporation, United States Patent 4,568,446, February 4, 1986. A method for converting hydrocarbonaceous 
materials such as oil shale, tar sands and other similar materials into hydrocarbonaceous fluids by use of a liquid 
hydrogen donor wherein the reaction is conducted in a substantially air free environment and the resultant modified 
organic content on said shale is recovered without the use of a hydrocarbonaceous solvent. 

"Method and Apparatus for Combating Encroachment by In Situ Treated Formations," Donald J. Dowling and Harold A. 
Palmer - Inventors, Texaco Inc., United States Patent 4,576,231, March 18, 1986. A method and apparatus is applicable 
to in situ heating of oil shale or tar sand. The heating is by radio frequency that is applied down hole by a central 
conductor that extends beyond a coaxial shielding conductor to form the antenna or applicator. Encroachment by the 
heated formation is overcome by applying motion to the central conductor to remove encroaching formations. 

"Method and Apparatus for Combustion of Diverse Materials and Heat Utilization," Leland M. Reed, William A. Reed and 
Walter C. Seeman - Inventors, PEDCO Inc., United States Patent 4,593,468, April 22, 1986. A method and apparatus is 
disclosed for combustion of diverse materials, particularly combustible solids, liquids or gases, such as sewage sludge, 
refuse, coal, refinery sludge, tar sands, coal shale, coal tailings and spent foundry sand. A rotary combustion apparatus 
is employed which consists of a cyclindrical drum, or other similar regularly shaped chamber, with a substantially 
horizontal axis of rotation including an ignition zone, a principal combustion zone, a falling temperature zone and a spent 
solids removal zone. The apparatus further includes solids transport chutes for forward and backward circulation of 
solids, arranged for the transfer of solids to or from one or more points. Feedstock may also be heated by recycled hot 
solids. The method and apparatus employs direct solids-to-gas contact established by lifting and cascading combustible 
solids through a hot gas stream.
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"Process for the Production of Carbon Monoxide and Hydrogen from Carbonaceous Material," Nai Y Chen - Inventor, 
Mobil Corporation, United States Patent 4,583,993, April 22, 1986. Hydrogen and carbon monoxide are produced from 
coal, char or other carbonaceous material in a processing combination comprising a catalytic company generator 
employing as reactant materials, fluid carbon material and carbon dioxide production of the reaction with carbon 
monoxide to produce hydrogen and carbon dioxide. Carbon dioxide produced in the process is relied upon as the primary 
endothermic heat source in the fluid cogenarator. 

"Hydrotreating Supercritical Solvent Extracts in the Presence of Alkane Extractants," Jim Y. Low - Inventor, Phillips 
Petroleum Company, United States Patent 0,032,120, April 22, 1986. A process for recovering hydrocarbons from 
naturally occurring low organic carbon content carbonaceous materials selected from oil shale, tar sand, and mixtures 
thereof comprising: (a) subjecting the material to solvent extraction with an alkane-containing solvent under 
supercritical conditions for the solvent, (b) then hydrotreating the extract from step (a) with added hydrogen in the 
presence of the solvent, and (c) recovering the resultant hydrotreated product. 
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COMING EVENTS 

1986 

JUNE 1-4, SASKATOON, SASKATCHEWAN-69th Canadian Chemical Conference, Canadian Society for Chemistry (The 
Chemical Institute of Canada). 

JUNE 2-4, CALGARY, ALBERTA—Annual Convention, Canadian Society of Petroleum Geologists. 

JUNE 8-11, CALGARY, ALBERTA-37th Annual Technical Meetin g, Petroleum Society of C1M. 

JUNE 8-12, DUSSELDORF, GERMANY-31st International Gas Turbine Conference & Exhibit. 

JUNE 9-10, LONDON, ENGLAND—Enhanced Oil Recovery Conference. Offshore Conferences. 

JUNE 10-15, GUANGZHOU, CHINA—Total Energy '86, International Trade and Exhibitions. 

JUNE 12-13, CALGARY, ALBERTA—Advances in Petroleum Recovery and Upgrading Technologj, Alberta Oil Sand 
Technology and Research Authority and Oilweek/Info-Tech. 

JUNE 15-18, ATLANTA, GEORGIA—Annual Meeting, American Association of Petroleum Geologists. 

JUNE 16-24, SOKOLNIKI PARK, MOSCOW, SOVIET UNION—Energy '86, Glahe International Group. 

JUNE 19-21, WHITE SULPHUR SPRINGS, WEST VIRGINIA—Coal's Electric Future, 69th Convention of National Coal 
Association. 

JUNE 23-25, ALABAMA-27th United States Symposium on Rock Mechanics, United States National Committee on Rock 
Mechanics. 

JUNE 24-26, MORGANTOWN, WEST VIRGINA—Sixth Annual Gasification Contractors Meetin g, Morgantown Energy 
Technology Center. 

JUNE 30-JULY 4, BADEN-BADEN, WEST GERMANY—Carbon 86 international Conference, Deutschen Keramisehen 
Geellschaft ArDeitskreis Kohlenstoff. 

JULY 1-2, LONDON, UNITED KINGDOM—First Annual Conference, European Fuel Oxygenates Market. 

JULY 6-18, STANFORD, CALIFORNIA—Energy Decision Making in the Eighties, Stanford University. 

JULY 740, JACKSON HOLE, WYOMING—Tar Sand Symposium, University of Wyoming. 

JULY 15-17, MORGAN'FOWN, WEST VIRGINIA—Second Annual Oil Shale Contractors Meet ing , Morgantown Energy 
Technology Center. 

JULY 22-25, JACKSON HOLE, WYOMING—Confab '86 Fossil Fuel Conference, Western Research Institute. 

AUGUST 19-22, ADELAIDE, SOUTH AUSTRALIA, AUSTRALIA—CHEMECA 86: 14th Australian Chemical Engineering 
Conference, Institution of Engineers, Institution of Chemical Engineers, and Royal Australian Chemical Institute. 

AUGUST 24-27, BOSTON, MASSACHUSETTS—Boston National Meeting, American Institute of Chemical Engineers. 

AUGUST 25-28, SAARBRUCKEN, FEDERAL REPUBLIC OF GERMANY—United States Department of Energy and 
Federal Ministry for Research and Technology (Germany), Twelvth Symposium on Underground Coal Gasification. 

AUGUST 25-29, SAN DIEGO, CALIFORNIA—American Chemical Society, Intersociety Energy Conversion Engineering 
Conference. 

SEPTEMBER 7-12, ANAHEIM, CALIFORNIA—American Chemical Society, American Chemical Society National 
Meeting. 

SEPTEMBER 8-11, TORONTO, CANADA—Gas Research Institute, International Gas Research Conference. 

SEPTEMBER 8-12, PITTSBURGH, PENNSYLVANIA—Third Annual Pittsburgh Coal Conference, University of Pittsburgh 
and DOE.
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SEPTEMBER 16-19, SURREY, ENGLAND—The Symposium on Gas Cleaning at High Temperatures, Institution of 
Chemical Engineers. 

SEPTEMBER 21-23, CALGARY, ALBERTA, CANADA-42nd Petroleum Mechanical Engineering Workshop and Confer-

SEPTEMBER 21-25, TOKYO, JAPAN—World Congress III of Chemical Engineering, The Japan Society of Chemical 
Engineers. 

SEPTEMBER 22, SAN FRANCISCO, CALIFORNIA-1985 Mining Convention, American Mining Congress. 

SEPTEMBER 29-OCTOBER 3, HALIFAX, NOVA SCOTIA, CANADA—Sixth International Workshop on Coal-Liquid and 
Alternate Fuels Technology (CLAFTh Centre for Energy Studies, Technical University of Nova Scotia. 

SEPTEMBER 30, PARIS, FRANCE—Hydrogenation and Pyrolysis of Coal Meeting, GRECO. 

OCTOBER 5-8, SARNIA, ONTARIO, CANADA-36th Canadian Chemical Engineering Conference-Preparing for the 
Nineties, Canadian Society for Chemical Engineering. 

OCTOBER 5-9, LAS VEGAS, NEVADA—American Mining Congress, International Mining Show. 

OCTOBER 5-11, CANNES, FRANCE—Energy 13th World Congress and International Energy Exhibition of Plant and 
Equipment, World Energy Conference. 

OCTOBER 20-23, PARIS, FRANCE—Alcohol Fuels 7th International Symposi um, Institut Francais de Petrole. 

OCTOBER 26-30, TUCSON, ARIZONA—Fuel Cell Seminar Electric Power Research Institute, Gas Research Institute, 
and United States Departments of Energy and Defense. 

NOVEMBER 2-7, MIAMI BEACH, FLORIDA—Winter Annual Meeting, American Institute of Chemical Engineers. 

NOVEMBER 11-13, HOUSTON, TEXAS—Coal Technology 186: 9th International Coal Utilization Conference, National 
Coal Institute, EPRI, at al. 

1987 

FEBRUARY 15-19, DALLAS, TEXAS—Technical Economics, Synfuels and Coal Ener gy Symposium, Energy Sources 
Technology Conference.
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PROJECT ACTIVITIES 

BLM ISSUES RECORD OF DECISION FOR 
PACIFIC SHALE PROJECT 

On March 7, 1986 the United States Bureau of Land 
Management (BLM) issued its Record of Decision on the 
Environmental Impact Statement for the Pacific Shale 
Project. 

The Pacific Shale Project, a joint venture of the Sohio 
Shale Oil Company, Cliffs Oil Shale Corporation, and 
the Superior Oil Company proposed to construct and 
operate an oil shale mining and processing facility that 
would attain a production capacity of 100,000 barrels 
per stream day of raw shale oil. The project was to 
have been located in Garfield County, Colorado appro-
ximately 10 miles north of the community of DeBeque, 
as shown in Figure 1. 

The BLM Record of Decision confirmed BLM's Prefer-
red Alternative identified in the Final Mobil-Pacific Oil 
Shale Environmental Impact Statement. See Pace Syn-
thetic Fuels Report, September 1984, page 2-29, and 
March 1985, page 2-46. 

The decision allows the BLM to issue right-of-way 
grants across public lands and leases, and to make sales, 
or exchanges of public lands to Pacific for development 
of the Pacific Project.

In addition, right-of-way grants across public lands in 
the Roan Creek-Clear Creek Corridor will be issued to 
Pacific for an access road to the project area, a water 
pipeline, electrical transmission lines, and a railroad. 
Right-of-way grants will also be issued for the product 
oil pipeline from the project to the proposed Shale Oil 
Pipeline Study (SOPS) pipeline along the product trans-
portation corridors as described in the Clear Creek 
Shale Oil Project (CCSOP) Record of Decision. A 
right-of-way grant will also be issued for a natural gas 
3upply pipeline to be constructed in corridors described 
in the CJSOP Record of Decision. 

Applications to purchase public lands will be processed 
after preparation of the Record of Decision on the 
Final Grand Junction Resource Area Resource Manage-
ment Plan and Environmental Impact Statement (see 
Pace Synthetic Fuels Report, March 1986, page 2-40). 
The aMP will identify public lands to be disposed, 
retained, or acquired to improve resource management. 
If specific land parcels that Pacific has applied to 
purchase are identified within a retention area, Paci-
fic's use of the lands will be authorized by right-of-way 
grants or leases. If the specific land parcels are 
identified for disposal, the lands will be disposed by sale 
or exchange. The EM? does not identify disposal 
methods nor disposal specifically to Pacific. Those 
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decisions will be made in the activity plan for land 
tenure adjustments and by further screening through 
environmental assessment. 

The BLM will issue the rights-of-way across public 
lands to Pacific, but will not issue a Notice to Proceed 
until the following items are received and approved: (1) 
detailed construction, operations, and rehabilitation 
plans; and (2) habitat recovery and replacement plan. 
No surface disturbance, construction, or occupancy will 
be allowed to occur on the rights-of-way until the 
Notice to Proceed has been issued. The rights-of-way 
will be issued for the projected life or period of use for 
the facility. 

Summary of NEPA Process 

On September 9, 1982 Pacific submitted documentation 
to the BLM for the preparation of an EIS on the Pacific 
Project. This documentation included an application 
for a right-of-way across BLM lands, and expressed an 
intent to purchase public lands. Additional federal 
actions required included Corps of Engineers Section 
404 permits. 

BLM determined that these land actions would consti-
tute "major federal actions" requiring an LIZ and Issued 
a public scoping notice in the Federal Register on 
February 10, 1983. 

Based on seeping comments received, the Draft Mobil-
Pacific Oil Shale Environmental Impact Statement 
(DEIS) was prepared and released for public comment 
on March 8, 1984. The FEIS was released for public 
comment December 7, 1984. Public comment on the 
FEIS closed on January 7, 1985. 

During the required NEPA process, the BLM partici-
pated as lead federal agency in the Colorado Joint 
Review Process (CJRP)/Pacific Shale Project Team. 
Other major participants included the Colorado Depart-
ment of Natural Resources (lead state agency), Garfield 
County (lead local government agency) and Pacific. A 
total of 25 federal, state, and local agencies partici-
pated in the CJRP as reviewing agencies. 

ELM identified 55 alternatives for detailed study in the 
EIS. A no action alternative was also evaluated. 

Record of Decision Rationale 

The agency's preferred alternative for the development 
of the Pacific Project would result in maximum use of 
the resource and is consistent with sound resource 
recovery practices. Development of the Pacific Pro-
ject would contribute to the national need to reduce 
dependence on foreign energy supplies, and is, there-
fore, consistent with ELM statutory and regulatory 
responsibilities to manage the federal lands to best 
meet the present and future needs of the American 
people. Since most of the Pacific Project is on private 
lands, the use of public lands for infrastructure facili-
ties, such as roads, pipelines, transmission lines, and 
water resource development, is consistent with multiple 
use and sustained yield concepts.

At 100,000 barrels per day the project would produce 
significant revenue surpluses for counties, allowing for 
some potential revenue sharing with municipalities and 
allowing for growth to pay its own way. The total tax 
revenues expected to be generated by the Pacific 
Project would exceed the required expenditures by a 
substantial amount, about $325 million over a 25 year 
period. 

According to the Record of Decision, the impacts of 
the Pacific Project on climate and air quality, noise, 
groundwater, surface water, topography, geology, pale-
ontology, soils, aquatic ecology, vegetation, wildlife, 
cultural resources, visual resources, land use, recrea-
tion, and transportation will not be significant adverse 
impacts to the environment and in ELM's judgment will 
comply with all applicable laws and regulations. 

The differences in level of impact between the various 
alternatives, when considered on a cumulative basis, 
were not significant. These insignificant differences 
support ELM's decision when considered in conjunction 
with the resource recovery, land management policy, 
socioeconomic, and other factors including the required 
mitigation measures. 

Specific Land Actions 

Eight tracts of public land totalling 1,853.44 acres are 
proposed for various project faculties. A summary is 
given in Table 1 and Figure 2. The proposed use of 
these tracts of land was dictated by the location of the 
main plant site in the Deer Park/Scott Gulch area. Two 
other plant site locations were also analyzed. The Mesa 
Top location is the environmentally preferred alterna-
tive but worker access and operation costs problems 
would be much more severe. The other location, Deer 
Park Gulch, would result in significant exceedanccs of 
ambient air quality standards. The Deer Park/Scott 
Gulch location was chosen as the agency's preferred 
alternative for the main plant site because the location 
did not present any severe impacts, or impacts which 
could not be mitigated, while avoiding worker access 
and operation cost problems associated with the envir-
onmentally preferred alternative. 

For access to the mesa top, the Conn Creek Route was 
selected as the environmentally preferable and the 
agency's preferred alternative over the Cliff Route due 
to lesser visual and noise impacts. The Conn Creek 
route will disturb more sensitive vegetation but the 
reduction of the visual and noise impacts was consid-
ered more important. 

The Roan Creek/Clear Creek access and service corri-
dor would include the main access road, railroad, and 
water pipelines for the Pacific Project and other shale 
oil projects. The Roan Creek-Clear Creek Corridor was 
chosen as the agency's preferred alternative for the 
electric transmission line over the LaZal Corridor 
alternative (environmentally preferable) in order to 
consolidate as many utilities for as many oil shale 
projects as possible in one corridor. The Record of 
Decision on the Clear Creek Shale Oil Project (BLM, 
1984) also selected this corridor as the most appro-
priate for the electric transmission line. 
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TABLE 1 

SUMMARY OF LAND PACIFIC HAS 
REQUESTED TO PURCHASE 
(Sec Figure 2 for Location) 

Parcel Use Acres 

A Raw shale preparation and 40.00 
retorting area; 20 acres to 
be disturbed 

B Mining and oil upgrading area: 22.50 
20 acres to be disturbed 

C Electrical substation; 5 acres 10.04 
to be disturbed 

D Plant entrance, administration 162.28 
building and plant corridor; 
60 acres to be disturbed 

E Construction laydown area: 122.09 
120 acres to be disturbed 

F Terminal reservoir and plant 60.00 
corridor area; 40 acres to 
be disturbed 

C Project visitor center; 40.34 
40 acres to be disturbed 

H Parking, construction camps, 1,396.19 
and plant corridor area; 
235 acres to be disturbed  

Total Acres of Public Land Requested 1,853.44 
Total Acres of Above to be Disturbed 540.00

Eight product pipeline corridor alternatives were ana-
lyzed in the Final Environmental Impact Statement on 
the Clear Creek Shale Oil Project. Four of these 
corridor alternatives were considered to be reasonable 
for the Pacific Project. The SOPS Product Pipeline 
Corridor alternative was selected as the agency's pre-
ferred alternative. However, several options are ac-
ceptable to ELM. 

Truck transport and railroad transport were considered 
as reasonable alternatives for shipping materials to and 
from the Pacific Project site. Railroad materials 
transport is the environmentally preferable and the 
agency preferred alternative. It is predicted that there 
would be greater adverse traffic, noise, and wildlife 
impacts and more potential for accidental spills with 
truck transport than with railroad transport. 

When Pacific submits applications for permits and/or 
rights-of-way, the SLM will require site specific miti-
gation on a case-by-case basis. 

The BLM enforcement and monitoring programs will be 
developed after Pacific submits the required cons truc-
tion, operation, rehabilitation, and habitat recovery and 
replacement plans for each right-of-way. Monitoring 
plans will be specifically designed for each permitted 
facility on public lands. 

At this time there is no indication that the Pacific 
Project will apply for land exchanges or purchases or 
rights-of-way in the near future.

FIGURE 2 

LOCATION OF PROPOSED LAND 
ACTIONS FOR PACIFIC PROJECT 
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GOVERNMENT 

INITIAL ANVIL POINTS DECOMMISSIONING 
PROGRAM COMPLETED 

Decommissioning, demolition, and reclamation of the 
Anvil Points oil shale research facility has been basical-
ly completed over the last few months. An overview of 
the decommissioning project was given by J. Virgona of 
the United States Department of Energy (DOE) at the 
19th Oil Shale Symposium held in Golden, Colorado in 
April. 

Background 

The Anvil Points Oil Shale Facility (APP) was con-
structed in Naval Oil Shale Reserves (NOSR) 1 and 3 
approximately 8 miles west of Rifle, Colorado. 
NOSRs 1 and 3 were created in 1916 and 1924, respect-
ively by Executive Orders that withdrew land from the 
public domain for the exclusive benefit and use of the 
Department of the Navy. NOSR 1 contains approxi-
mately 2.3 billion barrels of shale oil within an 80 foot 
bed of the Mahogany Zone oil shale beneath 
40,760 acres of rugged terrain. NOSR 3, which adjoins 
NOSR 1 on the east, south, and west, and encompasses 
14,130 acres, was created to afford working space, to 
provide land for disposal of retorted shale, and to 
provide access to the Colorado River for the develop-
ment and operation of NOSR 1. 

The Synthetic Liquid Fuels Act of 1944 directed the 
construction and operation of a demonstration plant and 
the opening of an oil shale mine at Anvil Points. 
Ground was broken on August 25, 1945, and the first oil 
run was made on May 8, 1947. 

Shortly before the expiration of his authority under the 
Synthetic Liquid Fuels Act to operate a demonstration 
facility, the Secretary of the Interior decided to close 
the plant in 1956. 

In 1958, the Attorney General rendered an opinion that 
neither the Secretary of the Navy nor the Secretary of 
the Interior had the authority to lease the experimental 
facility at Anvil Points. Public Law 87-796 was there-
fore enacted in 1962 and the APP was leased to the 
Colorado School of Mines Research Foundation from 
1964 to 1968. Mobil Oil, Continental, Humble, Pan 
American Petroleum, Phillips, and Sinclair Research 
contracted with CSMRF to conduct research on new 
mining and retorting techniques. The consortium con-
tinued research, which had begun in the 1950s, on the 
Bureau of Mines Gas Combustion Retort, forerunner of 
many of today's vertical kiln retorts. 

In 1972, Development Engineering, Inc. a wholly owned 
subsidiary of Paraho Development Corporation, was 
awarded a 5 year lease, with a 5 year option period. In 
conjunction with up to 17 corporate sponsors, Develop-
ment Engineering constructed and operated pilot and 
semiworks retorts during a 10 year period ending 
May 11, 1982. That research provided the design base-
line for a commercial-scale Paraho retort. Another 
part of the research, sponsored by the Department of 
Defense, involved production of over 100,000 barrels of 
shale oil which were upgraded to military fuels.

In 1976, Public Law 94-258 transferred the Anvil Points 
authorities to the Secretary of Energy. 

From 1981 to 1984, a consortium of oil companies 
(Cities Service, Getty Oil, Mobil Research and Develop-
ment, Phillips, Sohio Shale, and Sunoco Energy Develop-
ment), Science Applications, Inc., and two DOE national 
laboratories (Sandia and Los Alamos) conducted rock 
fragmentation research. The scope of this research 
effort included single and multiple borehole blasting to 
determine rubble induced as a function of explosive 
type, spacing, sequencing, and depth of burial. 

In 1983, because of an absence of private sector inter-
est in sharing the expenses of maintaining the APP for 
research under a cooperative agreement, DOE decided 
to place the APP in a standby mode. Approximately 
50,000 barrels of shale oil produced as part of the 
R&D  agreements with Occidental Oil Shale 
(40,000 barrels) and Qeokinetics (10,000 barrels) were 
shipped to the Caribou Pour Corners Refinery new Salt 
Lake City, Utah. 

During the 40 years of periodic activity at the APP, 
numerous government, educational, and private organi-
zations participated in pioneering oil shale mining, 
processing, and environmental research and develop-
ment, applications of which have been transferred to 
many potential commercial retorting processes. How-
ever, many practices that were acceptable w n the 
APP was first constructed and operated do not comply 
with today's environmental standards. 

Decommissioning Phase I 

Decommissioning Phase I began in the summer of 1984 
with the initiation of an environmental audit and sub-
sequent hazard cleanup. The second phase began in the 
summer of 1985 when a contract for asbestos removal 
and demolition and reclamation of the industrial plant 
and housing area was awarded. 

In September 1984, a contract was awarded to Anvil 
Points Associates (APA) of Grand Junction, Colorado. 
Anvil Points Associates inventoried, inspected, sam-
pled, and analyzed approximately 75 tanks, 1,100 
55 gallon drums, and 1,600 smaller containers. APA 
also prepared a Spill Prevention, Contingency, and 
Counter Measure Plan, a Health and Safety Plan, and a 
Sampling and Testing Plan. 

The contents of the above containers were raw and 
retorted shale, shale oil and associated petroleum pro-
ducts, gasoline and other refined products, and other 
miscellaneous liquid and solid products. The raw shale 
was used as road gravel within the plant, and the 
retorted shale was placed on the large retorted shale 
pile. All containers having shale oil or a mixture of 
shale oil and water were consolidated in one of the 
tanks in the tank farm. Many barrels of light shale oil 
products (gas, oil, diesel fuel, kerosene, and naphtha) 
were used to clean problem drums and then transferred 
to the consolidation tank. Many of the shale oil 
containers required substantial heating with either a 
hot water bath or by circulating the contents through a 

2-4	 SYNTHETIC FUELS REPORT, JUNE 1986



hot oil truck prior to successful transfer. Approxi-
inately 500 barrels of shale oil and 100 barrels of water 
were consolidated. 

Approximately 285 drums of tarry shale (oil, shale, and 
soil mixture) apparently resulting from spill cleanup, 
12 drums of gilsonite-like material, and 21 drums of 
petroleum coke were also discovered. 

The hazardous materials were repackaged and consoli-
dated according to classification. 

Anvil Points Associates also inventoried, inspected, 
sampled, and analyzed the contents of the evaporation 
ponds, septic tanks, and approximately 75 surface and 
subsurface storage tanks ranging in size from approxi-
mately 5 to 10,000 barrels. The contents of many of 
the storage tanks, primarily petroleum products, were 
removed and consolidated in designated tanks in the 
tank farm, or used to clean drums. Also analyzed were 
soil samples from known and suspected spill areas, 
areas down-gradient from the spill areas, leach fields, 
and other locations of concern. Results proved that all 
the soil samples were non-toxic and non-hazardous. 

Approximately 700 barrels of floatable oil were re-
moved from the evaporation pond and transferred to 
tanks. Unsuccessful attempts were made to remove the 
oily sludge from the bottom of the lined evaporation 
pond. 

Phase II Asbestos Removal 

A contract was awarded on July 24, 1985 to Mountai% 
Region Corporation of Grand Junction, Colorado. 
Mountain Region Corporation utilized three Colorado 
subcontractors, Synfuels Engineering and Development 
in Parachute, A & B Asbestos Abatement in Grand 
Junction, and Brown's Environmental Construction of 
Littleton. 

The APP contained large quantities of both friable and 
non-friable asbestos. Large quantities were found 
underneath debris, f loon, crawl spaces, and other origi-
nally inaccessible areas. Asbestos was found in almost 
every building and scattered throughout the onsite 
boneyard. 

The asbestos-removal task was slow and tedious. The 
first step involved formulation of an asbestos plan that 
complied with Colorado Department of Health (CDH), 
Occupational Safety and Health Administration (OSHA), 
and EPA regulations. 

Asbestos-removal areas were isolated using visqueen 
barriers to contain an debris, and occasionally a HEPA 
negative air system was used to further contain any 
release of asbestos fibers. All persons entering the 
work area were required to wear protective clothing, a 
respirator, safety glasses and boots, and gloves. Upon 
leaving the area, all personnel were required to decon-
taminate themselves in the onsite decontamination 
trailer.

Demolition 

The demolition task included: 0 
• Removal of all buildings, concrete slabs and 

foundations, and roads. 
• Cleaning and removal of all surface and subsur-

face storage tanks and associated intercon-
necting pipes. 

• Removal of all transformers. 
• Removal of the aboveground power distribution 

system, manholes, fences, fire hydrants, signs, 
and other man-made structures. 

• Removal of all property, equipment, and other 
salvageable and unsalvageable materials. 

• Disposal of all biodegradable, toxic, and haz-
ardous materials off site. 

Materials generated during tank cleaning were deter-
mined to be non-hazardous and non-toxic except for 
flammability. Approval was received from the Color-
ado Department of Health to dispose of these materials 
at the Black Mountain Petroleum Waste Disposal Site 
near Mesa, Colorado. 

Most of the shale oil removed from the tanks was sold 
as boiler fuel. 

Reclamation 

Upon completion of the asbestos-removal and demoli-
tion activities, the contractor in early February began 
restoring the approximately 45 acres of disturbed sur-
face area to rangeland compatible with the adjacent 
rangeland. Each portion of the disturbed areas was 
seeded and/or planted, as appropriate, with a mixture 
of perennial native grasses, f orbs, legumes, and shrubs 
adaptable to the climate of the region. 

All the disturbed areas within the industrial plant and 
housing area, except for several designated roads and 
the staging area for the NOSR Gas Drilling Program, 
were reclaimed. 

All concrete pads, walkways, and steps, together with 
asphaltic material, were removed. The resulting areas 
were then ripped, followed by backfilling, grading, 
contouring, and topsoil redistribution and replacement. 
Irrigation is not planned because the contractor deter-
mined that it would be more cost-effective to reseed, if 
necessary, than to irrigate. 

Other Considerations 

The Department of Energy has expended approximately 
$3 million to date on the decommissioning of the APP. 

The electric transmission line and associated substation 
that provided power to the APP and the County televi-
sion translator, together with the associated land ease-
ments, were sold to Public Service Company of Color-
ado. 
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The Garfield County Commissioners negotiated an 
agreement with the Department of Energy to use the 
main valley access road for access to the sanitary 
landfill located on Bureau of Land Management (BLM) 
land approximately one-half mile from the API'. In 
exchange, Garfield County maintained the road, and the 
Department of Energy received permission to dispose of 
non-hazardous and non-toxic domestic and construction 
waste at the landfill. 

A second agreement negotiated between the Garfield 
County Commissioners and the Department of Energy 
involved county installation of a television translator on 
the mine bench, and use, of the mine access road to 
maintain the translator. The County agreed to perform 
only minor maintenance on the road. However, access 
to the bench has been limited to helicopters because of 
major landslides on the mine access road. Because of 
these landslides and the lack of Department of Energy 
funds for maintaining the road, Mobil Oil Company 
terminated its agreement for access to its mine using 
the APP mine access road. 

The two EPA retorted shale study plots located at or 
adjacent to the APF were not disturbed. The fence 
around the TOSCO/United States Bureau of Mines plot 
In the housing area was removed, and the plot will be 
allowed to vegetate naturally without protection from 
wildlife or humans. The access road to the Paraho plot 
on the adjacent BLM Land will remain, but will not be 
maintained. 

The total decommissioning of the APP will take several 
more years: 

• Plans are being formulated for implementation 
of a new groundwater monitoring program in 
the vicinity of the raw and retorted shale piles 
and the two lined evaporation ponds that col-
lect runoff from the piles. 

• The mine is non-permanently closed, and at 
present, there are no plans to reopen it or 
repair the access road. Most of the mine 
equipment and vehicles remain in the mine. 

• The buildings, equipment, and miscellaneous 
materials on the mine bench have not been 
removed. Reclamation of the mine bench and 
access road will be addressed if a decision is 
made to permanently close the mine. 

•• Removal of the water treatment plant and 
associated tanks and lines is contingent on 
disposition of the water rights litigation and 
determination of the water requirements for 
developing the oil shale reserves. At this time, 
there are no plans to develop the reserves. 

USGS CONTINUES WITH OIL SHALE RESEARCH 
PROGRAM 

Responsibility for United States government geologic 
studies of oil shale and associated deposits is assigned 
to the United States Geological Survey (USGS). The 
current orientation of the USGS oil shale program was 
described in a presentation to the V. E. McKelvey 
Forum on Mineral and Energy Resources held in Denver.

The goals of the USGS oil shale investigations program 
are to: 

• Increase knowledge of the geology and chemis-
try of oil shales and associated metals and 
industrial minerals; 

• Understand the basic geologic and geochemical 
processes that form and preserve oil shale in 
nature and determine its quality; 

• Apply this knowledge to the development of 
regional and national resource assessments; 

• Characterize the geology, mineralogy, and 
chemistry of oil shale rocks so that the shale oil 
resources may be maximally exploited with 
minimum environmental impact; and 

• Develop laboratory and field methods for 
assessing the quantity and quality of oil shale 
deposits. 

Historic oil shale investigations have concentrated on 
field and laboratory studies of the lacustrine Eocene 
Green River Formation of Utah, Colorado, and Wyom-
ing, focusing on the content and quality of oil shale on 
or near sites of current or proposed mining activity. 
The results of these studies are published resource maps 
of selected shale units and detailed geologic maps of 
parts of the Piceance and Uinta basins in Utah and 
Colorado. In addition, published reports include multi-
disciplinary baseline studies on the chemistry and min-
eralogy of oil shale and surficial materials. New 
program objectives place increased emphasis on deter-
mining the mineralogy and chemistry of oil shale units. 

Work in fiscal 1986 continues the compilation of the 
geologic framework, fracture network, mineralogy, and 
geochemistry of Green River Formation rocks in the 
northern part of the Piceance basin and for parts of the 
Uinta Basin. Although the general extent of the oil 
shale resource is known, its development potential is 
restricted by water-conducting fracture systems, and 
by chemical and mineralogical variations that result 
from variations in the lake's depositional character in 
space and time. Therefore, the program emphasizes 
geologic and geochemical studies that will determine 
the amount and distribution of (1) associated sodium-
aluminum minerals that are potentially useful by-pro-
ducts of oil shale processing, (2) minerals which may 
adversely affect shale-retorting processes, and (3) host 
minerals that might contain minor and trace elements 
of environmental concern. 

Studies of the chemistry and stable isotope composition 
of mineral species will determine the depositional and 
diagenetie history of the shales and its relation to 
chemical and mineral variations. On-going napping and 
studies of water-conducting fracture systems should 
allow more effective utilization of oil shale resources. 

Results of these new multi-disciplinary studies will be 
compiled as geologic maps and reports that discuss a 
wide range of factors relative to effective characteri-
zation and utilization of the resources. Other efforts 
will concentrate on mapping and study of other oil 
shales and organically enriched rocks in the western 
part of the United States, and on developing new 
methods for determining shale oil yields and shale oil 
quality from rocks. 
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TECHNOLOGY 

SULFUR TRIOXIDE TESTED FOR 
RETORTING OIL SHALE 

A report .issued by Western Research Institute on the 
"Technical and Economic Feasibility of Sulfur Trioxide 
Retorting" examines the possibility of generating retort 
heat requirements by the reaction between oil shale and 
sulfur trioxide. 

Conventional methods for shale oil production rely on 
combustion of pyrolysis by-products to supply the heat 
for retorting. Sulfur trioxide is a potential alternative 
to combustion air for generating the process heat. By-
product sulfur from the shale retorting and oil upgrad-
ing operations is easily converted to sulfur trioxide. 
The potential heat generation with sulfur trioxide is 
greater than with conventional combustion reactions 
because the sulfur trioxide reacts exothermically not 
only with the organic carbon but also with carbonate 
minerals in the shale. This additional heat generation 
may facilitate retorting of leaner grade shales which 
produce less by-product gas and residual carbon for use 
as process fuel. The sulfur trioxide is also more easily 
concentrated than atmospheric oxygen, so there is less 
dilution of the retort gas with inert combustion pro-
ducts. 

Chemical Reactions 

Sulfur trioxide is a strong oxidizer and can react 
exothermically with both the inorganic and organic 
constituents of oil shale. To avoid oil degradation, the 
preferred reactions are those with mineral carbonates 
and water. These reactions can produce sufficient heat 
to retort oil shale. However, there are a number of 
deleterious reactions which can degrade the product oil 
at retorting temperatures. The deleterious reactions 
are basically direct oxidation of organic carbon.

Jther deleterious reactions are sulfonation of aromatic 
hydrocarbons and olefins. Alkanes do not react readily 
with sulfur trioxide or concentrated sulfuric acid, but 
the aromatic hydrocarbons and olefins are easily 
reacted. These sulfonation reactions badly degrade the 
production oil by increasing the sulfur concentration. 

The key reactions are summarized in Figure 1. 

Experimental Sulfur Trioxide Retorting 

The initial parameter study consisted of 112 glass 
reactor runs with a 25.9 gallons per ton Colorado shale, 
five runs on a 9.7 gallon per ton Antrim shale from 
Michigan, four runs on both a 16.7 gallons per ton 
Moroccan shale and a 17.3 gallons per ton Sunbury shale 
from Kentucky, and two runs on a 61.7 gallons per ton 
Wyoming shale. 

Shown in Table 1, the Colorado, Kentucky, and Moroc-
can shales all have similar organic carbon content. 
However, their inorganic carbon content varies signifi-
cantly. Limited runs using these three shales showed a 
slight decrease in the reaction temperature with a 
corresponding decrease in inorganic carbon content 
(Table 2). 
The effect of the organic carbon content on the retort-
ing process was studied by using the Wyoming and 
Michigan shales in conjunction with the Colorado shale. 
As indicated in Table 1, the Wyoming shale has twice 
the organic content and three-quarters the inorganic 
carbon content as the Colorado shale. The Michigan 
shale has approximately one-third the organic and inor-
ganic carbon content as the Colorado shale. Compara-
tive runs with these shales indicate that the organic 
carbon content affects the reaction temperature but to 
a lesser degree than does the inorganic carbon 
(Table 2). 

FIGURE 1 
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Maximum 
Reaction 

S03 Air	 Tem-
Rate Rate Perature 

(cc/ (Lprn) 
min) 

1.54	 1,810 

2.95	 2,030 
1.52	 1,370 

3.06	 1,450 

6
	

1,610 

6
	

1,610

Product Gas
Analysis 

(2 samples) 
CO2	 SO2 

(Vol%) (Vol%) 

	

84.1	 14.5 

	

60.8	 36.9 

	

49.5	 46.7 

	

93.5	 5.4 

	

42.3	 54.1 

	

68.4	 30.0 

	

35.9	 62.2 
30.2 

0.1 
18.4 

0.1 

TABLE I	 TABLES 

ANALYSIS OF RAW SHALES	 RESULTS FOR STAINLESS STEEL 
REACTOR RUNS 

TABLE 4

RESULTS OF SPENT SHALE RUNS 

Fischer Elemental Analysis 
Assay (Weizht Percent) 

Sample Oil	 Total Organic Inorganic 
Type OPT	 Carbon Carbon Carbon

•	 Run 
Colorado 25.9	 18.76 14.60 4.16 Number 
Wyoming 61.7	 34.24 31.61 2.63 
Kentucky 17.3	 17.47 17.40 0.07 3 
Morocco 16.7	 16.31 15.90 0.41 4 
Michigan 9.7	 9.03 4.76 1.14 5 

6 
7 
8 
9 

10 
TABLE2 11 

12 
13 

AVERAGE RUN PARAMETERS AND 14 
RESULTS FOR QUARTZ REACTOR RUNS 15 

16 
17 

Initial Maximum 18 
Particle Shale Reaction 19 

Type Size Temperature Temperature 
(inch) ('F) ('F) 

Colorado 1/8-1/4 600 1,480 
1/8-1/4 400 915 
1/8-1/2 300 713 

Kentucky 1/8-1/2 300 686 
Morocco 1/8-1/2 300 636 
Wyoming 1/8 400 1,110 

1/3-1/4 400 880 
Michigan 1/8-1/4 600 1,170 

1/8-1/4 400 875

oil • Weight % 
Recovery of 

% of	 . Maximum Shale Load 
Fischer Reaction Totally 
Assay Temperature Retorted 

22.5 2,180 59 
23.2 2,140 57 
41.2 2,280 71 
17.2 2,250 50 
5.3 1,800 31 

17.2 2,120 27 
34.5 2,090 100 
3.0 1,680 37 
6.8 1,760 43 

12.0 1,920 60 
38.2 2,190 96 
37.5 2,100 87 
47.2 2,050 86 
13.9 2,190 33 
20.9 2,390 47 
0.9 2,140 43 
0.1 1,660 36

Based on the initial study resuiti, 17 additional runs 
were made in a stainless steel reactor. The percentage 
of oil recovery ranged from 0.1 to 47.2 (Table 3). The 
lowest oil recoveries were from the Moroccan shale 
while the best recovery was from Colorado shale. 

The majority of the sulfur and approximately one-half 
the carbon was accounted for in the produced gases; 
mainly in the form of carbon dioxide and sulfur dioxide. 
The remaining sulfur was generally split between the 
liquid products and the spent shale. The majority of the 
carbon was in the spent shale due to the low conversion. 

Sulfur Trioxide Heating of Retorted Shale 

For these experiments, retorted shales were prepared 
from Colorado oil shale using the standard Fischer 
Assay method and preheated to 1,000°F. Sulfur trioxide 
or air was then injected into the reactor to measure the 
maximum reaction temperature. Results of four tests 
with sulfur trioxide injection are compared with two 
combustion tests in Table 4.

Shale
Particles

Size 

(Inches) 

1/3-1/4 

1/8-1/4 
1/4-3/8 

1/4-3/8 

1/8-1/4 

1/4-3/3
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Maximum reaction temperatures for sulfur trioxide 
heating of retorted shale are comparable to combustion 
temperatures using air. The sulfur trioxide heating 
produces even higher temperatures when the shale 
particle size is smaller. The product gas from sulfur 
trioxide heating of retorted shale has a high concentra-
tion of carbon dioxide because there is no dilution of 
the reaction products with nitrogen. 

Economic Evaluation 

An economic evaluation of sulfur trioxide incremental 
retorting costs relative to conventional retorting pro-
cesses was made at 10,000 barrels per day raw shale oil 
production for both 25 and 42 gallons per ton resource. 
Sulfur trioxide plant investment was assumed the same 
as an equivalent capacity sulfuric acid plant. Sulfur 
was priced at $loe per ton. 

Direct sulfur trioxide retorting was evaluated on the 
basis of producing refinery-acceptable synthetic crude 
shale oil. Excessive sulfur and nitrogen contamination 
must be reduced to normal crude oil levels by hydro-
treating. 

For indirect retorting sulfur trioxide and sulfur dioxide 
do not directly contact raw oil shale, and the oil and 
gas products are uncontaminated. Consequently, an 
economic comparison for product handling is not neces-
sary. 

An economic evaluation for directly retorting raw oil 
shale with sulfur trioxide was based on an extrapolated 
oil yield of 65 percent Fischer Assay. A block flow 
diagram (Figure 1) shows how shale oil syncrude is 
produced. The incremental economic comparison takes 
into account three operations: (1) sulfur trioxide plant, 
(2) shale oil hydrotreater, and (3) hydrogen plant. All 
other operations, including the retort, are assumed 
equivalent to conventional processing. By-product sul-
fonated oil recovery was not evaluated. 

A large hydrotreating volume loss is due to the amount 
of sulfur, nitrogen, and oxygen removed. An additional 
amount of oil must then be used as hydrogen plant feed. 
The net synerude is 81 percent of raw shale oil produc-
tion compared with about 97 percent for conventional 
retorting. This 1,580 barrels per day product "loss" is 
valued at $30.00 per barrel and added to the incre-
mental costs. 

The incremental costs for direct sulfur trioxide retort-
ing were found to be high. They could even be higher if 
off-gas treating requirements are more severe than 
conventional processing. The additional costs are listed 
as follows:

OPT Shale	 S/Barrel 

25	 +9.60 
42	 8.20

Indirect Retorting 

An economic evaluation for indirect sulfur trioxide 
retorting was also made. Hot spent shale containing 
calcium carbonate reacts with sulfur trioxide to pro-
duce an additional 800°F temperature increase. This 
hot spent shale properly mixed with raw oil shale 
provides overall temperatures sufficient for retorting. 

Mixing 2.4 parts 1,200°F recycle spent shale with one 
part 300°F preheated raw shale produces an overall 
900°F retorting temperature. Gases produced by the 
sulfur trioxide and spent shale reactions are mainly 
carbon dioxide and sulfur dioxide allowing sulfur dioxide 
recycle and carbon dioxide by-product sales. The block 
flow diagram for indirect sulfur trioxide retorting is 
shown in Figure 2. 

Table 5 gives the economics for indirect sulfur trioxide 
retorting. The significant figures are raw sulfur costs 
and carbon dioxide credit. Raw sulfur make-up is only 
60 percent of the total sulfur trioxide requirement 
because of 40 percent sulfur dioxide recycle. The 
carbon dioxide credit represents 35 percent of the total 
indirect retorting incremental costs. The net incre-
mental costs from Table 5 are: 

OPT Shale	 5/Barrel 

25	 +1.75 
42	 +1.20 

These incremental costs show that sulfur trioxide is a 
more costly oxidant than oxygen from air. However, if 
the process heat requirements are satisfied without 
additional fuel, the high BTU retorting gas becomes a 
salable by-product. The value of this gas must offset 
the additional costs for indirect sulfur trioxide retort-
ing to be cost effective. This minimum value for each 
shale grade is listed below.

5/Million 
OPT Shale	 BTU Off-Gas 

25	 +2.50 
42	 +1.80 

In other words, indirect sulfur trioxide retorting could 
be cost effective if the high BTU off-gas is salable at 
$1.80 per million BTU or more, depending on shale 
grade. 
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TABLES 

SYNCRUDE FROM INDIRECT 
SULFUR TRIOXIDE RETORTING 

Shale Grade, GPT 25 42 
Raw Shale, TPD 16,800 10,000 
S03, TPD 581 346 
Additional Investment, M$ 

S03 Plant and CO2 Recovery 25.0 18.0 
Additional Costs, $/Day 

Sulfur @ $100/Ton 13,940 8,300 
Operation 11,640 8,570 

Sub-Total 25,580 16,870 
Carbon Dioxide Credit (8,280) (4,930) 

Total 17,300 11,940 
Production, BPD 10,000 10,000 
Additional Costs, $/Bbl 

Net Oil 1.75 1.20

COMBINED FINES RETORTING AND SPENT SHALE 
COMBUSTION PATENTED BY UNION 

United States Patent 4,564,437 issued January 14, 1986 
to R. F. Deering and assigned to Union Oil Company of 
California describes a combined process for retorting 
the shale fines and burning the spent shale produced by 
Union's Unishale B process. Two major losses of energy 
from that process are the heating value of the residual 
carbon left on the retorted shale, and the raw shale 
fines which cannot be utilized in the retort. 

Shale mined for the purpose of retorting in aboveground 
retorts is usually crushed mechanically to a size suit-

able for retorting, for example, about three inches in 
diameter, or smaller. Due to the friable nature of 
shale, fines ranging in size up to about one-half inch in 
diameter are generated in amounts up to about 10 
weight percent of the total shale mined. If these fines 
are mixed into the feed of larger, retort-sized par-
ticles, they tend to fill the void spaces between the 
larger particles and agglomerate during retorting. As a 
result, circulation of hot gases is channeled into the 
few available passageways through the voids, which 
consequently overheat, while circulation of heat to the 
rest of the retort is blocked off, leaving large under-
heated areas. When fines are segregated from the feed 
to the retort to avoid this problem, an appreciable 
portion of the energy available from the shale is 
wasted. Thus, the need exists for a process by which 
raw shale fines can be retorted by using heat contained 
in thespent shale particles removed from an oil shale 
retort and without necessitating separate facilities for 
recovering and condensing the oil products evolved 
from the fines. 

As illustrated in Figure 1, the invention comprises a 
process for pyrolyzing raw shale fines in a fluidized 
surge vessel (6) using heat provided by the hot, retorted 
shale particles coming from a Union retort (2), and a 
hot fluidizing stream of recycled retort gases from 
conduit (10). The shale particles removed from retort 
(2) without loss of pressure and without loss of retort 
gases are crushed to a size suitable for fluidization by a 
crusher (4) operating at retort pressure. Crushed 
particles then enter a surge vessel (6) where a fluidized 
bed is maintained so that high contact and heat transfer 
efficiencies are attained between the hot crushed spent 
shale and the raw fines introduced through conduit (34). 
In the fluidized bed oil vapors representing between 80 
and 100 percent of the Fischer assay of the raw fines 
are evolved and recovered via conduit (24). The 
crushed, retorted shale particles may also undergo 
secondary retorting of residual hydrocarbonaceous 
materials on the particles. 
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After treatment in a separator (58) to remove fines, the 
gases and vapors are recycled via conduit (56) into the 
retort (2). Fines removed in the separator are returned 
via conduit (30) to the surge vessel. 

In summary, retorted shale particles are removed from 
retort (2) via chute (12) at temperatures of about 9000 
to 950°F and passed in series and in vertical alignment 
through a means for removing shale particles from the 
retort without substantial loss of pressure and without 
substantial loss of retort gases, a crusher to reduce the 
retorted shale particles to a size suitable for fluidiza-
tion under substantially retorting pressure, and a fluid-
ized fines retorting and transfer system for obtaining 
hydrocarbon vapors from the raw shale fines and subse-
quently delivering the crushed particles to a fluidized 
bed combustor (not shown) for recovery of heat energy 
from the retorted particles. 

Figure 1 illustrates one combination of apparatus in-
tegral with retort (2) to achieve the foregoing object-
ives. The apparatus is comprised generally of chute 
(12), transfer means housed within conduit (14), crusher 
(4), surge vessel (6), solids flow control valve (16), and 
gas lift (32). Several such combinations may operate in 
parallel. In the preferred embodiment, four sets of 
apparatus would be used between retort (2) and gas lift 
(32). Vapors educed from the fines in each combination 
of apparatus are returned to the retort (2) and subse-
quently condensed and separated. 

The shale particles gravitate from the retort through 
chute (12) at a rate preferably between about 100 and 
115 tons per hour, so that each combination of appara-
tus receives about one-fourth of the retorted shale 
flowing from retort (2).

Retorted shale particles are crushed to a size suitable 
for fluidization and to facilitate their ultimate depres-
surization through gas-solids flow control valve (16). 
This valve reduces the pressure on the particles from 
retorting pressure to a pressure (for example about 
12 psig) suitable either for cooling the particles before 
disposal or for combustion. 

The crusher may operate at any desired pressure com-
patible with the retort pressure, but, preferably, the 
pressure in the crusher is substantially that of the 
retort. 

Crushed shale particles are passed from the crusher 
into the surge vessel where the solids are maintained in 
a fluidized state. The fluidizing gas stream is aug-
mented in vessel (6) by a small stripping stream which 
enters through conduit (44) and standpipe (36) with 
sufficient volume to prevent leakage of gases through 
valve (16). 

The fluidizing gas is introduced via conduit (10) at a 
rate sufficient to maintain the retorted shale particles 
as a fluidized bed, while the pressure in the upper 
region of vessel (6) is balanced so that only a trace of 
gas flows through the crusher (4) either to or from the 
retort. 

Once introduced into vessel (6) the raw fines are caught 
up in the turbulent motion of the fluidized bed of 
crushed particles, increasing to the temperature of 
pyrolysis by contact with the heated fluidizing gases 
and the hot particulates. Agglomeration of the fines 
during pyrolysis is avoided due to the turbulent motion 
of the fines and particles in the fluidized bed. 

To assure the optimum yield of hydrocarbonaceous 
vapors, the raw fines are maintained in vessel (6) for a 
sufficient period of time, such as 1.5 to 2.5 minutes. 
Retorting the fines under these conditions typically 
yields between 80 and 100 percent of the Fischer assay 
of the raw fines. 

The crushed shale particles and a substantial portion of 
the retorted fines, accompanied by a small portion of 
the stripping stream, are reduced in pressure while 
passing from vessel (6) via standpipe (36), pressure. 
reducing solids flow control valve (16), and standpipe 
(38) into gas lift (32). 

Conduit (32) is a dilute phase gas lift through which the 
crushed shale particles are transported by the entrain-
ing action of a carrier gas stream to the entrance of a 
fluidized cooler or fluidized combustor. 

The process for retorting raw shale fines as above 
described provides significant advantages. When used 
with Union's upflow oil shale retort, an increase of as 
much as 6 percent in net product yield is achieved. 
Another advantage of the invention is that the fluidized 
zone in which the fines are retorted serves the addi-
tional function of providing a seal to the retort. This 
prevents escape of product gases from the retort while 
the crushed, retorted particles are depressurized and 
removed from the retorting system without plugging. 
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Perhaps the greatest advantage of this invention is that 
a single retorting gas is employed in both retorting 
zones with common downstream treatment for recovery 
of product. 

UNION PATENTS DRY-SEALING PRESSURE 
LETDOWN STAGE 

Union Oil Company's patent on its proposed system for 
recovering heating value from spent shale by burning it 
in a fluidizing bed (see Pace Synthetic Fuels Rcport, 
December 1905, page 2-11) requires a dry sealing sys-
tem between the retort and the spent shale crusher. 
Additional detail of such a system is given in United 
States Patent 4,551,206 issued November 5, 1985. 

To minimize the volume of the recycle gas required, 
Union's upflow retorting is usually conducted with 
superatomospheric pressures, with the pressure in the 
upper regions of the retort between 10 and 50 psig. 
Means must then be provided for recovering spent shale 
from the superatmospheric retorting zone without al-
lowing valuable product and recycle gases to escape 
from the retort. Conventional methods for achieving 
these objectives use elaborate lock vessels, valves, star 
feeders, or slide valves, which tend to wear rapidly and 
create excessive fines in the shale. 

Alternatively, liquid sealing devices have been 
employed, which operate by moving shale particles 
through a standing head of oil or water, thereby creat-
ing a positive back pressure on the retort gases. Liquid 
seals effectively contain retort gases but leave the 
shale wet. If incorporated into a process for combust-
ing retorted shale in a vessel separate from the retort, 
the use of liquid seals would require the expense of 
drying the shale prior to combustion. 

Thus, a principal object of the invention is to provide a 
dry sealing leg for removing hot, retorted shale particu-
lates from a retort at superatmoapheric pressure with-
out loss of retort gases and to deliver the retorted 
particulates to a location at atmospheric pressure with 
a relatively high amount of heat energy still contained 
in the particulates. 

The sealing apparatus comprises four chambers—a 
surge chamber, a gas injection chamber, a seal leg 
chamber, and a gas disengaging chamber—through 
which the retorted shale particules are passed serially 
as a moving bed. Sealing gas Introduced into the gas 
injection chamber is divided, with one portion flowing 
counter-currently to the moving shale bed into the 
surge chamber and then into the retort. Another 
portion flows co-currently with the shale bed through 
the seal leg chamber and into the gas disengaging 
chamber. In the seal leg chamber, resistance offered 
by .retorted particles travelling co-currently with the 
sealing gas reduces the pressure. In the gas disengaging 
chamber a large proportion of the sealing gas separates 
and is removed from the retorted particles, which 
discharge from the gas disengaging chamber at a pres-
sure reduced from that of the retort. 

After retorting, the shaleparticles are at an elevated 
temperature of 9000 to 1,000°F. In the overall process, 

- i	 the shale particles are withdrawn from the retort by a

screw conveyor and transported successively through a 
scaling leg, crusher, gas lift, and cyclone separator, and 
thence into a fluidized bed combustor (see December 
1

FIGURE 1 
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single vessel, but in practice one or more sealing legs 
may be employed, operating in parallel with individual 
crushers, gas lifts, and cyclone separators. In the 
preferred embodiment, two are employed. 

Generally, the function of the sealing leg is to isolate 

985 article). In Figure 1, the sealing leg is shown as a 
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the retort from the crusher using a bed of descending 
retorted shale particles to induce appropriate pressure 
drop resistance to the flow of sealing gas introduced via 
conduit (115). In operation, the sealing gas, which may 
be steam or an inert gas, is directed into the upper 
portion of the sealing leg at a rate and pressure 
sufficient to overcome the pressure drop in the upper 
portion of the shale bed (5) in the sealing leg and 
provide a positive pressure at the top thereof which 
somewhat exceeds the retort gas pressure. A small 
portion (preferably 5 percent or less by volume) of the 
sealing gas leaks into the retort via conduit (16). 

The remainder of the sealing gas flows downward in co-
current flow with the descending shale particles. Even-
tually, the bulk of the downward traveling sealing gases 
exits via conduit (116), but some will traverse the 
entire length of the seal leg and leak into the crusher, 
which is attached via conduit (17). However, due to the 
resistance to gas flow offered by that portion of the 
shale bed in the sealing leg below conduit (116), the 
amount of sealing gas which passes into the crusher is 
relatively small, preferably less than 5 percent by 
volume of the sealing gas introduced through conduit 
(115). 

In the preferred embodiment, the sealing gas is steam. 
As it travels in co-current flow with the descending 
shale particles, the steam reacts with residual coke and 
sulfur components on the retorted shale particles to 
produce carbon monoxide, hydrogen, hydrocarbonaceous 
gases, and hydrogen sulfide. In this embodiment, there-
fore, a mixture of gases is recovered from the sealing 
leg and sent via conduit (116) to a scrubber for 
separation and recovery of the non-condensable gases. 

The retorted and steam-treated (if steam is employed 
in the sealing leg) shale particles are transported from 
the sealing leg by a screw conveyor within conduit (17) 
to the crusher at a relatively high temperature, usually 
above about 500°F and preferably above about 800°F. 

The sealing leg vessel (18) comprises a surge chamber 
(5), a gas injection chamber (12), a sealing leg chamber 
(7), and a gas disengaging chamber (166). 

The surge chamber is sufficiently tall to provide a 
desired residence time for the gravitating particle bed, 
typically between about 2 and 15 minutes. 

Immediately below the surge chamber, vertical cylinder 
(9) extends a substantial distance into the gas injection 
chamber (12). 

Within the gas injection chamber (12), a void toroidal 
section (35) is formed by the face of the gravitating 
particle bed at its natural angle of repose. A stream of 
pressurized gas is injected via conduit (115) into the 
void toroidal section (35). 
Below the gas injection chamber is a sealing leg cham-
ber (7), which is sufficiently long and sufficiently 
narrow that when filled with a gravitating particle bed 
there is a substantial resistance to gas flow through it. 
Typically, cyclinder (11) has a length-to-cross-sectional 
area ratio of at least 3 feet per square foot and 
provides for a 15 psi differential gas pressure between 
the top and the bottom of seal leg chamber (7).

Immediately below the seal leg chamber is a gas 
disengaging chamber (166). The disengaging chamber 
includes a downwardly truncated cone (3) adapted with 
slots or other openings to allow the passage of gas 
upward and outward while preventing the passage of 
solids. The slotted sides of cone (3) diverge at an angle 
steeper than the natural angle of repose of the moving 
bed thereby maintaining a stable gas disengaging parti-
cle surface. Escaping gas velocities through the slots 
of less than about 5 feet per second are preferred. 

Outside of the slotted walls is a gas collecting chamber 
(165) with an outlet conduit (116). An annular opening 
(167) prevents buildup of fines within the gas collecting 
chamber by providing a passageway for fines to gravi-
tate out of chamber (165) and back into the moving oil 
shale particle bed. 

The preferred embodiment uses steam as the sealing 
gas at a rate sufficient to maintain a positive pressure 
difference of about 0.15 psia between toroidal section 
(35) and conduit (1). 

It should be noted that the necessary gas pressure in 
and rate of flow through conduit (115) depend not only 
on the pressures in the retort and the crusher, but also 
upon the resistance to gas flow imposed by the moving 
particle bed contained in the sealing leg. Ideally, flow 
rates of gas from the sealing leg into the retort and the 
crusher are minimized to a trickle, and recovery of 
sealing gas via conduit (116) is maximized by the 
resistance to downstream gas flow imposed by the 
moving shale bed. 

The shale particles are drawn into the crusher from the 
sealing leg through conduit (17) by, for example, a 
variable-speed motor-driven screw conveyor. The 
screw conveyor feeds solids to the crusher at a rate 
regulated by a solids level controller which maintains a 
desired solids level (77) in the surge chamber. 

The dry sealing leg transports shale in a hot dry 
condition. When the retorting process utilizes a com-
bustor to recover heat energy from retorted shale, the 
sealing leg requires no additional heat to dry or reheat 
the shale to combustion temperature. Compared to wet 
seal operation, use of the dry sealing leg improves heat 
recovery efficiency. Additionally, unlike conventional 
devices for regulating gas-solids flow, such as star locks 
or valves, the sealing leg has no moving parts subject to 
erosive wear by the shale particulates. 

SWEDISH ALUM SHALE TESTED IN SLAGGING 
GASIFICATION REACTOR 

Tests carried out on Swedish alum shales in a slagging 
gasification reactor were described recently at the 19th 
Oil Shale Symposium. 

From 1942 to 1964, the alum shale deposit in Kvarn-
torp, the County of Narke, in central Sweden, was 
mined and pyrolyzed to make petroleum products, 
ammonia, and elemental sulfur. The operation was 
closed down in the 1960s because of the increasing 
costs of removing sulfur from the flue gases. The raw 
shale contained 7 weight percent sulfur and approxi-
mately one-half of the sulfur remained in the pyrolysis 
residue. 
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In 1974, a fluidized-bed gasification process was devel-
oped and tested in a small pilot plant, 0.25 tonnes per 
hour, in Ranstad, in central Sweden. The fluidized bed, 
however, left a shale coke with pyrophoric properties 
and having almost as high a sulfur content as the 
pyrolysis residue. 

In 1980, the flash fluid slag process was developed by 
Aktiebolaget Svensk Alunskifferutveckling (ASA). One 
advantage of the flash fluid slag process is that all of 
the sulfur is converted in the gasification reactor and 
exits with the raw gas. 

The temperature in the flash fluid slag process has to 
be 1,500° to 1,6000C in order to obtain a melted slag 
viscosity low enough to permit removal of the slag from 
the reactor as a fluid. About 70 weight percent of the 
raw shale feed exits the reactor as slag. 

The first test run was carried out in SGR-1 during 1980. 
This was followed by a more extensive test run in 1992 
in the SGR-2, which has a capacity of 8 tonnes of shale 
per hour. Those two test runs were conducted at the 
metallurgical research plant MEFOS in the city of 
Lulea In northern Sweden. 

A new plant, SGR-3, was then built in Ranstad with a 
design capacity of 6 to 8 tonnes of shale per hour. 

Stagging Gasification Reactor 

The essential features of the flash fluid slagging gasif i-
cation reactor are shown in Figure 1. 

Item A, the cooling shaft, is designed with smooth, 
slightly conical walls so that melted slag which follows 
the syngas will either freeze or get stuck on the walls 
and fall back into the slag tank. 

Item B, the gasification reactor, is designed to promote 
separation of slag from the syngas. The walls are 
constructed with horizontal, water-cooled tubes which 
are positioned at a maximum distance from each other. 
The slag, which has good insulation properties, forms 
the lining of the reactor. Through this construction the 
heat transferred to the reactor walls is minimized. 

Item C, the slag tank, is designed for continuous 
discharging of melted slag through a gas-tight lock. 

The slag discharge rollers, Item D, are designed to 
recover the latent heat from the melted slag. The slag 
is pressed between two rollers which have cup-shaped 
cuttings in such a geometry that ball shapes are formed 
which are linked together by a homogeneous sheet of 
thinner slag between the slag balls. As the slag sheets 
cool they fracture autogeneously and liberate the balls 
from each other. 

Test Results 

During Autumn 1983 and Spring 1984 a total of 7 test 
campaigns were conducted with shale from Kvarntorp. 

During the 7 test campaigns shale was fed for a total of

FIGURE 1
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90 hours, of which 40 were during gasification condi-
tions. Altogether 350 tonnes of shale were consumed. 

SLN^f  

In the cooling shaft, a layer of melted and sticky slag is 
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built up and later vibrated loose by a set of outer 
hammers, thereby providing a clean surface for forma-
tion of a new slag layer. 

The slag load during the test runs was moderate and no 
overloading of the cooling shaft occurred. However, 
there are more effective methods than hammers for 
cleaning the walls, such as ultra-sound. Should prob-
lems arise at higher slag loadings, an experimental 
program would have to be conducted to verify the 
effectiveness of alternate methods. 

!!c.al 2JJ&2M4Afl 
The roller technique worked well. The roller-cups were 
filled with slag without problems and the slag was 
formed to a continuous sheet under the rollers. The 
way the sheet cracked at cooling and the solid mec-
hanics of the balls conformed to theoretical studies. A 
final cooling of the balls In a moving bed or other 
equipment was determined to be possible with existing 
technology. 

SlQgjaxik 

The operation of the slag tank depends on the viscosity 
of the slag. This can be lowered either by high 
temperature in the gasification reactor or by addition 
of a flux material such as calcined lime. Both of these 
steps, however, decrease the syngas production and are 
expensive. The natural content of lime in mined shale 
may be sufficient. If the slag is too viscous, the slag 
level in the slag tank slowly rises. 

Another observation was that metal could accumulate 
in a layer in the bottom of the slag tank. The metal 
was not found every time and its presence may depend 
on the mode of operation. 

Difficulties encountered in discharging the slag and the 
potential formation of metal aggregates in the slag 
Indicate that a safer way of discharge would be to place 
the slag rollers directly under the bottom of the slag 
tank and abandon the fluid lock principal. The slag 
discharged during the test runs was very viscous. How-
ever, the rollers successfully discharged slag as long as 
the slag was plastic and could be deformed. 
Gasification Reactor 

In the SGR-3 reactor a new cyclone layout gave some 
Improvement In the amount of dust which leaves the 
gasification reactor and the percentage of unreacted 
carbon in this dust. At a capacity of 6 to 7 tonnes of 
shale per hour the amount of dust in the syngas was 
measured at 1.5 to 2.5 percent of the feed shale. 

Shale Grain Size Effect 

No quantitative comparison between different grain 
sizes was made. The shale material used in the test 
runs varied within the interval kSO (90 percent finer 
than) 100 to 250 micrometers. No difference in gasifi-
cation behavior was observed because the carbon con-
tent in the slag was below detection levels and the

carbon content in the dust did not show any significant 
effect due to grain size. 

The residence time in the reactor is so short that grains 
larger than 40 micrometers will not be heated through. 
The larger grains will then get stuck to the walls and be 
converted in the slag layer covering the walls. Thus, 
the carbon content will increase in the discharged slag 
if the feed shale is too coarse-grained. The conclusion 
is that in the pilot reactor with a relatively large wall 
surface, the grain size can be somewhat coarser than 
k80 = 250 micrometers. 

Status 

The SGR-3 research program did not Identify any 
serious technical problems with the concept of flash 
fluid slagging gasification. Comparison between fluid-
ized-bed gasification and flash fluid slagging gasifica-
tion indicates significant advantages for the flash fluid 
slagging process. 

After the seven test runs the funds allocated for the 
project were depleted. it is now considered unlikely 
that further funds will be allocated In Sweden for 
continuation of the test work in the SGR-3 plant. 

COMBINED SLAGGING GASIFICATION/HYTORT 
PROCESS PROPOSED FOR SWEDISH SHALES 

Small scale tests on the Narke alum shales of Sweden 
indicate that oil yields of up to 300 percent of the 
Fischer Assay oil yields are achievable through 
HYCRIJDE Corporation's HYTORT process. HYTORT 
is a high-pressure hydrogenation process for the produc-
tion of a middle-distillate fuel. A paper given by 
R. Rex of HYCRUDE at the 19th Oil Shale Symposium 
suggests a combination Flash Fluid Slagging Gasifica-
tion/HYTORT Process for these shales. An article in 
the International section of this issue describes the 
flash fluid slagging gasification reactor tested by Ak-
tiebolaget Svensk Alunskifferutveckling (ASA). 

Because of the relatively high content of metals in the 
Swedish alum shales, considerable work has been con-
ducted by ASA toward the development of a process 
which can immobilize the metals in a glassy slag, 
thereby preventing leaching of metals into the ground-
water from the spent shale. This method of metals 
immobilization fits in well with the production of 
syngas rather than oil, especially when considering the 
low oil yields obtainable by conventional thermal 
retorting of alum shales. 

Figure 1 shows how a combination Flash Fluid Slagging 
Gasification/HYTORT Process would operate. Raw 
alum shale would be crushed, with coarse material sent 
to HYTORT reactors for shale oil production, and raw 
shale fines sent to flash fluid slagging gasifiers for 
production of synthesis gas and glassy slag. Coarse 
spent shale from the HYTORT reactors would be 
crushed and mixed with raw shale fines created in the 
shale sizing operations for processing in the flash fluid 
slagging gasifiers. Syngas produced in these units would 
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be combined with by-product hydrocarbon gases from 
the IIYTORT reactors and used for plant utility fuel 
and makeup hydrogen production. 

Combination of these two processes would provide the 
advantage of producing an environmentally-safe, inert, 
glassy slag while obtaining the high oil yields associated 
with HYTORT processing. 

According to IIYCRUDE, preliminary calculations 
based on hydroretorting data and on published data for 
the flash fluid slogging gasification process suggest that

a combination process should be feasible. A rough 
material balance for the HY'FORT reactor and slogging 
gasifier is shown in Figure 2. in this process, about 
four-fifths of the run-of-mine alum shale is crushed to 
a coarse size and processed in HYTORT reactors. The 
spent shale Is crushed and combined with the remaining 
one-fifth of the run-of-mine raw shale and used for 
slogging gasification. The resulting combination pro-
cess slags all of the spent shale, and would produce an 
oil yield of about 21.6 gallons of shale oil per ton on the 
basis of run-of-mine Narke feedstock which Fischer 
Assays at 10.9 gallons per ton. 

FIGURE I
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FIGURE 2 

MATERIAL BALANCE OF COMBINATION PROCESS 
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lOT PROCESS PRODUCES HYDROGEN FROM 
OIL SHALE FINES 

The Institute of Gas Technology has obtained a United 
States Patent 4,560,547 dated December 24, 1985 
(Schora, at al) on a process which produces large 
amounts of hydrogen directly from oil shale fines. The 
process obviously integrates well with the HY1'ORT 
process which uses hydrogen for hydroretorting of oil 
shale. The process makes possible the efficient utiliza-
tion of substantially the entire amount of organic 
carbon in mined oil shale. 

A high yield of hydrogen is produced from the raw oil 
shale fines which result from grinding and sizing of run-
of-mine shale to the size required for processes such as 
hydroretorting and hydrogasification. The fines pro-
duced during such grinding typically amount to about 5 
to 15 weight percent of the run-of-mine shale fed to 
the crushers. 

According to the invention, oil shale tines having aver-
age diameters of less than 0.125 inch are introduced 
into a fluidized reaction bed maintained within a reac-
tion vessel at temperatures of 1,3000 to 1,500°F. Intro-
duction of the oil shale fines directly into the fluidized 
bed itself is an important aspect of the invention to 
provide rapid heat-up of the oil shale in order to have 
as little production as possible of liquids or gases by 
pyrolysis as the feed shale passes through the 9000 to 
1,4001' temperature range. The reaction bed is main-
tained fluidized by upward passage of steam and oxy-
gen, the oxygen being Introduced in less than the 
stoichiometric quantity for complete combustion of the 
organic carbonaceous content of the oil shale. 

Steam and oxygen react with the organic carbon com-
ponents of the oil shale producing a spent shale and a 
product gas consisting of mostly hydrogen and carbon 
monoxide. The synthesis gas may be purified and its 
carbon monoxide content catalytically converted to the 
desired hydrogen. IGT has found that more than 
90 percent of the organic carbon in the oil shale is 
converted and frequently up to 99 percent. 

When used in an integrated hydroretorting oil shale 
plant this invention may result in improvements in 
yields of net synthetic crude oil from oil shale in the 
order of 20 to 25 percent, as compared with prior 
hydrogen production methods. 

Depending on the composition of the oil shale feed-
stock, as much as 3,000 standard cubic feet of hydrogen 
per ton of shale feed stock is required for hydroconver-
sion to oil and up to 6,000 standard cubic feet per ton 
of shale feedstock is required for production of gaseous 
hydrocarbons. Present processes contemplate produc-
tion of the required hydrogen, at least partially, from 
the hydrocarbon gases formed in the hydroretorting 
process (using catalytic steam reforming), or from 
product liquids (using partial oxidation). The practice 
of producing hydrogen from products of the hydrocon-
version process results in an increase of over 30 percent 
in the hydroconversion and product upgrading capacity 
required for a given product output. This invention 
provides for production of hydrogen from raw oil shale 
fines which otherwise might be wasted.

Oil shales of the Devonian and Mississippian period 
generally found in the eastern United States, especially 
in Indiana, Kentucky, Ohio, and Tennessee are particu-
larly preferred for use in this invention. These oil 
shales have an organic carbon to hydrogen weight ratio 
typically in the order of 10:1 to 13:1 and Modified 
Fischer Assays of less than 10 gallons of oil per ton. 

While the organic carbon content of such eastern shales 
is almost identical to that of western Eocene shales, 
the Modified Fischer Assay varies by a factor of 3. 
Problems of mineral carbonate decomposition and cok-
ing are greatly reduced with "eastern" type oil shale. 

Referring to Figure 1, raw oil shale tines are provided 
to a pressurized lock-hopper and screw feeder which 
convey the oil shale fines to a dilute phase conveying 
line (23). This line then leads to a fluidized reaction 
bed (11) by means of recycled pressurized synthesis gas 
from conduit (24).

FIGURE I 

PROCESS FOR PRODUCING
HYDROGEN FROM OIL SHALE FINES 

0.1 

The oil shale tines are fluidized in the fluidized bed by 
the upward passage of recycle synthesis gas from 
conduit (24), superheated steam from steam supply 
conduit (13), and oxygen introduced through oxygen 
supply conduit (14). 

Introduction of the raw oil shale directly into the hot 
fluidized bed, contrary to prior teachings regarding 
treatment of oil shales, is desired in the process of this 
invention to ensure rapid heating. lOT has found that 
such rapid heat-up increases the direct production of 
hydrogen and reduces the production of oils and hydro-
carbon gases. 

The amount of oxygen introduced is less than the 
stoichiometric quantity which would be necessary for 
complete combustion of the organic carbonaceous con-
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tent of the oil shale and preferably the oxygen is 
introduced in an amount of about 30 to 50 percent of 
the stoichio:netric quantity. 

S 
The fluidized reaction bed is maintained at tempera-
tures of about 1,300 0 to 1,500 01 7 for high conversion to 
hydrogen and synthesis gas, with shale fines residence 
time in the fluidized reaction bed of about 10 to 
30 minutes. The high conversion of organic carbon, 
especially to hydrogen, at these low temperatures is 
unexpected and particularly advantageous in preventing 
fusing of the ash. Pressures are not important and may 
be from atmospheric to 1,000 pslg. 

Hot solids are withdrawn through dense phase overflow 
conduit (17) transferring the spent shale to boiler (30). 
As shown in Figure 1, the boiler fluidized bed is main-
tained by fluidizing air from air supply conduit (32). 
Heat exchanger (33) is surrounded by the fluidized bed 
providing good sensible heat recovery from the spent 
shale. Fluidization in the boiler bed with air oxidizes 
any amounts of sulfur and organic carbon remaining in 
the spent shale. Relatively cool spent shale is with-
drawn through a dense phase overflow conduit and lock-
hopper (36). 
The gaseous products from the fluidized reaction bed 
pass through a solids separator (40) with the solids being 
returned to the reactor. The product gases then pass to 
a waste heat boiler (42), and a cooler-condenser (44). 
Waste water is removed through conduit (45) and the 
product gas is passed through control valve (48) where 
It Is divided into recycle gas and raw product gas. 
Purification means (51) for the production of hydrogen 
may include acid gas removal, water-gas shift and final 
carbon dioxide removal.

EXAMPLE I
tziem Oil Shale 

II III

Wttiem	 Oil Shale 
iv	 v 

operating Pmnsure. psig 503 ItO 110 503 100 
Avenge Bed Temper. 1310 1450 1490 1310 1320 
alure. T. 
Gas composition. mci fl Soak After 0, Soak After 02 Soak After 02 Soak After 03 Soak After 03 

Before Before Before Before Before 
03 02 02 02 02 

CO 1.2 3.3 8.7 4.8 1.3 1.9 1.4 4.7 1.3 0.9 
CO2 1.0 93 6.1 104 1.5 34.5 3.7 061 1.0 11.1 
H3 3.0 163 25.8 ItO 10.4 10.2 4.3 11.6 6.2 13.3 
CR. 6.9 4.7 7.2 2.1 20.6 LI 10.1 4.3 307 6.5 
C21 4 1.4 0.7 0.3 0.1 1.1 0.1 2.7 I.) 1.3 2.0 
N2 81.8 66.0 52.4 53.1 63.8 504 78.7 76.2 62.0 67.3 
H25 - - 01 - 1.5 1.0 - - - - 

100.3 100.3 100.6 1005 101.0 101.2 100.9 100.4 102.3 101.3 
Product Gas flow Rate. 2.20 3.63 2.190 3.24 1.94 . 2.70 3.12 5.10 2.16 3.42 
SCFH 
Time. min. 30 20 35 25 30 30 30 10 30 20 
Shale Compoiiio,,, wt % Raw Spent Raw Spent Raw Spent Raw Spent Raw Spent 

C 13.87 1.03 14.87 1.73 13.87 1.52 16.23 0.14 16.15 015 
H 144 0.06 1.64 011 1.64 0.11 2.26 0.06 2.26 009 
N 0.49 0.06 0.49 000 0.49 003 043 0.00 043, 0.03 
S 5.13 2.71 5.15 2.43 5.15 2.44 Oil 0.37 0.81 0.44 
CO2 2.22 0.24 2.12 005 LII 041 18.58 022 18.58 1.03 
Ash 75.73 96.69 75.73 95.77 75.73 95.13 60.54 98.77 60.54 97.16 
Weight. lbs 0.253	 0.1947 0.253 0.2211 0.256	 0.226 0.253 0.152 0.253 0.162 
Yield. SCF/ton 

H2 . Equivalent (CO + 799 1870 3479 3496 902 1276 703 1095 640 1298 
H) 
CHa . equivalent HC Gas 842 $82 787 145 1818 348 1911 611 2843 946 
Total Hi equivalent 4167 4198 M27 4476 SIll 1I 8347 3540 12012 5082 
(CO + 1 ` 12 + lIt,) 8365 11103 10843 11887 17094 
Organic carbon conver. 90 91 99 
'inn. % (by ash balance)

Table I shows the results when a bench-scale reactor 
was used to react Kentucky New Albany oil shale (a 
Devonian age oil shale), in Examples I, II, and Ill, and 
Colorado oil shale (an Eocene period oil shale), in 
Examples IV and V. 

The reactor was brought to operating temperatures and 
pressures and then steam/nitrogen flow was established. 

' Shale was fed into the reactor and soaked in the 
steam/nitrogen for the time, temperature, and pressure 
indicated. Oxygen was then Introduced into the reactor 
for the indicated time; until oxygen breakthrough. 

Computations were made utilizing Kentucky New 
Albany shale in an apparatus as shown in Figure 1. 
These calculations show 11,560 standard cubic feet of 
hydrogen can-be produced from 1 ton of Kentucky New 
Albany shale by the above process. For steam produc-
tion and utilities, 1.3 million BTU of process fuel per 
ton of shale is required. The calculated overall thermal 
efficiency of the process is 52 percent, including both 
raw shale and external heat. 

Calculations for production of liquid hydrocarbon pro-
ducts from Kentucky New Albany oil shale by hydrogen 
retorting show a requirement of 390 million standard 
cubic feet per day of hydrogen to produce 66,164 bar-
rels per day of synthetic crude oil from 110,000 tons 
per day of run-of-mine oil shale. Plant utility fuel and 
firing steam reformers for hydrogen manufacture re-
quire 19,950 barrels per day, leaving a net product of 
46,214 barrels per day synthetic crude oil. Approxi-
mately 17,386 tons per day of the run-of-mine teed 
shale is discarded as fines. The net synthetic crude oil 
yield is 0.420 barrels per ton of run-of-mine oil shale. 

TABLE 1 
BENCH SCALE REACTOR RESULTS 
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Combination of the hydrogen production process of this 
invention with the above synthetic crude oil production 
process requires mining 126,352 tons per day oil shale 
of which 33,738 tons per day is fed to the hydrogen 
production process and 92,614 tons per day is fed to the 
hydrogen retorting process. All shale tines are used in 
the hydrogen production process. The integrated pro-
cesses produce net synthetic crude oil product of 
66,164 barrels per day and about 10 million standard 
cubic feet per thy methane equivalent hydrocarbon gas. 
The net synthetic crude oil yield is 0.524 barrels per ton 
of run-of-mine oil shale. This is an improvement in 
yield of synthetic crude oil of nearly 25 percent. 

# # 110 
JET PAN DEMONSTRATES GOOD PERFORMANCE 
FOR OIL SHALE FACE VENTILATION 

The United States Bureau of Mines has issued Report of 
Investigations 9006, which summarizes the face ventila-
tion tests carried out under cooperative funding from 
the Colorado Mining Association, the Department of 
Energy, and the Bureau of Mines. 

The large openings required for room-and-pillar oil 
shale mines, coupled with the very large diesel powered 
equipment required for production, are expected to 
create substantial ventilation problems at the working 
face. Conventional ventilation equipment is capable of 
supplying the face airflow rates needed, but the effects 
of room dimensions and large-scale turbulence on venti-
lation effectiveness are not known. 

Face Ventilation Systems 

Seven conceptual designs for face ventilation systems 
were generated. The following two systems were 
identified as the best approach: 

• A free-standing jet fan consisting of a 55 inch 
diameter fan with two-speed, 100 horsepower 
motor, mounted on a scissors lift to allow 
elevation to 17 feet above the floor. 

• A reversible fan with rigid duct consisting of a 
55 inch, two-stage fan with two 125 horsepower 
motors, connected to 54 inch round steel duct-
ing. 

The jet fan was ranked highly because of its operational 
compatibility and low capital and operating cost. How- 
ever, it was considered unacceptable under gassy min-
ing conditions, because its operation would cause some 
re-entrainment of exhaust air along the expanding jet. 

Operation of the two systems is compared in Figure 1. 
For the jet fan, the turbulent jet of air issuing from the 
fan outlet forms the channel or duct to conduct the air 
to the face. Near the fan, the air jet diameter is 
approximately equal to the diameter of the fan; but as 
the air jet travels, it expands rapidly until it is approxi-
mately one-half the cross-sectional size of the opening. 
The air reaches the face with very little of its initial 
velocity, then sweeps the face and returns down the 
opposite side of the heading. The low frictional losses 
allow the jet fan to operate with very low power 
consumption.

The ducted system is shown (Figure 1) in both the 
blowing and exhaust modes. Positioning of the fan inlet 
is critical to the elimination of recirculation. In the 
blowing mode, the fan inlet must be around the corner 
and upstream in the last open crosscut. Air is carried 
to the face by the duct and sweeps the face at high 
velocity. This results in very good mixing of air 
pollutants in the face area. The exhaust air flows back 
along the heading to the last open crosscut. 

In the exhaust mode, fresh air travels up the heading to 
the face area, and exhaust air flows back to the last 

FIGURE 1 

SCHEMATICS OF FAN
SYSTEMS IN A DEAD HEADING 

Fresh_____________________  
air	 320' 

Fan

Jet ton 

	

Fresh I	 320'	 Iair 

I	
R 

1r RlQld duct 

eversibie	 •_'\ I 
ventilation fan	 I 

If
Ducted fan -blowing mode 

Fresh 
air	 _____________________  320' 

Rigid duct	 -1 
Reversible	 '5 I 

ventilation fan	
- I 

Ducted fan - exhaust mode 

open crosscut through the duct. Face air sweep veloci-
ties are low, resulting in reduced mixing energy. The 
area of capture is very small, and studies have shown 
that increasing the distance between the face and duct 
inlet reduces the ventilation effectiveness dramatical-
ly. 

Field Test Site 

Field tests were conducted at the Exxon Colony pilot 

2-19	 SYNTHETIC FUELS REPORT, JUNE 1986



oil shale mine near Parachute, Colorado. Figure 2 is a 
nap of the mine. Crosscut 7 was used as the test room 
because it was the only part of the mine where ventila-
tion air could be drawn past the room to simulate a last 
open crosscut. The total mine ventilation airflow of 
124,000 cubic feet per minute was channeled past 
crosscut 7 by constructing the long brattice wall shown 
in Figure 2. The channel was made 15 feet wide to 
generate flow-past velocities of 275 feet per minute, 
which is similar to the velocity that would be found in 
an operating oil shale mine. The room was closed at a 
distance of 320 feet by constructing another brattice 
wall.

FIGURE 2 
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A grid system was constructed in the test room and air 
velocity, air direction, and tracer gas sampling were 
measured at the grid points. Tests of the jet fan at 
various heights above the floor showed that the fan's 
ability to project air to the face was reduced by 
increasing the height. The optimum position was as 
close to the bottom corner as possible. The ducted fan 
was placed around the corner for blowing-mode tests. 
In the exhaust-mode test, the ducted fan outlet passed 
through the brattice wall so that outlet air was dumped 
directly into the mine exhaust channel. 

Tracer Gas Simulations 

Oil shale loading operations at the face are expected to 
be the pollutant source governing face air quality 
requirements. Specifically, the combined effect of 
carbon monoxide and nitrogen oxides is generally 
thought to be the governing factor. Diesel particulates 
could also be a key design factor. In addition, oil shale 
dust has been found to contain between 10 and 13 
percent respirable quartz and is a potential problem 
during loading operations.

Face blasting requires the detonation of up to 
2,000 pounds of ammonium nitrate-fuel oil (ANFO), 
which produces high levels of gaseous pollutants and 
dust in the face area. 

Methane is known to occur as both a free gas in solution 
with the ground water and in solid solution with the 
kerogcn. 

Tracer gas tests were designed to simulate each of 
these potential mine air pollutants. To simulate clear-
ing a heading after blasting, the test room was sealed 
and SF6 tracer gas released to give a uniform concen-
tration in the heading of approximately 1,000 parts per 
trillion. The room seal was removed, and the primary 
mine ventilation system was then started. The face 
ventilation fan systems were then turned on to clear 
the tracer gas from the room, and the SFC drawdown 
rate was measured. 

To simulate the dilution of diesel emissions (gaseous 
and particulates), a 50,000 BTU per hour kerosene space 
heater was placed in the face area, with the exhaust 
15 feet above the floor. Tracer gas flowing at a 
constant rate was mixed in the exhaust gas stream. 

To simulate methane layering, SF6 was mixed with 
helium in air to simulate the density of methane gas, 
then released from very small holes along a 50 foot long 
pipe that was suspended at the roof. The pipe simu-
lated the intersection of a crack that was conducting 
methane gas into the mine at roof level. 

To simulate methane emissions from a muck pile, the 
mixture of air, helium, and SF6 was released from a 
group of pipes laid out in the face area. 

In addition to the tests described above, the inlet 
recirculation of each fan was measured using SF6. 

Blast Clearing Tests 

Results from all tests were measured in terms of the 
dilution efficiency. Dilution efficiency is defined as 
the ratio of the effective quantity of air that is diluting 
the tracer gas divided by the fan outlet flow rate. A 
value of 1.00 indicates that all of the air flowing 
through the fan is being perfectly mixed with the tracer 
gas. This efficiency index has been called the face 
ventilation index. 

In the blast clearing tests, the dilution efficiency values 
in all of the tests were high and showed that the 
systems delivered between 71 and 100 percent of the 
fan outlet volume to the immediate face area (Table 1). 
The ducted system achieved the highest efficiency in 
the blowing mode and showed 19 percent less efficiency 
in the exhaust mode. The jet fan system was effective 
at delivering 77 percent of its outlet flow at a distance 
of 320 feet from the fan outlet. The efficiency 
increased when the outlet flow rate was reduced to 
60,000 cubic feet per minute. Measurements indicated 
that the jet fan delivered as much air to the face at the 
lower flow rate as it did at the higher flow rate. 
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Ditutio 
Jet Fan 

at 
Distance 88,400 

Cross-Section	 from	 Cubic 
Point	 Roof Feet/Minute

Efficency 
Ducted Fan 
Blowing at 

90,700 
Cubic

Feet/Minute 

1 0 0.40 1.00 
1 0.41 1.00 

2 0 0.57 0.77 
1 0.54 0.77 
5 0.64 0.83 

Overall Average na 0.59 0.83 

TABLE 1 

DILUTION EFFICIENCIES IN
BLAST CLEARING TESTS 

Fan	 Dilution Efficiency Measured 
Flow	 at Different Points 

Fan Tested	 Rate	 1	 2	 3 Average 
(Ft3/Min) 

Jet Fan	 88,400	 0.77 0.65 0.83	 0.75 

	

60,000	 1.00 1.00 1.00	 1.00 
Ducted Fan: 

Blowing	 90,700	 1.00 0.94 0.97	 0.98 
Exhausting	 73,000	 0.71 0.78 0.88	 0.79

Methane Layering Simulation 

Methane layering occurs because methane bleeding 
from fissures in the roof is less dense than air. This 
causes most of the methane to float near the roof and 
makes dilution of the methane more difficult. 

Tracer gas was released from the roof pipe for 120 min-
utes to develop the layer. The gas was then left 
flowing and the fan system started. The times required 
to break up the layer and then to reach steady-state 
concentration were determined. Table 3 lists the dilu-
tion efficiency values.

TABLE 3 

DILUTION EFFICIENCIES IN 
METHANE LAYERING TESTS 

Diesel Exhaust Simulation 

In the diesel exhaust simulation with a kerosene heater, 
the mine fans and face ventilation system were in 
steady operation for 20 minutes before the tracer gas 
release began. The SF5 concentration reached a 
steady-state value within 40 minutes. Time-weighted 
average concentrations were used to determine the 
dilution efficiency values in Table 2. 

TABLE 2 

The ducted fan system in the blowing mode showed very 
high efficiency in this test because it delivered its full 
flow of air directly at the tracer gas release point. If 
the gas release point were moved, the effectiveness 
would probably drop to near the level of the Jet fan. 
Both systems broke up the layering effectively in a 
period of 40 minutes. 

Methane from Muck Pile 

DILUTION EFFICIENCIES IN
HOT EXHAUST TESTS 

Dilution Efficency
Jet Fan	 Ducted Fan 

Dis-	 at	 Blowing at 
tance	 88,400	 90,700 

Cross-Section	 from	 Cubic	 Cubic 
Point	 Roof Feet/Minute Feet/Minute

1 6 0.76 0.97 
2 5 0.69 0.63 

15 0.70 0.59 
25 0.71 0.67 

3 5 0.76 0.74 
15 0.83 0.75 
25 0.83 0.77 

Overall Average na 0.78 0.74

In this test, the jet fan was marginally more effective 
than the ducted fan in the blowing mode.

To simulate methane desorbing from a freshly blasted 
muck pile, the tracer gas was released from floor pipes 
for 40 minutes to build a tracer gas cloud in the face. 
The fan being tested was started after 40 minutes and 
the steady-state concentration measured. 

During the buildup period the tracer gas is being 
transported up through the still air because of the lower 
density of the release gas mixture. The SF6 concentra-
tion 25 feet from the roof averaged 20 percent of the 
concentration at 5 feet from the roof. 

The fans were then started and the S176 concentration 
quickly reduced to steady-state values. Dilution effi-
ciency values calculated from the steady-state values 
are compared in Table 4. 
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TABLE 4 

DILUTION EFFICIENCIES IN 
METHANE MUCK PILE TESTS 

Dilution Efficency

	

Jet Fan	 Ducted Fan 
at	 Blowing at 

	

Distance 88,400	 90,700 
Cross-Section	 from	 Cubic	 Cubic 

Point	 Roof Feet/Minute Feet/Minute 

1	 5 0.45 0.69 
5 0.74 0.71 

2	 15 0.79 0.59 
25 0.69 0.52 

Overall Average	 na 0.79 0.60

Pan Inlet Recirculation 

Tracer gas measurements of fan inlet recirculation 
were made for both systems in the blowing mode. 
Recirculation of the tans was 24 and 28 percent of the 
outlet now for the jet fan and ducted fan, respectively. 
This was surprisingly high for the ducted fan; the high 
value was due to the location of the fan and the 
restriction of flow area by the brattice wall channel. It 
was thought that elimination of the recirculation would 
improve dilution efficiency of the ducted fan to a range 
of 0.91 to 1.0. 

Conclusions 

The tracer results indicated that both of the fan 
systems tested are capable of providing effective face 
ventilation during oil shale mining operations a distance 
of 320 feet. The jet fan gives similar levels of ventila-
tion effectiveness at much lower power consumption 
than the ducted system because it eliminates the use of 
ducting and resulting friction losses. If properly used, 
the jet fan has many advantages over the ducted system 
for oil shale mining, including: 

• Low capital and operating cost 
• Ease of movement and positioning 
• Higher air velocities throughout the heading. 

Present Mine Safety and Health Administration regula-
tions prohibit the use of the jet fan in gassy situations 
because of recirculation. Inlet recirculation could be 
eliminated by attaching ducting to the inlet and draw-
ing air into the fan from upstream in the last open 
crosscut. 

The results of the tests performed in the study are 
considered to be dependent on recirculation, fan inlet 
and outlet location, pollution source, room dimensions, 
and flow in the last open crosscut.

PULSED IN SITU RETORTING PROCESS PATENTED 

United States Patent 4,552,214 issued November 12, 
1985 to J. M. Forgac and G. R. Hockstra, assigned to 
Standard of Indiana and Gulf Oil, discloses an improved 
procedure for operating modified in situ retorts. 

In order to obtain high thermal efficiency in retorting, 
carbonate decomposition should be minimized. Color-
ado Mahogany zone oil shale contains several carbonate 
minerals which decompose at or near the usual tem-
perature attained when retorting oil shale. Typically, a 
28 gallon per ton oil shale will contain about 23 percent 
dolomite (a calcium /magnesium carbonate) and about 
16 percent calcite (calcium carbonate), or about 
780 pounds of mixed carbonate minerals per ton. Do-
momite requires about 500 BTU per pound and calcite 
about 700 BTU per pound for decomposition, a require-
ment that would consume about 8 percent of the 
combustible matter of the shale If these minerals were 
allowed to decompose during retorting. 

While efforts are made to explosively rubblize the oil 
shale into uniform pieces for modified in situ retorting, 
in reality the rubblized mass of oil shale contains 
numerous different sized fragments of oil shale which 
create vertical, horizontal, and irregular channels ex-
tending sporadically throughout the bed and along the 
wall of the retort. As a result, during retorting, hot 
gases often flow down these channels and bypass large 
portions of the bed, leaving significant portions of the 
rubblized shale unretorted. 

Different sized oil shale fragments, channeling and 
irregular packing, and imperfect distribution of oil 
shale fragments cause other deleterious effects includ-
ing tilted (non-horizontal) and irregular flame fronts in 
close proximity to the retorting zone. Another effect 
is fingering, that is, flame front projections which 
extend downward into the raw oil shale and advance far 
ahead of other portions of the flame front. Irregular 
flame fronts and fingering can cause coking, burning, 
and thermal cracking of the liberated shale oil. Irre-
gular, tilted flame fronts can lead to flame front 
breakthrough and incomplete retorting. In the case of 
severe channeling, horizontal pathways may permit 
oxygen to flow underneath the raw unretorted shale. If 
this happens, shale oil flowing downward in that zone 
may burn. It has been estimated that losses from 
burning in in situ retorting can be as high as 40 percent 
of the product shale oil. 

Furthermore, during retorting, significant quantities of 
oil shale retort water also are produced. Oil shale 
retort water is laden with suspended and dissolved 
impurities, such as shale oil and oil shale particulates 
and contains a variety of other contaminants not nor-
mally found in petroleum refinery waste water. Oil 
shale retort water usually contains a much higher 
concentration of organic matter and other pollutants 
than oily waste waters or sewage, causing difficult 
disposal and purification problems. 

An improved in situ process is provided to retort oil 
shale in a series of underground modified in situ retorts. 
In the novel process, some of the underground retorts 
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are operated in a combustion mode while the other 
underground retorts are operated in a purging mode and 
vice versa for greater process efficiency and effective-
ness. During the combustion mode, the flame front is 
ignited and driven through the retort with an oxidizing 
feed gas. During the purging mode, the flame front is 
intermittently stopped and purged to extinguish the 
flame front while continuously retorting the oil shale. 
This alternate extinguishment and ignition of the flame 
front is referred to as "pulsed combustion." 

As shown in Figure 1, a series or set of underground, 
modified in situ oil shale retorts is arranged in a tier or 
array in adjacent subterranean formations of oil shale. 
There are at least two retorts and preferably four or 
more retorts. For commercial production, there would 
be at least 30 retorts. 

The rubblized mass in each retort is formed by first 
mining an access tunnel or drift extending horizontally 
into the bottom of each retort and removing from 15 to 
25 percent by volume of the oil shale from a central 
region of the retort to form a cavity or void space. The 
mass of oil shale surrounding the cavity is then frag-
mented and expanded by detonation of explosives to 
form the rubblized mass. 

Conduits or pipes extend from above ground through 
overburden into the top of the retorts. The pipes 
include ignition fuel lines (3), feed lines (32), and purge 
lines (34). The extent and rate of gas now through the 
fuel, feed, and purge lines are regulated and controlled 
by valves on each line. 

In order to commence retorting or pyrolizing of the oil 
shale, a liquid or gaseous fuel is fed into the retort

through the fuel lines (30) and an oxygen containing, 
flame front-supporting, feed gas or fluid, such as air, is 
fed into the retort through the feed lines (32). The 
burners are then ignited to establish a flame front 
horizontally across the bed. After ignition, the fuel 
valve is closed to shut off inflow of fuel gas. Once the 
flame front is established, residual carbon contained in 
the oil shale provides an adequate source of fuel to 
maintain the flame front as long as the oxygen-contain-
ing feed gas is supplied to the flame front. Fuel gas or 
shale oil can be fed into the retort through the fuel line 
to augment the feed gas for leaner grades and seams of 
oil shale. 

The effluent product stream of condensate (liquid shale 
oil and shale oil retort water) and off-gases in each 
retort flows downward to the sloped bottom of the 
retort and then into its own collection basin and separ-
ator. 

Liquid shale oil, water, purge mode off-gases, and 
combustion mode off-gases are separated in the collec-
tion basins by gravity and then pumped to the surface. 

As shown in Figure 1, shale oil from the retorts is 
combined and mixed in a single common oil line (64). 
Retort water from the retorts is combined and mixed in 
a common water line (66). Hydrogen rich purge mode 
off-gases from the retorts are combined and mixed in a 
single, common purge gas line (68). Hydrogen lean 
combustion mode off-gases from the retorts are com-
bined and mixed in a single, common combustion gas 
line (70). 

In each retort, a purge valve (72) controls the flow of 
purge mode off-gases. A combustion gas valve (74) 
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controls the flow of combustion mode off-gases. 	 combustion node off-gases produced during combustion 
with feed gas. 

Raw (untreated) retort combustion mode off-gases can 
be recycled as part of the fuel gas or feed, either 
directly or after light gases and oil vapors contained 
therein have been stripped away in a quench tower or 
stripping vessel. 

In order to enhance more uniform flame fronts across 
the retorts, the feed gas is fed in pulses by intermit-
tently closing the feed gas control valves to alternately 
quench and reignite the flame fronts for selected 
intervals of time. A purging gas or fluid, also referred 
to as a "quench," is injected or sprayed downward 
through the purge lines into the combustion zones when 
the inflow of teed gas has been stopped between pulses 
of feed. The purge extinguishes, quenches, and blankets 
the flame front and accelerates transfer of sensible 
heat from the combustion zone to the retorting zone of 
the retort. 

In order to provide a substantially continuous supply of 
hydrogen-enriched purging-mode off-gases to one or 
more shale oil upgrading reactors, some of the retorts 
are operated in the combustion mode while the other 
retorts are operated in the purging mode and vice 
versa. 

The purge fluid can consist of raw (untreated) retort 
water containing oil shale particulates, shale oil, or-
ganic carbon, and ammonia, which has been recycled to 
the purge lines of the retorts. This avoids the enormous 
expense of purifying and treating the contaminated 
retort water to environmentally acceptable levels and 
thereby enhances retorting efficiency and economy. 

The purge fluid can also contain or consist of purified 
(treated) water, condensed steam, uncondensed steam, 
nitrogen, carbon dioxide, hydrogen, purge mode off-
gases, combustion mode off-gases, or reactor off-gases. 
Retort water from an aboveground retort can also be 
used as the purge. Uncondensed steam is particularly 
useful as a purge gas. 

Raw (untreated) retort water can also be fed (recycled) 
to the feed lines of the retorts for use as part of the 
feed for even greater retorting economy and efficiency. 
Retort water from an aboveground retort can also be 
fed into the feed lines for use as part of the feed. 

During purging, i.e., between pulses of feed, retorting 
of oil shale continues. The purge fluid enhances the 
rate of downward advancement of the retorting zone to 
widen the separation between the leading edge or front 
of the retorting zone and the combustion zone. The en-
larged separation minimizes losses from oil burning 
upon reignition which occurs when the next pulse of 
feed is injected. The combustion zone can be cooled to 
a temperature as low as 650°F by the purge and still 
have successful ignition with the next pulse of feed. 

The duration of each pulse of feed gas and purge is 
preferably from 4 to 12 hours. The time ratio of purge 
to feed gas is preferably from 1:5 to 1:1. 

Purge mode off-gases produced during purging with 
steam, retort water, and treated water will have a 
substantially greater concentration of hydrogen than

Hydrogen-rich off-gases produced during purging are 
pumped by a purge gas pump (56) to one or more carbon 
dioxide scrubbers (Figure 1) where the hydrogen-rich 
off-gases can be scrubbed and either recycled for use as 
part or all of the purge gas or vented to the 
atmosphere. The scrubbed hydrogen-rich off-gasesare 
fed to one or more upgrading reactors, such as 
hydrotreaters, hydroeraekers, or catalytic crackers, for 
use in upgrading the shale oil produced in the retorts. 

Hydrogen-lean retort off-gases produced in the retorts 
during combustion can be pumped by combustion gas 
pump (58) into the fuel gas, feed, or purge lines for use 
as part of the fuel gas, feed, and/or purge, respectively. 
Alternatively, the hydrogen-lead retort off-gases can 
be fed upstream for further processing or flared for 
heating value. 

While vertical modified in situ retorts are used for best 
results, true in situ retorts and horizontal and ether 
shaped underground retorts can be used. 

Among the advantages claimed by the process are: 

• Better process efficiency 

• Continuous upgrading of shale oil 

• More effective use of processing equipment 
• Greater retorting economy 

• Less purification and treatment of retort water 

• Improved product yield and recovery 

• Uniformity of flame front 

• Fewer oil fires 

• Less loss of product oil 

• Decreased carbonate decomposition and ther-
mal cracking of the effluent shale oil 

• Reduced need for supplemental fuel gas, feed 
gas, and purge gas. 

• Lower upgrading costs. 

RETORTING AT REDUCED PRESSURE ENHANCES 
YIELD OF SHALE OIL 

In a series of four publications in Industrial and Engi-
neering Chemistry Process Design and Development, 
Volume 24, page 265 to 286, H. S. Yang and H. Y. Sohn 
of the University of Utah have explored the effect of 
reduced pressure during oil shale retorting. 

They first studied the rate of oil generation by a non-
isothermal technique and found that first-order kinetics 
adequately approximated the overall retorting rate of 
Colorado oil shale regardless of the type and pressure 
of the sweep gas. The activation energy remained 
relatively constant with pressure for each sweep gas, 
while the pre-exponential factor increased as pressure 
decreased. The rate expressions for retorting with 
nitrogen and carbon dioxide were substantially the 
same, while retorting with water vapor produced a 
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higher rate constant than with nitrogen or carbon 
dioxide. 

The kinetics expression for oil generation remained 
relatively unchanged for different grades of oil shale 
containing organic matter of similar compositions. 
Shales were tested from Colorado, Michigan, and Aus-
tralia. The Michigan oil shale produced second-order 
kinetics while the Australian oil shale showed a first-
order dependence (Table 1). 

TABLE 1 

KINETICS PARAMETERS FOR RETORTING 
VARIOUS OIL SHALES AT A

NITROGEN PRESSURE OF 0.86 ATMOSPHERIC 

Integral Method 
E 

Source cal/ A 
of Sample n gjpj s1 

Australian 1.0 48,940 2.686 x 1012 
Michigan 

Alpena 2.0 60,950 7.900 x 1016 
Port Huron 2.0 63,420 1.090 x 1017 

Colorado 1.0 46,870 4.232 x loll

The effect of retorting Colorado shale at two different 
pressures is given in Figure 1. 

The effect of reduced pressure ranging from 0.05 to 
0.86 atmospheric on oil yield was determined as a 
function of heating rate, the flow rate and type of 
sweep gas, and the grade of oil shale. A lower pressure, 
higher heating rate, and higher flow rate of sweep gas 
produced a greater amount of oil. Retorting of Color-
ado oil shale at 0.05 atmospheric with a heating rate of 
120 I< per minute produced oil yield as high as 
107 weight percent of Fischer Assay with nitrogen and 
112 weight percent of Fischer Assay with water vapor. 
The oil yield was substantially the same with nitrogen 
and carbon dioxide. The Michigan oil shale, containing 
a higher fraction of aromatic carbons than the Green 
River Formation shale, produced a higher percentage of 
Fischer Assay oil yield under a reduced pressure (Fi-
gure 2). 

The reasons for the higher oil yield under reduced 
pressure are stated as follows: (1) a smaller amount of 
oil in the liquid phase, which results in less degradation 
of oil produced; (2) the recovery of high boiling aroma-
tic compounds as oil by increasing the vapor fraction 
during retorting; (3) a shorter residence time of oil 
vapor, which causes a smaller amount of cracking of oil 
vapor into gases; and (4) a smaller rate constant for the 
cracking of hydrocarbons in oil produced during retort-
ing. 

The third paper in the series deals with further mathe-
matical analysis describing the data for oil yield, the

FIGURE 1 

RATE CONSTANTS FOR RETORTING 
TWO GRADES OF OIL SHALE 
UNDER REDUCED PRESSURES 
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amounts of oil degradation into coke and gas, and the 
rate of oil generation in the retorting of oil shale at 
various pressures. The analysis was based on a previous 
investigation which showed that oil degradation into 
coke and gas mainly occurs in the liquid phase and not 
in the vapor phase. 

It was observed from the analysis that about 80 percent 
of the total amount of oil was recovered as oil mist at 
0.86 atmospheric with a heating rate of 101< per minute, 
and about 60 percent resulted at 0.1 atmospheric with 
the same heating rate. It indicates that the fraction of 
oil in the liquid phase decreases with decreased pres-
sure, and thus a smaller amount of oil degraded into 
coke and gas. 

In the fourth paper, the oil product obtained under 
reduced pressure was analyzed to determine the 
changes in physical and chemical properties with differ-
ent retorting variables. A lower pressure, higher heat-
ing rate, and higher flow rate of sweep gas resulted in 
higher nitrogen content and higher values of viscosity, 
density, Conradson carbon, and pour point as well as 
higher percentage of higher boiling distillates and lower 
hydrogen/carbon ratios. Greater amounts of paraffinic 
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and aromatic compounds and increased aromatieity 
were observed at a lower pressure, whereas saturated 
isoprenoids decreased. The olefinie fraction remained 
relatively constant under reduced pressures. 

EXTRACTION METHODS FOR SHALE OIL RECOVERY 
TESTED At WESTERN RESEARCH INSTITUTE 

A recent series of reports from Western Research 
Institute (WRI) addresses liquid extraction methods for 
recovering oil from oil shales. These studies were 
conducted under WRPs cooperative funding agreement 
with the United States Department of Energy. 

Use of High-Boiling Alcohols 

This report by McKay and Blanche follows up on earlier 
experiments which showed that liquid yields of up to 
90 percent could be obtained when Green River shale 
was treated with methanol-water at 400°C. The basic 
assumptions of those experiments were that (1) water 
was beneficial in recovery of organic material from the 
shale and (2) an alcohol such as methanol would be a 
good wetting agent to aid in the removal of organic 
species from mineral surfaces. Subsequent to the 
methanol-water experiments, ethanol was used with 
water to demonstrate that the alcohol component of 
the treatment system was necessary for high yields.

In an experiment with n-oetanol, the results were the 
same as when methanol and ethanol were used, indicat-
ing that the molecular weight of the alcohol was not 
critical to the yields. 

Recent work has shown that the primary role of alcohol 
in the high yield recovery process is probably unrelated 
to the supercritical properties of the solvent but is 
related to the tact that carboxylic acids and carboxylic 
acid salts indigenous to the shale are converted to 
esters. high yields of organic liquids apparently are 
recovered at relatively low temperatures because large 
amounts of materials normally insoluble in common 
organic solvents are made soluble by the esterification 
reaction during the water-alcohol treatment process. 

Scaling up this process from bench scale to pilot scale 
is thought to be impractical because pressures in the 
range of 3,000 to 5,000 psi have been used. In an effort 
to reduce pressures to a practical range, the use of 
higher molecular weight or polyfunctional alcohols was 
therefore investigated. Green River shale was treated 
with mono-, di-, or tn-functional alcohols in an attempt 
to produce high oil yields under lower pressure condi-
tions. 

The results (Table 1) indicate that using 1,2-ethanediol 
(ethylene glycol) and water resulted in a yield of 
SI weight percent based on recovered liquid organic 
matter, a yield equivalent to 124 percent of Fischer 
Assay. The experiments using other di- and tn-tune-
tional alcohols were not successful in recovering large 
amounts of oil from the shale. 

TABLE 1 

EXTRACTION OF LIQUID PRODUCTS 
FROM GREEN RIVER SHALE

(One Hour at 400°C, 50:50 Alcohol:Water) 

Alcohol Used Pressure Yield 
(psi) (Wt. %) 

Methanol, Run 1 4,525 90 
Methanol, Run 2 5,190 84 
Ethanol 4,350 87 
n-Octanol 3,900 71 
1, 2-Ethanediol 2,000 81 
(Ethylene Glycol) 86 
1, 2, 3-Propanetriol (Glycerol, 3,500 43 

Glycerin) 
1, 2-Propanediol (Propylene 2,600 49 

Glycol) 
Diethylene Glycol 1,750 43

The 1,2-ethanediol experiment confirmed that pressure 
is not one of the key factors in recovering oil from 
shale using extraction techniques. The 1,2-ethanediol 
experiment suggests that it may be possible to recover 
oil from shale in yields much higher than those of 
conventional retorting processes at pressures well be-
low supercritical methanol-water. 
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The use of low-boiling alcohols such as methanol and 
ethanol results in high operating pressures. however, 
the solvents are easily recovered from the liquid pro-
duct. Solvents with boiling points up to 200°C, such as 
n-octanol boiling at 194°C and 1,2-ethanediol boiling at 
198°C, can be removed from liquid product using rotary 
evaporation under reduced pressure. Higher-boiling 
alcohols such as glycerin and diethylene glycol probably 
would not be satisfactory because of complicated sep-
aration requirements. 

Single-Step Supercritical Extraction 

This report, also by McKay and Blanche, is titled "Use 
of Supercritical Fluid Extraction for Development of a 
Single-Step Method for Removal of Shale Oil from 
Green River Oil Shale." 

Some solvent extraction techniques involve heating the 
shale directly in the fluid, while other processes use an 
initial solvent or gas treatment followed by a second 
extraction with common solvent at mild temperatures 
in a two-step procedure. A third technique studied has 
been the dry heating of shale in an inert atmosphere 
followed by solvent extraction to recover liquid pro-
duct. Experimentation at Western Research Institute 
has shown that yields of liquid product are greater when 
the shale is initially treated with both water and 
solvent rather than with solvent alone, and greater than 
when the shale is treated initially by dry heating in an 
inert atmosphere followed by extraction. 
The experiments cited above have not been considered 
practical for the development of a large-scale shale oil 
recovery process for many reasons, one of which is the 
time required for the extraction step. Most of the 
techniques require several hours or days to achieve 
yields of over 65 percent (Fischer Assay yield for Green 
River shale). 

The purpose of the experimentation described in this 
report was the development of a fast, high-yield, 
single-step recovery process. The terminology "single-
step" refers to the fact that the shale is handled only 
once in the recovery process rather than being treated 
and then extracted in two separate steps. 

The first two single-step extraction experiments, run 
under the same experimental conditions (Table 2), 
demonstrate the possibility of quickly recovering high 
yields of liquid product with only one handling of the 
shale. The third experiment serves as a benchmark to 
compare the effectiveness of methanol-water to that of 
dry heating. 
The experiments yielded two important results. First, 
most of the organic matter was recovered by methylene 
chloride in the first extraction step, which required less 
than three hours to perform. For example, in the first 
experiment 18 percent of the total organic matter in 
the shale was recovered in the first extraction step. 
The total yield for this experiment was 89 percent. The 
second important result was that dry heating of the 
shale under these conditions was ineffective in allowing 
oil to be recovered methylene chloride extraction.

TABLE 2 

SINGLE-STEP EXTRACTION EXPERIMENTS 

Lx- Methylene 
pen-	 Initial Chloride Yield 
ment-	 Treatment Extraction Liquid 
No.	 Conditions Conditions Product Wt.% 

Ink 
Addi- tial	 Total 

Time	 tional Lx-	 Lx-
Sol-	 Pres- at	 Wash trac-	 trac-
vent	 sure 50°C	 Time tion	 tion

'min) (mm) 

1	 Methanol 3,850	 15	 80	 78	 89 
Water 

2	 Methanol 3,700	 15	 80	 83	 85 
Water 

3	 No Solvent	 0	 15	 80	 Il	 18 

All experiments used a heatup time of 80 minutes 
and were held at 400 0C for 60 minutes 

In the methanol-water experiments collapse of the 
shale matrix was extensive, probably allowing access of 
solvent to the organic matter absorbed on mineral 
surfaces and resulting in high yields. 

Overall, these experiments show promise for the devel-
opment of a fast, efficient shale oil recovery process. 

Extraction with Strong Base and 
Nucleophilic Displacement Agents 

This study by Holmes and Robertson was designed to 
gain insight on kerogen structure by examination of the 
effects of strong base and nucleophilic displacement 
reagents on western and eastern shales. 

Powdered shales from the Green River and Chattanooga 
formations were extracted with potassium hydroxide in 
l-propanol, potassium hydroxide in 1-butanol, 1-butyl-
amine in 1-butanol, and sodium borohydride in tetrahy-
drofuran, all at reflux. Residual shales were extracted 
with benzene-methanol. 

This investigation presumed that shale kerogen may be 
tied together by heteroatomic species in functional 
groups that can be attacked under solvolytic conditions, 
and that strong base or nucleophilic displacement rea-
gent attack on these positions may generate a soluble 
material from the insoluble kerogcn. 

The principal hereroatoms in shale are oxygen, nitro-
gen, and sulfur, and while they exist in small quantities, 
they are sufficient to form a resin-like (macromolecu-
lar) material from what is basically a hydrocarbon

- 
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TABLE 3 

EXTRACTION RESULTS FOR
GREEN RIVER SHALE 

Run 
No.	 Extraction Reagent 

1	 85 wt. % l-PrOH 
15 wt. % water 

2	 Same solvent as Run 1 
4- Potassium Hydroxide 

3	 35 wt. 96 i-BuOh 
15 wt. 96 water 

4	 Same as Run 3+ 
Potassium Hydroxide 

5	 Same as Run 3+ 
1-Ru tylam me 

6	 Tetrahydrofuran (THF) 
7	 THF + Sodium Borohy-

dride 
8	 90 vol 96 Benzene 

10 vol. % Methanol

Additional 
Percentage Organic 

Organic	 Carbon 
Carbon Recovered 

Recovered	 by
by First Benzene-
Solvent	 Methanol 
(8 TIour	 (96)
Ref lux) 

6.5	 2.3 

12.6	 6.6 

8.9	 6.9 

25.0	 1.0 

9.8	 2.7 

5.7	 4.2 
8.1	 1.5 

-	 10.2 

mixture. Two general reaction types are available to 
carry out attack at heteroatomic sites in order to 
determine whether or not these elements make an 
important contribution to the structural difference be-
tween shale kerogen and shale bitumen. These ap-
proaches are homolytic and heterolytic cleavage, other-
wise described as free radical and ionic processes, 
respectively. It appears that tree radical processes 
require approxiamtely 350°C to proceed at reasonable 
rates. Green River shale has been exposed to heteroly-
tic cleavage agents, namely strong acid and strong base 
without reported formation of bitumen. however, a 
literature search did not reveal any attempts to de-
grade either type of shale with base at higher tempera-
tures and with solvents that are more lypophilic than 
methanol. Therefore a series of experiments was run as 
seen in Table 3. 
As seen in Table 3, 1-propanol plus potassium hydro-
xide, and 1-butanol plus potassium hydroxide were the 
only media that produced significantly more extract-
able material from Green River shale than was 
extracted by either reaction solvent alone and/or by 
benzene-methanol. For Chattanooga shale, the 1-buta-
aol plus potassium hydroxide was the only extraction 
medium that produced a significant yield of bitumen. 

The results suggest that there are functional groups 
present in shale kerogen that are cleaved by alcohol and 
poteassium hydroxide, as evidenced by formation of 
bitumen. The thermal environment used is mild com-
pared with most shale retorting. An alternate explana-
tion is that the mineral surface is altered by strong 
base, thereby allowing extraction of material which was 
very strongly absorbed (unextractable) in the native 
shale.
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INTERNATIONAL 

PAMA TESTING FIRST PHASE OF PILOT RETORT 

PAMA (Energy Resources Development) Ltd. of Israel is 
building an oil shale retorting pilot as shown in 
Figure 1. The plant will contain both fluidized bed and 
entrained bed retorting processes. It is designed for a 
throughput of 100 kilograms per hour. The entrained 
bed will handle particles with a top size of 0.5 milli-
meters, while the fluidized bed will accept a top size of

7 millimeters. Either natural gas or nitrogen will be 
used as the fluidizing gas. 

To date, the first phase of the project has been 
completed and is undergoing test. If the retorting 
results are favorable, PAMA will add a gas blower for 
gas recirculatiori and a combustor for burning the 
retorted shale. 

Initial test results are said to be very good. 

FIGURE 1 

SIMPLIFIED PROCESS FLOW DIAGRAM FOR BENCH SCALE RETORT 
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PHASED TORBANITE PROJECT UNDER STUDY 
IN SOUTH AFRICA 

As described in the March 1986 PaceSynthetic Fuels 
Report on page 2-31, the Republic of South Africa is 
evaluating a new project to produce oil from torbanite 
(oil shale). Additional information regarding the pro-
ject indicates that it will be conducted in several 
phases. The Cabinet recently approved that the Cen-
tral Energy Fund and Gencor should jointly undertake 
further research and investigations in connection with 
the project. Phase 1 entails the sinking of a test shaft 
to obtain torbanite samples for testing at a later stage; 
the study of mining methods and geo-technical studies; 
tests to separate coal and torbanite; and preliminary

process design using internationally recognized special-
ists, who will also carry out detailed planning, cost 
estimates, and financial evaluation. 

The Cabinet also approved that, after successful com-
pletion of Phase 1, further Central Energy Fund money 
may be made available for large scale pilot plant 
testing overseas, updating of cost estimates, and fin-
ancial evaluations based on the latest information. The 
estimated cost of this second phase is 8 million Rand 
and will take about 15 months after completion of the 
first phase. 

Only after completion of Phase 2 can a decision be 
made on whether the project is technically and econom-
ically viable. 
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TABLE 2

PBCIIISR ASSAY OF OIL SHALE 

WeIght Percent 
Sample water

2" 
Oil Denali Oil Yield 

/ml (gal/ton) 

A 1.8 0.9 4.5 0.8843 11,4 
O 8.6 3.5 7.4 0.8950 19.8 
C 2.1 2.0 1.9 0.8913 5.0 
0 2.0 1.0 4.1 0.8783 10.2 O 1.8 1.4 2.0 0.8829 5.3 00-1 1.0 8.1 4.4 0.8905 12.0 B8-3 2.0 2.7 8.8 0.8820 14.0 

BB-3 2.8 2.3 7.1 0.8808 59.9 
90-4 2.2 4.5 4.8 0.8817 13.1 

0 - Blend of A, B, and C 
00 size fractions of B 

NOVA SCOTIA OIL SHALE BENEFICATED 

In Nova Scotia, oil shales are found at various locations 
on the Mainland and on the island of Cape Breton . Two 
major oil shale deposits are located in Picton and 
Antigonish Counties. Attempts to beneficiate these 
low-grade shales were discussed by M. C. Rockwell of 
the Technical University of Nova Scotia at the Novem-
ber 1985 Eastern Oil Shale Symposium. 

Prior to 1929, an oil shale mine and two retorting plants 
were operating in Pictou County, but since then there 
has been little interest in the oil shale potential. 

In 1980, the federal and the Nova Scotia governments 
initiated a program to assess, map and evaluate the 
economic geology of the major oil shale deposits in 
Nova Scotia.

Oil Shale Characterization 

Nova Scotia oil shale displays some common similarities 
with the United States Eastern oil shales. Four sampled 
zones from the Pictou oil shale deposit were used to 
demonstrate the technical feasibility of physical pro-
cessing and upgrading. The sample from the lowest oil 
yield zone was ground and sized into five fractions for 
testing by heavy liquid separation, tabling, and flotation 
techniques. 

The oil shale samples were collected at the L. E. Show 
Ltd. open pit clay operation, near New Glasgow, Nova 
Scotia. Four exposed oil shale zones were marked as 
zones A, B, C, and B, and were channel sampled. 

Additional samples were prepared as a composite sam-
ple marked 0, and from four size fractions of sample 
zone B. The composite sample 0 was made from equal 
parts of zones A, B, and C. The four size fractions of 
sample zone B were designated BB1 (-250 to 150), BB2 
(-150 to +75), BB3 (-75 to +45), and BB4 (-45) microns. 

The sampled oil shale zones are characterized by a high 
content of alumino-silicates, approximately 80 to 
82 percent, low carbonates and low sulfur and nitrogen 
content. Analyses and Fischer Assays of the samples 
are given in Tables I and 2. 

TABLE 1 

COMPOSITION AND CALORIFIC VALUE 
OF OIL SHALE

(Weight Percent)

BTU/ 
H	 N	 0	 5	 lb 

1.66 0.60 4.40 5.06 1,472 
2.88 0.83 2.54 1.10 3,935 
1.45 0.50 4.15 0.48 1,021 
1.95 0.66 3.50 0.84 2,129 
1.50 0.52 6.32 0.57 1,074 

	

2.69 0.82	 2.39 1.04 4,119 
2,51 0.90 2.95 1.14 4,135 
2.38 0.79 3.28 0.14 3,728 
2.15 0.78 3.35 1.18 3,513

Zone C oil shale was selected for processing and 
upgrading tests because it appeared to be the thickest 
of the four exposed zones. Although the shale has an 
oil yield of only 5.0 gallons per ton and a high ash 
content of 91.24 percent, the hydrocarbons profile ana-
lysis showed that the quality of extracted oil was 
comparable with that from sample zone B. 

Grinding was performed under wet and dry conditions 
with a ball and a rod mill. 

Figure 1 shows the cumulative diagram of screen analy-
sis of crushed and round products. Dry grinding with a 
rod mill produced approximately 90 percent weight of 

FIGURE I 

CUMULATIVE PARTICLE SIZE OF 
CRUSHED AND GROUND OIL SHALE 
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Crushed Product	 Wet Ball MIII 

Wet Rod MIII	 Dry Ball MIII 

Dry Rod MIII 

Organic Mineral 
Sample Cart,on Carbon 

A 9.44 0.5 
B 21.41 1.1 
C 6.09 0.5 
0 12.91 0.5 
0 7.08 8.1 

99-1 24.04 0.5 
BB-2 23.44 0.9 
984 21.14 0.5 

-4 19.70 0.5
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fractions -600 to +45 microns and was chosen to 
produce the feed sample for the heavy liquid separation 
and Wilfley table separation tests. 

Heavy Liquid Separation 

Aqueous zinc bromide solutions were used to perform 
sink-and-float tests on -600 to +250 and -250 to 
+150 micron fractions. At a liquid density of 2.35, both 
fractions produced similar results. The average con-
centrate grade was 15.2 percent carbon and 29 percent 
recovery, upgraded approximately by a factor of 2. 

At a liquid density of 2.45, only the fraction -250 to 
150 microns responded to separation. The float con-
tained 8.8 percent carbon at 82.6 recovery. The float 
could be reground for further treatment and the sink 
product, representing 33.3 percent weight with 3.8 per-
cent carbon, could be rejected. 

According to Rockwell, the tests indicate that varia-
tions in shale quality from a mine can be moderated by 
an initial heavy liquid separation stage. 

Wilfley Table Separation 

Oil shale samples sized at -250 to +150, -150 to +75, 
and -75 to +45 microns were tested on a laboratory 
Wilfley table. Slurries of 11 percent weight solids were 
agitated with 1.0 percent sodium silicate as a disper-
sant prior to being passed on the table. 

The samples were subjected to various table tilt angles, 
flow rates, stroke lengths, and speeds. The separation 
efficiency in general was poor. The center discharge 
points on the table yielded the highest carbon grade. 

Conventional Flotation 

Flotation experiments on fractions -74 to +45 and 
-45 microns were conducted in a Denver laboratory 
flotation machine at 10 percent weight solids using tap 
water. Sodium hydroxide was used to maintain , the 
slurry pH at 8. Three types of frother were evaluated: 
methyl isobutyl carbinol (MIBC), cresylic acid, and 
Dow-250-C. Sodium silicate, 0.4 percent weight, was 
used as a dispersant and 0.075 percent weight kerosene 
as a promoter. 

The tests produced concentrate grades of 9.4 to 
12.7 percent carbon and recoveries between 24 and 
40 percent. As a result, no attempts were made to 
further optimize the process. 

Oil Agglomeration/Brine Flotation 

Oil agglomeration/flotation combines two processes of 
separation. First, the agglomeration of small hydropho-
bic kerogen particles in a pre-emulsified oil solution. 
Second, the recovery of the agglomerates by flotation 
techniques. Oil agglomeration has been used with 
varying degrees of success in the recovery of coal fines 
from coal washing plant rejects.

First, an emulsion of oil in tap water was prepared. 
Separately in a Wernco Pagergren laboratory flotation 
cell a slurry of brine and oil shale ground to passing 
45 microns sieve was prepared. The emulsified oil in 
water was then transferred to the cell and mixed with 
the slurry. During the mixing, the hydrophobic parti-
cles coalesed with the oil droplets and formed fine 
agglomerates. The use of brine solution in this study 
was intended to reduce the hydrolysis of fine clays and 
their transition into a colloidal phase. 

Four types of collectors were evaluated: kerosene, 
turpentine, methyl hydrate, and paint thinner. Agglo-
meration with a 5 percent emulsified kerosene followed 
by flotation in a 3 percent sodium chloride brine pro-
duced a 12 to 13 percent carbon grade and a 50 percent 
recovery. 

The effect of brine concentration is shown in Figure 2. 
Maximum carbon grade and recovery were obtained 
with brine concentrations ranging from 2.5 to 3 percent 
sodium chloride. Above this range, the effect of salt on 
the flotation selectiveness levels off. 

FIGURE 2 

EFFECT OF BRINE CONCENTRATION 
ON CARBON RECOVERY AND GRADE 
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Contrary to experience in the agglomeration of coal, 
where lower ash content and higher recovery result 
from increased dosage of collector, the recovery of 
shale's organic matter in brine with 3 percent sodium 
chloride was found to reach a maximum at approxi-
mately 1 to 2 percent kerosene. 

Multi-Stage Cleaning 

Based on the optimal conditions developed during the 
oil agglomeration/brine flotation tests, a multi-stage 
cleaning of the concentrate with the highest percentage 
recovery was tested. The rougher concentrate from the 
oil agglomeration flotation using 1 percent emulsified 
kerosene and 3 percent sodium chloride was cleaned 
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three times decreasing the flotation time and concen-
tration of brine solution as follows: 

Flotation	 Brine 
StaRe	 Time	 Concentration 

(minutes)	 (% NaCI) 

Rougher	 15 
Cleaner 61	 10 
Cleaner #2	 8 
Cleaner #3	 5 

The effect of multi-stage cleaning on the carbon grade 
and recovery is graphed in Figure 3. The process 
upgraded the -45 microns fraction to over three times 
the Fischer Assay value found in the raw shale zone C. 
An additional cleaner #4, as projected from the plotted 
data, should reduce the recovery from 62 percent to 
approximately 58 percent, while the concentrate grade 
will increase to approximately 21 percent carbon.

USSR DEVELOPS NEW APPROACH TO 
SHALE COMBUSTION 

According to nil article by the Estonian News Agency, a 
new technology for burning oil shale has been used at 
the Pribaltiyskaya ORES imeni Lcninskiy Komsomol. 

Because of the high mineral content of oil shale, 
ordinarily only a fraction of the fuel rock loaded into 
the firebox burns, the rest settling in a pumice-like 
cake on boiler walls or being entrained into the exhaust 
gas. 

In the new approach, the shale is not ground to a 
dustlike state, but is injected coarsely crushed into the 
boiler firebox. This permits the counter-airflow to 
return it to the firebox until the organic part burns up 
completely. The combustion temperature in this ease is 
reduced by about 500 degrees, and the mineral portion 
does not cling to the walls, but falls into the ash trap. 

When the Pribaltiyskaya GRES was rebuilt, 13 boilers 
were converted to the new technique. These are now 
giving 1.5 (old more heat and electricity than prior to 
rebuilding and, at the same time, they require much 
less raw material. The discharge of waste into the 
atmosphere has been reduced. 

The technology may be usable also for the low-grade 
coals of the Kansk-Achinsk, Ekibastuz, Berezovo, 
Yuzhnyy Yakutsk and a number of other fields in the 
country. 

2-32
	

SYNTHETIC FUELS REPORT, JUNE 1986



ENVIRONMENT 

VOLATIZATION OF TRACE ELEMENTS DURING 
COMBUSTION DEPENDS STRONGLY ON 
TYPE OF SHALE 

Work carried out by the Geological Survey of Israel and 
reported at the 19th Oil Shale Symposium shows drama-
tic differences in the way volatization of trace ele-
ments occurs for different oil shales. 

PAMA (Energy Resources Development) Ltd., a com-
pany owned by several major Israeli corporations and 
the Israeli Government, has been testing both retorting 
and direct combustion of Israeli shales. PAMA's data 
show that in every route chosen for shale oil produc-
tion, direct combustion of oil shale will be necessary 
for one or more of the following reasons: utilizing fines 
which are not suitable for retorting; providing heat to 
the heating media during retorting; and power/steam 
supply for the plant. Furthermore, there are strong 
indications that large scale power generation from oil 
shale would be competitive with imported coal-based 
electricity in Israel. 

The inorganic composition and the lower heating value 
of the Israeli oil shale (about 750 Kcal per kilogram) 
favor fluidized-bed combustion as the best process for 
heat recovery. 

The pathway of certain trace elements during fluidized-
bed combustion of the Israeli oil shale had been estab-
lished on the basis of mineralogical and chemical stud-
ies of solid wastes from PAMA's one ton per hour pilot 
plant (spent bed and cyclone catch), accompanied by a 
study of trace elements residence in the raw oil shales 
of the Rotem Deposit. 

Trace Elements in Israeli Oil Shale 

The range of trace elements content along the Rotem 
oil shale sequence is presented in Table 1. 

Comparing trace elements in Israeli shales from the 
Rotem Deposit to those from the Mahogany Zone in the 
western United States and to black shales from the 
eastern United States, indicates somewhat higher con-
centrations of molybdenum, arsenic, uranium, nickel, 
chromium, and zinc in the Israeli shales. The differ-
ences are generally of less than one order of magnitude. 
Eastern shales usually contain higher concentrations of 
zinc, vanadium, molybdenum, and cadmium. 

Based on geochemical considerations, correlations be-
tween major and trace elements, and analyses of separ-
ated mineralogical phases, the following residence for 
the trace elements (in descending order of significance) 
is suggested: 

Manganese—clays, pyrite 
Copper—organic matter, pyrite 
Chromium—clays, apatite, organic matter 
Zinc (+Cadmium)—organic matter, apatite, pyrite 
Vanadium—clays, apatite, organic matter 
Molybdenum—organic matter, pyrite, apatite 
Nickel (tCobalt)—pyrite, clays, organic matter 
Uranium —apatite, organic matter 
Arsenic—pyrite, organic matter, apatite.

TABLE 1 

TRACE ELEMENTS CONTENT
COREHOLE T1, ROTEM DEPOSIT 

Element	 Range 
(ppm) 

Arsenic 22-50 
Barium 42-66 
Beryllium 1-1.5 
Cadmium 0.3-2 
Cobalt 3-10 
Chromium 90-315 
Copper 70-140 
Mercury 0.2 
Manganese 20-65 
Molybdenum 15-37 
Nickel 40-175 
Titanium 550-2,400 
Uranium 15-46 
Vanadium 60-98 
Yttrium 30-50 
Zinc 130-440

Volatility of Trace Elements 
In Oil Shales 

The volatization of trace elements in coals is the basis 
for the theories concerning concentrations of trace 
elements on fine fly-ash particles due to volatilization 
and surface precipitation after cooling. Since there is 
little published information on the potential volatility 
of trace elements in oil shales, three types of shales 
were studied, representing the three major groups of 
shales; Israeli oil shale from the Rotem deposit—car-
bonatic shales; New Albany shale (Bullitt County, Ken-
tucky)—alumo-silicate shales; Mahogany Zone shale 
(Colony mine, Parachute Creek)—carbonatic shales 
with alumo-silicate. 

The results of laboratory ashing studies are presented in 
Table 2, giving initial trace element concentrations in 
the raw shales and recovery percentages of the ele-
ments in the combusted material. 

From the data presented in Table 2 it is evident that a 
massive volatization of trace elements occurs in the 
New Albany shale at temperatures higher than 700°C; 
some elements tend to volatize even at lower tempera-
tures. In the Mahogany Zone oil shale, some volatiza-
tion can be seen at high temperatures (>900°C), where-
as in Israeli shales all elements are generally fully 
recovered in the combustion products (except for zinc 
at 1,000°C). There is a clear reverse correlation 
between volatization intensity and carbonate content of 
the shales. Carbonate content is less than 1 weight 
percent in the New Albany; about 40 weight percent in 
the Mahogany Zone, and about 65 weight percent in the 
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TABLE 2 

TRACE ELEMENTS IN RAW SHALES AND
WEIGHT PERCENT RECOVERY IN

COMBUSTED SHALES 

Cr	 Cu	 Mn	 Ni	 Zn	 Me 

Israel 

Raw (ppm)	 285	 130	 48	 145	 260	 na 
Wt.% Recovery: 

700°C	 107	 110	 106	 104	 101 
8000C	 104	 103	 98	 96	 97 
900°C	 100	 106	 98	 97	 92 
1,000°C	 109	 106	 100	 100	 82 

Mahogany 

Raw (ppm)	 31	 43	 238	 21	 64	 na 
Wt% Recovery: 

8000C	 119	 137	 89	 100	 95 
900°C	 120	 158	 88	 85	 106 
1,0000C	 80	 86	 54	 57	 67 

New Albany 

Raw (ppm)	 45	 84	 163	 114	 236	 156 
Wt% Recovery: 

7000C	 35	 50	 85	 50	 97	 96 
800°C	 18	 36	 50	 32	 91	 74 
9000C	 13	 12	 32	 25	 47	 67 
1,000°C	 11	 9	 16	 11	 7	 50 

*May be due to contamination 
na - not analyzed 

Israeli shales. Since this may indicate a substantial role 
of the carbonate in 'trapping" or fixation of trace 
elements, the same ashing procedure was applied on a 
50150 mixture of the New Albany shale and a standard 
carbonate. The standard carbonate was a marble 
calcite which is almost (except for 100 ppm of man-
ganese) barren of trace elements. The near full recov-
ery of trace elements in the 700 0 to 1,0000C combustion 
products of this mixture is demonstrated in Table 3. 

On the basis of these data and X-ray diffractograms 
which clearly indicate the presence of melilite-group 
minerals in combustion products of all three shale 
types, the Israeli researchers have suggested that fixa-
tion in new-formed minerals is the main mechanism 
which governs the pathway of trace elements during 
combustion of oil shale, on condition that there is 
enough carbonate for the mineral synthesis. The 
mineral which was identified to be formed during 
combustion of the Israeli and New Albany/carbonate 
mixture is gehlenite, whereas mainly akermanite (with 
some merwinite) is formed in the case of the Mahogany 
Zone shale (due to the dolomite content which supplies 
MgO to the system). A phase which is identified only in 
the Israeli shales combusted material is beleite—C2S. 
The melilite-group minerals which are formed at rela-
tively low temperatures permit intensive cation re-
placement, thus enabling the incorporation of trace 
elements within their structure.

TABLE 3 

TRACE ELEMENTS IN 50/50 MIXTURE
OF NEW ALBANY SHALE WITH A

STANDARD CARBONATE AND WEIGHT 
PERCENT RECOVERY IN
COMBUSTION PRODUCTS 

Cr Cu Mn Ni Zn Me 

Mixture, ppm 23 45 132 59 122 78 

Wt% Recovery: 
7000C 87 96 98 98 106 101 
8000C 96 89 84 86 98 97 
9000C 96 104 91 93 118 95 
1,000°C 91 64 80 75 71 100

Partitioning in Fluidized-Bed Wastes 

Out of the four mineralogical phases in which trace 
elements reside in the raw oil shale (organic matter, 
pyrite, apatite, and clays), only apatite, with associated 
trace elements, remains unchanged during the combus-
tion process. Pyrite framboids decompose and react 
with CaO, resulting in grains with a C21 7 composition, 
in which some of the original pyritic trace elements, 
especially nickel, can be detected. 

About 50 to 60 weight percent of the vanadium content 
and 25 to 35 weight percent of the chromium content 
are incorporated within the insoluble C25 phase. The 
stabilization of C2S by vanadium and chromium, as well 
as by some other metals, is a well known phenomenon. 

A leaching procedure proposed by the American Society 
of Testing Materials was applied to both cyclone and 
bed material, to study trace elements which might be 
associated with the anhydride or CaO (the only two 
potentially soluble phases in the waste material). Ele-
ments released into the lesehate as a percentage of 
their content in the original solid material were calcu-
lated and divided into four categories: 

Release of 
0.1% - Zn, V, Ni Cr (bed), Cu 
0.1 to 1.0% - Mn, Cr (cyclone). 
1.0 to 5.0% - Cd, As. 
5.0% - Me, Se. 

It is clear that the most volatile elements are released 
more easily from the solid into the leachate, thus 
suggesting that they are either partly concentrated on 
particle surfaces or else associated with the highly 
reactive CaO or anhydride. 

In summary, the partition of trace elements among 
combustion products differs from that which is 
encountered in the raw shale due to synthesis of new 
minerals. Only apatite maintains its chemical identity 
and trace element content during combustion. Part of 
the vanadium and chromium is incorporated into the 
C2S phase, highly volatile metals are associated with 
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the anhydrite (and CaO), and the originally pyritic trace 
metals reside in the newly formed C217 phase. Melilite 
group minerals are formed whenever carbonate is avail-
able and trace elements volatization is thereby sup-
pressed. The larger part of trace elements (which 
originally reside in the clays and organic matter) is 
incorporated within the readily cation-replaced meli-
lite-group minerals. 

A model which summarizes trace elements pathways 
during fluidized-bed combustion of Israeli (or other high 
carbonate) oil shale is presented in Figure 1. 

Environmental Significance 

It appears that subjecting carbonate oil shales to high 
temperatures will result in the incorporation of the 
larger part of the trace elements into new-formed, 
generally insoluble minerals. Only part of the most 

be mobilized into retort products or will be associated 
with the soluble phase of the wastes in ease of fluid-
ized-bed combustion. Preliminary mass balances indi-
cate that about 30 weight percent of the arsenic and 
molybdenum content of the raw shale may be released 
into the atmosphere via very fine airborne particles 
and/or lost into the gas phase. 

In the case of the New Albany shale (or any other 
carbonate-barren shale) there is a potential for massive 
volatization of trace elements even if the shale is 
subjected to relatively low temperatures. This may 
result in higher amounts of these metals entering into 
retorting products as well as into the non-condensable 
gas phase. 

Trace element concentrations in leachates derived from

Eastern oil shale show higher concentration from raw 
shale than from retorted shale then from combusted 
shale. This may reflect higher volatility of trace 
elements at higher temperatures thus resulting in pro-
ducts with a lower content of trace elements and higher 
contribution of these metals to the atmosphere. 

SHALE OIL EXHIBITS COMPLEX 
TUMORIGENIC ACTIVITY 

Work carried out in the Biology and Chemistry Depart-
ment of Pacific Northwest Laboratory, Richland, Wash-
ington under DOE funding and published in 'Proceedings 
of Health and Environmental Effects of Complex 
Chemical Mixtures" shows that the relative tumorigenic 
acitivity of different shale oil fractions is different 
than for the corresponding fractions of coal liquids. 

Studies show that the tumorigenicity of complex liquids 
derived from coal is primarily due to neutral polycylic 
aromatic hydrocarbons (PAll) and nitrogen-containing 
polycyclic aromatic compounds (NAPC). Moreover, the 
activity increases with increasing boiling point between 
7000 and 850°F. 

To see whether the tumorigenic activity of shale oil 
shows a similar correlation with boiling point, the 
researchers distilled Paraho shale oil into 50°F fractions 
and evaluated their initiating activity. They found that 
the biological acitivity of the tumorigenic constituents 
in shale oil is highly dependent on the composition of 
the mixture in which they are found. In most instances, 
the activity of known carcinogens was inhibited when 
they were administered to the animal in a complex 
shale oil mixture. 

Correlation with Soiling Point 

Shale oil distillates boiling from ambient to 6500, 6500 
to 7000, 700° to 7500, and +750°F were tested for their 
tumor initiating activity. All distillates exhibited such 
activity, although the highest boiling distillate had 
slightly higher activity than the others. The whole 
shale oil from which the distillates were prepared was 
more active than any of the fractions. These results 
differ from those for coal-derived liquids where there is 
a distinct concentration of biological activity in the 
higher boiling range distillates. 

The effect of different boiling range distillates on the 
initiating activity of benzo(a)pyrene (BaP) was exa-
mined by applying the Bat' (25pg) in methylene chlor- 
ide containing 5 milligrams of the test distillate. The 
results were compared to those obtained with flaP alone 
in the solvent. The results show that the 3000 to 700°F 
distillate inhibited the activity of flat' slightly while the 
7000 to 7500, the 7500 to 8000, and 800 to 850°F 
distillates produce marked depression in the tumor-
initiating activity of BaP. 

Correlation with Hydrogen Content 

Hydrotreatment is known to lower the carcinogenicity 
of both coal-derived and shale-derived liquids. It was 
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water, any leachate generated during pile construction 
would be minimal. 

therefore suggested that the presence of hydroaromatic 
species might inhibit the activity of carcinogenic 
species. 

To test this suggestion, they tested the skin tumor 
initiating activity of hydrogenated species of flaP, and 
the effect of those hydrogenated derivatives on the 
initiating activity of the original BaP. 
First, the hydroaromatic species were separated from 
the aromatics. The hydroaroinatic fraction, as 
expected, was found to be inactive. The carcinogenic 
activity was associated with the neutral PAR fraction. 

Next, they indirectly examined the effect of hydrogen- 
ating the PAIL by testing hydrogenated derivatives of 
Bat' and mixtures of these derivatives with Bat'. These 
studies showed that the addition of two hydrogens to 
the Bell molecule at the 4,5-positions decreased the 
initiating activity but did not eliminate it. However, 
the addition of four hydrogens at the 7, 8, 9, and 10-
positions essentially eliminated initiating activity. 

Neither the dihydro- or tetrahydro-BaP appeared to 
inhibit Bat' acitivity when these derivatives were ap-
plied to the skin simultaneously with Bat' in a ratio of 
5:1. 

Correlation with Amine Content 

Previous work had shown that the tumor initiating 
activity of the NPAC fraction of a distillate boiling 
above 850°F was significantly lowered following nitrous 
acid treatment. This result suggested that the primary 
aromatic amines were responsible for much of the 
activity of the NPAC fraction. These observations 
were extended to a lower boiling distillate (boiling from 
700° to 750°1 7 ) to see if the aromatic amines were 
contributing to the tumor initiating activity of the 
NPAC fraction of this material. As with the NPAC 
from the higher boiling distillate studied previously, 
nitrosation reduced the initiating activity of the 700 0 to 
750°F NPAC. The aromatic amines again are impli-
cated in the turmorigenicity of the NPAC fractions. 

STUDY PREDICTS MINOR WATER QUALITY 
IMPACTS DUE TO OIL SHALE PROJECTS 

In-Situ, Inc. has calculated potential water-quality im-
pacts from processed shale disposal associated with five 
possible oil shale development projects in the Roan 
Creek-Parachute Creek area of the Piceance Basin of 
northwestern Colorado- Disposal-pile leachate and run-
off were estimated using an analytical model of the 
assumed 6 foot reclamation zone of each pile, and 
considering differences in the processed-shale charact-
eristics, in pile geometry and the effect of pile eleva-
tion on precipitation. 

The general goal of processed shale disposal-pile design 
is to reduce contact of water with shale and to mini-
mize leachate production. This can be accomplished 
during construction of a given disposal pile by laying 
down lifts of sufficient thickness over the entire sur-
face of the pile to store any water infiltrating the pile 
while that lift is exposed. As long as sufficient void 
space is available in the shale to store infiltrating

During the post-reclamation stage of pile disposal, 
lenchate production would be reduced by the presence 
of a more highly compacted shale zone on the top of 
the pile to minimize infiltration prior to revegetation 
and a vegetated topsoil cover to remove moisture by 
evapotranspiration. 

Unsaturated flow modelling for run-off and leachate 
potential was performed for both during construction 
and post-reclamation phases (Figure 1); however, only 
the long-terra post-reclamation impacts were described 
in the paper presented at the 19th Oil Shale Symposium. 

The hydrologic water balance model accounts for water 
movement predominately under unsaturated flow condi-
tions in the so-called "reclamation" zone overlying the 
top of the pile (Figure 2). A conceptualized 6-cell 
layered configuration accounts for vertical movement 
of water in this zone using monthly time-increment 
data inputs. The physical materials (soil and/or shale) 
and associated hydraulic characteristics of these 
materials vary from project to project. 

In general, any water percolating beneath the root zone 
is assumed to pass downward through the entire pile and 
serve to generate leachate from the pile. 

The quantity of leachate (0) and run-off (R) computed 
by the water balance model was used in conjunction 
with water quality data to estimate changes in annual 
stream water quality. The average annual impacted 
concentrations of dissolved solids (OS), sulfate (SO4), 
arsenic (As), boron (B), and selenium (Se) were esti-
mated for nearby streams. 

These five constituents were selected because they 
occur at elevated concentrations in run-off and leach-
ate from retorted shales, because stream standards in 
the State of Colorado have been set on all of them 
except OS, and because they have been the focus of a 
major government research effort due to their known 
toxicity (As, B, and Be). Also, they span the spectrum 
of anticipated impacts, and ambient stream-quality 
data exist for them. 

Study results were presented generically without speci-
fying individual projects. The projects were the Getty 
and Cities Service projects, the Mobil and Pacific 
projects, and the Cathedral Bluffs project, the Union 
Oil Company project and variations of these projects. 

A comparison of selected relevant characteristics of 
proposed processed shale disposal piles for these pro-
jects is given in Table 1. In two instances, pile con-
figurations at high- and low-elevation sites are consid-
ered in combination (project C) or as alternatives (pro-
ject E). 

A dominant hydrologic component affecting the water 
balance of a disposal pile is the amount of precipita-
tion. Within the general region around the Pieeance 
basin, a generalized relationship can be observed be-
tween annual precipitation and elevation. This general 
relationship was used to estimate annual precipitation 
on top of a given pile. 
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TABLE I 

COMPARISON OF PROCESSED SHALE DISPOSAL PILES 

Project A B Cl C2 I) El E2 F 

Volume (Million Tons) 1,300 1,150 220 460 684 688 688 146 
Average Pile Elevation 8,650 7,000 8,600 7,400 7,725 6,600 8,200 6,900 

(Ft MSL) 
Pile Area (Acres) 2,000 690 760 702 676 730 1,600 1,120 

Post-Reclamation Pile Water Balances: 
Precipitation (In) 27.7 20.0 27.8 21.8 22.6 20.0 24.0 15.8 
Evapotranspiration (In) 12.7 15.1 15.8 14.0 14.1 14.3 17.8 20.2 
Run-Off (Acre-Feet) 890 120 360 180 190 140 530 37 
Leachate (Acre-Feet) 360 260 100 80 110 0 0 5 

Generic Project-Identification Codes 

Comparative water balance modelling results for the 
various processed shale piles are also summarized in 
Table 1. Variations in evapotranspiration estimates for 
the various projects are affected by such factors as 
pile-top elevation, soil/shale composition of the recla-
mation zone, and anticipated vegetation species grow-
ing after reclamation. In the case of several projects 
or pile locations (projects B, C2, and 3), additional 
leachate contributions from either springs or recon-
structed top-of-pile stream channels were considered in 
the impacts analyses. In the case of project El, adja-
cent drainage areas would cause additional surface 
flows to run onto the pile. Also, an assumption was 
made in this case that streamflows from the upstream 
watershed would be routed around the pile (either 
through a rock underdrain or a side-canyon tunnel) and 
that this water diversion would be maintained in perpe-
tuity.

A cumulative water quality impact assessment was 
made for the Colorado River assuming that all the oil 
shale development projects were implemented simul-
taneously. The projected cumulative impacts are sum-
marized in Table 4. As would be expected, the up-
stream-most monitoring station (Cameo) would indicate 
the largest degree of cumulative impacts, ranging from 
a 1.6 percent increase for average arsenic concentra-
tions to about an 11 percent increase for boron concen-
trations. For the lower Colorado River where impacts 
are contributed by all projects, chemical loads seldom 
increase by more than 1 to 2 percent for the combined 
effects of all the proposed oil shale development pro-
jects considered. 

It should be noted that the staging of impacts and the 
time periods involved cannot be estimated from the 

They c Iliv u es iWSULLS.	 oiiey Cars only De roughly 
Long-term shale-pile characteristics would vary with a approximated from the results of other modelling stud-
given project's retort process and comingled solids and ies using different retorted shales and pile configura-
liquids.	 Based primarily on literature reviews, long-

tions.	 Other studies have revealed that it could take 
from 60 to over 200 years for measurable quantities of term water quality characteristics were identified for leachate to be discharged from a pile. shale-pile run-off and shale-pile leachate (Table 2).

TAnLE I 

Based on the information and data contained in Tables 1 L0NGTERM WATER-QuALFrY CHARACTERIZATION 
and 2, pile-generated chemical loads were compared for 
the several oil shale development projects. 	 For each of Project'	 A	 B	 C	 P	 El	 E2 F 

the designated water quality constituents of interest, .aIe-Pile Esu,-Off 
ambient versus pile-impacted water quality conditions Dissolved Solids (mg/L)	 400	 400	 650	 127	 060	 lOG 160 in a nearby stream were compared (Table 2). 	 It was Sulhate (mg/L)	 300	 300	 450	 98	 90	 60 00 
assumed	 that	 all	 generated	 run-off	 and	 leachate Anenicj.ag/L)	 5	 5	 S	 5	 2	 20 Boron(ng/L)	 0.5

2

amounts combined to contribute to stream loadings at 0.5	 0.46	 0.04	 0.4	 0.1 Selenium	 ,.g/L)	 2	 2	 1.8	 4.7	 0.4	 2
0.4 
0.4 the point of comparison.	 In contrasting pile-generated 

ehomical loads with existing stream water quality, the 0e Pile Lc.chate 
volumes of leachate and run-off for a given project are Dissolved Solids (mg/L)	 5,000	 5,000	 7,400	 2,500	 2,500	 700	 1,760 

quite small relative to average streamflow.	 Hence, it
sulfate (mg.'L) 	 3.500	 3,500	 5,800	 1,900	 1,900	 400 Arsenic çug/Ll	 10	 10	 21	 22 4	 100

885 

was found that impacted water quality concentrations Boron (rnglL)	 5	 5	 2.7	 0.28	 4	 0.5
15 

2 
seldom double in amount and commonly increase by less Selenium	 00	 10	 150	 85	 4	 10 6 
than	 10 percent over ambient (pre-developed) condi-
tions (Table 3).

'Generic Project-Identification Codes
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TABLE 3 

COMPARISON OF AMBIENT AND PILE-IMPACTED
WATER QUALITY OF NEARBY STREAMS 

Project	 A	 B	 C	 B	 El	 E2	 F 
(X/YI''	 (X/Y)'' 

Stream"'	 K	 K	 L	 K	 L	 C	 M 

Constituent-DIssolved Sosiat 
Ambient Load (Tons) 07 
Ambient Concentration (mg/L) 850 
Impacted Concentration (mg/L) 1,051 

Coezstithent-Sultate 
Ambient Load (Tons) 37 
Ambient Concentration (mg/L) 323 
Impacted Concentration (mg/L) 465 

ConstItuent-Arsenic 
Ambient Load (Tons) 1.0 
Ambient ConcentrationgIL) 4.5 
Impacted Concentration (tElL) 

Constibient-Borom 
Ambient Load (Tons) 0.02 
Ambient Concentration (mg/L) 0.20 
Impacted Concentration (mg/L) 0.35 

Constituent-Selenium 
Ambient Load (Tons) 	 0.8 
Ambient Concentration 0 ., I;/L) 	 3.5 
Impacted Concentration 	 gIL)

	

97	 71	 97	 71	 71	 19 

	

850	 559	 850	 159	 859	 957 

	

912	 1,110	 888	 161/959	 901/571	 853 

	

37	 21	 37	 27	 27	 16 

	

323	 321	 323	 321	 328	 215 

	

366	 565	 352	 3291328	 354/335	 276 

	

1.8	 0.7	 1.0	 0.7	 0.1	 0.3 

	

4.5	 4.0	 4.5	 4.0	 4.0	 2.5 

	

5.8	 4.5	 5.0	 4.7	 4.3/4.7	 4.417.0 

	

0.02	 0.01	 0.02	 0.01	 0.01	 0.01 

	

0.20	 0.15	 0.20	 0.15	 ItS	 0.20 

	

0.23	 0.25	 0.20	 0.86/0.15 0.31/0.15	 0.21 

	

0.8	 0.5	 0.8	 0.5	 1.5	 0.12 

	

3.5	 3.0	 3.5	 3.0	 3.0	 1.1 

	

4.0	 3.0	 8.0	 4.7	 3.0/3.1	 1.1/3.3 

'Generic Project-Identification Codes 
• Representing 2 distinct retorting processes (X and Y) 

-Generic nearby stream monitoring locations 

TABLE 4 

CUMULATIVE IMPACTS OF PILE-GENERATED
CHEMICAL LOADS - COLORADO RIVER 

Constituent	 CS	 504	 As	 B	 Se 
(Tons)	 (Tons) 11BW (TT 7)1W 

ProjectTotals	 23,450	 17,200	 371	 21.5	 509 

Collarado, River Station 

Cameo	 1,500,000	 460,000 22,300	 tSO	 7,410 
tI	 4.2	 1.6	 ti	 7.8 

CO-UT State Line 3.600,000 1,520,000 22,600	 -	 92,310 
0.8	 1.2	 0.6	 -	 0.6 

Cisco	 4,020,000 1,940,000 13,700	 590 44.210 
0.7	 1.0	 0.5	 2.9	 1.2 

Lee's Ferry	 7,720,000 2,810,000 41,800 1,140 83,600 
0.3	 0.7	 0.8	 1.5	 0.6 

Imperial Dam	 9,580,000 3,330,000 05,800 1,910 42,700 
0.3	 0.5	 0.4	 0.9	 1.2 

WASTES FROM PROCESSING OIL SHALE COULD 
REACH ONE MILLION TONNES PER DAY 

The United States Environmental Protection Agency 
(EPA) has estimated that in the United States alone, 
mining and processing volumes of raw oil shale could 
eventually reach 1 million metric tons per day. At this 
production volume the EPA anticipates the creation of 
300 million metric tons per year of solid wastes that

must be disposed of in an environmentally acceptable 
and cost-effective manner. The results were sum-
marized by the EPA in a Report to Congress entitled 
"Wastes from the Extraction and Ijeneficiatioa of 
Metallic Ores, Phosphate Rock, Asbestos, Overburden 
from Uranium Mining, and Oil Shale." 

Table 1 shows EPA's breakdown of the estimated quan-
tity of solid wastes. For the most part these wastes 
will be produced in the large-scale handling operations 
associated with oil shale facilities. 

Many of these wastes, including spent catalysts and API 
separator bottoms, used chemicals and sludges from gas 
cleanup operations and water treatment sludges and 
slurries are considered hazardous materials. 

The major sources of spent catalysts are hydrogen 
plants, which produce hydrogen for hydrotreating the 
crude shale. Various spent catalysts are listed in 
Table 1. 

Table I also lists used chemicals and fuel gas desulfuri-
zation (FGD) sludges from gas cleanup processes. The 
EPA estimates used chemicals generated at 2.1 metric 
tons per million metric tons of oil shale mined, while 
the amount of FCD chemicals, such as calcium sulfate 
or gypsum, are projected quite high at 225 metric tons 
per million metric tons of shale. Due to the nature of 
gas cleanup operations and incomplete information on 
chemicals these quantities were difficult to estimate. 
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TABLE  

RELATIVE QUANTITIES OF SOLID WASTES 
POTENTIALLY GENERATED BY

TIlE OIL SHALE INDUSTRY 

Mean Quantity of	 Percents 
TYpe of Waste	 Waste Produced Uncertainty 

(Metric TOns/	 (%) 
Million Metric 
Tons of Shale 

Mined) 

Major Solid Waste, 

Spent Shale	 310,000	 3.0 
Raw Shale Rejects	 66,100	 tB 
Off-Spec By-Products 	 tIll	 14.4 
Oily Solids	 340	 52.9 
Scrap and Garbage	 40	 50 

TotaIb	 860,000	 5.0 

Spent Catalyst Generation 

Hydogen PanicNos
 Unit 

Co-Mo 
ZnO 

Reformere 
Ni-Base 
Fo-Cr 
Cu-Zn 

Methanator 
NI-Base 

U ydso Ire a tar0 
Guard Bed 
HDN 

Totale 
Gas Cleamw Proceases 

Activated Alumina 
Co-Mo 
Al2O3 
DEA 
Stratford Chemicals 

maaic

POD Sludges

3.50	 7.1 
0.96	 53.3 
0.41	 43.3 
0.65	 26.2 
3.01 
0.81	 - 
1.23	 19.5 
1.84	 - 
0.34	 - 
0.34	 5.9 
20.5	 13.7 
15.3	 12.1 
1.45	 - 

	

26.9	 19.0 

	

1.88	 48.4 

	

0.11	 - 

	

0.13	 - 

	

0.60	 - 

	

1.37	 31.0 

2.06	 26.4 

2,250	 68.0 

Water Tteatment Sludges and Slurries 

Biological Sludges 545 
Sludges and Floats 6,900 
Tank Bottom Sludges 150 
API Separator Bottoms 20 
API Float 2 
Raw Water Treatment 72 

Sludges and Floats

a. Percent uncertainty is the relative standard de-
viation. 

b. Included in this total are 2,340 million metric 
tons of solid wastes not broken out separately 
above. 

C. Quantities in subcategories do not equal the 
total for these categories. These discrepancies 
result from the small data base, differing in-
formation from various projects, and uncertainty 
since these plants have not yet been operated. 

Table 1 ends with a summary of sludges and slurries 
created by water treatment in oil shale facilities. 
These Volumes are listed in dry weights and are also 
based on limited information because of unknown com-
position and ill-defined amounts of wastewater requir-
ing treatment. 

Potential Dangers to Human Health 
and the Environment 

Oil shale facilities will produce large Volumes of solid 
wastes that have only a limited reuse potential. A 
particular concern in oil shale upgrading is the arsenic

guard bed catalyst. Arsenic is removed from raw oil 
shale by the arsenic guard bed catalyst, which must he 
replaced periodically and reclaimed or disposed. No 
facilities currently exist to reclaim the catalyst, and 
environmentally safe disposal of this spent catlayst may 
he difficult. As noted in Table 1, approximately 
15 metric tons of spentarsenic guard bed catalyst will 
be produced for each million metric tons of shale 
milled. 
Other dangers posed by oil shale mining and processing 
may result from the long-term effects of the onsite 
disposal of millions of tons of retorted oil shale, raw oil 
shale waste, and other process wastes. These hazards 
include the following: 

• Auto-oxidation/auto-ignition 
• Leaching 
• Mass failure. 

Auto-Oxidati,on/Auto-ignition-

Auto-oxidation resulting in auto-ignition may be a ser-
ious problem if raw shale fines and/or carbonaceous 
spent shales are not disposed of in a manner that 
minimizes this hazard. EPA is concerned that if oil 
shale disposal sites are not properly designed they could 
auto-ignite, releasing large quantities of pollutants. 
Recent tests conducted by the EPA indicate that raw 
shale fines have an auto-ignition potential similar to 
that of bituminous coals, while retorted shales appear 
to be less reactive. 

Leach 

High inorganic salt loading and organics in leaehates 
from raw shale fines or spent shale could have signifi-
cant impacts on the water supplies of millions of 
people. The composition of any leachates from 
retorted shale disposal sites will vary depending on the 
properties of the retorted shale and on other wastes 
disposed of with the retorted shale. 

The leachate production will depend to a large extent 
on site-specific characteristics and the disposal con-
trols employed. Because billions of tons of retorted oil 
shale may be produced, the impact on water quality 
could be very great, according to EPA. 

Mass Failure 

Retorted oil shale disposal sites will be the largest solid 
waste disposal sites ever constructed. A typical 
50,000 barrels per day surface retorting plant will pro-
duce about 450 million cubic feet per year of solid 
waste. Mass failure of one of these fills could cause 
extensive property damage and threaten lives. Failure 
of even one disposal pile could destroy downstream 
reservoirs; threaten shale oil upgrading, storage, and 
loading facilities; and deposit millions of tons of leach-
able retorted shale in the Colorado River and/or its 
tributaries. 

The most likely cause of a disposal site failure is 
saturation of the waste pile and/or liquefaction of the 
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pile bottom leading to slippage. Moisture that could 
contribute to this problem might result from waste-
waters, precipitation and infiltration, ground-water in-
trusion into the pile, or surface streams routed over or 
through the disposal site. 

Disposal Alternatives 

Alternatives for Minimizing 
- - - 

Oil shale operations will result in land disturbances on 
and near the development site. Land use required for 
access to the site for mining, processing facilities, and 
waste disposal will permanently modify the terrain and 
influence the ecosystem by changing the vegetation and 
habitat. Local aesthetics also will be affected. 

EPA believes that the most significant impacts on the 
environment will result from the disposal of solid shale 
wastes, which will remain long after the processing 
facility has closed down. A major consideration in solid 
waste disposal is the surface- and ground-water regime 
of the site. A waste landfill should blend in cosmetical-
ly with the surroundings, but it must also be sufficiently 
Isolated from the surrounding strata to protect the 
hydrologic environment. Other factors that influence 
waste disposal are the size and duration of the oil shale 
operation and the technologies used. The processed 
shale will be the major waste produced by oil shale 
processing and its disposal will be the primary environ-
mental issue. 

The physical and chemical properties of the processed 
shale as well as the geology and hydrology of the site 
will be the determing factors in selecting disposal and 
reclamation approaches. 

The mining and processing of oil shale result in an 
increase in the volume of shale. Even after losing 
about 20 percent of its original weight, the retorted 
shale will occupy about 10 to 15 percent more volume 
than before processing. This will be important when 
considering approaches for its disposal. 

Moisturizing will be essential in disposing of the pro-
cessed shale. Airborne particulates can be minimized 
by moisturizing. Moisturizing also facilitates compac-
tion of the processed shale, allowing maximum disposal 
in a given space and providing greater stability to a 
waste landfill. 

Several alternatives are avaialble for the disposal of 
shale processing wastes. The disposal approaches in-
clude surface disposal (canyon or valley fill, surface 
pile), open pit backfill, underground mine backfill, in 
situ retort abandonment, and, the least likely, commer-
cial utilization of wastes. The approaches or combina-
tions of approaches used will depend on site-specific 
features, the mining and retorting methods used, the 
surface and subsurface hydrology of the area, and the 
properties of the processed shale. 

Each disposal alternative has its advantages and disad-
vantages. A surface landfill is preferred by many oil 
shale developers. If it is a canyon or valley fill it can 
be blended into the surrounding terrain. This type of

landfill would also reduce the surface area needing 
revegetation. But the landfills would be very exposed 
to weather conditions leading to problems in water 
supplies and pile failure. 

A second disposal method is open pit bnekfilling. Back-
filling involves the disposal of processed wastes (from 
the first 20 or 30 years) into non-active pit areas while 
mining continues on the active faces. 

EPA believes this alternative allows for greater 
resource recovery than underground methods and that 
the erosion potential is greatly reduced because the 
bulk of the material will not be exposed to the weather. 
The disadvantages of open pit bnckfilling include the 
requirement of additional disposal area outside the open 
pit, the possible contamination of ground water and 
potential waste pile infiltration through land depres-
sions. 

Underground mine backfilling (returning the processed 
shale to the underground mine) is another attractive 
disposal approach and several underground backfilling 
methods are available. Underground mine backfilling 
protects waste from the weather, diminishes erosion 
potential, and reduces the surface reclamation and re-
vegetation. Also, it lessens the danger of mine subsid-
ence. 

On the other hand underground backfilling accommo-
dates only 60 percent of all processed shale, and may be 
a dangerous environment for workers. This disposal 
alternative may also be complex because of the logis-
tics of simultaneous mining and backfilling operations. 

Although in situ retorting processes do not involve 
surface handling and disposal of processed shale, the 
retorted mass underground is waste that must be man-
aged. With in situ retorts, it is not possible to control 
the amount and placement of material, and the extent 
of ground-water seepage into the retort cannot be 
determined or managed until after the retort field is 
abandoned and ground-water levels are no longer de-
pressed. 

EPA's primary concerns associated with the abandon-
ment of in situ retorts are ground-water infiltration, 
the retention of heat in the retorted mass, and the 
creation of a combustion hazard caused by air leaking 
into the retort. 

Potential Utilization of Wastes 

Retorted oil shale, particularly decarbonized shales, 
raw shale fines, spent catalysts, elemental sulfur, and 
biological treatment sludges may have a limited poten-
tial for use on site. Decarbonized western oil shales 
may be used as a cement substitute, raw shale rejects 
and fines could be used for processing by other retort 
facilities. Some spent catalysts could be reclaimed and 
reused in the upgrading process. Elemental sulfur, may 
have a limited market value if it is not contaminated by 
impurities. Biological treatment sludges may be useful 
on site as soil conditioners for revegetntion. 
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Unfortunately, even if each of these wastes is used to 
the maximum extent possible, it will not have a signifi-
cant impact on the amount of solid oil shale waste 
requiring disposal. 

Control Technologies 

The following discussion of the control technologies for 
oil shale waste disposal is derived from EPA's Pollution 
Control Technical Manual for TOSCO II oil shale retort-
ing. The discussion summarizes the major control 
technologies for preventing the: 

• Contamination of water supplies 
• Generation of dusts 
• Preventing mass failure of a surface landfill. 

Selecting and applying the appropriate control techno-
logies must be based on site- and plant-specific fea-
tures, and controls must be integrated into the overall 
disposal design. 

Solid waste management practices in the area of sur-
face hydrology entail the handling of surface waters on 
and around the disposal facility to prevent surface 
streams and precipitation from running onto the waste 
pile and to keep contaminated waters (runoff, leachate) 
from infiltrating natural waters. Surface hydrology 
control technologies that are applicable to surface 
landfills include run-on diversion systems, runnoff col-
lection systems, and runoff/leachate collection ponds. 

Subsurface Hydrology Control 
Tcs!!.nsLoties 

The technologies and practices in the area of subsur-
face hydrology involve handling ground-water seepage 
under landfills to prevent infiltration of the pile and to 
prevent lcachate from the pile from contaminating 
ground water. These techniques include liners and 
covers, leachate collection systems, and ground-water 
collection systems.

Surface Stabilization Technologies 

Control technologies in the area of surface stabilization 
address the disturbed land surface and the problems 
associated with the disposal and reclamation of waste 
material. They include dust and erosion controls. 

Conclusions 

The EPA has determined that the oil shale industry will 
produce unprecedented volumes of solid waste consist-
ing primarily of retorted oil shales, raw oil shale fines, 
overburden and subgrade ore, wastewater, and smaller 
quantities of known hazardous wastes. Most known 
hazardous wastes will be disposed of in licensed disposal 
or recycling facilities. However, a majority of the solid 
wastes produced will be disposed of on or close to the 
plant site. If this large volume of wastes is not 
properly managed, it may produce leachatcs that could 
contaminate water supplies, pose an auto-ignition 
hazard, and, if a mass failure occurred, do extensive 
property damage and threaten lives. 

Control technologies to prevent serious adverse impacts 
resulting from the disposal of billions of tons of oil 
shale wastes have been proposed, but their application 
to oil shale wastes on the scale required has not been 
demonstrated. Further, EPA believes that for these 
technologies to be effective they must be incorporated 
into highly technical and well-integrated disposal de-
signs that are both site- and process-specific. Finally, 
there has been no experience in disposing of wastes 
having the characteristics and volume of those that will 
be generated by the oil shale industry. 
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RESOURCE 

ISSUE OF TRIBAL JURISDICTION OVER 
UTAH SHALE LANDS INCHES ALONG 

Uintah and Duchesne Counties in Utah, and the state of 
Utah are appealing a decision by the United States 
Tenth Circuit Court of Appeals which gives the Ute 
Indian Tribe jurisdiction over lands between the trust 
land and the original reservation boundaries. This area 
encompasses much of Utah's richest oil shale resource 
(see Pace Synthetic Fuels Report, December 1985, 
page 2-49). 

The problem was created when Congress first estab-
lished the reservation, and then later opened it to 
homesteading without dis-establishing the reservation. 
The lawsuit has been on-going for the past 10 years and 
was initially a law enforcement and hunting rights 
issue. Now Uintah and Duchesne County commissioners 
fear that jurisdiction will involve taxation, planning, 
and water rights. The ruling awarded the tribe jurisdic-
tion over most of Duchesne County and the southern 
half of Uintah County. 

The counties' and state's appeal to the United States 
Supreme Court was to be filed in May and a response as 
to whether the court will hear the appeal is expected 
90 days thereafter. 

In the meantime, the United States Senate Committee 
on Indian Affiars scheduled May hearings in Washington, 
D.C. concerning possible legislation to modify the 
court's decision. At the last minute, however, county 
and state officials persuaded the Senate to cancel the 
hearing so as to not jeopardize their chances of a 
Supreme Court review. 

Uintah and Duchesne County commissioners met with 
representatives of the Ute Tribe in April to discuss a 
possible negotiated settlement of the taxation, zoning, 
and jurisdiction issues, but no progress was reported. A 
proposed agreement in 1979 was rejected by the county 
commissioners, leaving little basis for compromise now 
that the tribe's position has been strengthened. Some 
Utah state officials have encouraged an out-of-court 
settlement, noting that there are numerous issues to be 
solved which will not be clarified by court action. 
However, it seems clear that the ultimate resolution 
will be made in the courts and in Congress. 

METHANE CONCENTRATION FOUND TO BE LOWER 
IN C-b MINE THAN IN HORSE DRAW MINE 

The United States Bureau of Mines has been evaluating 
gas data from a project at the Cathedral Bluffs oil 
shale mine. About 630 feet of oil shale core samples 
were recovered from in-mine drilling and placed in air-
tight containers. Gas data were determined by the 
Bureau's modified direct method on essentially all of 
the recovered shale removed from both horizontally and 
vertically cored drill holes. The 134 core samples were 
gas sampled repeatedly during the study. Each sampl-
ing included recording the date and time of sampling, a 
measurement of the differential pressure between the 
container atmosphere and the mine atmosphere,

retrieval of a gas sample of the container atmosphere, 
bleeding the container gas pressure to mine atmo-
spheric pressure, and recording the temperature and 
atmospheric pressure at the underground work station. 

Previous investigations on coal and oil shale gas desorp-
tion have shown a linear relationship for cumulative 
methane when graphed in terms of the square root of 
time. Figure 1 shows a graph of square root of time in 
hours against cumulative gas volume per unit weight. 
Nitrogen (open triangle) starts at a quite high volume 
since the mine atmosphere is enclosed in the sealed 
container at the start of the test. The volume of 
nitrogen decreases slightly, probably resulting from the 
additive effects of experimental errors. Oxygen (open 
circle) shows a steady decrease in volume during the 
test interval. It is not clear whether oxygen is lost 
because of sorption onto surface sites on the oil shale 
or whether oxygen is consumed by low level oxidation 
reactions. The decrease in oxygen was not accompan-
ied by a significant increase in carbon monoxide and 
carbon dioxide as was noted in some trona and coal 
mines where self heating reactions were found to occur. 
Carbon dioxide (open diamond) shows an increase in 
volume with time. However, the total volumetric 
increase is small compared to the more abundant and 
more reactive gases. Methane (closed circle) increases 
over the course of the test. The 40 day indexed value 
for methane content equals about 31 on the square root 
of time (x) axis. The indexed values were estimated by 
interpolating a straight line between the closest points 
before and after the time indexed value. The 40 day 
indexed methane value for sample UV208 is 0.116 cubic 
meters per gram. The open square indicates the change 
in overall gas volumes over time. .Figure 1 shows a 
substantial increase in overall gas volume over time. 
The total increase in gas volume is smaller than the 
increase in methane alone, largely due to the volu-
metric decrease in oxygen. 

Methane contents per unit mass were calculated from 
modified direct method data for the sample population 
at three time indices. The mean value of 119 samples 

FIGURE 1 
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at the 3 day index is 0.0316 cubic meters per gram. 
After 40 days of gas desorption, the sample population 
numbered 100. The mean methane content of the 
population was 0.114 cubic meters per gram. After 
125 days of desorption, 50 samples from the horizontal 
holes had a mean methane content of 0.195 cubic 
meters per gram. 
In Situ Permeability 

In situ hydraulic conductivity determinations were per-
formed using a discontinuum approach. In this approach 
the significant permeability is attributed to the frac-
tures intercepted by the test interval (a section isolated 
by inflatable packers), with the unfractured rock matrix 
not making a significant contribution. The average 
equivalent aperture of a fissure was calculated and the 
average fracture permeability calculation was made 
assuming a parallel plate model. The test method used 
measures the steady-state fluid flow from the test 
interval Into the fissure at a constant head or pressure. 

Two intervals of hole UH2 were chosen for in situ 
permeability testing. Both intervals had produced 
methane gas flows from the hole during core drilling 
operations. The test interval length, the separation 
between the two inflatable packers, was identical for 
both tests, 5.5 feet. The first test zone was located 
between 63.0 feet and 63.5 feet. This portion of the 
hole was seen to be transacted by fractures during core 
logging, a total of 13 were counted. The test fluid used 
was water at pressures of 565 psi to 600 psi. 

Data from the shallow zone test showed both the 
equivalent aperture and the permeability to decrease 
with increasing pressure. USBM researchers could not 
easily account for this behavior. An unstable pressure 
differential within the tested interval could possibly 
account for this performance. Those portions of the 
test section at the greatest distance from the hole 
collar may have not been pressurized to the test 
pressure due to loss of the test fluid via fracture 
permeability progressing at a more rapid rate than the 
influx of pressurized water. 

The deeper test interval extended from 115 to 
120.5 feet. The constant head test was maintained at 
900 psi and 1,000 psi gauge pressure. Although only two 
pressures were maintained during this test, there did 
appear to be an increase in equivalent aperture from 
less than 0.0023 inches to over 0.0025 inches at 900 psi 
and from over 0.0029 inches to just under 0.0031 inches 
at 1,000 psi. Permeabilities in the deeper test section 
varied from about 280 to over 500 darcies. At lower 
pressures in the shallower test section of UH2, the 
determined permeabilities ranged from about 395 to 
435 darcies. 

Relationship Between Methane Content 
and Geologic Structure 

Comparing the methane emission data with the litholo-
gic descriptions of the cores allows a qualitative eva-
luation of interdepedence between several factors. In 
general, gas flows appear to have emanated from 
fractures, vugs, fracture planes coated with kaolinite, 
and core loss zones. A relationship between gas flows

during drilling operations and gas enrichment measured 
by MUM gas desorption testing was tentatively upheld. 

It may be that methane flows are better correlated 
with the form or structure of the methane emit-
ting/producing zone rather than its desorption gas con-
tent or chemical composition. This is a somewhat 
appealing premise because methane that readily flows 
from a drill hole is probably mobile and exists in a free 
gas state or dissolved in water before penetration by 
drilling operations. It would not be necessary for this 
gas to remain near its source. however, the reservoirs 
that produce gas during drilling appear to have been 
very limited in volume as they bled off within the 
duration of a single shift. Although the permeability 
data represent only an initial step toward understanding 
the gas reservoir characteristics of oil shale ore bodies, 
they indicate high permeability, hundreds of darcies, 
within the fracture network of gas producing zones. 

It has been postulated that an association might exist 
between the amount of methane enrichment and the oil 
yield upon retorting. However, no relationship is dis-
cernable from the data for oil yield against the 40 day 
time indexed methane content. 

Although several previous studies have upheld a rela-
tionship between oil yields and methane contents, the 
values for methane contents were determined by direct 
method testing. The Bureau considers the MDM techni-
que to be superior to the direct method for methane 
content testing of oil shale. 

Summary 

Methane contents of samples from the Cathedral Bluffs 
mine were found to be 1 to 2 orders of magnitude 
smaller than the 42 cubic feet per ton found by a 
previous Bureau study at the nearby Horse Draw mine. 
Differing methodologies were utilized in the two stud-
ies, however, the Horse Draw study equated the con-
centration of methane in mine air to the amount of oil 
shale mined to determine average methane content. 
This study measured methane quantities released from 
cored samples without destructive sample treatment. 

Despite the differing determination methods, the dis-
crepancy underlines the importance of stratigraphic and 
geologic controls in methane emissions from oil shale. 
Permeabilities in the Cathedral Bluffs mine, although 
preliminary, are on the order of less than 10 microdarc-
ies in the rock matrix and hundreds of darcies in the 
rock fracture network. Durations of gas flows within 
the Cathedral Blufs mine were short and bled off in less 
than an 8 hour work shift, attesting to the limited 
capacity of the reservoirs. 

Modified Fischer assay oil yields showed no correlation 
with methane enrichment nor the behavior of any other 
gases of significant volume. The most reliable correla-
tion to methane enrichment is the occurrence of bitu-
mens and possibly pyrites in the oil shale. Occurring 
bitumens vary in chemical composition and range in 
appearance from mobile viscous fluids within joint 
systems in the Uinta Basin and in the saline zone of the 
Piceance Basin to dispersed solid material in the 
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leached zone of the Piceance Basin. It is not clear why 
some bitumens are present at some sites but not others 
or how they are associated with methane enrichment.

generally increase higher in the stratigraphic section, 
whereas sulfur in samples from the Green River basin 
shows no such tendency. 

SULFUR VARIABILITY IN OIL SHALE 
DEPOSITS REVEALED 

Research at the United States Geological Survey has 
determined the abundance and isotopic composition of 
major forms of sulfur, together with the sulfide-mineral 
morphology and paragenesis, for samples of the oil 
shale-rich Green River Formation (Eocene). Samples 
came from the Green River basin, Wyoming; the Uinta 
basin, Utah; and the Piceance basin, Colorado. These 
samples were from rocks originally deposited as sedi-
ment in ancient lake Gosiute (Green River basin) and in 
two distinct sub-basins in ancient lake Uinta (Uinta and 
Picenance). Analyses were carried out for organic 
carbon, iron, total sulfur, pyritic sulfur, and organical-
ly-bound sulfur along with the average isotopic com-
position of the pyritic and oganic sulfur. 

The objective of these analyses was to determine the 
evolution of fine-scale biogeochemical and geochemical 
changes occurring in the three basins during three lake 
stages (early, fresh-water; intermediate, saline-water; 
and late, fresh-water). The results of the analyses are 
given in Table 1, with values reported as mean abund-
ances and isotopic compositions. 

TABLE 1 

MEAN ABUNDANCES N 
THREE OIL SHALE BASINS

(Values in Percent) 

Basin	 1	 2	 3	 4	 5	 6 

ORB	 3.4	 3.0 0.82 0.60 0.08 23.4 23.8 
PB	 9.8	 3.1	 1.2 0.94 0.20 26.2 25.2 
UB	 5.0	 4.2 0.84 0.50 0.11 25.4 28.2 

Key: 1.	 Organic Carbon	 5.	 Sulfur Organic 
2. Iron (as Oxide) 	 6.	 Sulfur 34 Pyritic 
3. Sulfur Total	 7.	 Sulfur 34 Organic 
4. Sulfur Pyrite 

Samples from the three basins contain similar mean 
sulfur abundances and have similar mean sulfur-
isotopic compositions, suggesting that sedimentary-geo-
chemical processes were generally similar between the 
two lake systems. Slight but systematic differences in 
the sulfur, organic carbon, and iron data from the Uinta 
basin and Piceance basin do, however, suggest that 
depositional conditions were not uniform within lake 
Uinta. In addition, the evolution of the sedimentary 
sulfur was different in lakes Gosiute and Uinta: isotopic 
values in samples from Uinta and Piceance basins

Isotope ratios in Green River basin samples are much 
more variable than in samples from the other two 
basins. This variability is related to the volcanic-ash 
content; the sedimentary sulfur becomes enriched in 
sulfur 32 where the sediment is enriched in ash. This 
relationship suggests that the ash provided an incre-
ment of sulfate to Gosiute's lake waters. 

According to United States Geological Survey 
researchers, the diagenetic environment of these sedi-
ments is reflected in the mineralogy of the sulfides. 
Highly unusual, bladed sulfides occur throughout cores 
from all three basins. Pyrrhotite is not typical of 
sedimentary sulfides; however, petrographic evidence 
indicates that the original mineralogy of this bladed 
sulfide was pyrrhotite and that this mineral formed 
during a post-early-diagenetic event. Bladed pyrite 
and marcasite are pseudomorphic after pyrrhotite, at-
testing to changes in the geochemistry of the sedi-
ments during late-stage diagenesis. 

OIL SHALE ACTIVITIES ON 
UTAH STATE LANDS NOTED 

Activities involving oil shale lands and leases noted by 
the Utah Director of the Division of State Lands in 
1986 include: 

Mineral Leases to be Cancelled 

The following leases are to be cancelled for non-
payment of 1986 rental. 

Name Account No. Type 

Amoco Production Co. ML 22777 Oil Shale 
George J. Molnar ML 30061-A Oil Shale 
George J. Molnar ML 30062-A Oil Shale 
Donald McLeod ML 30062-B Oil Shale 
Toledo Technology Inc. ML 28054 Oil Shale 
Toledo Technology Inc. ML 28056 Oil Shale

Oil Shale Lease Applications - Approved 

The applications listed below are those filed for oil 
shale leases on lands offered on the January Simultan-
eous Offering. Bids were opened February 24, 1986. 

Mineral Lease Application TSS, R24E, SLB&M Uintah

	

No. 42837	 Sec. 35: NEISEi 40 acres 
Shell Mining Company 

Only Bid: $41.20 

Mineral Lease Application T9S, R24E, SLB&M Uintah 

	

No. 42838	 See. 3: SWSE1	 40 acres 
Shell Mining Company 

Only Bid $41.20 
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Organic Shale Lease Applications - Approved 

The Director approved the organic shale lease applica-
tions listed below at a rental of $1.00 per acre per year; 
with royalty as provided in the lease form approved by 
the Board of State Lands. 

Mineral Lease Application T23S, R6E, SLB&M Emery 
Gary L. Davis and	 Sec. 2 SE&SWI	 40 acres 
Kelvin D. Davis

MARATHON FILES APPLICATION FOR 
OIL SHALE MINERAL PATENT 

A patent application for six oil shale claims was filed 
by Marathon Oil Company, bringing the total acreage 
under active consideration in Colorado to 92,856 acres. 

Table 1 presents the current status of the patent 
applications. 

Mineral Lease Application T23S, ROE, SLB&M Emery 
Miracle Rock Mining	 Sec. 2, Lots 2, 3	 40 acres 

and Research	 SW*NEI, NW*SE*
TABLE I

OIL SHALE MIIIBEAL CLAIMS STATUS 

Mineral
	

Number 
Entry	 of 

Claims 

40
	

6,410.07 
76
	

II, 167 . 00 
636,40 

II
	

4,957.01 
1.1 22,52 

197.50 
II
	

1,926.56 
II
	

1,921.12 
160.50 
160.05 

9
	

1,440.00 
36
	

770.00 
2,211.98 
1,670.65 

520.00 

II
	

2.568-00 

75.01 
75.03 

II
	

1,741.43 
$0
	

7,800.00 
IS
	

1,881.80 
23
	

3,682.16 

800.00 
30
	

4,802,41 
480.00 

913, 00 

840.00 
1,210.00 

I!
	

2,810.00 

II
	

2,500.00 

640.00 
12
	

1,920.00 

640.00 
1,280.00 
1,120.00 
1,280.00 

900.00 
10
	

1,600.00 
IS
	

2,S60.00 

11
	

1,760.00 

4	 606.84 
7	 1,120.00 

13	 2,080,00 
1	 120.00 

20
	

3,200.00 
10
	

1,216.14 
12
	

1,180.00 
982.92 

609	 92,155.92
Leaned 

A - Substantially completed thrmsgto United State, Supreme Court. Patent leaned November 12. 2982 for H. 
Shcvp 1-4 claIm, 

- Completed through Interior Board of Land Appeals and Olstrict Court—awaiting appeal in Federal Court. 
100 CircuiL 

C - Appealed to Federal Court 
0 - Appealed to Interior Doerd of Land Appeals 
E - Patent applications awaiting ajisdicati on field eraminatlon completed 
P - Patent applications awaiting ajudicatlon and field examination 

Owner-
Status Contest tip 

Catelory Number 21292 

B 888 I E
en 

a 660
2 

B 103 3 
C 899 4 
B 606 
B 260 5 
o tto 
o 260 
B 260 
O 280 
C 686 6 
C 697 
C 8*8 
B 85$ I 

B 659 I 

o 865 9 
0 685 
o sa 10 
C 692 It 
C 694 22 
C 690 13 

C 689 
C 695 
A 359 14 

A 360 15 

D 711 16 
O II! 
O III 

O 714 

D 715 
O 717 

O 716 
D 705 
D 706 
D 704 
D 707 
O 719 
o 106 

O 708 
D 710 
o 712 
D 20 
I 17 
E 18 
E 725 19 
F 31 

F 
F 
F

Number Applicant Claim Name(s) 

C-07667 Union Oil Girls Group 1 
C49072 UnionOil Girls Group a 
CAD 12327 Pacific Oil Oyler 1-4 
C-414671 Waber Sunset 141 
c416557 Gabba Exploration Mullins 13-20 
C418073 Gabba Exptorstloe, Oreeley 14,0 
C416334 ERTL, Inc. Tomboy I-It 
C-01667I ERTL. One. Liberty Dell 1-12 
C-029427 EI1TL, One. Thste 20 
0429428 ERTL, Inc. l2sta 20 
C431342 ERTL, Inc. Atlas 44, 8, II, 13-16 
C422459 Savage, at at Olydrocaston. at al 
C422460 Savage, at as 
C422460 Savage, at as 
C428751 Farnism, at of Compass Group (SE, NE, 

SW. NW) 
C430979 Wanton Development Carbon 14 

Indiana th 1-12 
C434270 Savage lOoffmas, 20 
0-034272 Savage hoffman 46 
C441092 Hugg Jackpot I-Il 
C-23538 Anoarada-Hass, at at Ohio 140 
C-fbi Tonco thota 3343 
C-25406 Eftit. Inc. Atlas 12. 17, IS 

Campolrd 1-20 
C-25408 ERIL, b.c. Atlas 1,2,3.71 
C-25409 ERTL, Soc. ftsta 549, 21-21, 3042 
C-023661 Frank W. Wlriegar Mtn. Boy. I, 6 7 

&,etl Oil Company 
C450450 D.A. Slab, bsc. K.C. Schoayler 2 A 3 

H. Stoup 14 
C-31 841 Than ErtI, Trustee Pueblo 23-16 
C-3I342 Than Ertl, Tnistae Nancy I-S 
C-33433 Dorothy Joaepii, at at Ruth 2942 
(36426) Dorothy inept. at .1 WAW i-Il. WAN 25-28 

WAN 40-43 
C-33143 Dorothy Joaapt,, at al Roth 9-20 

0,11-4 
C43444 Dorothy Jtseph, at al Ruth 15-23 
C-33445 Dorothy Jcaepn, at al Ruth 21-24 
(16428) WAW 2249 
C43446 Apes Churchall 0,1 5, Ruth 64 
C43447 Than ErtI.Trustea Pueblo 2948 
C43440 ThaI Elm Trustee N.W. IS, 17-22 
C43449 Than Erti, Tnsstea Pueblo 14, 0, 16 
0-23450 Theo El-ti, Trustee Pueblo 9-14 
C-33451 Thao ErtI, Trustee Pueblo 27, 28, 37-44 
C43452 Theo Erti, Trustee Ceder 14 

Helen Apes 
C-33732 Theo 

Ertl 
. Trustee Cathedral 17-21 

C-36426 (See C-33432l 
C-36428 (Sea C-33445) 
C-lutz Union Oil Company French 13-10 
C-35000 Harlan & Dorothy Hugg Plan, 1-7 
C-36292 Harlan A Dorothy final, Sluebird, etc. 
C-38122 ERTL, Inc. Atlas II 
C-30579 Exxon Corporation WasI,ingtonl-e 

Atlantic 14 
Princess Ann 1.-I 

0-39464 Union oil Company French 17-24, Land 2 & 3 
041236 Tosco Hy&ocattoe, 1647 
C-43254 Marathon 

Oil 
Company Portland 14 

Total
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RECENT OIL SHALE PUBLICATIONS /PATENTS 

The following papers were presented at the American Chemical Society Meeting in New York, New York on April 13, 
1986:

J. B. Green, et al, "Separation and Analysis of Hydroxyaromatic Species in Liquid Fuels IL Comparison of 
ArOH in SRC-II Coal Liquid, Wilmington, California, Petroleum and 05CR Shale Oil." 

C. P. Selby, et al, "Chemical Basis for Photomutagenicity in Synthetic Fuels." 

R. L. Miller, "Liquefaction Co-Processing of Coal and Oil Shale." 

Bickel, Thomas C., "Data Acquisition and Analysis of Occidental Vertical Modified In Situ Retorts? and 8," May 1984, 

Brandt, M.T., at al, "Health Hazard Evaluation and Recommended Industrial Hygiene Practices for Aboveground Oil 
Shale Processing," January 1986, Los Alamos National Laboratory. 

The following papers were presented at the Ninth Annual Energy-Sources Technology Conference in New Orleans, 
Louisiana on February 23, 1986: 

S. Yavuzkurt, et Dl, "A Model for Combustion of Single Oil Shale Particles in a Fluidized Bed." 

S. Yavuzkurt, at a!, "Eperimental Evaluation of Oil Shale Combustion in a Fludized Bed." 

Japan Oil Shale Engineering Company, Ltd., "R & 0 On Oil Shale Retorting Technology." 

McKay, John F., et al, "Surface Chemical Properties of Sodium Salts of Carboxylic Acids Isolated from Green River 
Shale," December 1985. 

National Institute for Petroleum and Energy Research, "1985 Annual Report," March 1986. 

Sikonia, John C., "Arsenic Management in Shale Oil Upgrading," UOP Inc. 

Smith, E. B., "Thermal Degradation of Shale Oil On Quartzite Particles-Preliminary Experiments," December 1985. 

Stanford University Petroleum Research Institute, "The Reaction Kinetics of Fuel Formation for In Situ Combustion," 
July 1985. 

United States Department of Energy: 

"Proceedings of the First Annual Oil Shale/Tar Sand Contractors Meeting," July 1995. 

United States Department of the Interior: 

"Stagecoach Reservoir Project-Colorado," Draft Environmental Impact Statement. 

"Record of Decision - Pacific Shale Project." 

"Large-Scale Laboratory Drag Cutter Experiments in Hard Rock." 

United States Environmental Protection Agency, "Wastes from the Extraction and Beneficiation of Metallic Ores, 
Phosphate Rock, Asbestos, Overburden from Uranium Mining, and Oil Shale," December 1985. 

Western Research Insitute: 

"Extraction of Green River and Chattanooga Oil Shales with Strong Bases and Nucleophilic Displacement 
Reagents," October 1985. 

"Technical and Economic Feasibility of Sulfur Trioxide Retorting," October 1985. 

"The Use of High-Boiling Alcohols to Produce Shale Oil From Green River Shale," March 1985. 

"Use of Supercritical Fluid Extraction for Development of a Single-Step Method for Removal of Shale Oil 
from Green River Oil Shale," September 1985. 

The following paper was presented at the 13th Energy Technology Conference on March 17, 1986 in Washington, D.C.: 

L. Lukens, "Oil Shale and Energy Security for the United States." 
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OIL SHALE - PATENTS 

"Process for Treating Modified Oil Shale to Recover Shale Oil," Costandi A. Audeh and Joseph J. Dickert, Jr. - Inventors, 
Mobil Corporation, United States Patent 4,560,446, February 4, 1986. A method for converting hydrocarbonaceous 
materials such as oil shale, tar sands and other similar materials into hydroearbonaceous fluids by use of a liquid 
hydrogen donor wherein the reaction is conducted in a substantially air free environment and the resultant modified 
organic content on said shale is recovered without the use of a hydrocorbonaceous solvent. 

"Bueketwheel Excavator with Oscillating Nozzles," I-iartmut Grnthoff (of West Germany) - Inventor, Masehinenfabrik 
Augsburg-Nurnberg AG, United States Patent 4,573,743, March 4, 1986. Instead of teeth or similar cutting or loosening 
means, oscillating nozzles are arranged on the outer backs and the outer side walls of the buckets of the bucketwheel of 
a bucketwheel excavator, the nozzles being capable of being supplied with liquid, in particular water, at high pressure. 
These nozzles enable the excavator to strip or mine deposits of high hardness and strength as well as highly abrasive 
deposits with reduced outage periods and reduced force required for digging as well as lower capital costs and operating 
costs. In addition to the oscillating nozzles, fixed nozzles may additionally be provided which produce cuts in the 
material to be excavated whereby the formation of large lumps is prevented. 

"Method and Apparatus for Combating Encroachment by In Situ Treated Formations," Donald J. Dowling and Harold A. 
Palmer - Inventors, Texaco Inc., United States Patent 4,576,231, March 18, 1986. A method and apparatus is applicable 
to in situ heating of oil shale or tar sand. The heating is by radio frequency that is applied down hole by a central 
conductor that extends beyond a coaxial shielding conductor to form the antenna or applicator. Encroachment by the 
heated formation is overcome by applying motion to the central conductor to remove encroaching formations. 

"Benefieiation of Shale Icerogen and Its Conversion into Shale Oil," Robert M. Baldwin and Uriel M. Oka - Inventors, 
Cities Service Oil and Gas Corporation, United States Patent 4,576,708, March 18, 1986. A process for the production 
and the conversion of shale kerogen to produce shale oil. The process includes grinding crushed shale into a first product 
and treating the first product with a first collector. The treated first product is introduced into a first floation zone in 
order to recover liberated kerogen. Subsequently, the recovered liberated kerogen is ground into a second product which 
is treated with a second collector. The treated second product is introduced into a second flotation zone in order to 
recover clean kerogen. The recovered clean kerogen is mixed with a liquid means to form a pumpable kerogen paste 
which is subsequently introduced into a reaction zone in order to convert the kerogen in the pumpable kerogen paste into 
a hydrocarbon liquid that is subsequently removed from the reaction zone. 

"Method for In Situ Shale Oil Recovery," Robert L. Horton and Joseph M. McKee - Inventors, Phillips Petroleum 
Company, United States Patent 4,577,908, March 25, 1986. A method for in situ processing of oil shale in which 
rubblized shale is removed from the retort and subsequently returned to the retort. A section of shale in a subterranean 
formation is first rubblized so as to form a retort chamber filled with rubble. The rubblized shale is then removed from 
the retort chamber, followed by crushing of the rubblized shale into shale particles of various sizes within an overall size 
range. Subsequent to the crushing step, the shale particles are separated according to size into a plurality of shale 
particle groups, each of which includes shale particles within a predetermined group size range. Each group size range 
makes up a portion of the overall size range. Substantially all of the shale particle groups are then sequentially reloaded 
into the retort chamber so that the particle groups are graded according to particle size within the chamber, wherein the 
largest particles are at bottom end of the chamber and the smallest particles are at the top end of the chamber. 
Retorting of the reloaded shale produces liquid hydrocarbon products which are removed from the retort chamber. 

"Fuel Production by Free Fall Countercurrent Flow," Paul B. Tarman - Inventor, Institute of Gas Technology, United 
States Patent 4,578,116, March 25, 1986. A process for production of liquid and gaseous fuels comprising: introducing 
solid organic carbonaceous particles of sizes about -10 to about +400 United States sieve into the upper portion of a 
vertical reactor vessel; introducing gas into the lower portion of the reactor vessel; passing the carbonaceous particles of 
sufficiently high density within the particle sizes to free fall in a lean solids stream in countercurrent flow relation to 
the gas from the upper portion to the lower portion and passing the gas from the lower portion to the upper portion, the 
carbonaceous particles passing sequentially through a solids preheat zone, a reaction zone, a heat addition zone, and a 
gas preheat zone, introducing gas to the reaction zone in an amount of about 5 to about 35 standard cubic feet gas per 
pound of carbonaceous particles, the gas moving upwardly at a higher flow rate than the solid particles and about 0.3 to 
about 15 fet per second roviding solids residence time in the reaction zone of about 2 to 400 seconds at reaction 
temperatures of abut 8009 to about 2,000°F forming predominantly liquid and gaseous fuel products, the amount of heat 
added in the heat addition zone being sufficient to maintain the reaction temperatures in the reaction zone; and 
removing the gas from the upper portion and spent carbonaceous particles from the lower portion of the reactor vessel. 

"Temperature Gradient in Retort for Pyrolysis of Carbon Containing Solids," Robert P. Sieg and Byron G. Spars - 
Inventors, Chevron Research Company, United States Patent 4,579,644, April 1, 1986. A process for retorting oil shale 
wherein particulate raw oil shale is retorted by passing it into the upper portion of a vertically-elongated retorting vessel 
having a retorting zone equipped with a plurality of dispersing elements so constructed and arranged as to substantially 
limit backmixing and slugging of solids passing downward therethrough, heating the raw oil shale to retorting 
temperature principally by means of hot solid heat carrier particles to drive off volatile hydrocarbons, passing a non-
oxidizing stripping gas upward through the retorting vessel, removing the volatile hydrocarbons and stripping gas from 
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the upper portion of the retorting vessel, and withdrawing the resulting retorted oil shale from the lower portion of the 
retort, the improvement comprising establishing a temperature profile in the retorting zone by introducing the hot solid 
heat carrier particles into the retorting zone at two or more different levels along the vertical length of the retorting 
zone, whereby a temperature gradient is created along the vertical axis of the retorting zone with the lowest 
temperature being near the top of the zone. 

"Solar Heated Oil Shale Pyrolysis Process," Shaik A. Qadar - Inventor, United States Patent 4,582,590, April 15, 1986. A 
bed of oil shale particles is pyrolyzed in a retort by means of a heated carrier gas stream passing through a central 
conduit within the bed and then upwardly through a fixed bed or fluidized bed of the shale. The shale is subjected to 
pyrolysis and evolves kerogen liquid, thermally and pyrolyzed liquids and gases which enter the carrier gas to form a 
pyrolysis gas. The liquid pyrolysis oil is separated from the pyrolysis gas in a separator and a portion of the separated 
gas is recycled to a solar heat exchanger and heated to a temperature of at least 350°C before being fed to the central 
conduit. 

"Hydrotreating Supercritical Solvent Extracts in the Presence of Alkane Extractants," Jim Y. Low - Inventor, Phillips 
Petroleum Company, United States Patent 0,032,120, April 22, 1986. A process for recovering hydrocarbons from 
naturally occurring low organic carbon content carbonaceous materials selected from oil shale, tar sand, and mixtures 
thereof comprising: (a) subjecting the material to solvent extraction with an alkane-containing solvent under 
supercritical conditions for the solvent, (b) then hydrotreating the extract from step (a) with added hydrogen in the 
presence of the solvent, and (c) recovering the resultant hydrotreated product. 

"Method and Apparatus for Combustion of Diverse Materials and Heat Utilization," Leland M. Reed, William A. Reed and 
Walter C. Saeman - Inventors, PEDCO Inc., United States Patent 4,583,468, April 22, 1986. A method and apparatus is 
disclosed for combustion of diverse materials, particularly combustible solids, liquids or gases, such as sewage sludge, 
refuse, coal, refinery sludge, tar sands, coal shale, coal tailings and spent foundry sand. A rotary combustion apparatus 
is employed which consists of a cyclindrical drum, or other similar regularly shaped chamber, with a substantially 
horizontal axis of rotation including an ignition zone, a principal combustion zone, a falling temperature zone and a spent 
solids removal zone. The apparatus further includes solids transport chutes for forward and backward circulation of 
solids, arranged for the transfer of solids to or from one or more points. Feedstock may also be heated by recycled hot 
solids. The method and apparatus employs direct solids-to-gas contact established by lifting and cascading combustible 
solids through a hot gas stream. 

"Subsurface Radiating Dipole," Raymond S. Kasevich - Inventor, Raytheon Company, United States Patent 4,583,589, 
April 22, 1986. A system for in situ heating of oil shale by radiating electromagnetic wave energy from a dipole radiator 
positioned beneath an overburden in a body of oil shale. Radio frequency power is supplied from the surface through a 
transmission line to the radiator dipoles whose diameters are substantially greater than the spacing between the 
transmission line conductors. The dipole radiator is center fed by the transmission line through a reentrant choke 
structure substantially filled with a solid dielectric medium and concentric with one of said dipole elements. 

"Process for the Production of Carbon Monoxide and Hydrogen from Carbonaceous Material," Nai Y Chen - Inventor, 
Mobil Corporation, United States Patent 4,583,993, April 22, 1986. Hydrogen and carbon monoxide are produced from 
coal, char or other carbonaceous material in a processing combination comprising a catalytic company generator 
employing as reactant materials, fluid carbon material and carbon dioxide production of the reaction with carbon 
monoxide to produce hydrogen and carbon dioxide. Carbon dioxide produced in the process is relied upon as the primary 
endothermic heat source in the fluid cogenerator. 

"Method for Treating Shale," John D. McCollum and William F. Wolff - Inventors, Amoco Corporation, United States 
Patent 4,584,088, April 22, 1986. A method for producing a kerogen concentrate from oil shale comprises treating shale 
with a first aqueous caustic treating solution to produce a shale product of substantially transformed mineral content, 
and then treating the shale product with an aqueous acid solution to produce a first kerogen concentrate. The acid 
solution extracts minerals from the shale product to make a low ash content first kerogen concentrate. A spent acid 
solution containing the extracted minerals can be treated to recover minerals therefrom. The first kerogen concentrate 
is then treated with a second aqueous caustic treating solution to produce a second kerogen concentrate of lower ash 
content. The first and second aqueous caustic treating solutions are preferably the same. 
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS 

AMERICAN SYN-CRU DE/IN DIANA PROJECT -- American Syn-Crude Corporation and Stone & Webster Engineering 
(5-5)

American Syn-Crude Corporation proposed a project to produce 4,160 barrels per day of shale oil and 10.3 million 
standard cubic feet per day of pipeline gas. They plan to use the "Petrosix" technology a surface retort, developed 
by Petrobras of Brazil. The project was scheduled to commence with mine site preparation during the fourth 
quarter of 1986, with plant completion and start-up to occur during the second quarter of 1989. Both a loan 
guarantee and price guarantee were requested from the United States Synthetic Fuels Corporation under the third 
solicitation. The project was denied financial assistance by the SEC in October 1983. The Kentucky Energy Cabinet 
and American Syn-Crude completed Kentucky oil shale evaluation tests in June 1983 at Petrobras' pilot plant in 
Brazil with no process difficulties encountered. The project sponsors have reduced capacity of the project by 
50 percent and have moved the project to an Indiana site. A proposal was submitted to the SFC under the fourth 
general solicitation, and on January 15, 1985 the SFC Board of Directors determined that the project is a "qualified 
project." However, Congress abolished the SFC on December 19, 1985 before assistance could be awarded to the 
project. 

Project Cost:	 $225 million (1982 dollars) 

CATHEDRAL BLUFFS PROJECT -- Cathedral Bluffs Shale Oil Company: Occidental Oil Shale, Inc., and Tenneco Shale 
Oil Company MS, R96W, 6PM) (S-ID) 

Federal Oil Shale Lease Tract C-b, located in Rio Blanco County in the Piceance Creek Basin of northwestern 
Colorado, is managed by the equal-interest partnership between Occidental Oil Shale, Inc., and Tenneco Shale Oil 
Company, doing business as Cathedral Bluffs Shale Oil Company. On October 16, 1985 Tenneco Shale Oil Company 
granted to Occidental Oil Shale, Inc. a two year option to acquire its 50 percent interest in Cathedral Bluffs. During 
the option period Occidental is the operator for the project for Cathedral Bluffs. A modified detailed development 
plan for a 57,000 barrels per day modified in situ plant was submitted in March 1977 and subsequently approved in 
April 1977. The EPA issued a conditional Prevention of Significant Deterioration (P50) permit in December 1977 
which was amended in 1983. 

Project reassessment was announced in December 1981 in view of increased construction costs, reduced oil prices, 
and high interest rates. The project sponsors applied to the United States Synthetic Fuels Corporation (SFC) under 
the third solicitation in January 1983 and the project was advanced into Phase Il negotiations for financial 
assistance. On July 28, 1983 the SEC announced it had signed a letter of intent to provide up to $2.19 billion in loan 
and price guarantees to the project. However, Congress abolished the SEC on December 19, 1985 before any 
assistance could be awarded to the project. 

A "first draft" of the project's detailed development plan was submitted to the Bureau of Land Management Oil 
Shale Projects Office and other agencies in February 1984. Draft revisions are being planned. 

Three headframes—two concrete and one steel—have been erected. Four new structures were completed in 1982: 
control room, east and west airlocks, and mechanical/electrical rooms. The power substation on-tract became 
operational in 1982. The ventilation/escape, service, and production shafts were completed in Fall 1983. An interim 
monitoring program was approved in July 1982 and extended through April 1986 to reflect the reduced level of 
activity. 

Water management in 1984 was achieved via direct discharge from on-tract holding ponds under the NPDES permit. 
Environmental monitoring has continued since completion of the two-year baseline period (1974-1976). 

Project Cost:	 Not Disclosed 

CLEAR CREEK PROJECT - Chevron Shale Oil Company (70 percent) and Conoco, Inc. (30 percent) (TSS, R98W, 6PM) 
(5-20) 

Chevron and Conoco successfully completed the operation of their 350 tons per day semi-works plant during 1985. 
This facility, which was constructed on property adjacent to the Chevron Refinery in Salt Lake City, Utah, was 
designed to test Chevron Research Company's Staged Turbulent Bed (STB) retort process. 

Information obtained from the semi-works project will allow Chevron and Conoco to proceed with developing a 
commercial shale oil operation in the future when economic conditions so dictate. 

Project Cost: 	 Semi-Works - Estimated at $130 million 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1986) 

COMMERCIAL PROJECTS (Continued) 

COLONY SHALE OIL PROJECT —Exxon Company USA (TSS, R95 W, 6PM) (S-30) 
Proposed 47,000 barrels per day project on Colony Dow West property near Parachute, Colorado. Underground 
room-and-pillar mining and Tosco II retorting was originally planned. Production would be 66,000 TPD of 35 GPT 
shale from a 60-foot horizon in the Mahogany zone. Development suspended 10/4/74. Draft EIS covering plant, 196-
mile pipeline to Lisbon, Utah, and minor land exchanges released 12/17/75. Final EIS has been issued. EPA issued 
conditional PSD permit 7111/79. Land exchange consummated 2/1/80. On August 1, 1980, Exxon acquired ARCO's 
60 percent interest in project for up to $400 million. Preferred pipeline destination was changed to Casper, 
Wyoming, and Final EIS supplement was completed. Work on Battlement Mesa community commenced summer 
1980. Colorado Mined Land Reclamation permit was approved October 1980. Site development was initiated. C.F. 
Braun awarded contract 12/80 for final design and engineering of Tosco II retorts. Brown & Root was to construct 
the retorts. Stearns-Roger awarded contract 2/81 for design and construction liaison on materials handling and mine 
support facilities. DOE granted Tosco $1.1 billion loan guarantee 8/81. 
On May 2, 1982, Exxon announced a decision to discontinue funding its 60 percent share of the present Colony Shale 
Oil Project. Tosco responded to the decision by exercising its option to require Exxon to purchase Tosco's 40 
percent interest. Exxon has completed an orderly phasedown of the project. Construction of Battlement Mesa has 
been completed and operation is continuing on a reduced scale. An Exxon organization will remain in the Parachute 
area to perform activities including reclamation, some construction, security, safety, maintenance, and environ-
mental monitoring. These ongoing activities are designed to maintain the capability for further development of the 
Colony resource when economics become attractive. 

Project Cost:	 Estimated in excess of $5 -$6 billion 

CONDOR PROJECT - Central Pacific Minerals - SO percent; Southern Pacific Petroleum -50 percent (3-31) 
Southern Pacific Petroleum N.L. and Central Pacific Minerals N.L. (SPP/CPM) announced the completion on 
June 30, 1984 of the Condor Oil Shale Joint Feasibility Study. SPP/CPM believe that the results of the study 
support a conclusion that a development of the Condor oil shale deposit would be feasible under the assumptions 
incorporated in the study. Further investigations are required before the actual project scope is settled, however. 
Under an agreement signed in 1981 between SPP/CPM and Japan Australia Oil Shale Corporation (JAOSCO), the 
Japanese partner funded the Joint Feasibility Study. JAOSCO consist of the Japan National Oil Corporation and 40 
major Japanese companies. The 28 month study was conducted by an engineering team staffed equally by the 
Japanese and Australian participants and supported by independent international contractors and engineers. 
From a range of alternatives considered, a project configuration producing 26.7 million barrels per year of sweet 
shale oil gave the best economic conclusions. The study indicates that such a plant would involve a capital cost of 
$U52,300 million and an annual average operating cost of $US265 million at full production, before tax and royalty. 
(All figures are based on mid-1983 dollars.) Such a project was estimated to require 12 years to design and complete 
construction with first product oil in Year 6, and progressive build-up to full production in three further stages at 
two-year intervals. 
Under the terms of the 1981 agreement, JAOSCO had the exclusive right to negotiate an agreement with SPP/CPM 
for the next stage of development. Preliminary talks have commenced for this purpose. 

Specific areas of the Joint Study included:	 - 
The exploration drilling program determined that the Condor main oil shale seam contains at least 8,100 million 
barrels of oil in situ, measured at a cut-off grade of 50 liters per ton on a dry basis. The case study project would 
utilize only 600 million barrels, over a nominal 32 year life. The deposit is amenable to open pit mining by large 
face shovels, feeding to trucks and in-pit breakers, and then by conveyor to surface stockpiles. Spent shale is 
returned by conveyor initially to surface dumps, and later back into the pit. 
Following a survey of available retorting technologies, several proprietary processes were selected for detailed 
investigation. Pilot plant trials enabled detailed engineering schemes to be developed for each process. Pilot plant 
testing of Condor oil shale indicated promising results from the "fine&' process owned by Lurgi GmbH of Frankfurt, 
West Germany. Their proposal envisages four retort modules, each processing 50,000 tons per day of shale, to give a 
total capacity of 200,000 tons per day and a sweet shale oil output, after upgrading, of 82,100 barrels per day. 
Raw shale oil from the retort requires further treatment to produce a compatible oil refinery feedstock. Two 
41,000 barrels per day upgrading plants were incorporated into the project design. 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1986) 

COMMERCIAL PROJECTS (Continued) 

All aspects of infrastructure supporting such a project were studied, including water and power supplies, workforce 
accommodation, community services and product transportation. A 110 kilometer pipeline to the port of Mackay is 
favored for transfer of product oil from the plant site to marine tankers. The study indicates that there are no 
foreseeable infrastructure or environmental issues which would impede development. If a design and construction 
schedule of 12 years were chosen, allowing a steady but progressive build-up to full production, then an on-site peak 
construction and operations workforce of up to 3,000 people would be required. Operation of the plant would need 
1,700 on-site people at full production. 
Market studies suggest that refiners in both Australia and Japan would place a premium on Condor shale oil of about 
$U54 per barrel over Arabian Light crude. Thus a selling price of about $US33 FOB Mackay was assumed. Average 
cash operating cost at full production is estimated at $US20 per barrel of which more than $US9 per barrel 
represents corporation taxes and royalty. Capital costs were estimated to an accuracy of +/- 25 percent, mainly by 
independent international engineering companies. Of the total estimated capital costs of $US2,300 million, almost 
$US1,700 million is accounted for equally by the three major elements—mining, retorting, and upgrading. The 
remainder covers supporting plant, infrastructure, administration, and various allowances and contingencies. 

SPP/CPM stress that all figures are subject to change after the Joint Venturers have had the opportunity to review 
the final study results. 

During July 1984 SPP, CPM, and JAOSCO signed an agreement with Japan Oil Shale Engineering Corporation 
(JOSECO). JOSECO is a separate consortium of thirty-six Japanese companies established with the purpose of 
studying oil shale and developing oil shale processing technology. Under the agreement, SPP/CPM mined 39,000 tons 
of oil shale between August and November, 1984 from the Condor oil shale deposit at the site of the previous bulk 
sample. The oil shale was crushed to produce 20,000 tons of material sized from 15 millimeters to 120 millimeters. 
This material was railed to Towensville and shipped to Japan on December 12, 1984. 

Project Cost:	 $2.3 billion (mid-1983 U.S. dollars) 

EDWARDS ENGINEERING - Edwards Engineering Corporation (S-33) 

Edwards Engineering Corporation is proposing a project to be located in Utah or Colorado (Green River, Piceanee, 
Uintah, Sand Wash, or Washakie Basins) to produce an unspecified amount of oil from shale using the Edwards 
Anaerobic Metal Surface Retort with heat recovery, a completely new patented retorting process. Development 
work is continuing at Edwards' expense on the further improvement of the Edwards retort, which the project 
representatives feel possesses very favorable features. The recent operation of the pilot plant has proven that the 
many desirable features of the Edwards retort are real: low capital cost, a high quality product (API gravity 25-260, 
pour point 250 to 450F) no air pollution, heat recovery system resulting in low energy cost, no water required. 
Continued development work and test runs by Edwards on the pilot plant have been carried out successfully. The 
process has turned out to be more promising than originally anticipated. Heat transfer rates and production have 
also been better than anticipated. As a consequence, a small commercial retort producing 1,000 to 2,000 barrels of 
oil per day could operate profitably at present oil prices. The process can readily be scaled upward in capacity. The 
next step is the erection of a commercial installation. Edwards intends to continue work on the process. Patents 
have been granted on the process and additional patents are pending. Edwards will discuss the use of the process 
with any company exhibiting a qualified serious interest in a small commercial project. A new proposal was 
submitted to the SEC for evaluation under the fourth general solicitation that closed June 29, 1984. 

Project Cost:	 Not Disclosed 

GARY REFINERY -- Gary Refining Company (3-35) 

Gary Refining Company operates a refinery in Fruits, Colorado at the southwestern edge of the Piceance Basin. 
The Gary oil refinery was constructed in 1957 by the American Gilsonite Company to process gilsonite, a solid 
hydrocarbon ore that is mined in Northeastern Utah. Gary Energy acquired the refinery in 1973 after American 
Gilsonite discontinued the refining of gilsonite. Over the past ten years the refinery has been expanded and 
upgraded into a modern facility capable of processing a wide variety of raw materials into finished transportation 
fuels. Recent modifications were made to the refinery to process shale oil. 

Gary Refining now has a contract to purchase 8,600 barrels per day of hydrotreated shale oil from the commercial 
Union Oil facility. A contract has also been signed with the Defense Fuel Supply Center to provide 5,025 barrels per 
day of shale-derived military jet fuel (JP-4) to the Air Force over a four year period. 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1986) 

COMMERCIAL PROJECTS (Continued) 

The processing scheme that Gary will use to process the shale oil is geared toward maximizing the yield of JP-4. 
The blocking operation is due to the Air Force requirements that JP-4 be produced solely from a shale oil feedstock. 
Therefore, the crude, vacuum, and hydrocracking units will be blocked out, each with a separate operating cycle. 
Without this Air Force requirement, the shale oil would normally be processed commingled with conventional crude 
oil. 
Upgraded shale oil will be delivered to the refinery via a pipeline from the Parachute upgrading facility to Gary's 
site. JP-4 product will be transported by rail to tankage in Salt Lake City, Utah. Other shale-derived products such 
as gasoline and No. 2 diesel will be commingled with similar crude-derived products produced at the Gary facility 
and sold in local markets. 
In early March 1985 Gary Refining Company shut down the refinery and filed for protection from creditors under 
Chapter 11 of the United States Bankruptcy Code. 

Project Cost:	 Not Disclosed 

KIVITER PROCESS - Union of Soviet Socialist Republics (5-38) 

The majority of Baltic oil shale (kukersite) found in Estonia and the Leningrad district in the Soviet Union is used for 
power generation. However, over 6 million tons are retorted to produce shale oil and gas. The Kiviter process, 
continuous operating vertical retorts traditionally referred to as gas generators, is predominantly used In 
commercial operation. The retorts have been automated, and have throughput rates of 200 to 220 tons of shale per 
day. In the gas generators, low temperature carbonization of kukersite yields 75 to 80 percent of Fischer assay oil. 
The yield of low calorific gas (3,350 to 4,200 1<3/cubic meters) is 450 to 500 cubic meters per ton of shale. 

The first 1,000 ton-per-day gas generator was constructed at Kohtla-Jarve, Estonia USSR, and placed in operation in 
1981. The new retort employs the concept of crosscurrent flow of heat carrier gas through the fuel bed, with 
additional heat added to the semi-coking chamber. A portion of the heat carrier is prepared by burning recycle gas. 
Raw shale is fed through a charging device into two semi-coking chambers arranged in the upper part of the retort. 
The use of two parallel chambers provides a larger retorting zone without increasing the thickness of the bed. 
Additional heating or gasification occurs in the mid-part of the retort by introducing hot gases or an oxidizing agent 
through side combustion chambers equipped with gas burners and recycle gas inlets to control the temperature. 
Near the bottom of the retort is a cooling zone where the spent shale is cooled by recycle gas and removed from the 
retort. 
Oil from kukersite has a high content of oxygen compounds, mostly phenols. Over 50 shale oil products (non-fuel) 
are currently produced. These products are more economically attractive than traditional fuel oil. The low 
calorific gas produced as by-product in the gas generators has a hydrogen sulfide content of 8 to 10 grams per cubic 
meters. After desulfurization, it is utilized as a local fuel for the production of thermal and electric power. 

Project Cost:	 Not disclosed 

MEANS OIL SHALE PROJECT - Central Pacific Minerals, Drava Corporation, and Southern Pacific Petroleum (5-36) 

Southern Pacific Petroleum, Central Pacific Minerals, and Drava Corporation are joint sponsors of a project 
proposed to the United States Synthetic Fuels Corporation to extract oil from eastern shale. The Drava Circular 
Grate Retort technology is to be used to produce a projected 13,690 barrels of upgraded shale oil plus approximately 
20 megawatts of electric power per day. Full operation of the plant, located in Montgomery County, Kentucky is 
scheduled for the second quarter of 1989. The project passed the SFC Phase I evaluation of maturity and strength in 
September 1983 under the third solicitation. In April 1984, the sponsors announced that they had withdrawn the 
project from the SFC's third solicitation and were applying for financial assistance under the fourth solicitation. 
Both price and loan guarantees were requested from the United States Synthetic Fuels Corporation. The companies 
are also seeking suitable joint venture arrangements with United States companies. Morgan Stanley and Company is 
financial advisor to the project. The project was dropped from further consideration under the fourth solicitation on 
January 15, 1985. 
Of the companies' leases of 15,000 acres, it is proposed to mine 4,000 acres, containing approximately 140 million 
barrels of shale oil, over 25 years at the rate of 66,000 short tons daily (of which 50,000 short tons will be retorted). 
Gas by-product of retorting is to be used to fuel various project facilities and a power cogeneration plant which will 
produce sufficient power for the Project together with a surplus for sale to local utilities. 

2-53	 SYNTHETIC FUELS REPORT, JUNE 1986



STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1986) 

COMMERCIAL PROJECTS (Continued) 

Drove is the Project's Development Engineer and is continuing a full range of engineering activities related to design 
and feasibility. Drove completed retorting and upgrading pilot plant tests in June 1983 with no process difficulties 
encountered. Level li/Ill engineering satisfying SFC criteria was complete by August 1983. 

Project Cost:	 Approximately $1 billion 

MOBIL PARACHUTE SHALE OIL PROJECT --Mobil Oil Corporation ('ItS, R95W, GPM) (5-40) 
Mobil is proceeding with development plans for its shale property located on 10,000 acres five miles north of 
Parachute. Currently, construction is planned to begin in the late 1980s for initial production of 10,000 to 
25,000 barrels per day in the 1990s with an incremental buildup to 100,000 barrels per day after the year 2000. The 
United States Bureau of Land Management has completed an Environmental impact Statement preparatory to future 
permit applications. A Corps of Engineers Section 404 permit application has been submitted and is currently being 
processed. Mobil is currently performing preliminary engineering work. 

Project Cost:	 Estimated $8 billion for 100,000 BPD production 

MOROCCO OIL SHALE PROJECT-- ONAREP; Science Applications, Inc. (5-55) 
During 1975 a drilling and mining survey revealed 13 oil shale deposits in Morocco including three major deposits at 
Timandit, Tangier, and Tarfaya from which the name T 3 for the Moroccan oil shale retorting process was derived. 
In February 1982, the Moroccan Government concluded a $4.5 billion, three phase joint venture contract with Royal 
Dutch/Shell for the development of the Tarfaya deposit including a $4.0 billion, 70,000 barrels per day plant. 
However, the project faces constraints of lower oil prices and the relatively low grade of oil shale. No significant 
activity is underway except the resource evaluation and conceptual design studies for a small demo plant. 
Construction of a pilot plant at Timandit has been completed with a funding from the World Bank in 1984. System 
press test and the plant acceptance test have also been completed in 1984. During the first quarter of 1985, the 
plant has gone through a successful shakedown test, followed by a preliminary single retorting test. The preliminary 
test produced over 25 barrels of shale oil and proved the fundamental process feasibility of the T 3 process. More 
than a dozen single retort tests have been conducted so far to prove the process feasibility as well as to optimize 
the process conditions. Single retort parametric tests will continue through 1985 and the double retort T3 process 
tests will start in early 1986. The pilot plant utilizes the T3 process developed jointly by Science Applications, Inc., 
and the Office National de Recherche et d'Exploitation Petrolieres (ONA REP) of Morocco. The T 3 process consists 
of a semi-continuous dual retorting system in which heat from one vessel that is being cooled provides a portion of 
the energy that is required to retort the shale in the second vessel. The pilot plant has a 100 tons of raw shale per 
day capacity using 17 OPT shales. The design of a demonstration plant, which will have an initial output of 
280 barrels per day, rising to 7,800 barrels per day when full scale commercial production begins, has been deferred 
until the pilot plant operation is completed in 1985. A commercial scale mine development study at Timandit is 
being conducted by Morrison-Knudsen. 
The T3 process will be used in conjunction with other continuous processes in Morocco. In 1981/1982, Science 
Applications, Inc., conducted for ONAREP an extensive process option studies based on all major processes available 
in the United States and abroad and made a recommendation in several categories based on the results from the 
economic analysis. An oil-shale laboratory including a laboratory scale retort, computer process model and 
computer process control, has been established in Rabat with assistance from Science Applications, Inc. 

Project Costi	 Not disclosed 

PACIFIC PROJECT - Cleveland-Cliffs -20 percent, Sohio - 60 percent, and Superior - 20 percent (1'65, R98W, GPM) 
(S-60) 

Sohio, Superior, and Cliffs are continuing to conduct pre-construction work for development of the Pacific Shale 
Project. The project will be located approximately 10 miles north of DeBeque, Colorado, in Garfield County. The 
major project components will be developed on approximately 12,600 acres of land that is owned by the venture 
partners. Commercial feasibility studies and environmental baseline studies were completed for the project in 1983. 
In December 1984, the Bureau of Land Management completed the preparation of an environmental impact 
statement to assess project impacts prior to the sale and lease of federal lands that are necessary to the project. 

Project Cost: 	 Development schedule and project cost are not available. 
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COMMERCIAL PROJECTS (Continued) 

PARACHUTE CREEK SHALE OIL PROGRAM-- UNOCAL 76 (5-70) 

In 1920 Unocal began acquiring oil shale properties in the Parachute Creek area of Garfield County, Colorado. The 
20,000 acres of oil shale lands Unocal owns contain about 1.6 billion barrels of recoverable oil in the high-yield 
Mahogany Zone alone. Since the early 1940s, Unocal research scientists and engineers have conducted a wide 
variety of laboratory and field studies for developing feasible methods of producing usable oils from shale. In the 
1940s, Unocal operated a small 50 ton per day pilot retort at its Los Angeles, California refinery. From 1955 to 
1958, Unocal built and operated an upflow retort at the Parachute site, processing up to 1,200 tons of ore per day 
and producing up to 800 barrels of shale oil per day. 

Unocal began the permitting process for its Phase 110,000 barrel per day project in March 1978. All federal, state, 
and local permits were received by early 1981. Necessary road work began in the Fall 1980. Construction of a 
12,500 short ton per day mine began in January 1981, and construction of the retort started in late 1981; 
Concurrently, work proceeded on a 10,000 barrels per day upgrading facility, which would convert the raw shale oil 
to a high quality syncrude. 

Construction concluded and the operations group assumed control of the project in the Fall 1983. Several plant 
start-ups have occurred, with valuable data being gathered. As a result, modifications have been made to the retort 
and shaft cooling system. 

In July 1981, the company was awarded a contract under a United States Department of Energy (DOE) program 
designed to encourage commercial shale oil production in the United States. Unocal's contract with the DOE calls 
for delivery of 3,000 barrels per day of military aircraft turbine fuel and 7,000 barrels per day of diesel to the 
Department of Defense (DOD) commencing with shale oil production: The price will be the market price or a 
contract floor price. If the market price is below the DOE contract floor price, indexed for inflation, Unocal will 
receive a payment from DOE to equal the difference. The total amount of DOE price supports Unocal could receive 
is $400 million. 	 - 

To date, Unocal has received no price support funds despite having invested over $800 million of its own funds. The 
DOE Phase I contract has been amended to include a maximum of an additional $500 million in loan and price 
guarantees from the United States Department of Treasury, successor to the United States Synthetic Fuels 

The augmentation phase of the project involves modifying the existing Phase I "B" retort to incorporate the 
"Unishale C" technology. This new technology would replace the current cooling system with a fluidized bed 
combustor. The combustor would recover more energy by burning the carbon residue on the retorted shale. The 
company tentatively plans to complete engineering of the fluidized bed in 1986. Operations would commence in 
1989. Production of shale oil would remain at 10,000 barrels per day if Unocal elects to proceed with the 
augmentation program. 

Project Cost:	 Phase I - Approximately $650 million 

PARAHO-UTE SHALE OIL FACILITY -- Paraho Development Corporation; Raymond Kaiser Engineers, Inc.; The Signal 
Companies; Texas Eastern Synfuels, Inc. (TSS, R25E, Sec.- 32, SLM) (S-SO) 

Paraho Development Corporation and its private industry sponsors are currently pursuing the development 
of 

the 
Paraho-Ute Project to be located on over 5,500 acres of oil shale lands dedicated to the project in Uintah County, 
Utah. The project, as originally proposed, would utilize a Paraho aboveground retort to produce approximately 
14,000 barrels per day of hydrotreated shale oil. By-products of retorting include ammonia, sulfur, and electricity 
from excess low-BTU gas. A 14,000 barrels per day hydrotreating facility was to be constructed during Phase I. All 
permits required for construction have been submitted with approval already granted or pending. 

Paraho is requesting loan and price guarantees for the project from the United States Synthetic Fuels Corporation's 
third solicitation. The project passed both the SEC's project maturity and strength evaluations and has SFC approval 
on the key financial and business terms. Pending the mutually satisfactory completion of a final award between the 
project and the SFC, construction on the project could possibly get underway in 1986 with production beginning in 
1988-1989. 

In November 1985, the SEC announced that the sponsors had proposed a down-sized project that would produce 
4,500 barrels of shale oil per day. However, Congress abolished the SEC on December 19, 1985 before any 
assistance could be awarded to the project. 

Project Cost:	 Not available
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PETROSIX - Petrobras (Petroleo l3rasileiro, S.A.) (S-90) 
A nominal 2,200 tons per day Petrcsix semi-works retort, 18 foot inside diameter, is located near Sao Mateus do Sul, 
Parana, Brazil. The plant has been operated successfully near design capacity in a series of tests since 1972. A 
United States patent has been obtained on the process. This plant operating on a small commercial basis since 1981, 
currently produces 800 barrels per day of crude oil and 14 tons per day of sulfur. A 36 foot inside diameter retort, 
called the industrial module, is being constructed and will produce 2,950 barrels per day of oil, 40 tons per day of 
LPG, and 60 tons per day of sulfur in the beginning of 1988. 

Project Installed Costs:	 $68.4 (US) Million 

RAMEX OIL SHALE GASIFICATION PROCESS--Ramex Synfuels International, Inc. (S-OS) 
On May 6, 1985 Ramex announced the start of construction of a pilot plant near Rock Springs, Wyoming. The plant 
will be located on property leased from Rocky Mountain Energy, a subsidiary of Union Pacific Railroad. In addition 
to the one section leased for the pilot plant, Ramex also has options on ten additional sections. This site was 
selected because of the accessibility for potential customers, and the abundance of available oil shale reserves. 
The pilot plant will consist of two specially designed burners that will burn continuously in an underground oil shale 
bed. These burners will produce an industry quality gas (greater than 800 BTUs per standard cubic foot) and liquid 
condensate, consisting of about 45 percent gasoline, 25 percent kerosene, 30 percent light oils. The pilot facility is 
expected to be in operation by July 1985. The data and products produced from this plant will be available for 
testing and evaluation by companies interested in the process and potential users of the products. 
Universal Search Technologies (Unitee) of Salt Lake City, Utah is assisting with the first phase of funding and 
management for the project. 

Project Cost: Approximately $1 million for the pilot tests. 

Rio BLANCO OIL SHALE PROJECT - Rio Blanco Oil Shale Company (wholly owned by Amoco Corporation) (T2S, 
R99W, 6PM) (5-100) 

Proposed project on federal Tract C-a in Piceance Creek Basin, Colorado. Bonus bid of $210.3 million to acquire 
rights to tract; lease issued 3/1/74. Completed four-year modified in situ demonstration program at end of 1981. 
Burned two successful retorts. First retort was 30' x 30' x 166' high and produced 1,907 barrels of shale oil. It 
burned between October and late December 1980. Second retort was 60' x 60' x 400' high and produced 24,790 
barrels while burning from June through most December of 1981. Program cost $132 million. Company still prefers 
open pit mining-surface retorting development because of much greater resource recovery of five versus two billion 
barrels over life of project. Cannot develop tract efficiently in that manner without additional federal land for 
disposal purposes and siting of processing facilities. In August 1982, the company temporarily suspended operations 
on its federal tract after receiving a 5 year lease suspension from the United States Department of Interior. The 
project is still in suspension until a lease can be obtained. Federal legislation has been enacted to allow 
procurement of off-tract land that is necessary if the lease is to be developed in this manner. An application for 
this land was submitted to the Department of Interior in 1983. Based on the decision of the director of the Colorado 
Bureau of Land Management an environmental impact statement for the proposed lease for 84 Mesa is being 
prepared by the Bureau of Land Management. Rio Blanco submitted a MIS retort abandonment plan to the 
Department of Interior in Fall 1983. Partial approval for the abandonment plan was received in Spring 1984. The 
mine and retort are currently flooded but were pumped out in the Spring 1985 in accordance with the plan approved 
by the Department of the Interior. Data from the pumpout are being evaluated. Stringent monitoring is continuing. 
Rio Blanco operated a $29 million one to five TPD Lurgi pilot plant at Gulf's Research Center in liarmarville, 
Pennsylvania until late 1984 when it was shut down. Data analysis is currently underway. This $29 million 
represents the capital and estimated operating cost for up to $ years of operation. Engineering and planning for 
open pit-surface retorting development are being continued. The company has not as yet developed commercial 
plans or cost estimates. On January 31, 1936 Amoco acquired Chevron's 50 percent interest in the Rio Blanco Oil 
Shale Company, thus giving Amoco a 100 percent interest in the project. Amoco has no plans to discontinue 
operations. 

Project Cost: 	 Four-year process development program cost $132 million 
No cost estimate available for commercial facility. 
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COMMERCIAL PROJECTS (Continued) 

RUNDLE PROJECT -- Central Pacific Minerals/Southern Pacific Petroleum (50 percent) and Esso Exploration and 
Production Australia (50 percent) (5-110) 

The Rundle Oil Shale deposit is located near Gladstone in Queensland, Australia. In April 1981, construction of a 
multi-module commercial scale facility was shelved due to economic and technical uncertainties. 

Under a new agreement between the venturers, which became effective in February 1982, Esso agreed to spend 
A$30 million on an initial 3 year work program that would resolve technical difficulties to allow a more precise 
evaluation of the economics of development. During the work program the Dravo, Lurgi, Tosco, and Exxon retorting 
processes were studied and tested. Geological and environmental baseline studies were carried out to characterize 
resource and environmental parameters. Mine planning and materials handling methods were studied for selected 
plant capacities. Results of the study were announced in September 1984. The first stage of the project which 
would produce 5.2 million barrels per year from 25,000 tons per day of shale feed was estimated to cost $645 million 
(US). The total project (27 million barrels per year from 125,000 tons per day of shale feed) was estimated to cost 
$2.65 billion (US). 

In October 1994 SPP/CPM and Esso announced that they have commenced discussions about possible amendments to 
the Rundle Joint Venture Agreement signed in 1982. Those discussions were completed by March 1985. Revisions to 
the Joint Venture Agreement now provide for: 

• Payment by Esso to SPP/CPM of A$30 million in 1985 and A$12.5 (contingent on maintaining 
satisfactory title over the Rundle resource) in 1987. 

• Each partner to have a 50 percent interest in the project. 

• Continuation of a Work Program to progress development of the resource. Cost of this program in 1985 
was,A$7.5 million.	 - 

• Essô funding all work program expenditures for a maximum of 10 years, and pbssible funding of 
SPP/CPM's share of subsequent development expenditures. If Esso provides disproportionate funding, it 
would be entitled to additional offtake to cover that fuMing. 

Project Cost: See above 

TOSCO SAND WASH PROJECT —Tosco Corporation (T95, R2IE, SLM)(S-120) 

Proposed 49,000 BPSD project on 17,092 acres of State leases in Sand Wash area of Uintah Basin near Vernal, Utah. 
A State-approved unitization of 33 non-contiguous leases required $8 million tract evaluation, which has been 
completed. On-site environmental assessments have been completed and applications for right-of-way permits for 
roads, water pipeline, inter-block conveyors, power lines, underground mine access tunnels and product pipeline were 
submitted to Bureau of Land Management in April 1981. Final EIS for the project was issued on February 1983. The 
Federal PSD permit was issued on December 10, 1981 and the Utah air quality permit was approved in March 1983. 
All permits for commencement of construction of the first mine shaft have been filed. 

Tosco has completed a core-hole drilling program and a final design for a 16 foot diameter mine shaft and related 
facilities. Construction of this initial development shaft and experimental mine would enable confirmation of (1) 
the geologic and geoteehnical basis for the mine design, (2) estimated mining costs, and (3) the basis for enhancing 
projected mining recovery ratios for the commercial project. The second phase of the Project will consist of the 
construction of one 11,000 tons per day TOSCO II pyrolysis unit and related oil upgrading facilities which would 
produce 11,200 barrels per stream day of hydrotreated shale oil. During the third phase, Tosco will expand the 
facility to six pyrolysis units and a 66,000 tons per day mine, producing a nominal 50,000 barrels per day of shale oil. 
Contemporaneous development of Phases 1 and 2 is being considered. The definitive design of the single train 
facilities has been completed. 

Project Cost:	 $820 million in second quarter 1982 dollars (excluding interest) 

R&D PROJECTS 

BAYTOWN PILOT PLANT - Exxon Research and Engineering (5-135) 

During 1984 a $14 million pilot plant to test the recovery of oil from shale began operation at Baytown, Texas. The 
pilot program follows several years of research aimed at developing a more efficient, lower-cost method of 
retorting shale. It uses fluidized bed technology, building on Exxon's experience with the use of fluidized beds in 

2-57	 SYNTHETIC FUELS REPORT, JUNE 1986



STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1986) 

R & D (Continued) 

petroleum refining. With a capacity of five tons of shale per day, the plant is testing Exxon's retorting process on 
different shales under a wide range of conditions. 

Project Cost:	 See above 

*DUO-Ex SOLVENT EXTRACTION PILOT PROJECT - Duo-Ex (a wholly owned subsidiary of Solv-Ex Corporation) and 
United States Department of Energy (S-152) 

Duo-Ex has submitted a proposal in response to a Department of Energy solicitation to perform test work to 
establish the commercial, technical and economic feasibility of a new approach to shale oil recovery. The Solv-Ex 
approach will convert kerogen to bitumen and lighter products in a solvent extraction medium. 

Efforts of other companies to date to utilize shale oil resources have centered around retorting and in situ processes 
with limited success. Solv-Ex has developed a technology that it believes will be environmentally acceptable, cost 
effective, have shorter lead times from project commitment to production and will use smaller scale facilities than 
retorting and in situ processes. 
Experiments with the Solv-Ex process would be conducted at the bench level and then In a continuously fed unit 
processing up to 10 pounds of tar sands per hour, complete with recycle, product recovery and solid separation steps. 
The program is based on previous work by Duo-Ex in a batch reactor and prior engineering studies. The project will 
determine recoveries of oil, produce scale-up data and a quantity of raw shale for upgrading studies. 

Project Cost:	 $1,064,000 

GELS ENKIRCHENSCHOLVEN CYCLONE RETORT PROJECT -- Veba Oel Entwicklungs-Gesellschaft mbH (S-165) 

Veba is developing a cyclone retorting process. They are building a pilot plant at Gelsenkirchen-Scholven. This 
program is subsidized b% the German government and the European Economic Community. Retorting is done in a 
cyclone at 500° to 550 C and atmospheric pressure. The heat is obtained from recycled gas at 650° to 700°C. 
Hydrocarbons remaining in the spent shale are burned in a fluidized bed at 800 0 to 850 C. The flue gases from this 
bed are used to heat the recycle gas to provide the necessary heat for retorting. Plant startup is scheduled for mid-
1986. 

Project Cost:	 Not Disclosed 

GEOKINETICS, INC. - (see Seep Ridge) 

JAPANESE RETORTING PROCESSES -Japan Oil Shale Engineering Company, Ltd. (JOSECO) (S-hO) 

Japan Oil Shale Engineering Company, Ltd. (JOSECO) was organized in July 1981 under the guidance of the Ministry 
of International Trade and Industry and the Japan National Oil Corporation. A 5 year R & D plan was formulated, 
however this original plan has been recently revised to a 7 year plan due to budgetary control. JOSECO was 
financed by 36 Japanese companies in various industrial fields including iron and steel, heavy machinery, mining, 
cement, plant engineering, and oil refining. 
Three types (a vertical shaft, a circular grate, and a new cross flow type) of retorts were built at a scale of about 
3 tons per day. These were designed and constructed in 1982 and were operated through August 1983 on oil shales 
from the United States, Australia, China, and Morocco. 
In the shaft type retort, oil shale descends continuously from the retorting zone to the residual carbon combustion 
zone. To prevent flow of gas from the combustion zone to the retorting zone, a seal zone is provided between the 
two zones to separate them. Operation of the pilot plant was generally smooth, and the yield of shale oil was 
approximately equal to Fischer assay. The main feature of this type of plant is the high thermal efficiency obtained 
by the vertical eounterflow of the oil shale and gas. 

With the circular grate retort, oil shale is charged onto the circumferentially moving grate and passes through 
preheating,retorting, combustion and cooling zones, being contacted by the gas which flows downward through these 
zones. Oil yield obtained from several kinds of oil shale was approximately equal to Fischer assay. The main 
feature of this type of plant is that the process can be adapted to the properties of different oil shales because the 
size of each zone can be set arbitrarily. 
The cross flow retort is completely separated from the combustion furnace. Oil shale flows down the inside surfaces 
of louver walls and is contacted by the heating gas which flows horizontally between the walls in several passes. In 
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the pilot plant, oil yield was approximately equal to Fischer assay. The retorted oil shale is crushed to pieces 
smaller than 6 millimeters and sent to a fluidized bed for combustion of residual carbon. The main features of this 
type of plant are the low pressure loss in he retorting zone and the high carbon utilization ratio obtained with the 
fluidized bed. 
JOSECO is further planning a large pilot plant. The process to be used for the pilot plant was discussed by the 
advisory committee on the basis of results of the experiments on the three small-scale plants, and then determined 
to consist mainly of a vertical shaft type retort. The pilot plant is expected to have the capacity of 300 tons per 
day and to be constructed in Kitakyushu, Japan by 1986. For the operation of the pilot plant, a few kinds of oil shale 
will be imported to Japan. 
For one of the samples for the pilot plant test, approximately 42,000 tons of Condor oil shale ore were excavated, 
crushed, and screened in 1984 under the agreement between SPP/CPM, JAOSCO, and JOSECO. 
Approximately 20,000 tons of crushed and screened oil shale ore were transported to Japan and stored at the pilot 
plant site during December 1984 to January 1985. 
The construction of the pilot plant was started in the middle of February 1986 and will be completed by the end of 
the year. 

Project Cost:	 Approximately $US 60 million 

ISRAELI RETORTING DEVELOPMENT - PAMA (Energy Resources Development) Inc. (S-175) 
Israeli oil shale development is being coordinated by PAMA (Energy Resources Development) Ltd. PAMA was 
founded by several major Israeli corporations with the support of the government. PAMA launched a multi-year 
program directed toward commercial utilization of Israel's oil shale. The initial feasibility stage was set for 3 years 
and entails expenditures around $US20 million, Oil shale can be utilized by retorting to produce shale oil, or by 
direct combustion to generate power. PAMA has been pursuing both possibilities, and preliminary engineering for 
two demonstration plants began in late 1984. 
The main goal is to determine the feasibility of oil production by one of the retorting processes that have reached an 
advanced state of development. PAMA has conducted several series of retorting tests, utilizing oil shale from the 
Rotem deposit, in pilot plants representing advanced processes. In more than one case, the retorting pilots have 
performed well with Israeli oil shale producing oil and gas at reasonably good efficiencies. 
PAMA plans the construction of a semi-works demonstration plant of sufficient scale for resolving technical and 
economic issues. The size of the demo will fall in the range of 1,000 to 2,000 tons per day of raw oil shale. The 
investment required is estimated at around $US25 to $US30 million. PAMA selected the Paraho technology for 
testing in the demonstration plant. The workplan and schedule call for detailed design and construction of the demo 
plant by March 1987. 
The main goal of the PAMA oil shale combustion program is to develop capability to burn oil shale directly on a 
large scale. They are also studying the feasibility of industrial cogeneration of steam and power for factories 
adjacent to the oil shale deposits. Although PAMA is studying the feasibility of burning Israeli oil shale in 
conventional pulverized flame boilers, work to date indicates that fluid bed combustion suits Israeli shale better. 
Several series of combustion tests have been run in pilot plants, in Israel and abroad. One drawback of fluid bed 
combustion lies in the size of the boilers that represent the state-of-the-art today. To develop capability to burn on 
shale on a large scale, PAMA has concluded that it is necessary to construct a demonstration plant delivering 50 to 
100 tons per hour of steam. The timetable for this project is identical to that for the retort pilot plant. 
The design of the demo plant for direct combustion will be based on data being generated in PAMA's own small pilot 
plant. It was designed for a nominal burning capacity of 1 ton of oil shale per hour. The fluid bed combustor is 
60 centimeters inside diameter. The pilot plant program aims at large capacities. There is also an opportunity for 
near-term use of commercial boilers to serve industrial customers in the vicinity of the shale deposits. There are 
boilers in the world, mostly fluid bed, which have seen service in combustion of low-grade coal, and should be 
suitable for oil shale. PAMA examined two such boilers with encouraging results. 
PAMA has begun preliminary engineering toward the construction of the two demonstration plants, the first for 
produciton of oil, and the second for production of power by direct combustion of the oil shale. The demonstration 
plant for production of oil shale shall be based on the Paraho technology. PAMA has just completed construction of 
an experimental unit for retorting oil shale in fluidized- and entrained-bed retorts. 

Project Cost:	 Not disclosed
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JULIA CREEK PROJECT - CSR LIMITED (3-180) 
A preliminary study was conducted in 1930 to determine feasibility of a large scale extraction of oil from the Julia 
Creek deposit of northwestern Queensland, Australia. The project concept involves surface mining, above-ground 
retorting, and on-site upgrading to produce either a premium refinery feedstock or marketable fuels, particularly 
kerosene and diesel. 
The project developer is CSR Ltd. and partners to be selected. 
The project has proven reserves of shale amenable to open-cut mining containing about 2 billion barrels of crude 
shale oil. The average oil content of the shale is approximately 70 litres per dry tonne. 
Work is being carried out jointly by CSR and CSIRO on the development of a new retorting process based on spent 
shale ash as a recirculating solid heat carrier. 
A staged development is planned, with the timing determined by the anticipated price of oil and improvements in 
project economics. 

Project Cost:	 Yet to be determined 

NAVAL OIL SHALE RESERVE (NOSE) DEVELOPMENT - United States Department of Energy (S-200) 
Naval Oil Shale Reserve (NOSR-1) was established by President Wilson in 1916. NOSR-1 is located north of the 
Colorado River in Garfield County, Colorado. NOSR-3, which borders NOSR-1 on the east and on the south, was 
established by President Coolidge in 1924. NOSR-1 contains 18 billion barrels of oil shale in place. An estimated 
2.3 billion barrels of recoverable oil could be produced from shale with a yield of over 30 gallons per ton. This would 
be enough to feed a 100,000 barrels per day plant for 70 years. 140511-3 contains essentially no oil shale, and Its 
designation as a reserve was considered necessary to afford working space and areas for spent shale disposal during 
the ultimate anticipated development of NOSR-1. NOSR-2 is an oil shale reserve of 90,400 acres located in Carbon 
and Uintah Counties, Utah. NOSR-2 has an estimated 4 billion barrels of oil shale in place. No estimate of 
recoverables has been made as the shale beds are thought to be too thin to be economically recoverable. 
In June 1977, the federal government called for preparation of a Master Development Plan for Naval Oil Shale 
Reserves 1 through 3. A contract was awarded June 22, 1978 to a team composed of CF Braun & Company, Gulf 
Research & Development Company, Tosco Corporation, TRW, and Williams Brothers Engineering Company. 
Comparative analysis of NOSR-1 and eight other Piceance Creek basin properties has been completed. A final 
Environmental Impact Statement (Em) was issued August 1982. In addition, resource, technology, and environmental 
baseline characterizations have been completed. The program produced over 40 technical reports. 
The Anvil Points Facility, locted on NOSR-3 new Grand Junction, Colorado, was testing and research facility 
providing information on facility design, and it has provided sufficient quantities of shale oil for laboratory research 
and refinery tests. After one-half a century in off-and-on operation, the test facility has outlived its usefulness and 
original purpose. A decision was made in 1984 to dismantle the facility and to restore the site to its natural 
condition. Demolition work began in the summer of 1985. Demolition was completed in January 1986. Habitat 
restoration will be completed in 1986. 
The Department of Energy's oil shale research program at NOSR-1 and 3 has been discontinued and the facilities 
have been dismantled and the site returned to its natural state, to the extent possible. 

Project Cost:	 $10 million through September 30, 1986 

RAPAD SHALE OIL UPGRADING PROJECT --Japanese Ministry of International Trade and Industry (5-205) 
The Research Association for Petroleum Alternatives (RAPAD), supported by the Japanese Ministry of International 
Trade and Industry, has adopted shale oil upgrading as one of its major research objectives. 
Developmental works are being conducted on pretreating technology, two hydrorefining processes using fixed-bed 
type and ebullated-bed type reactors, high-performance catalysts for those processes, and a two-step treating 
system. 
Research and development work is being conducted on pretreating for the removal of clay minerals by an electric 
desalting system and on demetallizing catalysts. It has been found that a catalyst prepared by supporting moly-
bdenum on alumina carrier showed high activity for the removal of arsenic. 
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Using fixed-bed type and ebullating-bed type hydrorefining bench-scale plants, catalysts of excellent performance 
were developed, reaction conditions were examined, and product oils were analyzed. The effect of arsenic 
compounds on the life of catalysts, and the effect of admixed sulfur compounds on denitrogenation activity were 
examined. 
compounds on the life of catalysts, and the effect of admixed sulfur compounds on denitrogenation activity were 
examined. 

A two-step hydrotreating system is under study. For the first stage, an ebullated-bed reactor was employed, and 
shale oil was partially hydrorefined. In the second stage, under conditions of hydrotreating processes performed at 
existing petroleum refineries, mixtures of hydrorefined oil (syncrude) fractions and corresponding fractions of 
petroleum crude oil were hydrotreated. 

km=ale plant (1.5 barrels per thy) was built in early 1986 and has been in operation for collecting 

Project Cost:	 Not Disclosed 

TRIAD DONOR SOLVENT PROJECT --Triad Research Inc. (5-215) 

Triad Research Inc. is developing a liquid donor solvent process for extraction of oil from low-grade shales. The 
process is said to be capable of producing oil yields of as much as 200 to 250 percent of Fischer Assay. 

The new process, named the H-E process, utilizes a fraction of the oil derived from the shale as the hydrogen donor 
solvent. Laboratory experiments to date have shown that oil yields from Sunbury shale samples equivalent to more 
than 200 percent of Fischer Assay are achieved at operating pressure as low as 15 to 20 atmospheres. 

The sponsors are 94 percent complete with the design, engineering, procurement, and construction of a pilot plant 
facility. 

Project Cost:	 Not Disclosed 

YAAMBA PROJECT - Yaamba Joint Venture (Beloba Pty. Ltd., Central Oil Shale Pty. Ltd., and Peabody Australia Pty. 
Ltd.) (S-220) 

The Yaamba Oil Shale Deposit occurs in the Yaamba Basin which occupies an area of about 57 square kilometers 
adjacent to the small township of Yaamba located 30 kilometers (19 miles) north-northwest of the city of 
Rockhampton, Australia. 

Oil shale was discovered in the Yaamba Basin in 1978 during the early stages of a regional search for oil shale in 
buried Tertiary basins northwest of Rockhampton. Exploration since that time has outlined a shale oil resource 
estimated at more than 2.8 billion barrels extending over an area of 32 square kilometers within the basin. 

The oil shales which have a combined aggregate thickness of over 300 meters in places occur in 12 main seams 
extending through the lower half of a Tertiary sequence which is up to 800 meters thick toward the center of the 
basin. The oil shales subcrop along the southern and southwestern margins of the basin and dip gently basinward. 
Several seams of lignite occur in the upper part of the Tertiary sequence above the main oil shale sequences. The 
Tertiary sediments are covered by approximately 40 meters of unconsolidated sands, gravels, and clays. 

Partners in the Yaamba Joint Venture are Peabody Australia Pty. Ltd., with 50 percent interest, Central Oil Shale 
Pty. Ltd., with 40 percent interest, and Beloba Pty. Ltd., a fully owned subsidiary of Southern Pacific Petroleum 
N.L. and Central Pacific Minerals N.L., with 10 percent interest. Peabody Australia manages the Joint Venture 
which now holds two "Authorities to Prospect" for oil shale in an area of approximately 1,080 square kilometers in 
the Yaamba and Broad Sound regions northwest of Rockhampton. The "Authorities to Prospect" were granted to the 
Yaamba Joint Venture by the government of the State of Queensland for a five year term commencing May 1983. In 
addition to the Yaamba Deposit, the "Authorities to Prospect" cover a second prospective oil shale deposit in the 
Herbert Creek Basin approximately 70 kilometers northwest of Yaamba. Drilling in the Herbert Creek Basin is still 
in the exploratory stage. 

A Phase I feasibility study, which focused on mining, waste disposal, water management, infrastructure planning, 
and preliminary ore characterization of the Yaamba oil shale resource, has now been completed. Environmental 
baseline investigations were carried out concurrently with this study. A Phase II study aimed at determining 
methods for maximum utilization of the total energy resource of the Yaamba Basin and optimization of all other 
aspects of the mining operation is currently in progress. Further environmental baseline investigations are also 
being carried out. This study is anticipated to extend over a five year period. 

Project Cost:	 Not disclosed
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YUGOSLAVIA INCLINED MODIFIED IN SITU RETORT -- United Nations (5-230) 

• Oil shale deposits in Yugoslavia are mainly located in the eastern part of the country, almost entirely in the 
Republic of Serbia. The best geologically evaluated oil shale deposit is located near the town of Aleksinac, in the 
lower Juzna Moravica River valley. Oil shale dips from the surface at an angle of 30° to 400 up to a depth of 
400 meters where it then levels. 

An experimental 3.5 tons per day gas combustion retort was built and tested in 1955 to 1962. In addition, retorting 
in an indirect retort was carried out in Sweden on 100 tons of Aleksinac oil shale in 1957. A joint effort by several 
UN consultants from the United States and Yugoslavia national staff produced the Inclined Modified In Situ (IMIS) 
Method to cope with the dipping oil shale seams characteristics of the Aleksinac Basin. To achieve the appropriate 
void formation 23 percent of the shale rock would be mined. Design criteria for the IMIS retort include an oil shale 
yield of 115 liters per ton, and a retort height of 100 meters. The retort injection mixture would be 50 percent air 
and 50 percent steam. Eight modules of IMIS retorts would be in operation at a time, producing 15,700 barrels per 
day of oil. 

Surface retorts would produce 4,470 barrels per day of oil, making the total capacity at Aleksinac 20,000 barrels per 
day at full production (about 1 million tons per year). For the mined shale, interest has been expressed in adapting 
the T3 retort system under development in Morocco. The overall resource recovery rate would be about 49 percent. 

Construction time for a 20,000 barrels per day facility is estimated to be 11 years. The estimated project cost was 
about $650 million (US). The estimated shale oil net production cost was $21.00 (US) per barrel and the the 
upgrading cost was estimated to be $7.00 (US) per barrel. 

In the mined brown coal area, the coal mine workings can provide access to the oil shale for an initial pilot module. 
Go-ahead for a full-scale 20,000 barrels per day operation would be given only after the results of the pilot module 
are known. The pilot module is now under design by Energoproject, Belgrade, as general contractor with UNDP 
support. Establishment of the lMlS experiment is expected in 1988. 

Project Cost:	 See above
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COMPLETED AND SUSPENDED PROJECTS 

Project Sponsors Last Appearance in SFR 

BX In Situ Oil Shal9 Project Equity Oil Company March 1994; page 2-52 
Cottonwood Wash Project American Mina Service March 1985; page 2-73 

Cives Corporation 
Deseret Generation & Transmission Coop. 
Foster Wheeler Corporation 
Davy McKee 
Magic Circle Energy Corporation 

Direct Gasification Tests Tosco Corporation September 1978; page 11-4 
Exxon Colorado Shale Exxon Company USA March 1985, page 2-73 
Laramie Energy Technology Center Laramie and Rocky Mountain Energy June 1980; page 2-34 

Company 
Logan Wash Project Occidental Oil Shale Inc. September 1984; page S-3 

Nahcolite Mine #1 Multi-Mineral Corporation September 1982; page 2-40 
Oil Shale Gasification Institute of Gas Technology; December 1978; page 8-3 

American Gas Association 

Paraho Oil Shale Full Size Paraho Development Corporation December 1979; page 2-35 
Module Program 

Silmon Smith Kellogg Corporation March 1995, page 2-72 
Shale Energy Corporation of America 

United States Bureau of Mines Shaft Multi-Mineral Corporation; United States December 1983; page 2-52 
Bureau of Mines 

United States Shale United States Shale Inc. March 1985, page 2-72 
Unnamed In Situ Test Mecca, Inc. September 1978; page 8-3 
Unnamed Fracture Test Talley Energy Systems September 1978; page 8-4 
White River Shale Project Phillips Petroleum Company March 1985; page 2-72 

Standard Oil Company (Ohio) 
Sun Oil Company

2-83	 SYNTHETIC FUELS REPORT, JUNE 1986 



STATUS OF OIL SANDS PROJECTS
INDEX OF COMPANY INTEREST 

Company or Organization 	 Project Name 

American Syn-Crude Corporation 	 American Syn-Crude/Indlana Project 
* 

Amoco Coporation	 Rio Blanco Oil Shale Project (C-a) 

Beloba Pty. Ltd. 	 Yaamba Project 

Cathedral Bluffs Shale Oil Company 	 Cathedral Bluffs Project (C-b) 

Central Oil Shale Pty. Ltd.	 Yaamba Project 

Central Pacific Minerals	 Condor Project
Means Oil Shale Project 
Rundle Project 
Yaamba Project 

Chevron Shale Oil Company Chevron Clear Creek Project 

Cleveland-Cliffs Iron Company Pacific Project 

Conoco Inc. Chevron Clear Creek Project 

CSR Liinited Julia Creek Project 

Dravo Corporation Means Oil Shale Project. 

Duo-Ex (Solv-Ex Corporation) Duo-Ex Solvent Extraction Pilot Project 

Edwards Engineering Company Edwards Engineering 

Ease Australia Ltd. Rundle Project 

Exxon Company USA Colony Shale Oil Project 

Exxon Research and Engineering Baytown Pilot Plant 

Gary Refining Company Gary Refinery 

Geokinetics, Inc. Seep Ridge (Wolf Den and Agency Draw Projects) 

Jananese Ministry of International RAPAD Shale Oil Upgrading Project

PaRe 

2-50 

2-56 

2-61 

2-50 

2-61 

2-51 
2-53 
2-57 
2-61 

2-50 

2-54 

2-50 

2-60 

2-53 

2:58 

2-52 

2-5? 

2-51 

2-57 

2-52 

2-58 

2-60 
Trade and Industry 

Japan Oil Shale Engineering Company 
(JOSECO) 

Mobil Oil Corporation 

Occidental Oil Shale, Inc. 

Office National de Recherche at 
d'Exploitation Petrotieres 
(ONAREP) 

PAMA Inc. 

P4raho Development Corporation 

Peabody Australia Pty. Ltd. 

Petrobras 

Ramex Synfuels International

Japanese Retorting Processes 

Mobil Parachute Oil Shale Project 

Cathedral Bluffs Project (C-b) 

Morocco Oil Shale Project 

Israeli Retorting Development 

Paraho-Ute Shale Oil Facility 

Yaamba Project 

Petrosix 

Ramex Oil Shale Gasification Process

2-58 

2-54 

2-50 

2-54 

2-59 

2-55 

2-61 

2-56 

2-56 
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Company or Organization Project Name 

Raymond Kaiser Engineers, Inc. Paraho-Ute Shale Oil Facility 2-55 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (C-a) 2-56 

Science Applications, Inc. Morocco Oil Shale Project 2-54 

Signal Companies, The Paraho-Ute Shale Oil Facility 2-55 

Solv-Ex Corporation Duo-Ex Solvent Extractio Pilot Project 2-58 

Southern Pacific Petroleum Condor Project 2-51 
Means Oil Shale Project 2-53 
Rundle Project 2-57 
Yaamba Project 2-61 

Standard Oil Company (Indiana) Rio Blanco Oil Shale Project (C-a) 2-56 

Standard Oil Company (Ohio) Pacific Project 2-54 

Stone & Webster Engineering American Syn-Crude/lndiana Project 2-50 

Superior Oil Company Pacific Project 2-51 

Tenneco Cathedral Bluffs Project (C-b) 2-47 

Texas Eastern Synfuels, Inc. Paraho-Ute Shale Oil Facility 2-55 

Tosco Corporation Tosco Sand Wash Project 2-57 

Triad Research Inc. Triad Donor Solvent Project	 - 2-61 

Union Oil Company of California Parachute Creek Shale Oil Program 2-55 

Union of Soviet Socialists Republics Kiviter Process 2-53 

U.S. Department of Defense Naval Oil Shale Reserve Development 2-60 

U.S. Department of Energy Duo-Ex Solvent Extractio Pilot Project 2-58 
Naval Oil Shale Reserve Development 2-60 

United Nations Yugoslvania Inclined Modified In Situ Retort 2-62 

Veba Oel Entwicklungs-Gesellschaft Gelsenkirchen-Scholven Cyclone Retort Project 2-58 

Yaamba Joint Venture Yaamba Project 2-61
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PROJECT ACTIVITIES 

BI-PROVINCIAL UPGRADER PROJECT DESIGN 	 PULL STARTUP OF LINDBERGH PROJECT TO BE 
TO CONTINUE	 DEFERRED BY MURPHY OIL 

In April 1996 husky Oil Ltd. reached an agreement with 
the Canadian (federal government and the provincial 
governments of Alberta and Saskatchewan to complete 
the engineering for the proposed Bi-Provincial Upgrader 
Project. As part of this agreement, the governments 
agreed to provide Husky with reductions in provincial 
royalties and in the petroleum and gas revenue tax 
totalling $63 million. At the end of 1995 Husky had 
invested $51.6 million in the planning and design of the 
upgrader plant in addition to the development of heavy 
oil properties to provide feedstock for this facility. 
Husky estimates that the cost to complete the engi-
neering for the pre-construction phase will total 
$90 million, and that this phase will be completed by 
March 31, 1997. 

The Bi-Provincial Upgráder Project involves the con-
struction and operation of a heavy oil upgrading plant 
and the development of heavy oil properties to provide 
feedstock for the plant. (See the June 1995 issue of the 
PaceSynthetic Fuels Repo, page 3-7.) The proposed 
upgrader facility will process heavy crude oil into 
synthetic crude oil that can be refined by conventional 
refineries in Canada. Currently, most of the heavy 
crude oil production must be exported as blended crude 
oil to the United States. 

In addition to the de4ign phase of the project, Husky 
and the governments agreed to continue to participate 
in discussions over the next 12 months with a view to 
the completion of the project on a basis agreeable to all 
of the parties.° 

TEXACO CANADA RESOURCES TO SUSPEND 
PORT MCMURRAY PILOT PROJECT 

On March 12, 1986 Texaco Canada Resources an-
nounced that it will suspend operations and mothball 
facilities at its Fort McMurray Pilot Project by the end 
of this summer. The pilot project is located 15 kilo-
meters southeast of Fort McMurray, Alberta. It has 
provided Texaco Canada Resources with technical in-
formation and operating data on oil sands in situ 
recovery processes that could lead to commercial 
development in the future with "appropriate crude oil 
prices and fiscal terms." 

After fourteen years of operation Texaco Canada Re-
sources believes that the project is approaching the end 
of its useful research life. Its age, combined with 
falling crude oil prices, resulted in the decision to 
suspend operations. Equipment and facilities from the 
project will be retained, thus allowing reactivation 
dependent on appropriate technological and economic 
developments. 

0

In its first quarter 1986 report, Murphy Oil Company 
Ltd. summarized the status of its Lindbergh oil sands 
project at Cold Lake. The project is nearing comple-
tion, but is now on a schedule that has been slowed 
down due to the oil price decline. Operating results of 
the expanded pilot continue to be much better than 
expected. Although bitumen is being produced from 
pilot wells, full start-up at Lindbergh will be deferred 
until heavy oil prices improve by $3 to $4 per barrel. In 
the meantime, Murphy has stated that it can carry the 
Lindbergh project without financial strain. Murphy 
believes that heavy oil will inevitably play a major 
energy role in the future of Canada as other sources of 
crude oil decline. 

As described on page 3-6 of the June 1985 Pace Synthe-
tic Fuels Repor t , Murphy originally planned to imple-
ment the Lindbergh Project in tour separate phases 
over a nine-year period. Each phase of the project is 
designed to produce 2,500 barrels per day. Capital 
costs of Phase I are estimated at $35 million (Canadian) 
for the intitial facilities, with $6 million in capital 
additions required each year for replacement wells. 

ALBERTA ERCB UPDATES LIST OF ACTIVE 
OIL SANDS PROJECTS 

The Alberta Energy Resources Conservation Board 
(ERCO) revised its list of active oil sand projects as of 
March 1986. This list, given in Table 1, differs from 
the list of June 1985 last reported In the Pace Synthetic 
Fuels Report by: 

• Four new Athabasca experimental in situ pro-
jects 

• Seven discontinued Athabasca experimental in 
situ projects 

• One discontinued experimental extraction pro-
ject 

• Four new Cold Lake commercial projects 
• Eight discontinued Cold Lake experimental in 

situ projects 
• Three new Cold Lake experimental in situ pro-

jects. 
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TABLE I 

ACTIVE OIL SANDS PROJECTS 024 ALBERTA 

r

ERCB Approval 
Effective Dale Exprires Operator Formation Field or Area 

ATIIABASCA 

Mining 

Commercial 

731912 Suncor Wabislcaw-McMurray MU&ed Lake 
73 II 03 04 1131 Syncrude Wabinkaw-McMur,iy Mildred Lake 

Ripe r ni en lal 

84 07 03 67 06 30 AOSTRA Wabishaw-MeMurry Mildred Lake 

Extraction 

Experimental 

82 Ii 28 8112 31 Petro-Canada Calgary 

In Situ

menthl 

80 Ot 02 86 1331 Texaco Wabiakaw-Me Murray McMurray 
8001 10 89 13 31 Gulf Wabiskaw-McMurray Desmarais 
8002 14 83 01 31 Cantarra Wabiskaw-McMurray Heart Lake 
II 04 03 Be 03 31 Texaco Wabiskaw-MoMurray Steepbanlc 
71 01 17 85 12 31 union Grosmont Buffalo Creek 
82 06 28 87 06 30 Union Groamont McLean 
82 11 18 85 1031 Gulf Wabiskaw-McMurray Hoole 
83 12 II 87 1331 Alberta Energy Wabislcaw-McMurray Ipiatik lake 
84 03 20 89 07 31 Amoco Wabisicaw-MeMurrey, Gregoire Lake 
84 11 29 87 1231 Petro-Canada Wabiakaw-McMurray Hanging Stone 
85 06 10	 . 87 0430 Unocal Grcasmont Orchid 
85 II 15 87 0930 Amoco Wabiskaw-McMurray, Brinthell 
85 10 15 88 1231 Pembina no Chipmunk 

COLD LAKE 

In Situ 

Commercial

83 09 38 10 21 30 Ease Clearwater Cold Lake 
84 04 08 90 02 38 Amoco Wabislcaw-McMurrey Lintergh 
85 II 10 09 12 31 Murphy Lower Grand Rapid, Llntergt. 
85 12 09 06 1231 Dome Cold Lake Lind,cigh 
8602 12 11 12 31 Suncor Clearwater Primrose 
86 02 14 16 01 31 Dome Cold Lake Primrose 
Experimental 

64 1202 90 06 30 Esso Claarwater May-Ethel 
7401 29 88 12 31 Murphy Oil Lower Grand Rapid, Linergi. 
74 0211 88 1231 Dmimmond Clearwater Ardmore 
78 08 19 88 08 31 Suncor Upper Grand Rapids Fort Kent 
76 1119 88 1130 OP Clearwater Marguerite Lake 
73 12 06 87 1331 Eiao Clearwater Laming 
7908 27 87 1231 Canadian Worldwide Lower Grand Rapids Muriel Lake 
80 01 08 86 12 31 Amoco Upper Grand Rapids -Lima 1I. 
83 09 06 88 07 31 Hudson's Bay McMurray Prairie Lake 
82 IS 21 90 11 30 HP Lower Grand Rapid, Marguerite Lake 
82 19 02 87 09 30 EP Clearwater Wolf Lake 
82 1216 87 13 31 Abion Upper Grand Rapids Berryville 
83 06 30 90 13 31 Musky Clearwater Tucker Lake 
85 10 04 88 09 30 Pan Canadian Wabisk.w-McMurray Lin&sergl, 
84 05 01 90 08 31 Koch upper Grand Rapid, Port Kent 
84 07 20 89 0630 Bow Valley Clearwater Marie 
84 08 27 89 0630 Mobil on Upper & Lower Grand Rapid, Wolf Lake 
84 08 27 86 1331 Canada Occidental Lower Grand Rapids Linergti 
84 06 05 89 05 31 Weatsnin Wabiskaw-McMurray Linthergt, 
84 Il 15 87 1031 PanCanadian Wablskaw-McMurray Lindbergh 
84 1328 8901 31 West,nin Wabiskaw-McMurray, Linergh 
83 11 01 88 11 30 Dome Wabiskaw-McMurray, Lintergh 
85 01 20 91 01 31 Canada Occidental Lower Grand Rapid, Wolf Lake 
85 03 08 90 Dl 31 Dome Wabiskaw-McMurray Lindbergh 
85 08 10 37 05 30 Amoco Lower Grand Rapid, Beaverdam 
85 12 37 87 12 31 Amerada Clearwater Cold Lake 
86 02 10 88 01 31 Easo Clearwater Fisher Creek 

PEACE RIVER 

Experimental 

77 06 24 87 06 30 Shell Blueaky-Builhead Cadotte Lake 
Commercial 

84 12 13 14 12 It Shell Blueaky-Bullhead Cadotte Lake
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CORPORATIONS 

SOLV-EX PROCESS SLATED FOR $260 MILLION 
PROJECT BY SHELL CANADA 

Solv-Ex Corporation of Albuquerque, New Mexico; Shell 
Canada Limited of Calgary, Alberta; and the Govern-
ment of Alberta announced in April an agreement which 
could lead to the construction of a $260 million demon-
stration extraction plant in Alberta. 

Solv-Ex commenced negotiations with Shell Canada in 
late 1984 and following a favorable feasibility report 
concluded an agreement in the first half of 1985. In 
June 1935, Shell Canada assumed the lead role to build 
a demonstration plant as the first step toward commer-
cial production from their oil sands lease which report-
edly contains over 5 billion barrels of oil. Engineering 
studies were undertaken to ascertain preliminary oper-
ating and capital costs for both a demonstration module 
(7,500 barrels per calendar day) and a commercial 
module (15,000 barrels per calendar day). These costs 
were compared with the most advanced concept of the 
currently used hot water process. Based on a favorable 
evaluation in October 1985, the present arrangement 
was worked out, resulting in the April 2, 1986 an- 
nouncements about the finalizing of the agreements and 
the re-opening of the Solv-Ex pilot plant. 

The Project could consist of three phases: 

Phase I-1986/1987 

About 1,500 tonnes of oil sand will be removed from 
Shell Canada's Lease 13 (the former Alsands lease 
area), located about 60 kilometers north of Fort 
McMurray, Alberta and trucked to an existing pilot 
plant owned and operated by Solv-Ex Corporation in 
Albuquerque, New Mexico. 

During Phase I, detailed studies will be undertaken to 
prove up the technology and to assist in the preparation 
of engineering design and cost estimates for the demon-
stration plant (Phase II). 

The decision whether to proceed with Phase II will be 
made by the end of 1987. That decision will be 
dependent on the crude price and crude price outlook at 
that time in addition to the results of Phase I. 

Phase II 

Following successful results from Phase I and accept-
able economic forecasts, Shell Canada would proceed in 
1988 with construction of a 7,500 barrels per day de-
monstration plant on its Lease 13 oil sands holdings. 

Construction would take about two years and would 
generate 1,200 work years of direct employment. Capi-
tal cost wuld be about $260 million (1986 costs). Pro-
duction, which could begin by late 1990, is planned to 
be sold as bitumen.

The primary objective of the plant would be to prove 
the technical and commercial viability of the Solv-Ex 
bitumen ,extraction technology as well a the practi-
cality of developing an oil sands mine in a staged 
manner where similar sized modules could be added as 
conditions warrant. Fhe demonstration contemplates 
the use of trucks and shovels rather than the more 
capital intensive approach of draglines or bucketwheel 
excavators.	 - 

Phase UI 

Should Phase II prove successful, long-term plans-would 
include construction of successive modules to develop 
Shell's reserves in the Athabasca oil sands deposit. 

The Solv-Ex process combines both solvent and hot 
water in the extraction. After the raw tar sand is 
crushed, it is mixed in hot water to form a slurry. 
Oversize and inert rocks are removed by screening. 

The tar sand/hot water slurry is then exposed to a 
solvent which dilutes the bitumen and allows it to 
separate from the sand. The remaining water and sand 
and the solvent/bitumen solution are treated to pro-
duce: 

• Bitumen 
• Recovered solvent (for recycling) 
• Clean, hot water (for recycling) 
• Damp, clean sand (for backfiling the mine). 

Potential advantages of the Solv-Ex process ouer con-
ventional technology include: 

• High, consistent recovery yield of bitumen from 
varying quality of oil sand ore 

• Reduced environmental impacts because of an 
efficient recovery process (i.e., no tailings 
ponds; recycled water). 

The Government of Alberta has agreed to provide a 
loan guarantee equal to 30 percent of the project 
construction costs to a maximum of $85 million, plus 
capitalized interest. The $10 million Phase I, which is 
scheduled to begin immediately, will be funded by Shell 
Canada and Alberta Oil Sands Technology and Research 
Authority (AOSTRA), with Solv-Ex's share being carried 
by Shell Canada and repaid out of future profits. 
AOSTRA will provide $3 million toward Phase I. Royal-
ties on production in Phase 11 will be assessed at 1 per-
cent of gross revenues until project payout, and 5 per-
cent thereafter. Commercial plant royalties usually 
run at 5 percent and 30 percent. 

Solv-Ex will receive payments for performing Phase I 
tests and for necessary plant modifications. As a 
result, Solv-Ex has re-opened its pilot plant and will 
increase its total employment to 45. 

Solv-Ex will have a 25 percent working interest in 
Phase II, which can be converted into a license arrange-
ment by Shell. The license arrangement would involve 

-

3-3	 SYNTHETIC FUELS REPORT, JUNE 1986



payment of an up-front and running royalty to Soiv-Ex. 
In either case Solv-Ex has agreed to share with Shell a 
part of the royalties that Solv-Ex may receive from 
licensing its technology outside of Canada. AOSTRA 
would share In a part of licensing income from projects 
in Alberta. Should Solu-Ex maintain its 25 percent 
working interest in Phase Il, it will have the right to a 
5 percent working interst in other Shell projects on 
Shell's oil sand lease using the Solv-Ex technology. 

NIPER ANNUAL REPORT HIGHLIGHTS EOR 
AND HEAVY CRUDE RESEARCH 

The National Institute for Petroleum and Energy Re-
search (NIPER) in Bartlesville, Oklahoma has completed 
its first two years of operation. 

In 1983, under a cooperative agreement with lIT Re-
search Institute, the United States Department of 
Energy (DOE) converted the government-operated 
Bartlesville Energy Technology Center into the pri-
vately-operated National Institute for Petroleum and 
Energy Research. In the two years since the conver-
sion, NIPER has expanded In personnel, equipment, and 
In contracted work. Total employment Is now 248 peo-
ple. In addition to NIPER's substantial commitment 
from the Department of Energy, It also works for other 
government agencies and industrial clients. 

The research programs which the Department of Energy 
sponsors fall into two major divisions: enhanced oil 
recovery (EOR) production research and fuels research. 
An LOft production research program concerns the 
recovery of additional oil from known deposits. The 
fuels research program focuses on the problems of 
changing crude oil supply from conventional petroleum 
to heavy oils, tar sands, coal liquids, etc. Both of these 
areas of research are divided Into two types. In the 
Base program, basic research and projects with long-
range, high-risk objectives are fully funded by the 
Department of Energy. In the Optional program, pro-
blems of current interest which attract cooperative 
funds are partially funded by the Department of Energy 
with the balance coming from non-DOE sources. 

Production Research 

Although the primary thrust of production research at 
NIPER is on enhanced oil recovery, other areas such as 
drilling and production technology, chemicals, and en-
vironmental problems are covered also. 

Major projects include: 

Reservoir Characterization 
Recovery Predictions 
Stimulation 
Chemical Flooding 
Gas Injection 
Steam flooding 
Microbial LOft 
Environmental.

Fuels Research 

Fuels Research combines processing, chemical analysis, 
thermodynamics, and utilization work and is largely 
concerned with the changing nature of the feedstock 
used to produce liquid fuels. However, the current 
trend both to use the heavier ends of light oils and to 
use heavy oils for production of liquid fuels brings a 
number of technical problems. This will become worse 
as more heavy crude, tar sand bitumen, shale oil, and 
coal liquids become a part of refinery feed streams. 
Inasmuch as most of the processing is aimed toward 
producing distillate fuels, a continuing study of fuel/en-
gine requirements, environmental constraints, and pos-
sible adjustments between fuel/engine requirements and 
fuel properties is being made. Other studies are made 
on recycled fuels and lubricants and on the possible use 
of alcohols either neat or as blends with petroleum 
fuels. 

Major project subjects include: 

• Relating Heavy Crude Feedstock to Prqduct 
Slate and Quality 

• Analysis of Materials 

• Thermodynamic Properties 

• Stability, Compatibility and Processing Re-
search 

• Fuel/Engine Criteria 

• Processing Chemistry of Contaminated Petro-
leum Fuels. 

1985 Highlights 

Project areas singled out for special mention in the 
annual report include the following. 

• Learning how colonies of bacteria can live 
together in an underground petroleum reservoir 
is the first step in building the technology 
necessary to make microbial enhanced oil re-
covery processes feasible. 

• Designing a process for the reclaiming of Navy 
thesel fuel that has become contaminated with 
salt water and other extraneous materials will 
help conserve existing fuel supplies. 

• Development of relationships to predict the 
viscosity of carbon dioxide and carbon dioxide-
crude oil mixtures at various temperatures and 
pressures is an aid to the carbon dioxide 
flooding of oil fields for enhanced recovery. 

• RIPER is determining the speed of sound in 
compressed methane to provide fundamental 
data for improved measurement techniques for 
commercial distributors of natural gas. 

• Patterns of efficiency and emissions were 
determined for various fuel-engine combina-
tions. Changes in engine design and changing 
fuel composition require continuing study to 
assure that proper efficiencies can be attained 
while conforming to environmental restrictions.

- 
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• Analysis of the Cerro Negro Crude Oil from 
Venezuela was carried out in an international 
cooperative effort between the Department of 
Energy and Venezuela. This was a pioneering 
effort in that analytical methodology for such 
heavy oils was not available. 

• A workshop on reservoir characterization 
brought together many experts to share present 
knowledge concering the determination of re-
servoir properties between wells. Knowledge of 
the reservoir anatomy will enable better pre-
diction and planning for enhanced oil recovery 
projects. 

• A new stability test procedure which uses a 
small (10 milliliter) sample and higher tempera-
tures to shorten storage time has proved useful. 

• Steamflooding techniques are being advanced 
by use of a two-dimensional model designed for 
investigating viscous fingering and gravity 
override. In another project, injection of emul-
sions was shown to be effective in blocking high 
permeability zones to obtain better sweep effi-
ciency. 

• The bond dissociation enthalpy (energy) of the 
N-C) bond was determined experimentally for 
the first time. 

SUNCOR NOTES OPERATING DIFFICULTIES 
IN 1985 

Suncor Inc., was the first company in the world to tap 
the enormous potential of oil sands on a commercial 
scale. Today, Suncor operates both mining and steam 
stimulation projects recovering hydrocarbons from the 
oil sands of Alberta. 

About 75 percent of Suncor's common shares are held 
by Sun Company Inc. of the United States and 25 per-
cent are owned. by Ontario Energy Resources Ltd., a 
corporation indirectly owned by the Province of 
Ontario. 

In its 1985 Annual Report, Suncor noted that in 1985 
the oil sands plant simply did not operate as reliably as 
it could. Oil sands output needs to be more cost-
competitive with other sources of production and the 
company therefore intends to reduce absolute costs. 

On June 1, 1985 regulated oil prices were abolished, 
Import/export rules were relaxed and federal taxes 
were reduced. With deregulaton, Suncor's synthetic 
crude oil production moved to world prices which were 
much lower than the regulated price levels. The 
outlook for 1986 is uncertain because of the volatile oil 
price situation. 

Earnings from operations in 198$ were $46 million, 
down 61 percent from 1984. The Oil Sands Group 
suffered a major drop in earnings. Daily production 
volumes fell 15 percent from the previous year as a 
result of operating problems and planned maintenance 
shutdowns. The average price of synthetic crude oil 
declined to $37.92 per barrel in 1985 from $41.69 per 
barrel in 1984.

This performance has triggered a reassessment of oper-
ations with a view to improving short-term profitabi-
lity. Suncor's task is to improve the production reliabi-
lity of the Fort McMurray oil sands plant and reduce 
operating costs to offset oil price decreases. Over the 
next two years, through a combination of attrition, 
enhanced retirement, and voluntary resignation pro-
grains, transfer to other Company positions and termin-
ations, Suncor intends to reduce employ.'ent levels by 
approximately 490 positions. 

Suncor is making an effort to increase heavy oil produc-
tion using technologies developed at the Company's 
Fort Kent, Alberta in situ steam stimulation project. A 
second in situ heavy oil project could commence pro-
duction in late 1986 at Burnt Lake, Alberta on leases 
acquired by Suncor in 1985. Output in 1987 from this 
first phase could exceed 5,000 barrels per day, provided 
oil prices do not decline to the point where projects 
such as these are no longer economic. 

One reason for the lower synthetic crude oil production 
was a two-stage scheduled triennial maintenance shut-
down in 1985 which reduced production by 1 million 
barrels. 

Production also declined because of a number of oper-
ating problems. Extremely cold weather early in the 
year reduced output from the mine. Failures in elec-
trical generation and distribution resulted in a number 
of days of lost production during the fourth quarter. A 
coker problem also impeded production in 1985. 

Operating Improvements 

Although synthetic crude oil output was disappoiting, a 
number of improvements were put in place in 1985 
which should contribute to long-term production cap-
ability and profitability. 

• New equipment and operating procedures have 
substantially improved the productivity of over-
burden removal. In 1985, overburden removal 
set a new in-house record for volume. A total 
of 20.7 million cubic yards was removed during 
the year, up 30 percent from 1984. Further-
more, unit costs are now less than one-half of 
what they were in 1982, measured in 1982 
dollars. 

• At year-end, mining was taking place on three 
fully developed independent mining benches en-
abling mining equipment to work simultaneously 
at three different levels. 

• A new method was developed to recover bitu- 
men from one of the tailings ponds. Using this 
method, approximately 300,000 barrels of bitu-
men were obtained at a unit cost less than a 
mined barrel of bitumen. Suncor now expects 
to be able to recover up to 2 million barrels 
from the bitumen layer in tailings pond number 
one. 

• A fourth coker was installed and the upgrading 
area established a new monthly record for bitu-
men processed. 
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In the utilities urea, work continued on the 
rebuilding of the three main power boilers. 
This program will be completed in 1988. 

lavy Oil Production 

Suncor is the operator and 50 percent owner of an in 
situ steam heavy oil project near Fort Kent, Alberta. 
Suncor's share of Fort Kent production averaged 
1,516 barrels per day. 

A number of steps are being taken to increase Suncor's 
heavy oil production in the short term. A further 
14 wells are being drilled on the Fort Kent lease. 
Further development work is also planned for 1986 on 
an adjoining property (the Bonnyville project) in which 
Suncor obtained an interest in 1983. 

The most important development could be at Burnt 
Lake, Alberta where Suncor plans to construct a new 
steam stimulation project based on the Fort Kent 
model, which could ultimately produce 25,000 barrels 
per day. Regulatory approval has been received to 
develop the first phase consisting of 110 production 
wells and 10 delineation wells. 

OIL PRICE DROP AFFECTS CANADIAN 
COMPANIES AND PROJECTS 

With the drastic drop in world oil prices during early 
1986, Canadian heavy oils were at one point bringing 
well below $10 per barrel. As a result, a host of project 
deferrals, delays, and cutbacks have swept through the 
heavy oil and oil sands industry. 

Syncrude Canada Ltd. announced that although 1986 
operating and capital expenditures are expected to be 
over $1 billion they are now forecasted at 9 percent 
lower than in 1985. Each Syncrude department has 
begaun an "item-by-item" review to minimize expenses 
not essential for safe, reliable, and efficient operation. 
This program is expected to lower operating expenses 
by up to $100 million (up to $2.00 per barrel). 

In keeping with a $1.2 billion five year capital program, 
1986 capital spending of over $400 million had been 
anticipated. Construction schedules will now be 
extended, reducing 1986 capital expenditures by well 
over $100 million. 

The five year expansion program begun in 1983 was to 
bring an additional 30,000 barrels per day of production 
capacity to Syncrude's 128,000 barrels per day opera-
tion by the end of 1981. But the completion date now 
has been extended to the end of 1988. 

Low oil prices will also result in deferral of an on-
again, off-again C$4 billion expansion at Fort McMur-
ray, said to be under negotiation with federal and 
provincial officials. 

Suncor Inc. has announced a retrenchment program and 
will cut 490 workers from its 2,350 persons payroll over 
the next two years. It will cut its 1986 spending 
program of $300 million by 40 percent.

Esso Resources Canada Ltd. announced that it is delay-
ing plans to start phases 7 through 10 of its cold Lake 
cyclic steam project. None of Ease's active heavy oil 
projects are expected to be shut down, and the first six 
phases at Cold Lake will continue as planned. 

Texaco Canada Resources Ltd. has stopped a core 
drilling program at its Hanging Stone lease, in the Cold 
Lake area. 

Amoco Canada Petroleum Company, Ltd. has shut in a 
large number of production wells at the Elk Point Field 
near Edmonton. Elk Point is the site of Amoco's 
planned C$1.8 billion, three-phase commercial steam-
flood project. 

Dome Petroleum Ltd. has delayed the start of drilling 
at its planned C$1.2 billion cyclic steam project in the 
Primrose area. 

Canadian companies have been somewhat cushioned 
from the decline In world oil prices by a corresponding 
decline in the Canadian dollar relative to the United 
States dollar, in which oil prices are denominated. 

An analysis by Peters & Company Limited explored the 
effect that oil prices of US$15 per barrel would have on 
Canadian companies. They concluded that the inte-
grated oil companies will see profits decline to a 
smaller degree than producers as improved refining 
margins will help Husky, Imperial, Shell, and Texaco. 
Natural gas producers will see profits decline to a 
smaller extent than oil producers, benefitting Alberta 
Energy, Sceptre, and Shell. Heavy oil producers and 
Syncrude participants are expected to see profits fall 
faster than conventional oil producers, hurting Alberta 
Energy, Canadian Occidental, Husky,Imperial, and 
Murphy. Companies with relatively high debt loads will 
be adversely affected as their relatively high fixed 
costs will cause cash flow and earnings to be hit harder 
than other companies. Companies with balance sheet 
risk include Dome, Ocelot, Sulpetro, and to a lesser 
extent Canterra and Oakwood. 

Each company's 1985 cash flow was broken down into 
categories: natural gas, oil, and other (including sulfur, 
refining, and marketing, etc.). Netbacks were deter-
mined for oil and gas in 1986 and 1981 and the 
percentage change in those netbacks was applied to 
1985 cash flow levels. Anticipated production gains for 
1986 and 1987 were also considered. Interest costs 
were assumed constant. 

New oil netbacks fall to a greater extent than old oil 
netbacks when 1987 netbacks are compared to the 1985 
levels. If oil prices average US$15 in 1987, NORP 
netbacks would decline to $11.00 or 43 percent. A 
producer with 50 percent NORP and 50 percent old oil 
production would see netbacks decline to $10.30 or 
39 percent. 

Natural gas prices and netbacks are expected to deter-
iorate to a smaller extent than oil prices and netbacks. 
Below a US$17.50 oil price, natural gas prices will fall 
in conjunction with oil prices since gas most compete 
with residual fuel oil for the marginal industrial and 
electric utility markets in the United States. Average 
wellhead prices in 1987, at US$15, are competitive with 
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United States residual fuel oil. That is, all Canadian 
gas is assumed to be competing with the lowest value 
alternative fuel. 

Their analysis shows that total cash flow for Canadian 
companies would decline 26.1 percent in 1986 versus 
1985 if oil prices remained at US$15. 

In Table 1 all earnings per share for the integrated 
companies are shown before inventory writedowns. For 
Imperial Oil, at US$15, Cold Lake and Syncrude produc-
tion is not profitable, and will result in earnings de-
clines. Imperial's refining and marketing profits are 
expected to more than double in 1986 at US$15, from 
toe 1985 level of $93 million, offsetting to some extent 
losses from Syncrude and Cold Lake. 

Shell Canada is somewhat insulated from oil price 
erosion, as it derives a large portion of its resource 
income from sulfur and natural gas. Shell's earnings are
expected to decline to $0.93 per share in 1987 with oil 
at US$15 (compared to $1.35 in 1985) since average gas 
prices are expected to fall to $2.00 per thousand cubic

TABLE 1 

sFrEcr ON EARNINGS PER SHARE 
AND CASH FLOW PER SHARE FOR $15 OIL 

	

1985	 1988	 1987 
Company fl errs El's CflS El's Cfl5 

Aberford	 0.30
	

2.75
	

(0.34)	 1.59
	

(0.35)	 8.56 
Ali,erta Energy	 1.38

	
5.40
	

0.54	 3.73
	

0.29	 3.23 
Asamera	 0.80

	
3.47
	

0.38	 3.82
	

0.67	 3.20 
HP	 2.30

	
5.50
	

1.19	 4.39
	

1.05	 4.25 
Bow valley	 0.48

	
5.95
	

(0.51)	 3.97
	

(0.77)	 3.45 
Center"	 1.10

	
3.94
	

0.38	 3.38
	

0.20	 3.85 
Cda Northwest 	 2.18

	
3.87
	

1.84	 3.94	 1.64	 2.94 
Cdii Occidental 4.00

	
9.25
	

1.99	 7.24
	

1.88	 7.83 
Chieftain	 0.33

	
1.97
	

0.09	 1.49
	

(0.03)	 1.24 
Dome Canada	 0.50

	
8.80
	

0.38	 1.23
	

0.19	 1.88 
Dome Petroleum 0.10 	 1.85

	
(0.38)	 0.88

	
(0.44)	 0.76 

Husky	 8.38
	

3.41
	

0.89	 2.76
	

0.72	 2.80 
Imperial	 4.22

	
7.33
	

3.84	 6.15
	

3.58	 6.69 
Harland	 0.10

	
1.25
	

(0.80)	 0.85
	

(0.23)	 0.58 
Murphy	 8.68

	
5.00
	

0.54	 3.86
	

0.53	 3.85 
Noreen	 2.03

	
4.29
	

0.74	 3.00
	

0.66	 3.93 
Numac	 0.80

	
1.80
	

0.39	 0.97
	

0.38	 0.96 
Oakwood	 0.20

	
4.00
	

(1.28)	 1.04
	

(8.28)	 1.04 
Ocelot	 (3.00)

	
0.00
	

(3.67)	 (1.35) (4.01) (2.02) 
PanCanadlan	 2.6$

	
4.00
	

1.75	 3.10
	

8.87	 3.02 
Ranger	 0.35

	
1.33
	

(0.20)	 0.88
	

(0.89)	 0.89 
Sceptre	 0.20

	
1.85
	

(0.16)	 8.13
	

(0.23)	 0.99 
Shell	 1.35

	
5.38
	

0.80	 4.83.	 0.93	 4.96 
Sulpetro	 (3.00)

	
(1.00)
	

(3.53)	 (2.06) (3.71) (2.41) 
Texaco	 3.02

	
4.81
	

1.80	 3.60
	

8.92	 3.78 
Total	 4.08

	
81.56
	

3.38	 80.85
	

3.33	 10.80 
Watn,hn	 0.40

	
2.25
	

0.02	 1.49
	

(0.03)	 1.40 

feet. Shell benefits to a greater degree than the other 
integrated companies from improved refining and mar-
keting margins. Compared to 1985, Shell shows sub-
stantially less downside risk in earnings than Husky and 
Texaco, but also had the lowest return on equity in 1985 
in the group. 

Texaco Canada earnings were $3.02 per share in 1985, 
and are expected to decline to $1.80 in 1986, if oil 
stabilizes at US$15. Texaco is almost a pure oil 
producer, but win benefit from improved R & D mar-
gins. 

Husky's earnings are expected to fall to $0.69 in 1986 if 
oil prices average US$15 in 1986. If 10 percent of 
heavy oil production was shut-in, Husky's 1986 earnings

per share at US$15 could fall to $0.50. Husky would see 
improving R & M margins, but not to the same extent 
as the other refiners, who operate primarily in eastern 
Canada. 

Alberta Energy and Canadian Occidental would be part-
icularly hard hit by US$15 oil, through their exposure to 
Syncrude. Cash operating costs (including royalty and 
PORT) are in the $21 to $23 range. Imperial has 
25 percent of Syncrude, and at US$15, cash costs are 
covered, but earnings will be negatively impacted. 

Companies with large debt loads will see cash flow and 
,earnings deteriorate more rapidly than other companies 
since their fixed costs are higher. At US$15, it is 
unlikely that Ocelot and Sulpetro could make principal 
repayments. Dome should be able to meet interest 
payments if interest rates remain unchanged in 1996 
versus 1985.	 # 
HUSKY CONTINUED TO ENLARGE HEAVY OIL 
COMMITMENTS IN 1985 

In its 1985 Annual Report, Husky Oil noted that 1985 
was a year of progress for Husky's Heavy Oil Division in 
continuing the company's commitment to heavy oil 
development in western Canada. The Heavy Oil Divi-
sion contributed over $303 million, or 58 percent of 
total corporate gross profit in 1985. 

Heavy oil exploration drilling activity continued at a 
high level with 54 gross (44.1 net) wells drilled. Exten-
sive seismic activity covering approximately 390 kilo-
meters was concentrated primarily on newly acquired 
lands in the Lindberg and Cold Lake areas of Alberta, 
and in the Beacon Hill area of Saskatchewan. 

Heavy oil exploration capital expenditures increased to 
$21.4 million in 1985 from $12.1 million in 1984. An 
exploration program consisting of over 300kilometers 
of seismic and the drilling of 85 wells over a three year 
period is to be initiated in early 1986 on the Caribou 
Lake block in the Primrose Lake area. 

Husky and AEC Oil and Gas Company, a subsidiary of 
Alberta Energy Company Ltd., have reached an agree-
ment to explore and develop the oil and gas potential on 
the Caribou Lake block. Husky will be the operator of 
the exploration program, which will include anticipated 
future enhanced oil recovery pilot and commercial 
scale oil sands activities. 

Capital expenditures for Husky's heavy oil development 
drilling and facilities increased to $59.9 million in 1985 
from $39.7 million in 1984. 

Husky participated in 452 gross (419.3 net) development 
and enhanced oil recovery wells in 1985. 
Approximately two-thirds of the development drilling 
was in Saskatchewan, primarily in the Tangleflags, 
Celtic, Edam, and Rush Lake areas. The remaining 
development drilling was in the Wainwright to 
Lindbergh areas of Alberta. 

Capital expenditures for enhanced oil recovery projects 
in 1985 were $37.1 million compared to $20.9 million in 
1984. Six experimental enhanced oil recovery pilots, 
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tour in Saskatchewan and two In Alberta, were in active 
operation at the end of 1985. Cyclic steam testing is 
also In progress in the Westhazel area of Saskatchewan 
and in the Lindbergh and Cold Lake areas of Alberta. 

Air Injection In the three pattern fireflood pilot in the 
Tanglef lags OP pool in Saskatchewan commenced in 
February 1985. The Golden Lake Sparky Fireflood was 
expanded during 1985 by the addition of five patterns 
comprising approximately 280 acres. 

The Aberfeldy Steamflood pilot was expanded with the 
addition of 15 producing oil wells and five steam 
injection wells. Engineering studies in progress during 
1985 were directed toward a possible commercial 
steamflood development in the Aberfeldy area. The 
Pikes Peak Cyclic Steam project was expanded in 1985 
to total 79 producing/potential oil wells. Wells in the 
northern area of the Tucker Lake Cyclic Steam pilot 
continue to exhibit good production response. Four 
wells were drilled in this pilot during 1985, and plans 
for 1986 include the drilling of 11 wells from a common 
pad in the north pilot area. Additional enhanced oil 
recovery pilot activity was in progress at the Morgan 
pilot where five wells were under cyclic steam stimula-
tion. 

Late in 1985 the Chinese National Technical Import 
Corporation selected Husky from an international field 
to provide geological and engineering expertise for the 
exploitation of heavy oil by thermal enhanced oil re-
covery methods. Work on this project is scheduled to 
start In early 1986 and will be undertaken in Husky's 
Calgary office, with on-site visits as required to the 
Karamay area located in Xinjiang Province in the 
northwest region of the People's Republic of China. 

Total gross production of heavy crude oil during 1985 
averaged 34,314 barrels per day, an increase of 9 per-
cent or 2,789 barrels per day compared to 1984. 
Husky's enhanced oil recovery projects contributed 
7,122 barrels per day to the 1985 gross heavy oil 
production compared to 7,050 barrels per day in 1984. 

BI-Provincial Project 

The Company continues to participate in discussions 
with the governments of Canada, Alberta, and Saskat-
chewan regarding the fiscal and financial arrangements 
for the Ri-Provincial Project pursuant to the agreement 
executed by these parties on June 6, 1984. As of 
December 31, 1985 the Company had invested 
$51.6 million in the planning for and design of the 
upgrader plant pursuant to this agreement. In addition, 
the Company has made investments in the development 
of heavy oil properties for feedstock for the upgrader 
plant. The Ri-Provincial project is an integrated heavy 
oil production and upgrading project including a heavy 
oil upgrading plant plus field development to provide 
required feedstock. (More recent information regarding 
the project is summarized in the Project Activities 
section in this issue.)

GULP CANADA COMPLETES MAJOR 
ORGANIZATION CHANCES IN 1985/1986 

Gulf's Annual Report notes that it is undoubtedly an 
understatement to describe 1985 as an "eventful" year 
for Gulf Canada; a new majority owner, a major acquis-
ition, the sale of key assets, formation of a partnership, 
and significant changes by governments to energy poli-
cies and pricing. Then, early in 1986, all these events 
were capped by a formal restructuring of the Corpora-
tion. 

The first major event of 1985 was the August 2 acquisi-
tion, by Olympia & York, of Chevron Corporation's 
interest In Gulf Canada Limited. Olympia & York 
acquired 60.2 percent of Gulf Canada Limited common 
shares. 

The acquisition resulted in the Canadianization of the 
Corporation bringing an immediate benefit in the form 
of maximum Petroleum Incentive Program grants, and 
it will help with future frontier farm-ins and develop-
ment projects. 

Gulf made a major acquisition in 1985, obtaining 
90 percent of Abitibi-Price Inc. Abitibi-Price is an 
integrated forest products firm and the world's largest 
producer of newsprint. 

Gulf also arranged the sale of most of its downstream 
assets in 1985. Marketing and refining assets west of 
Quebec, excluding the Edmonton refinery and Superior 
Propane, were sold to Petro-Canada Inc. The Quebec 
and Atlantic operations were sold on January 1, 1986 to 
Ultramar Canada Inc. The Edmonton refinery and 
Superior Propane will be sold later this year. 

In August, Gulf entered into a partnership arrangement 
with Noreen Energy Resources Limited. Noreen with-
drew March 1, 1986 and the partnership was dissolved 
March 3. 

Early in 1936, Gulf shareholders approved a reorgaiza-
tion of Gulf Canada Limited into Gulf Canada Corpora-
tion, a Canadian resource company with headquarters in 
Calgary, Alberta. 

As part of the arrangement, minority shareholders had 
the opportunity to exchange their Gulf Canada Limited 
shares for cash and subordinated debentures. This 
resulted in the increase of Olympia & York's interest in 
Gulf Canada to 80 percent. 

Although the Research and Development Centre at 
Sheridan Park, Ontario was part of the sale of assets to 
Petro-Canada, Gulf's Donor Refined Bitumen Process 
for upgrading heavy oil reached the large-scale demon-
stration phase. A 400 barrels per day demonstration 
program was approved for implementation at an exist-
ing facility in France. 

A decline of 16 percent in conventional crude oil sales 
was partially offset by increased synthetic crude oil 
deliveries from the Syncrude plant. Improvements to 
debottleneck the production process and improved plant 
reliability resulted in record production levels. Gulf's 
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share of production from Syncrude was 11,395 barrels 
per day, up 46 percent over 1984. 

Production of heavy oil was virtually unchanged from 
1984, at 5,160 barrels per day. In addition to produc-
tion from Saskatchewan the heavy oil total includes 
production of 748 barrels per day from Gulf's Pelican 
Lake in situ fireflood project in the Wabasca oil sands 
deposit of northeastern Alberta. 

In Saskatchewan, drilling added 4.4 million barrels of 
established reserves of heavy oil, including 3.8 million 
barrels in the West Edam and Rush Lake areas. 

Gulf also has been active in the preliminary assessment 
of several long-range mineable oil sands projects, some 
of which could be brought on stream in the 1990s. Gulf 
has a 20 percent interest in the Other Six Leases 
Operating Agreement leases in the Athabasca deposit in 
northeastern Alberta and is also carrying out resource 
assessment and feasibility studies as operator of the 
Sandalta lease. 

ALBERTA ENERGY COMPANY REPORTS DIVERS!-
PIED HEAVY OIL AND OIL SANDS INTERESTS 

Alberta Energy Company Ltd.'s 1985 Annual Report 
highlights the company's diversified involvement in 
heavy oil and oil sands. 

In Situ Heavy Oil 

The company is actively involved with in situ projects 
at both Primrose and Suffield. Exploration to date on 
the Primrose Range has found very large quantities of 
heavy oil; the company's share is approximately 
14.5 billion barrels o fheavy oil in place. 

Primrose 

Continued drilling activity on the Primrose Range since 
1978 and the success of recent pilot operations has led 
to the initiation of commercial projects in the Burnt 
Lake region. 

The 25,000 barrels per day Burnt Lake Thermal Project 
operated by Suncor Inc. is in the early stages. Plans 
call for the project to be constructed in four phases, 
each with a daily output of 6,250 barrels. Alberta 
Energy may elect a 25 percent working interest, a net 
profits interest, or a combination of working interest 
and net profits interest. 

Governmental authorization also was received for the 
25,000 barrels per day Primrose Commercial Project 
operated by Dome Petroleum Limited. Alberta Energy 
has the same participation rights as in the Burnt Lake 
Thermal Project. 

Alberta Energy expects that the development rate of 
these two substantial heavy oil projects will continue to 
be reviewed in light of oil pricing trends. 

In the 400 square miles Caribou Lake region, Alberta 
Energy is participating in a $24 million joint-venture

exploration program with Husky Oil Operations Ltd. A 
210 miles seismic program is under way, and drilling has 
commenced. Alberta Energy and Husky are planning a 
multi-year, 85 well exploration program. If potentially 
commercial heavy oil sands deposits are identified, the 
companies will conduct a $20 million pilot project. 

In the Ipiatik Lake region the company has a 60 percent 
working interest in a steam recovery pilot, now in its 
second year of operation. The original wells are 
currently in the third cycle of "huff-and-puff" steam 
injection and production. The commercial application 
of conventional "huff-and-puff" technology in this area 
has not yet been confirmed, and three wells recently 
have been added to the project in order to test new 
techniques. To the south of the main pilot plant, two 
single-well steam tests are under way to evaluate the 
potential of heavy oil bearing formations below the one 
being tested at the main pilot site. 
Suf field 

Participants in the Suffield heavy oil in situ combustion 
project have agreed to extend operations beyond the 
original project life. Results continue to indicate that 
the technology is applicable to this area and that 
further experimentation is warranted. The largest 
heavy oil pool in Suffield contains 76 million barrels of 
oil in place, and in situ methods are being tested there. 

Sync rude 

For Syncrude, 1985 was the most profitable and produc-
tive year since production commenced in 1978. Alberta 
Energy's 10 percent ownership of Syncrude's remaining 
proven synthetic oil reserves is estimated to be 
119 million barrels. 

Syncrude's cash operating costs, which exclude interest 
on investment, depreciation, corporate tax, Petroleum 
Gas Revenue Tax, and Crown payments, declined to 
$17.74 (US$12.50) per barrel. 

In addition to owning 10 percent of Syncrude, Alberta 
Energy retains an average 7 percent gross overriding 
royalty on an additional 10 percent of production. 

AEC Power Ltd. 

Through AEC Power Ltd., Alberta Energy holds a two-
thirds interest in the $293 million power plant which 
supplies the utilities for Syncrude. 

Alberta Oil Sands Pipeline 

Alberta Oil Sands Pipeline Ltd., a wholly-owned subsi-
diary of Alberta Energy, owns and operates the 
270 mile pipeline from the Syncrude plant at Fort 
McMurray to Edmonton. All of the synthetic crude oil 
manufactured by Syncrude is transported by this faci-
lity. The oil is delivered to Edmonton area refineries 
and inlets of other pipelines. 

During the year, the averge daily throughput of synthe-
tic crude oil rose to record levels of 127,500 barrels per 
day. 
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An expansion was completed which will increase the 
throughput capacity of the pipeline from 163,500 bar-
rels per day to 187,000 barrels per day to enable 
additional synthetic crude oil resulting from Syncrude 
production improvements to be shipped to market. 

Cold Lake Ueavy Oil Pipeline 

A major $100 million expansion to the Cold Lake heavy 
oil pipeline was completed to provide additional capac-
ity for heavy oil blend from the Cold Lake region. The 
average throughput increased from 25,300 barrels per 
day In 1984 to 44,200 barrels per day in 1985. 

The original 145 miles dual pipeline system was expand-
ed by adding a 24 inch heavy oil/condensate blend 
pipeline from Cold Lake to Edmonton which became 
operational In April.

The original 12 inch heavy oil blend pipeline was con-
verted to a diluent pipeline for the transport of large 
volumes of condensate from Edmonton to Cold Lake 
where it is mixed with the heavy oil to produce the 
blend. The present system has a capacity of approxi-
mately 100,000 barrels per day of blend and can be 
readily expanded to 300,000 barrels per day. Some of 
this expansion will provide for commercial heavy oil 
development on the Primrose Range. 

Lateral pipelines also were constructed to connect 
expanded heavy oil production facilities in the original 
Cold Lake development as well as the plant of a new 
producer at Wolf Lake. 
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GOVERNMENT 

BLM ISSUES FINAL RULES ON PAYING QUANTITIES 
AND DILIGENT DEVELOPMENT 

By notice in the Federal Register on March 3, 1986, the 
United States Bureau of Land Management (BLM) pro-
mulgated final rules which provide definitions and pro-
cedures for meeting the "production in paying quanti-
ties" and "diligent development" requirements for tar 
sand resources under combined hydrocarbon leases. 

Comments 

The proposed definitions were first issued on Jan-
uary 10, 1985 with a 60 day Comment period. Five 
written comments were received, and some modifica-
tions were made in response to those comments. A 
summary of those comments and BLM's responses fol-
low. 

Section 3142.1 
PW&ej!t IeVelgPment 

Several comments questioned whether the diligent 
development portion of the proposed rulemaking would 
be equally applicable to competitively obtained leases 
and to conversion leases. The diligent development 
requirements will be equally applicable to both compe-
titive and conversion leases. 

Under the Mineral Leasing Act a combined hydrocarbon 
lease, whether issued as a conversion or competitive 
tease, has a primary term of ten years and for so long 
thereafter as oil or gas is produced in paying quantities. 
In the event a lease fails to meet the requirement for 
production in paying quantities on a tar sand lease, the 
final rulemaking provides that the lessee will, if he/she 
has met the diligent development requirements for a 
tar sand lease, receive a suspension of production. This 
suspension will allow lessees to refine their technology 
after the end of the primary term without lease expira-
tion. The department believes this benefit should be 
available to all combined hydrocarbon leases, no matter 
how issued, and therefore, will apply this diligent 
development requirement to both converted and compe-
titive combined hydrocarbon leases. 

The penalty for failure to meet the diligent develop-
ment obligation is lease expiration—either at the end 
of the primary term for failure to produce in paying 
quantities or during the extended term for failure to 
produce or to receive a lease suspension. The Depart-
ment of the Interior may take certain actions to 
enforce this remedy, such as refusal to approve a 
supplement to an approved plan of operations which 
would authorize drilling or mining activity on the lease 
if the diligent development requirements have not been 
met. In the event a combined hydrocarbon lease is 
producing, or has a well capable of producing oil or gas 
in paying quantities by conventional methods, the de-
partment's remedy would be lease cancellation. Before 
pursuing such a drastic remedy, the department would 
give considerable weight to the existence of production

from the lease prior to conversion and to the lessee's 
justification of why the diligent development require-
ments were not met. 

A final comment on this section expressed the view 
that the proposed rulemaking was confusing as to the 
interrelationship between the requirements for pro-
duction in paying quantities and the requirement for 
diligent development of a lease. The final rulemaking 
has adopted an amendment as paragraph (c) that clari-
fies that a lessee will have met the requirement for 
diligent development if that lessee has achieved pro-
duction in paying quantities by the end of the primary 
term of the lease. This new provision will be applicable 
only on leases where tar sand is developed by unconven-
tional methods. 

Section 3142.2-1 
Minimum Production Schedule 

One comment suggested that this section of the pro-
posed rulemaking would provide an incentive to a lessee 
to purposely understate the recoverable tar sand 
reserve estimate. Then he/she could avoid or reduce 
the payment of advance royalties. 

It was the intent of the Department of the Interior to 
allow the authorized officer to use other data to judge 
the adequancy of the estimates provided by the lessee. 
This is evidenced by the provision providing a two-year 
period between the submission of data by the lessee and 
the initiation of the minimum production schedule. The 
final rulemaking has also been changed to clarify that 
the minimum production amount is established under 
the lease, rather than set out in the lease, and that the 
minimum production schedule will be part of the plan of 
operations. 

Section 3142.2-2 
Advance Royalties in 
Lieu of Production 

As the result of a comment on this section paragraphs 
(') and (c) were added to the final rulemaking. These 
paragraphs clarify the conditions under which a lessee: 
(1) may request a suspension of production and pay 
advance royalty in lieu of production; and (2) will pay 
advance royalty because of a failure to produce in an 
amount sufficient to meet the minimum production 
schedule for that year. 

Due to comments on the legality of allowing payment 
of advance royalty in lieu of production after the 
primary term of the lease expires, the final rulemaking 
provides for a suspension of production upon payment of 
advance royalty. The Mineral Leasing Act provides 
that no lease shall expire while production is suspended. 
After studying this issue, the Office of the Solicitor, 
Department of the Interior, concluded that the Bureau 
of Land Management may establish appropriate criteria 
for granting a suspension. A suspension of production 
does not prevent the lessee from operating on the lease, 
including the removal of minimal quantities of the tar 
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sand resource needed for testing oil recovery techno-
logy. 

While this final rulemaking Is applicable to any com-
bined hydrocarbon lease, It presently is specifically 
applicable only to the eight combined hydrocarbon 
leases that are in existence as a result of approval by 
the Secretary of the Interior under the terms of the 
Combined Hydrocarbon Leasing Act of 1991. 

The specific text of the final rules is given in the 
following. 

Section 3142.0-5-Definitions 

As used in Part 3140 of this title, the term "production 
in paying quantities" means: (a) production, in com-
pliance with an approved plan of operations and by non- 
conventional methods, of oil and gas which can be 
marketed: or (b) production of oil or gas by conven-
tional methods as the term is currently used in 
Part 3160 of this title. 

Section 3L4.!4 Dil4gn DeveloQmcnt 

A lessee shall have met his/her diligent develoment 
obligation if: 

• The lessee Is conducting activity on the lease in 
accordance with an approved plan of operation: 
and 

• The lessee files with the authorized officer, not 
later than the end of the eighth lease year, a 
supplement to the approved plan of operations 
which shall include the estimated recoverable 
tar sand reserve and a detailed development 
plan for the next stage of operations: 

• The lessee has achieved production In paying 
quantities, as that term is defined In Section 
3142.0-5 (a) of this title, by the end of the 
primary term: and 

• The lessee annually produces the minimum 
amount of tar sand established by the author-
ized officer under the lease in the minimum 
production schedule which shall be made part of 
the plan of operations or pays annually advance 
royalty in lieu of this minimum production. 

Section 3142.2 
Minimum Production Levels 

Section 3142.2-1 
Minimum Production Schedule 

Upon receipt of the supplement to the plan of opera-
tions described in 3142.1 (b) of this title, the authorized 
officer shall examine the information furnished by the 
lessee and determine if the estimate of the recoverable 
tar sand reserves is adequate and reasonable. In making 
this determination, the authorized officer may request, 
and the lessee shall furnish, any information that is the 
basis of the lessee's estimate of the recoverable tar 
sand reserves. As part of the authorized officer's

determination that the estimate of the recoverable tar 
sand reserves is adequate and reasonable, he/she may 
consider, but is not limited to, the following: ore grade, 
strip ratio, vertical and horizontal continuity, extrac-
tion process recoverability, and proven or unproven 
status of extraction technology, terrain, environmental 
mitigation factors, marketability of products and capi-
tal operations costs. The authorized officer shall then 
establish as soon as possible, but prior to the beginning 
of the eleventh year, based on the estimate of the 
recoverable tar sand reserves, a minimum annual tar 
sand production schedule for the lease or unit opera-
tions which shall start in the eleventh year of the lease. 
This minimum production level shall escalate in equal 
annual increments to a maximum of 1 percent of the 
estimated recoverable tar sand reserves in the twent-
ieth year of the lease and remain at 1 percent each 
year thereafter. 

Section 3142.2-2 
Advance Royalities in 
Lieu of Production 

a. Failure to meet the minimum annual tar sand 
production schedule level in any year shall result 
in the assessment of an advance royalty in lieu of 
production which shall be credited to future pro-
duction royalty assessments applicable to the 
lease or unit. 	 - 

b. If there is no production during the lease year, 
and the lessee has reason to believe that there 
shall be no produeiton during the remainder of the 
lease year, the lessee shall submit to the author-
ized officer a request for suspension of production 
at least 90 days prior to the end of that lease year 
and a payment sufficient to cover any advance 
royalty due and owing as a result of the failure to 
produce. Upon receipt of the request for suspen-
sion of production and the accompanying pay-
ment, the authorized officer shall approve a sus-
pension of production for that lease year and the 
lease shall not expire during that year for lack of 
production. 

If there is production on the lease or unit during 
the lease year, but such production fails to meet 
the minimum production schedule required by the 
plan of operations for that lease or unit, the 
lessee shall pay an advance royalty within 60 days 
of the end of the lease year in an amount suffi-
cient to cover the differnece between such actual 
production and the production schedule required 
by the plan of operations for that lease or unit 
and the authorized officer shall direct a suspen-
sion of production for those periods during which 
no production occurred. 

Section 3142.3 

Failure of the lessee to pay advance royalty within the 
time prescribed by the authorized officer, or failure of 
the lessee to comply with any other provisions of this 
subpart following the end of the primary term of the 
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lease, shall result in the automatic expiraton of the 
lease as of the first of the month following notice to 
the lessee of its failure to comply. The lessee shall 
remain subject to the requirement of applicable laws, 
regulations and lease terms which have not been met at 
the expiration of the lease. 

ALBERTA GOVERNMENT AIDS 
OIL SANDS PROJECTS 

Two significant measures to assist the province's oil 
sands industry were announced by Alberta Premier Don 
Getty on April 28, 1986. 

An $85 million interest free loan was granted to the 
owners of the Syncrude Project to allow continuation of 
the basic engineering and planning for a major expan-
sion of the Syncrude Project despite the crude oil price 
uncertainty. About 75 percent of the $85 million will 
go to the contractors doing the majority of the engi-
neering work which is to be completed toward the end 
of 1988. If the $4.5 billion expansion is undertaken it 
could be completed by 1993 and would increase produc-
tion from the Syncrude Project by 60,000 barrels per 
day (from the current 140,000 barrels per day). 

A second measure by Alberta adjusted royalties paid by 
Suncor on the production from its oil sands plant at 
Fort McMurray. Currently Suncor pays an average 
royalty of approximately 12 percent based on produc-
tion volumes. It will now be adjusted to 1 percent for 
the period April 1 to December 31, 1986 providing 
$23 trillion of assistance to Suncor.

3-13	 SYNTHETIC FUELS REPORT, JUNE 1986



ENERGY POLICY & FORECASTS 

CANADIAN TAR SANDS PREDICTED TO DOUBLE, 
BUT LITTLE UNITED STATES OUTPUT IN 
FIFTEEN YEARS 

L. M. Woods, former Executive Vice President of Mobil 
Oil Corporation, speaking at the 13th Energy Techno-
logy Conference, suggested that there would be few tar 
sands developments in the United States during the next 
15 years. He emphasized how little is known about the 
United States tar sands resource and potential applica-
tion. Part of the reason so little Is known is that the 
technology and markets for heavy oil production have 
long been understood and economic; there was no need 
to go to even harder-to-produce tar sand resources. 
But also, part of the reason for the current lack of 
knowledge lies in the perception and expectation of 
Investors. 

It was 8 years ago that Congress mandated a synthetic 
fuels goal of 500,000 barrels per day by 1985 and 
2 million barrels per day by 1990. Little has been 
accomplished even though 15 years ago about 25 per-
cent of the nation's oil requirements were imported; 
and today the figure is 37 percent. Today United States 
crude oil production is about 10 percent lower, despite 
the opening of Alaska's vast resources in the interim. 

Woods states that despite the turbulence of the last 
fifteen years, we have added substantially to our know-
ledge of alternate fuel resources, technology, econo-
mics, and environmental impact. However, we do not 
know enough yet to sufficiently shorten the lead-time 
from market-signal to large-scale commercial produc-
tion. 

He believes that the synfuels industry will be market 
driven as opposed to technology driven. In some 
industries, such as computers, a technological break-
through develops its own market. There are no pro-
spects of big breakthroughs for synfuels, there is only 
the prospect of continued evolution and evaluation to 
optimize technology. And the market will determine 
what technology is required. 

Eventually, the United States crude oil resource, and 
indeed the world's, will approach depletion. And that is 
why tar sands, shale oil and/or coal liquefication will 
have to fill the gap. In the real world, things do not 
work out as neatly as they do in scenarios. We know 
that each year new reserves are more elusive and more 
expensive to find. We know that the proved reserve 
figures have been declining in the United States for the 
past fifteen years, despite additions and new discover-
ies. We know that there is a high possibility that 
United States crude oil production will decline from 
here on out. We know that OPEC's capacity will be 
more fully utilized five years from now and much more 
so ten years from now. 

What we do not know, however, is equally important in 
planning private investment and government policy. 
And we do not know how to project the short-term 
price of oil with any accuracy at all.

Woods points out that a 1 percent change In the growth 
rate of world energy demand would equate to 5 million 
barrels per day of oil equivalent by 1990 and over 
15 million barrels per day by 2000. Thus, a 1 percent 
shift can mean S to 10 years movement in the date at 
which alternative energy begins to be justified in the 
marketplace. 

Based on major long-term forces, he believes that 
alternative energy supplies will begin to find their place 
in the sun in the late 1990s. Small variations In these 
factors can speed up or slow down the beginning of a 
commercial alternate energy industry by five or more 
years. 

Woods then recites the obvious: to date, synthetic fuels 
have proved a rotten investment; any payout is too 
distant and too uncertain. Yet, when the market 
tightens the almost instant production of meaningful 
quantities of alternate energy will be demanded politi-
cally. Thus the reduction of lead-times should be the 
one great objective of long-term national energy policy. 

Any reduction in lead-time will require the acquisition 
of new knowledge. For synfuels It & D, there no longer 
appears to be a prospect for high-risk, big-payoff 
breakthroughs. An evolutionary mode of research is 
required to set the stage for a successful transition to 
the fuels of the future. The risks will remain too large 
and the payoffs too distant for decisions, by the private 
or public sectors, to commit huge sums to capacity 
until the research and development phase has matured. 
The research investment does not appear attractive to 
the private sector because the lead-times are abnor-
mally long. 

Thus the government must play an important role, and 
every avenue to new energy supplies must be thoroughly 
explored. 

But if government develops capacity too soon, then 
resources and talent will be wasted. Woods believes the 
It & 0 phase may even require the development and 
construction of a number of alternative full-scale pro-
duction modules. That would be appropriate as long as 
it did not abort the development of other technologies 
and was necessary to provide answers for investment 
decisions. 

His presentation emphasized variety and alternatives of 
approach. Tar sands are an excellent example of the 
reason for that emphasis. Each United States tar sand 
deposit seems to have some unique characteristics and, 
even within a given deposit, different mining and ex-
traction technologies may be appropriate for its differ-
ent parts, each involving its own set of environmental 
constraints and product quality differences. 

It may well be that some United States tar sand 
deposits ultimately will yield oil supplies at costs lower 
than those for oil from shale or liquids from coal or 
imported oil. But, it is not possible to simply general-
ize from the Canadian experience and scope the dimen-
sions of a United States tar sands production, logistic 
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and marketing system. United States tar sands deposits 
are physically not the same as those in Canada. The 
logistics are different.

Another host of issues surrounds the upgrading which 
may or may not be required to produce a product 
transportable to and usable by refineries. 

Over 500 tar sands occurrences have been found in the 
United States so far. Resource estimates have been 
developed for only a very few. Based on these limited 
data, only a handful may be capable of supporting a 
moderate-size recovery facility of about 10,000 barrels 
per day, half a dozen might support a 50,000 barrels per 
day facility. But most of the larger ones are encumb-
ered by the proximity of state and national parks, 
monuments and roadless areas and Indian reservations. 
Obviously, a great deal more must be known about the 
size and distribution of these resources. 

Tar sands are referred to as resource since there is not 
enough information to even categorize tar sands depo-
sits as speculative recoverable reserves. To speak of 
reserves, we must know much more about costs and 
availability. Reserves require an economic definition 
and resources only a geologic one. 

While much is known about the economics of removing 
200 feet of overburden, many ideas will have to be 
tested for deep deposits of 700 feet or more down. 
Deposits of middle depth, say 300 to 700 feet are in a 
seeming no-man's land for technology. Some of Utah's 
deposits incline so steeply that they fall into three 
depth categories. 

Extraction of hydrocarbon from the tar sands presents 
another host of questions that must be resolved; techni-
cal problems very different in Utah than in Canada.

Approaching closer to the market, many other issues 
have to be resolved in order to determine the potential 
for types and quality of refinery feed. These are not 
just questions of technology and economics, the answers 
will also require detailed logistical, reifnery processing 
studies, and product market research. 

Whatever the route chosen through upgrading, tar sands 
will yield a lot of heavy products. For these heavy 
products, the market is limited by competition with the 
heavy crude oils of California and the bitumen from the 
Canadian tar sands. In that competition, the availabi-
lity of refinery capacity and environmental determi-
nants of product quality are critical. 

In conclusion, Woods stated that he did not foresee any 
significant use of United States tar sand in the next 
15 years. But Canada's production could double be-
tween 1990 and 2000. Heavy oil production in the 
United States should be able to hold near to current 
levels, and Canadian heavy oil could expand dramatical-
ly in the next decade and a half if separate upgraders 
are built or if refinery investments are made to process 
larger quantities. 
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ECONOMICS 

COAL AND COKE FOUND TO BE ECONOMICAL 
FOR STEAM GENERATION IN ALBERTA 

A report by L. A. Smith Consulting and Development 
Ltd. compares the cost of generating steam for in situ 
heavy oil and bitumen recovery using coal, coke, and 
natural gas. 

In 1979, Ease Resources Canada Limited filed the initial 
application for the Cold Lake steam injection oil recov-
ery and heavy oil upgrader project. At that time the 
Alberta Energy Resources Conservation Board at-
tempted to maintain a general policy of using coal 
rather than natural gas as energy for future steam 
generation. However, the Board permitted Esso to use 
natural gas rather than coal as primary of fsite fuel 
after the offslte fuel demand projections had been 
reduced to less than 400 kilotonnes per year. Now all 
projects smaller than Ease Cold Lake are free to pursue 
natural gas. 

The objectof the L. A. Smith study was to re-examine 
the capital and operating costs associated with alterna-
tive steam raising fuels at anticipated scales of opera-
tion and at different producing locations within 
Alberta. 

In assessing the potential scale of fuel demand, the 
potential production levels of heavy oil and bitumen 
were estimated as in Table 1. 

TABLE 1 

PRODUCTION POTENTIAL OF HEAVY OIL 
AND OIL SANDS AREAS

ALBERTA IN SIT  PROJECTS
(Cubic Meters Per Day) 

No. of	 Production Level 
Corn-	 Additional 

Area	 panies Current Planned Possible Total 

Athabasca	 3	 160	 1,640	 5,600	 7,400 
Cold Lake	 13	 1,675 32,760 10,365 50,800 
Lindbergh/	 5	 600 10,700	 6,400 17,700

Lloyd 
Peace River	 2	 160	 6,240	 1,600	 8,000 

Total	 23	 8,595 51,340 23,965 83,900 

The economics of steam production was examined for 
two sites in Athabasca and one each in Cold Lake, 
Lindbergh, and Peace River. 

The major fuels considered were: 

Natural Gas-Priced at $2.51 per gigajoule ($2.65 per 
thousand cubic feet), natural gas is the current fuel of 
choice, with adequate supply, convenience, and proven

technology. The negative aspects are high opportunity 
cost and regulatory uncertainty. 

Petroleum Coke-Petroleum coke is available in Fort 
McMurray and (possibly) Lloydminster. The present 
demand is less than supply, but stockpiles are not 
adequate for more than a few major projects. Can be 
used in fluidized bed combustion steam generators. 

Coal-Coal is very abundant in the Alberta Plains. The 
coal is subbituminous in rank and can be open pit mined. 
The coal has a heat content of about 18 to 20 mega-
joules per kilogram and a low sulfur content of 0.3 to 
0.5 percent. The active mines produced 18.2 mega-
tonnes in 1984 and sold nearly all production to local 
power plants. The mine site cost of this coal is about 
$0.60 per gigajoule, based on a strip ratio of 7 bank 
cubic meters per tonne raw coal. Economic studies 
indicate that for any potential demand site, several 
coal deposits will be able to compete for supply of fuel. 

Transportation 

The study assumes that the base purchase price of 
natural gas includes delivery to the lease boundary. 

Three methods of transportation of coal are considered: 
trucking, rail and slurry pipeline. Coke would only be 
moved by rail or by truck. 

Truck transport costs for tonnages of less than 
0.5 megatonnes per year are about $0.06 to $0.063 per 
tonne-kilometer. 

Rail haulage, by car lot for tonnages less than 
0.5 megatonnes per year, and unit trains for rates over 
0.5 megatonnes per year includes required price modif i-
cations to cover the upgrading of some rail lines and 
new rail additions to some demand sites and specific 
coal deposits. The summarized rates used are given in 
Table 2.

TABLE 2

RAIL RATES - SOLID FUELS 

Annual Solid	 Lindberg & Cold Lake & 
Mode	 Fuel Demand Peace River Athabasca 

(K Llotonnes) ($/tonne-km) ($/tonne-km) 

Car Lot	 100 0.0607 0.0657 
200 0.0515 0.0565 
300 0.0458 0.0508 
400 0.0423 0.0473 
500 0.0402 0.0452 

Unit Train	 500 0.0310 0.0360 
600 0.0289 0.0339 
800 0.0260 0.0310 

1,000 0.0242 0.0292 
1,500 0.0221 0.0271
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Slurry pipeline transport of coal was coated at various
	 TABLE 4 

tonages. The resultant rates shown in Table 3.

STEAM COST CROSS-OVER POINTS 

Annual 
Throughput	 Cost 

(K ilotonnes/Year)	 ($/tonne-km) 

TABLE 3

SLURRY PIPELINE RATES 

360-450	 0.1197 
470-600	 0.0857 
720-900	 0.0616 
950-1,200	 0.0493

Coal	 Coke 

	

Pro-	 Pro-

	

duction	 Fuel	 duction	 Fuel 
level Consumed	 level Consumed 

	

(m 3 Id)	 (Ic t/yr)	 (m3/d)	 (Ic t/yr) 

Lindbergh	 3,902	 730	 2,765	 317 
Cold Lake	 5,520	 824	 4,800	 446 
Peace River	 4,800	 1,104	 6,400	 - 
Athabasca: 

Central	 4,200	 1,194	 1,733	 239 
Northern	 6,344	 1,518	 1,673	 231 

Comparative Economics 

The study focuses on the improvement (or deteriora-
tion) in project economics realized by using fuels other 
than natural gas for steam raising. That is, natural gas 
provides the "zero" base of reference for the economics 
of the alternative fuels. These economies are devel-
oped on a "before income tax" basis which biases any 
comparison in favor of the least capital intensive 
alternative (i.e., natural gas). 

Because of the higher capital and operating costs 
associated with solid fuels versus fluid fuels, economies 
of scale are important. For a lower priced fuel, there 
is usually some scale of operation that will permit equal 
economics with a higher priced fuel having lower capi-
tal and operating costs. That scale of operation at 
which equal economics occurs is called the "cross-over 
point." At production levels below the cross-over point, 
the economics of the alternative fuel are increasingly 
unfavorable. Above the cross-over point, the econo-
mics are increasingly favorable. 

Within the base case assumptions, it was found that at 
each demand location there is some minimum volume of 
fuel demand at which coal or petroleum coke can 
provide equal or better economics than natural gas. 

Both coal and petroleum coke can be delivered to steam 
generating facilities at significantly lower commodity 
costs than natural gas. This lower commodity cost is 
offset by higher capital and operations costs associated 
with the handling, transportation, combustion, and 
cleanup of solid fuels. On a utility unit product costing 
basis, (the "cost of service" approach) the crude produc-
tion levels at which coal and coke provide steam of 
equal cost to that generated with natural gas are 
summarized in Table 4.

At Lindbergh, this crude production level corresonds to 
730 kilotonnes of coal consumed per year. On a dis-
counted cash flow (DCI') basis, a "real" 10 percent 
internal rate of return (IRR) on the use of coal could be 
realized at only 400 kiotonnes of coal consumed per 
year. This real rate of return is on the incremental 
capital investment offset by net operating cost savings 
(including fuel cost savings). Similar results are ob-
tained for the other production areas (Table 5). 

TABLES

10% IRR CROSS-OVER POINTS 

Coal 
Pro-- 

duction	 Fuel 
level Consumed 

(m 3 /d)	 Cc t/yr) 

Lindbergh	 2,140	 400 
Cold Lake	 3,274	 532 
Peace River	 3,287	 760 
Athabasca: 

Central	 3,456	 860 
Northern	 3,578	 890 

Table 6 summarizes the differential DCF economics of 
coal versus natural gas at each of the study areas. 
These economics illustrate both the influence of dist-
ance-of-haul anl the progressive improvement in econ-
omics with increasing consumption and/or scale of 
operaton. All rates of return are expressed in real 
terms. Therefore, an average inflation rate estimate 
must be added to the IRR's before comparisons with 

Coke 
Pro-- 

	

duction	 Fuel
level Consumed 

	

(m 3 Id)	 (k t/yr) 

	

1,113	 128 

	

2,120	 197 

	

3,760	 415 

	

592	 82 

	

561	 77 
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prevailing interest rates. The IRR (in this study) is an 
answer to the question, "flow much real interest can 
the project afford to pay for the additional capital 
costs of the fuel alternative to natural gas and still 
break even?" With current "real" interest rates (cx 
inflation) at about 7 percent, the comparison becomes 
favorable for all five areas at about 3,200 cubic meters 
per day (20,000 barrels oil per day). On an after tax 
basis, the economics would become better at even 
lower production levels.

TABLES 

COAL DCF ECONOMICS
SUMMARY BY LOCATION 

INTERNAL RATES OF RETURN (%)
(Coal-Fired Less Gas-Fired) 

Pro-
duction Lind-	 Cold Peace	 Athabasca 
Level bergh	 Lake River	 Central Northern 

(m3/d) 

800 0.2 (11.0) (9.2) (8.4) - 
1,600 7.1 (1.6) (0.6) 0.3 - 
2,400 11.4 2.6 3.8 4.8 3.1 
3,200 17.3 9.6 9.4 8.0 8.3 
4,800 26.1 18.3 20.4 20.5 15.5 
6,400 33.4 23.5 27.7 28.2 20.7 

Table .-7 provides the DCF results obtained for coke. 
Steam quality coke may suffer supply limitations. 
Nevertheless, both the Lindbergh and the Athabasca 
areas show such positive economics that serious consi-
deration of coke fueled steam generation is warranted 
in those areas. Coke is also competitive with coal at 
Cold Lake, assuming a Lloydminster source. Coke at 
Peace River suffers from the long distances assumed 
for haulage because no direct road or rail link between 
Peace River and Athabasca was assumed. 

TABLE 7 

COAL DCF ECONOMICS 
INTERNAL RATES OF RETURN (%) 

(Coal-Fired Less Gas-Fired)

Pro-
duction Lind- Cold Peace Athabasca 
Level bergh Lake River Central Northern 

(m3/d) 

800 7.3 0.8 - 12.0 12.3 
1,600 14.2 7.4 - 19.7 20.0 
2,400 18.9 11.4 (12.7) 25.2 25.6 
3,200 22.7 14.6 (6.4) 29.8 30.2 
4,800 28.9 19.6 11.9 37.5 37.9 
6,400 33.1 23.8 18.0 43.9 44.5

The sensitivities of these economic results to change in 
capital costs, natural gas prices, and steam/oil ratios 
were calculated for Lindberg (Figure 1). The sensitivi-
ties are quantitatively similar for both coal and coke. 
The economics are very sensitive to gas prices and 
capital costs, but relatively insensitive to steam/oil 
ratio. 

The study concludes that there is sufficient worldwide 
experience in solid fuel firing • technology to warrant 
serious consideration of solid fuel steam generation in 
Alberta oil fields where the scale 9f field operations is 
consistent with steam generatioh economies of scale. 
The comparative economics of petroleum coke are very 
good in those areas near an existing or potential source 
of supply. Coke using FBC technology yields better 
economics than coal In all areas other than Peace River 
(which is remote from a coke supply). Therefore, a 
major determinant of acceptability of coke will be 
availability of supply at competitive prices (based on 
heat and sulfur content). 

FIGURE I 
STEAM COST EQUIVALENCE POINTS 
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SMALLER HAUL TRUCKS ACHIEVE RECORD 
PERFORMANCE AT OIL SANDSGROUP 

At Suncor's Oil Sands Group, the Overburden Operations 
department set new records in overburden removal 
almost daily during 1985. The group of 186 operators 
and 23 support people combined to remove 21.8 million 
bank cubic yards of overburden. 

1985 was the first full year of operating a balanced 
fleet of 85 ton haul trucks. It marked the end of an era 
as the giant 150 and 170 ton trucks were phased out 
over a five year period. The smaller trucks have proved 
to be easier and faster to load and operate and can be 
driven year round. 

The big difference is the much higher availability of the 
trucks-more than 80 percent compared to 30 percent 
for the lSOs and 170s. 

With the five year truck changeover, and a new short-
haul road through the mine, the plans for 1986 are to 
remove 20.9 million bank cubic yards of overburden 
material-more than double the 10.2 million budgeted 
for in 1980. 
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The department is now at the peak of its production 
requirements during the mine life, and will be until 
1987. It is now in the middle of an expansion of the 
mine site which adds about 23 percent more oil sands to 
mineable reserves. The overburden in the expansion 
area is up to 230 feet thick in places.
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TECHNOLOGY 

WRI LARGE BLOCK TESTS DEFINE 
TAR SAND PROCESSES 

Work underway at Western Research Institute is 
focused on modification of recovery techniques used for 
producing heavy oil or oil from tar sand in Canada. 
Modification of these processes is necessary because of 
the significant differences between reservoir and bitu-
men properties of the United States and Canadian tar 
sands deposits. The major differences are (1) the 
United States deposits are generally consolidated oil-
wet sands compared with the unconsolidated water-wet 
sands of Canada, and (2) the viscosity of the bitumen in 
the United States deposits is generally higher but with a 
lower porosity and permeability. 

Previous field tests of steamflood and combustion pro-
cesses in United States tar sands have demonstrated 
that the oil recovery efficiency is highly dependent 
upon the porosity, saturated permeability, and bitumen 
characteristics of the individual deposit. These field 
tests have also been affected by local variations In the 
reservoirs, making it difficult to predict the process 
performance in other areas. 

In the past, laboratory experiments have generally been 
one-dimensional tests using either short lengths of core 
material or tubes packed with crushed material. Both 
of these laboratory experimental systems have limited 
scale-up accuracy. The core studies are generally 
dominated by wall and end effects, whereas the packed 
tube studies do not simulate the low porosity and 
permeability of a reservoir. 

As explained at the 1985 Department of Energy tar 
sand/oil shale contractors' meeting, two methods are 
used in Western Research laboratory experiments to 
simulate the actual reservoir properties. The first 
method involves mechanical packing of reactor tubes 
with crushed material to produce porosity, permeabi-
lity, and oil saturations close to actual reservoir pro-
perties. In the second method researchers use actual 
consolidated blocks, up to 2 feet by 2 feet by 2 feet in 
size, of the reservoir material. A series of realistic 
process parameter screening tests can be done with the 
packed tubes prior to three-dimensional verification 
tests in blocks of the material. The three-dimensional 
block tests can produce results suitable for scale-up. 
Three major objectives of Western Research's labora-
tory program are: 

• Determination of the optimum reservoir pre-
heat temperature for conducting a successful 
steamflood. 

• Evaluation of reverse combustion as a produc-
tion mechanism and also as a reservoir preheat 
mechanism prior to a steamflood. 

• Evaluation of hot gas injection as a production 
mechanism and also as a reservoir preheat 
mechanism prior to a steamflood.

Optimal Preheat 

Screening tests for the determination of optimal pre-
heat temperature prior to a steacnflood included 19 
tube tests and one block test. Two grades of Asphalt 
Ridge tar sand, 7.7 and 11.4 weight percent bitumen, 
were used in the screening tests. The tubes packed 
with the leaner tar sand had permeabilities of approxi-
mately one darcy and an oil saturation of 44 to 48 per-
cent of the pore volume. In comparison, the tubes with 
richer material had permeabilities of about 0.55 darcies 
and oil saturations of 61 to 68 percent pore volume. 

Utilization of two grades of tar sand in the experiments 
produced variation in oil yield and in permeability 
reduction. With the richer tar sand, the average 
recovery approached 50 percent original oil-in-place, 
whereas with the leaner material it was approximately 
35 percent original oil-in-place (Table 1). 

Tests using similar tar sand grade and tube properties 
but different reheats and steam flux rates Identified 
optimal operating conditions for Asphalt Ridge tar 
sand. The optimal preheat, approximately 4000F, was 
taken as the temperature which produced the best early 
production response at a given flux rate. Ultimate 
residual oil saturation was relatively independent of the 
preheat temperature for the range studied. 

An optimal steam flux rate of 400 standard cubic feet 
per hour per square foot was calculated. For oil 
saturations greater than 66 percent pore volume and 
permeabilities of 230 millidarcies or less, optimal 
steam injection could not be obtained even at pressures 
up to 1,000 psig. This was due to thermal swelling of 
the bitumen and the resultant permeability reduction. 

From the results of the steamflood screening tests, a 
three-dimensional block experiment was designed using 
an actual block of reservoir material. The sample was 
a 308 pound block of Asphalt Ridge tar sand with 
7.0 weight percent bitumen and a permeability with the 
bitumen in place of approximately 1 millidarcy. To 
preheat the sample prior to the steamflood, water at 
400 psig and 400°F was injected to raise the sample 
temperature to 300°F. 

The three-dimensional test of steam flooding using opti-
mal tube test parameters produced 44.3 percent ori-
ginal oil-in-place. Of this, 8.1 percent was the result of 
the 1.9 pore volume of hot water injection during 
preheat with the remainder produced during the 
4.2 pore volume of steam injection. The process af-
fected 20 percent of the volume of the sample by 
reducing the oil saturation within the sweep area to 
23 weight percent (16.5 percent pore volume). Cumula-
tive production from the block test compared favorably 
with tube tests while the sweep efficiency and residual 
oil saturation agrees with those of a field steamflood 
test at Northwest Asphalt Ridge, LETC TS-1S. 
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TABLE 1 

RESULTS OF WRI TAR SANDS EXPERIMENTS

Wt % Initial Oil 
Preheat	 Injection	 Process	 Residual 
Temper-	 Temper-	 Sweep	 Oil	 Oil! 

Reactor/Process	 ature	 Fluid	 Flux	 ature Temperature Recovered Coke 
- (ScFH/rtt) 'fl	 fl) 

Tube 

Steamflood	 300-500	 Steam	 210-670	 450	 450	 30-50	 70-50 
Reverse Combustion	 None	 Air	 50-100	 70	 300-1,035	 32-52	 40_9a 
Hot Gas Injection	 300-500 Wet CO2	 120-360 800-1,100 520-1,040	 9-73	 85-11 

Block 

Steamflood	 300b	 Steam	 site	 416	 300-400	 44	 23d 
Hot Gas Injection	 None	 Wet N2	 1,320-	 500-600	 280-420	 22	 72d

2,200c 

a. The 9 weight percent residual was the result of an unintentional forward combustion phase 
in one test 

b. Temperature of sample following hot water preheat cycle; initial block temperature was 
68°F 

C.	 Based on wellbore surface area, flux will drastically decrease as process advances away 
from weilbore 

d.	 For area of sample sweep by the process 

Reverse Combustion 

The reverse combustion tests showed that 32 to 
52 weight percent of the bitumen can be produced while 
effectively heating the tar sand to 300° to 1,000°? 
temperatures (Table 1). To produce these results, an 
average of 30 weight percent of the bitumen was con-
sumed as fuel with an additional 30 to 40 weight 
percent left on the sand as coke or residual oil. 
Steam flooding of the tubes following the combustion 
phase showed that less than 7 weight percent of resi-
dual oil remained with the coke. This indicates that 
reverse combustion, if restricted to a narrow zone 
within a larger zone, will produce a heated communica-
tion path while heating the remaining zone. 

Hot Gas Injection 

The hot gas injection tube studies showed that it is not 
possible to preheat a sample by injection of a hot, dry 
inert gas because of plugging of the tube by a mobilized 
and then cooled oil bank. However, preheating of the 
tube to 300°F followed by the injection of a hot mixture 
of carbon dioxide and 30 percent by volume moisture 
produced between 9 and 73 percent of the bitumen 
(Table i). The percentage oil recovery in these tests is 
proportional to the temperature of the injected fluid. 
Therefore, if a communication path can be established 
in a tar sand zone, hot wet gas injection will produce a 
significant quantity of bitumen. 

The block test for hot gas injection used a 261 pound 
block of 12.9 weight percent tar sand that had a perme-

ability of less than 1 millidarcy with the oil in place. 
Due to this low permeability, an artifical fracture was 
created near the base of the sample to permit injection. 
The injection rate, based on wellbore surface area, was 
1,300 to 2,200 standard cubic feet per hour per square 
foot of nitrogen with 20 to 30 percent by volume 
moisture. The injection of 500° to 600°F wet nitrogen 
heated the block from 68° to 290-400°F without plug-
ging (Table 1). During the heating of the sample, 
22 weight percent of the bitumen was produced. 

SURFACTANTS SHOW MOST PROMISE AS STEAM 
ADDITIVES IN TRW STUDY 

A study (DE85011730) carried out by TRW Inc. under 
funding from the United States Department of Energy 
has evaluated a large number of additives for their 
potential to enhance in situ steam processes applied to 
United States and Canadian tar sand and heavy oil 
reservoirs. 

The objective of the study was to determine whether 
selected additives such as caustics, foams, polymers, 
solvents, and surfactants combined with steam can 
lower the oil irreducible level and/or control permeabi-
lity to maximize oil recovery. Steam additives consid-
ered in the study fall into two classes: miscible and 
chemical agents. 

Miscible agents are transported as a vapor or gas in 
high quality steam at the injection well. Gases can be 
mixed directly with the steam whereas liquid hydrocar-
bons can be evaporated by direct contact with steam. 
The steam and/or miscible agent condenses and the 
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miscible agent dissolves in the oil it contacts, forming a 
reduced viscosity mixture which flows more rapidly 
through the formation than thermally stimulated oil. 
The miscible fluids can consist of alcohols, carbon 
dioxide, petroleum hydrocarbons such as propane or 
propane-butane mixtures, and petroleum gases rich in 
ethane, propane, butane, and pentane. 

TABLE 1 

SUMMARY OF ADDITIVES
EXCEEDING BASELINE PERFORMANCE 

Although many miscible fluids have been field tested, 
solvents require careful screening, because phase separ-
ation may occur in some cases. Precipitated asphal-
tenes may cause formation plugging. The high cost of 
some of the miscible agents requires that low additive 
concentrations be used or the process must include a 
supplementary operation to recover the agent.	 Resource/Additive

Percent Change 
Percent Change in Average 

in Oil	 Oil Produc-
Recovery Re-	 tion Rate 

lative to	 Relative 
Baseline	 to Baseline 

1st	 2nd	 1st	 2nd 
Test	 Test Test Test 

Chemical agents include surfactants, foams, polymers, 
and caustic solutions. 

Results 

A three-phase experimental program was conducted to 
identity additives which enhance in situ steam pro-
cesses. 

The first screening phase consisted of a literature 
survey which identified about 120 potential additives to 
steam processes. In the second screening phase these 
additives were subjected to semi-quantitative labora-
tory evaluations using actual resource materials. Re-
sources tested included California and Saskatchewan 
heavy oils and Utah and Athabasca tar sands. The 
evaluations assessed: the enhancement of steam process 
oil recovery mechanisms; additive thermal stability at 
steam process temperatures; and additive/matrix inter-
actions. Additives passing all these performance cri-
teria were subjected to process simulation in unscaled 
physical models during the third screening phase. Im- 
provements in oil recovery were established by compar-
ing oil recovery from simulations using additives to a 
baseline run without an additive. A list of additive/re-
source combinations which have demonstrated improved 
oil recovery and/or average oil production rate is given 
in Table 1. 

In most cases additives which demonstrated improve-
ment in oil recovery also demonstrated improvement in 
oil production rate. Surfactants and solvents performed 
well in each resource except Saskatchewan where only 
one additive (a light naphtha solvent), achieved a slight 
improvement over the baseline. The California re-
source demonstrated the greatest improvement com-
pared to the other geographic sites. For example, the 
alkyl benzene sulfonate/ California combination showed 
oil recovery and oil production rate improvement of 150 
and 96 percent, respectively. Sulfonate and amine 
classes of surfactants and natural gasoline and light 
naphtha solvents were also successful with the Califor-
nia resource. 

The Utah tar sand was responsive to sulfonated surfact-
ants, oil soluble amine, cyclohexane and NH40H. The 
greatest oil recovery improvement was observed with 
alkyl benzene sulfonate where the oil recovery and oil 
production rate improvements were 158 and 52 percent, 
respectively.

Alberta 

Petroleum Sulfonate 53 12 41 15 
Alkyl Benzene Sulfonate 26 (14) 20 (5) 
A2024 AOS - 19 - 44 
C16-C18 Linear AOS (7) - 10 - 
Light Naphtha 11 18 - - 
Coker Naphtha (23)* - 3* - 

California 

Alkyl Benzene Sulfonate 150 150 96 115 
C16-C18 AOS 127 - 104 - 
AOS 73 - 57 - 
Oil Souble Amine 101 - 70 - 
Polyoxethylate Amine 54 - 100 - 
Natural Gasoline 129 - 113 - 
Light Naphtha 114 - 109 - 
Saskatchewan 

Alkyl Benzene Sulfonate (52) (3)+ (38) 27+ 
Toluene (28) - 52 - 
Light Naphtha 16 - 52 - 
NH40H (4) - 21 - 
Utah 

Alkyl Benzene sulfonate 158 (100)* 52 (100)* 
A18AOS - (73)* - 32 
AOS 49 - 60 - 
Oil Souble Amine 39 - 56 - 
Cyclohexane 68 - 104 - 
NH40H 0 - 12 - 

Plugged during injection 
+With NaCl

The Alberta tar sand demonstrated improvements with 
sulfonated surfactants and naphtha solvents. The larg-
est improvement was obtained with petroleum suifonate 
were the oil recovery and oil production rate improve-
ments were 53 and 41 percent, respectively. 

For Saskatchewan the largest improvement in oil recov-
ery (16 percent) and oil production rate (52 percent) 
was seen with the light naphtha solvent. Other addi-
tives including alkyl benzene sulfonate (with salt), 
toluene and NH40H achieved improvements in oil pro-
duction rate only. 
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The additives/resource combinations recommended for 
further consideration and more definitive laboratory 
investigation are listed in Table 2. Many deficiencies 
were noted in the experimental work, which would have 
to qualify any conclusions reached. However, the 
researchers offered the following conclusions. 

TABLE 2 

ADDITIVES RECOMMENDED FOR
FURTHER STUDY

ation. The remainder of the core exhibited a 
progressively larger oil saturation. 

• The natural gasoline and light naphtha solvents 
showed above average improvements in oil re-
covery and oil production rate with the Califor-
nia resource. 

• The toluene and light naphtha solvents used 
with the Saskatchewan resource showed attrac-
tive improvements in oil production rate only. 

• Cyclohexane used with the Utah resource 
showed significant improvements in both oil 
recovery and oil production rate. 

Resource 
Cali- Saska-

Additive	 Alberta fornia chewan Utah
Gases 

•	 The	 gas	 additives	 tested	 did	 not	 exhibit 
improvements in either oil recovery or oil pro-

x duction rate. 
x 
x	 x S	 Additives such as carbon dioxide and propane 

x x are high potential steam additives. 
x	 x x	 x 

x K 
x Reactive Chemicals 
x 

x	 x x S	 The NII40H evaluations with Saskatchewan and 
K Utah	 resources	 demonstrated	 moderate	 en-

x haneement of oil production rate.

Petroleum Sulfonate 
A18 ADS 
A2024 AOS 
C16-C18 AOS 
AOS 
Alkyl Benzene Sultanate 
Oil Soluble Amine 
Polyoxethylate Amine 
Natural Gasoline 
Light Naphtha 
Cyclohexane 
Coker Naphtha 
Toluene	 x 
NH4 OH	 x	 x	 x	 x 
Carbon Dioxide	 x	 x	 K	 X 
Propane	 K	 X	 K	 K 

Surfactants 

• Surfactants were the type of additive which 
demonstrated the greatest improvement in oil 
recovery. 

• The high molecular weight (oil soluble) anionic 
surfactants and amine surfactant groups exhi-
bited above average performance with the Al-
berta, California, and Utah resources. 

• Alkyl benzene sulfonate demonstrated improve-
ment in oil recovery or oil production rate with 
each resource. 

• The Saskatchewan resource showed a consistent 
tendency to plug with surfactants. Salt was 
used as a co-additive and appeared to eliminate 
the core plugging. 

Solvents 

• Solvents were second to surfactants in terms of 
improvements in oil recovery or production 
rate. 

• Solvents produced distinct regions of resiudal 
oil saturation with the treated cores. The top 
30 to 60 percent of the resource adjacent to the 
injector had a virtually zero residual oil satur-

• The use of NH40H inhibited core plugging with 
the Saskatchewan resource. 

Most of the additives proposed or utilized with steam 
processes are single materials exhibiting a specific oil 
recovery enhancement mechanism. The investigation 
of hybrid systems with two or more distinct additive 
groups would be an attractive area for future work. 
For example, in a cyclic steam process a hybrid addi-
tive system could be selected with components that 
individually enhance resource mobilization on the injec-
tion cycle and recovery on the production cycle. 

TEXACO PATENTS HORIZONTAL COMPLETION 
METHOD FOR TAR SAND 

United States Patent 4,565,245 was issued January 21, 
1986 to U. S. Mims and R. S. Allen, assigned to Texaco 
Inc., for a horizontal well completion system suitable 
for thermal stimulation in tar sands. 

Figure 1 conceptually represents a slant-hole, deviated 
well, drilled horizontally into a tar sands formation 
(13). The well's horizontal segment is preferably posi-
tioned at a depth near the lower border of the hori-
zontal tar sands layer. 

An elongated liner (17) is inserted through the casings 
(14) and (16), and supported by a liner hanger (33). The 
liner is provided at its forward end with a bull nose (32) 
to facilitate its insertion into the wellbore. 

The liner is perforated along that portion which lies 
within the tar sand layer. The perforations (18) can 
take the form of a series of holes in the liner wall. 
Alternately they can comprise slotted openings which 
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extend either longitudinally or peripherally about the 
liner. 

A tubing or conductor (19) is placed inside the liner. 
This conduit can rest on the liner wall or it can be 
supported by stabilizers (21). Conductor (19) carries a 
pressurized stream of hot stimulating fluid such as 
steam or hot water. The upper external ends of the 
liner and the conductor are provided with valves (24) 
and (26). 

To initiate production the entire well completion is 
first preheated by introducing steam through both 
valves (24) and (26). Steam which enters the substrate 
(13) will, although exhibiting a tendency to flow up-
ward, establish a progressively expanding heated area 
and heated paths (37) along which hot fluidized bitumen 
mixture can readily flow. 

When the substrate becomes sufficiently preheated, 
steam flow through valve (26) and annulus (22) is 
discontinued and the hot stimulating injection is then 
maintained only through conductor (19). Valve(26)then 
becomes the production valve and is opened to the 
bitumen production line. 

To promote and improve the flow of hot bitumen 
mixture through the substrate, a definitive pressure

drop is established between the injection end of the 
well, and a series of points along the well approaching 
the producing end. This is achieved by interposing a 
movable barrier (28) which is impervious to the flow of 
steam or stimulating fluid. 

The barrier may comprise a packer of the type normally 
associated with well operations. The packer is posi-
tioned within liner (17) and supports and locates con-
ductor (19). The barrier or packer functions such that 
it can be moved along conductor (19) to a desired 
location and then expanded against the liner wall to 
maintain its location. 

As a result, entering steam, upon leaving the discharge 
end (27) of the fluid conduit will pass outwardly to 
penetrate the adjacent substrate still having an elev-
ated pressure and temperature. With continued steam 
injection, the area of heated substrate will be progress-
ively broadened and fluidized mixture will flow into 
annulus (22), by way of the flow pattern formed by 
paths (37). 

Eventually, the hot bitumen mixture will widen the 
various flow paths and some of the injected steam may 
also enter liner (17) and be produced through annular 
passage (22). To achieve optimum substrate penetra-
tion, barrier (28) can then be repositioned. It is initially 
located close to the remote end of liner (17). 
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In one embodiment of the invention, barrier (28) is fixed 
to conductor (19) by welding or other means. The 
barrier can then be longitudinally displaced along liner 
(17) when conductor (19) is partially withdrawn. 

The barrier can also consist of two or more packers 
which are spaced apart as in Figure 2. These inflatable 
packers are actuated through a hydraulic or pneumatic 
system represented by conduit (36). 

Due to the nature of the liner's perforated wall, barrier 
(28) will not necessarily form a completely fluid tight 
seal with the liner. However, it should be sufficiently 
fluid tight to serve the purpose of the invention. 

To construct the well completion, barrier (28) and 
conduit (19) are initially assembled within liner (17) 
prior to the latter being inserted into the wellbore. The 
discharge end (27) of conductor (19) will thus normally 
be positioned adjacent to the far end of the liner. 

After the preheating period, injecting heated stimulant 
will cause bitumen to flow from the liner injection end, 
toward the well's producing end. Eventually the steam 
saturated segment of substrate near the liner end will 
become depleted of bitumen. This will be evidenced at 
the wellhead by production of steam and/or water, but 
little hydrocarbon product. Increased emulsion produc-
tion can then be realized by increasing the number of, 
or by extending flow paths (37) in the substrate. This is 
realized by deflating barrier (28) and then withdrawing 
conductor (19) through the wellhead a sufficient dis-
tance to move barrier (28) toward the well's producing 
end. 

Over a period of time, barrier (28) will be progressively 
retracted in a series of steps and repositioned along 
liner (17) until it approaches the producing end of the 
liner where the latter leaves the producing formation 
(13). The horizontal well can thereafter be used as a 
stimulant injector along its entire length to facilitate 
production of adjacent wells in the area. 

WRI TUBE-PACKING TECHNIQUE SIMULATES 
IN SITU TAR SANDS 

Field experiments in United States tar sand deposits 
have tested reverse and forward combustion as well as 
steamflood processes. These tests indicate that the 
efficiency of oil recovery depends on the selection of 
appropriate processing conditions for the porosity and 
permeability of the reservoir. In particular, the field 
tests have been dominated by local variations in poro-
sity and permeability, and the results are difficult to 
interpret for predicting process performance in other 
locations. 

Further understanding of recovery processes requires 
laboratory simulation of field processing conditions. 
However, previous laboratory studies have usually been 
conducted without duplicating field conditions of poro-
sity and permeability. This makes the experimental 
results difficult to correlate for modelling of improved 
recovery processes. Better physical simulation of field 
processing conditions is needed to develop reliable 
mathematical models.

At Western Research lnsitutc, physical and mathemati-
cal models are being developed to demonstrate and 
predict the operation of recovery processes at field 
conditions of porosity, permeability, and oil saturation. 
For one-dimensional experiments, crushed tar sand is 
packed uniformly into a tube reactor. The packing is 
controlled to achieve nearly the same porosity, perme-
ability and oil saturation as in cores from the tar sand 
reservoir. 

Samples of tar sand are initially crushed to pass a 
0.5 inch screen and are blended to a uniform oil satura-
tion. The crushed and blended tar sand is incrementally 
compacted by a tamper which fits closely inside the 
reactor tube. The tamper is repeatedly accelerated 
through a 2 inch downward stroke before impacting the 
tar sand. Uniform porosity and permeability are 
achieved throughout the reactor tube by controlling the 
compaction force and packing cycles for each incre-
ment of tar sand. 

Tar sand samples from the Asphalt Ridge quarry in 
Utah have been packed to resemble cores from the 
Northwest Asphalt Ridge resource. The bitumen con-
centrations of 11.4 percent weight and 7.7 percent 
weight, the bitumen saturation, porosity and bulk den-
sity of the packed tar sand are nearly the same as the 
corresponding weighted average measurements for core 
samples. These comparisons in Table 1 also indicate 
that the saturated permeability of the packed tar sand 
is similar to the measured permeabilitics of the cores. 

Reproducibility and uniformity of the packed tar sand 
was demonstrated by repeating the same packing condi-
tions in 14 experiments. For these experiments, 
500 gram increments of tar sand with 7.7 percent 
weight bitumen were compacted successively to depths 
of 16 to 31 inches in the reactor tubes. Each increment 
of tar sand was individually compacted by 50 strokes of 
the tamper using a constant air pressure in the pneuma-
tic ram. At these conditions, the saturated permeabili-
ties of all samples were in the range of +1.051-1.4 per-
cent.

TABLE 1 

COMPARISON OF COMPACTED TAR SAND
WITH CORE DATA

(Northwest Asphalt Ridge Tar Sand) 

Tar Sand	 11.4% W Bitumen 7.7% W Bitumen 
Properties	 Packed	 Core Packed	 Core 

	

Bitumen Saturated 70.2	 78.8	 53.0	 59.6
% PV 

Porosity, %	 32.5	 30.3	 29.7	 28.4 
Bulk Density,	 2.04	 2.10	 2.04	 2.08

C/CC 
Saturated Per-	 64	 9	 440	 110

meability, MD 
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FIGURE 1 

COMPACTION OF ASPHALT RIDGE TAR SAND 
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Permeability of the compacted tar sand is controlled by 
varying the packing conditions. In Figure 1, the 
logarithm of the saturated permeability increases 
linearly with the porosity of the packed tar sand. The 
tar sand with 7.7 percent weight bitumen is packed to a 
permeability as low as 400 to 600 millidarcies at a 
porosity of about 29.5 percent. For packed samples of 
tar sand with 11.4 percent weight bitumen, saturated 
permeabilities of 50 to 600 millidarcies correspond to 
porosities in the range of 31.5 to 36.0 percent. 

SUNCOR FINDS TROPICAL STARCHES USEFUL 
IN TAILINGS TREATMENT 

United States Patent 4,566,909, "Hydrolyzed Yam 
Starch Flocculants," issued January 28, 1986 to Suncor, 
Inc., discloses that certain yam starches hydrolyzed in 
the presence of insoluble metal salts are surprisingly 
effective flocculants for destablizing sludge suspen-
sions. They are particularly effective when used in the 
treatment of bituminous tar sands tailings. 

The suspensions destabilized by the starch composition 
of this invention are aqueous colloidal suspensions con-
taining clay minerals which are formed in large volume 
during the recovery of bitumen from tar sands. The 
mining effluent typically contains dilute to thick clay 
mineral suspensions. 

In order to dispose of these voluminous mining dis-
charges, flocculants have conventionally been employed 
to destabilize these suspensions and thus permit the 
effective separation of water from solids.

It has been found that a suitable flocculent in destabi-
lizing dilute as well as thick sludge suspensions is a 
hydrolyzed starch obtained from Cocoa Yam, Negro 
Yam, or Sweet Yam. The hydrolysis of the yam starch 
is achieved by simply heating the starch in the form of 
an aqueous suspension at about 90°C in the presence of 
soluble metal salts which will form an insoluble salt in 
situ. 

Among the salts which may be employed during the 
hydrolysis are salts of metals such as sodium, potas-
sium, ammonium, magnesium, calcium, and aluminum. 
The respective anions may be sulfates, acetates, chlo-
rides, nitrates, chlorates, bromides, iodides, thiocya-
nates, phosphates, and the like. Particularly effective 
as applied to tar sands tailings ponds is calcium alumino 
phosphate yam starch. 

For example, the calcium aluminum phosphate salt is 
formed in situ by the addition of calcium hydroxide, 
aluminum sulfate, and sodium phosphate to the aqueous 
yam starch hydrolysis medium. 

The yam starch hydrolysate may be dried to provide a 
solid powder composition which is convenient to handle, 
store, and transport and which can readily be redis-
persed in water at the treatment site. 

Table 1 gives the comparative settling times obtained 
for flocculants derived from various sources. The tar 
sand tailings used contained 1.93 percent solids (w/w) 
which are largely silts and clays. The fines are quite 
dispersed and tend to remain in suspension for a long 
period of time. 
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As can be seen from Table 1, not all yam starches are 
superior to the hydrolyzed wheat starch of United 
States Patent No. 4,289,540. Only the hydrolyzed 
starch form Cocoa Yam, Negro Yarn, and Sweet Yam 
show the surprising superiority over the hydrolyzed 
wheat starch flocculent.

TABLE 1 

SETTLING TEST RESULTS OF
VARIOUS HYDROLYZED FLOCCULANTS

Hydrolyzed Starch Ultimate 
Obtained From Settling Time 

(Minutes) 

Untreated 1,440 
Cocoa Yam 68 
Negro Yam 73 
Sweet Yam 85 
RenticaYam 110 
St. Vincent Yam 130 
Hampy Yam 98 
Yellow (1) Yam 116 
Yellow (2) Yam 153 
Wheat Starch (U.S. Patent 4,289,540) 98

Yams are generally grown in tropical or sub-tropical 
climates although some varieties are grown in North 
America and Great Britain. The species of yams used 
in this invention are readily found on the island of 
Jamaica. 

Other Suncor patents, 4,564,004 dated January 14, 1986 
and 4,560,416 dated December 24, 1985, show even 
better results with cassava starch and dasheen starch, 
respectively. 

The cassava plant is also a tropical plant having swollen 
roots which store the starch. The cassava plant is also 
known as Manioc and in some areas is referred to as 
yucca. 

The edible corms (underground sterns) of the dasheen 
plant are also known as taro root. These plants are 
native to Southeastern Asia and Malaysia. The plants 
support a cluster of large leaves 4 to 6 feet long often 
called elephant's ears. 
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INTERNATIONAL 

ARMY ENGINEERS STUDY ACOUSTIC EMISSIONS 
FROM TAR SAND PRODUCTION FRONT 

As a part of the United States-Canada Cooperative 
Agreement on tar sands research, the United States 
Army Corps of Engineers Waterways Experiment Sta-
tion in Vicksburg, Mississippi will conduct research on 
the monitoring of acoustic emissions to locate in situ 
production fronts. 

Thermal enhancement processes such as in situ combus-
tion or steam injection are planned or In use on tar sand 
resources in the United States and Canada. In order to 
control these processes in the underground environ-
ment, methods are necessary to monitor the location(s) 
of the most extreme temperautre gradients without 
reliance on multiple, expensive, and redundant bore-
holes. A form of subsurface remote sensing of the 
thermal production front is highly desirable. 

Acoustic emissions (also called microseismic or passive 
seismic monitoring) are acoustic waves which are gen-
erated by rock grain or crystal readjustments in reac-
tion to applied stresses. They (acoustic emissions) are 
generated by any mechanical strain and disruption of 
the rock involved, including tensile fracture and shear-
ing. Acoustic emissions propagate through the under-
ground formation in the same manner as any other 
acoustic wave and are detectable and interpretable just 
as is any other acoustic or seismic wave. 

Thermal expansion and fluid injection will generate 
acoustic emissions because they change the natural 
stresses under which the rock (tar sand) exists in the 
formation. Acoustic emissions will be most intense in 
repetition rate and in individual energy contents where 
the imposed stress gradients are greatest. Therefore, 
acoustic emissions are a conceptually feasible means of 
remotely locating the in situ production fronts in tar 
sands. 

Acoustic emissions monitoring has been successfully 
accomplished on a sporadic basis in the Athabascan tar 
sands, but not to date in tar sand resources of the 
contrasting nature of United States deposits. The 
Corps of Engineers project is directed toward getting a 
better understanding of acoustic emissions in unconsoli-
dated tar sands and using that improved knowledge to 
minimize acoustic emissions source location errors. 

The Department of Energy-sponsored project covers 
examination of existing literature, plus laboratory and 
field work. Under the Cooperative Agreement, field 
work will be carried out at the Gregoire Lake In Situ 
Pilot site in Canada. Extensive research has been 
carried out at that site concerning alternative monitor-
ing techniques, and heavy emphasis has been placed on 
field-based acoustic emissions efforts early in the life 
of this project. The Canadian contractor is Earth 
Sciences Engineering Consultants of Toronto. Both 
contractors will integrate their activities with AOSTRA 
and the GLISP operators, Amoco and Petro-Canada. 

An array of near-surface acoustic emissions detection 
triaxial geophones has been installed and its operation 
verified.	 Acoustic emissions activity will also be

detected by means of a triaxial geophone unit located 
in a borehole into the formation. Triaxial phones are 
being used in order to acquire shear wave arrivals from 
the acoustic emissions, as well as compressional waves. 

Shear wave frequency will provide evidence as to the 
nature of origin of the acoustic emissions, as well as 
allow coupling with compressional wave arrival times to 
calculate propagation distances. Additionally, a set of 
single-axis geophones has been assembled to be used for 
surface monitoring of acoustic emissions by means of 
wave guides. Acoustic emissions wave guide feasibility 
will be tested using steel well casings as the wave 
guides. 

Laboratory testing of domestic tar sands will include 
intact direct shear, intact compression, intact tensile, 
and heating of samples constrained from expansion. 
Direct shear and compression of specimens with precut 
discontinuities are also planned. During those tests 
acoustic emissions will be recorded. It is anticipated 
that the United States sands, being more competent 
than Athabasca sands, will exhibit higher emission am-
plitudes, contain higher frequencies within each emis-
sion burst, exhibit longer burst decay times or "ring-
down," and have less attenuation of acoustic amplitude. 
A phenomenon known as the "Kaiser effect" is under 
investigation at Penn State and Drexel Universities as 
an indicator of prestressing levels and current state-of-
stress of rock materials. Tar sand acoustic emissions 
records from compression tests will be used to deter-
mine the existence of a Kaiser effect in these mater-
ials. 

Methods for locating the points of origin of acoustic 
emissions bursts require precise knowledge of the loca-
tions of the detectors and accurate models of rock 
velocity variations between and surrounding the detec-
tors and the zones of acoustic emissions activity. 
Locations of detectors are pre-set by the design array, 
but the correct velocity model is a site dependent 
condition and, in the ease of thermally stimulated 
deposits, will also be controlled by time and the en-
hancement process. At the minimum, it will be neces-
sary to know the undisturbed acoustic velocity varia-
tions. Acoustic velocities fall off sharply, at least in 
Athabascan tar sands, with increases in specimen tem-
perature of several hundred degrees Celsius. The 
corresponding velocity decrease with temperature of 
United States-type tar sands is unknown and will be the 
target of a special effort in this project. 

The oldest methods for locating acoustic emissions 
sources require differences in time of first arrival of 
each burst at multiple detectors. The wave arriving 
first at each phone is the compressional wave. Apply-
ing a least squares calculation repeatedly to minimize 
the calculated errors in a number of detector-to-source 
hypothetical distances is the classic means of locating 
acoustic emissions sources. A second method which 
will be used in this project is based on the differences 
in times of arrival at each detector of compressional 
and shear waves from a single acoustic emissions 
source. Essentially, the use of shear wave arrivals in 
the latter method doubles the amount of redundancy in 
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the recorded data and provides a more accurate loca-
tion estimate for the sources. A third and untried 
method for acoustic emissions source location is based 
on using the array of detectors as a single large multi-
element receiver. Locations of sources are determined 
by treating each acoustic emissions burst as a beam im-
pinging on the entire detector array and determining 
the source of that beam by its orientation. All three of 
the above methods of acoustic emissions source loca-
tion will be applied to the data from CLISP and adapted 
for application to consolidated tar sand deposits.

The near real time graphic presentation of accurate 
acoustic emissions source locations around a thermally 
enhanced tar sand resource will be the single most 
beneficial product of this project. The joint Canad-
ian/United States effort in acoustic emissions monitor- 
ing at CUSP will provide practical experience and 
field-derived data. The laboratory effort will provide 
acoustic characterizations of United States tar sands to 
allow adapting acoustic emissions methods to them 
from Athabascan tar sands. Both efforts will then, 
together, allow development of a final acoustic emis-
sions monitoring system compatible with both types of 
resource. 
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ENVIRONMENT 

ENVIRONMENTAL ASSESSMENT ISSUED FOR SOHIO'S 
ASPHALT RIDGE LEASE CONVERSIONS 

The Vernal District Office of the United States Bureau 
of Land Management has issued a draft Environmental 
Asssessment for converting several existing leases held 
by Sohio to combined hydrocarbon leases within the 
Asphalt Ridge Special Tar Sands Area. 

Sohio Shale Oil Company proposes to convert approxi-
mately 2,950 acres of valid mining claims and oil and 
gas leases to a Combined Hydrocarbon Lease. The 
conversion would allow Sohio to surface mine tar sands 
within the Asphalt Ridge Special Tar Sands Area near 
Vernal, Utah. 

The startup date for a project is dependent on market 
conditions for bitumen from tar sands, and on-going 
ownership litigation for portions of Asphalt Ridge. 
Under optimum conditions, the construction workforce 
could peak at 475 employees by 1990, and under less 
than optimum, the project could be delayed indefinite-
ly. 

The initial commercial mining operations would take 
place in a number of existing mining pits scattered 
through the area. Nearly all the pits are on patented or 
state land. Project plans are for production of 
5,000 barrels per thy of bitumen. When the present pits 
are exhausted, pit boundaries could expand onto sur-
rounding project lands. 

In addition to the 2,850 acres covered by the Environ-
mental Assessment, Sohio also controls state and fee 
lands in the area, for a total of approximately 
9,000 acres in the project area. 

The tar sand deposits were initially investigated by 
geological mapping, core drilling, and sampling pro-
grams carried out by Sohio in the latter half of the 
1950s. In later periods (through 1992), other drilling 
campaigns were conducted that further defined the 
extent and quality of the deposits. 

State Highway 40 intersects Asphalt Ridge at about the 
mid-point between north and south. The northernmost 
end of the ridge is accessed by the County's Maeser-
LaPoint, State Highway 121. The south is accessed by 
way of the Vernal-Bonanza, State Highway 45. From 
the primary access roads, most of the ridge can be 
accessed by secondary paved and unpaved roads. The 
City of Vernal is located three miles east of the ridge. 

Pilot Phase 

Sohio's plan of operation calls for a phased develop-
ment. Start of the pilot, however, is awaiting the 
outcome of present litigation and economic conditions. 
The commercial facility is scheduled for construction 
about six years after start of the pilot phase. 

Neither the pilot plant nor any of the pilot plant mine 
sites would be located on lands analyzed in the environ-
mental assessment. The proposed pilot plant site is 
located at the south end of Asphalt Ridge approxi-

mately 8 miles south by southeast of Vernal, and 
1.5 miles north of the Green River (Figure 1). The 
plant would be located in the northwest quarter of the 
southwest quarter of Section 31, Township S South, 
Range 22 East, on Sohio's patented land. 

The pilot plant would treat up to 30,000 tons of tar sand 
during its operation life, which would be in excess of 
one year. A variety of ores of different particle size, 
content, and geologic formations would be tested. 

Seven mining sites were selected along the tar sand 
outcrop from which the 30,000 tons could be extracted. 
All of the sites are on Sohio's patented land. 

A confirmation drilling and sampling program is pro-
posed for the pilot plant mine sites. This program has 
several objectives, the most important of which are: 

• Verify that the depth to the tar sand layer and 
the thickness of the tar sand layer are as 
expected. 

• Determine how chemical compositions vary 
(especially the ratio of asphaltenes to resins 
and oils) with depth of tar sand formation. 

• Establish an alternative location and/or depth 
for the same tar sand layer if the results of the 
initial drilling and sampling prove unsatisfac-
tory. 

If Sohio's objectives can be met by processing their 
sands in someone else's pilot plant, then they might not 
build their own pilot plant. 

Commercial Phase 

Of the approximately 2,850 acres of application lands 
analyzed in the environmental assessment, less than 
125 acres are within the commercial mining areas. 

Sohio's Plan of Operation calls for a phased develop-
ment program. The operation is planned to produce 
5,000 barrels per day of bitumen at full production rate 
using open pit mining methods on holdings that consist 
of fee land owned (surface and minerals) by Sohio, state 
lease land leased to Sohio, and the federal leased lands 
that Sohio proposes converting to combined hydrocar-
bon lease. Since ore grades vary considerably from pit 
to pit, mine planning is based on bitumen feed require-
ments. 

Mining would begin in the south portion of Asphalt 
Ridge, with tar sand or ore being hauled by truck from 
the mining pits to the extraction facility. 

Spent sand is to be returned from the plant to the 
mined out areas where it is to be dumped for final 
spreading and reclamation. Rock waste removed from 
the pits would be dumped in nearby disposal areas and 
also reclaimed. 

The south mining area would be about three miles long 
and relatively shallow in depth. To assure tar sand 
delivery at the full production rate, two pit entrances 
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FIGURE I 

PLANT SITE FOR SOHIO TAR SANDS PROJECT 
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are planned: one near the northern end of the pit and 
one at the pit center. Once these mining faces are 
established, mining proceeds in a southerly direction. 

Since the northernmost deposits are located approxi-
mately 10 miles from the proposed exraction facility, 
an efficient transportation system would be necessary 
to economically transport the ore. Several alternatives 
are being evaluated. It is believed that either conveyor 
belts or a slurry pipeline would be used, both for ore 
and spent sand haulage. 

In the alternative where a slurry pipeline is used, both 
the north and south areas may be developed simultan-
eously. In the first 12 years plus of operation tar sand 
for the extraction plant will come from either the south

stockpile at the process plant site. The nominal design 
tonnage of the extraction plant is 12,600 tons per day. 

The bench height will vary with  conditions, and general-
ly will not exceed 30 feet. Some blasting may be 
necessary to loosen ore and waste; however, seismic 
tests indicated that most of the material is rippable. 

pits or a combination of the north and south pits. The 
tar sand will be transported from the south pit by 50 to 
85 ton diesel powered trucks and from the north pits by 
a conveyor system or a pipeline slurry system to a 

The layered nature of the deposit, plus the relatively 
steep dip angles, presents problems to the mining 
system in separating pay grade tar sand from waste. 
The method proposed utilizes rippers, scrapers, front 
end loaders and hydraulic powered shovels of the 5 to 
10 cubic yard range to mine the tar sands and waste. 
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Bitumen Production 

Market studies and project economics indicate the 
production of raw bitumen to be the most viable option. 
This bitumen can either be transported by truck to 
refineries in Fruits, Colorado or Salt Lake City, Utah 
for conversion into the normal retail petroleum pro-
ducts, or it can be used as blending stock for asphalt. It 
will, therefore, not be necessary to do any upgrading of 
the bitumen beyond diluent recovery. Bitumen recov-
ered from tar sand in the extraction plant will be 
diluted with kerosene. The kerosene diluent will be 
recovered from the diluted bitumen and returned to the 
extraction plant for reuse. 

Air Emissions 

The project is located in an attainment area and is 
designated a major source of particulates, sulfur dio-
xide, nitrogen oxide, and hydrocarbons under PSO crit-
eria. Thus, Best Available Control Technology (BACT) 
is required and New Source Performance Standards 
(NSPS) must be met. 

For example, one of three separate criteria governs the 
allowable sulfur dioxide emissions from utility boilers: 

• NSPS, which require at least a 23.5 percent 
reduction to meet the 1.2 pounds of sulfur dio-
xide per million BTU's fired. 

• Compliance with PSD regulations. (Sohio will 
be conducting air dispersion modelling to deter-
mine the level of sulfur dioxide emissions re-
duction required to meet PSD regulations.) 

• Conclusions of the case-by-case BACT review 
by the Environmental Protection Agency and/or 
the State of Utah. 

The Final Environmental Impact Statement for the 
Uintab Basin Synfuels Development (BLM 1983) consi-
dered air quality impacts for nine proposed projects. 
One of these was the Sohio Asphalt Ridge Project. The 
conclusion of the EIS was that impacts from the high-
level production scenario were acceptable. 

A screening type modelling analysis for the Sohio 
project, for particulates and sulfur dioxide, predicted 
ambient impacts of less than 1 microgram per cubic 
meter for both pollutants, for all averaging periods. 

Threatened or Endangered Plants 

_Table 1 provides information on four candidate species 
that may be involved in the proposed action. Presently, 
no officially listed plant species occurs or has habitat in 
any of the involved lease tracts. 

Although formal protection is not afforded to these 
species under the Endangered Species Act, Utah State 
ELM policy affords candidate species the same planning 
consideration and, if warranted, protection as officially 
listed species. 
Prior field exams have revealed no individuals of the 
four plant species within the involved lease tracts.

TABLE 1 

T & B CANDIDATE PLANT SPECIES 
INVOLVED WITH THE ASPHALT RIDGE STSA 

	

Scientific Name	 Common Name	 Category 
S. 

	

Penstemon Grahamii	 Grahm's Bcardtongue 1 
Penstemon Goodrichii Goodrich's Beard-	 2 

tongue 
Astragalus Hamiltonii Hamilton's Milkvetch	 1 
Astragalus Equisolensis Horseshoe Milkvetch	 2

As listed in either the Federal Register of 
December 15, 1980 or November 28, 1983 

• Category definitions: Category 1—"Sufficient 
information is on hand to support the biological 
appropriateness of their being listed as Endang-
ered or Threatened species." Category 2—"Indi-
cates the probable appropriateness of listing as 
Endangered or Threatened, but for which suffi-
cient information is probably not available." (En-
dangered Species Act, 1973). 

Threatened and Endangered Wildlife 

Endangered species which may frequent the STSA con-
sist of the bald eagle and peregrine falcon. 

The whooping crane is known also to occur in habitats 
nearby the STSA. The following species, under FWS 
review, may be present in the STS seasonally. They are 
the ferruginous hawk, Swanson's hawk, and the western 
yellow-billed cuckoo. The white-faced ibis has been 
observed adjacent to the project area. 

The STSA is considered to be marginal habitat for the 
three endangered species and the four candidate species 
known to occur in and adjacent to the area. No effect 
on these species is felt to occur from the proposed 
action. 

Other Wildlife 

The localized population of mule deer on the southern 
portion of Asphalt Ridge will be displaced. The STSA 
contains virtually all the cover areas for these animals 
and by long-term cover removal, subsequent disappear-
ance of this herd will occur. Some disturbance to 
antelope will result. The antelope in this herd unit 
occupy a large habitat area. The main impact will be 
to those individuals on McCoy Flat, since the only 
Permanent water source lies within 200 feet of a por-
tion of the STSA. A population of sage grouse found on 
McCoy Flat will probably be removed. These birds in 
addition to using the same water source as the antelope 
also have an established lek located within 1/8 mile of a 
portion of the STSA. It is also felt this same population 
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uses brood habitat on the east boundary of the STSA. 
The golden eagle eyrie located in Section 34, T 550 
It 21E, is located in a waste and spent sand dump area 
and this site will no longer be occupied after operations 
commence. Other species inhabiting the area will be 
adversely impacted from vegetative removal and in-
creased human activity in the area.	 - 

To mitigate these effects, the environmental asssess-
ment recommends: 

• Locate an alternate area for spent sand and
waste dumping to mitigate for golden eagles. 

• All new roads should be rehabilitated at the 
termination of the project. 

S Sohio should locate and construct an additional 
big game guzzler on McCoy Flat at least one 
mile from the STSA. 

• Sohio should acquire known sage grouse habitat 
currently in private ownership capable of pro-
ducing 100 birds annually to offset losses in the 
STSA. 

• To mitigate losses to the resident mule deer 
herd, Sohlo should be required to improve equal 
amounts of big game habitat either on or off 
their leases.

S 
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WATER 

OP RESOURCES REVEALS WATER RECYCLING 
DESIGN FOR WOLF LAKE HEAVY OIL PROJECT 

At the first quarterly meeting of the Canadian Heavy 
Oil Association, British Petroleum presented a paper 
entitled, "OP's Experience in Water Treatment at the 
Wolf Lake Project." 

OP Resources Canada Ltd. operates the li p -PCI Wolf 
Lake Heavy Oil Project North of Bonnyville, Alberta. 
The plant processes up to 15,000 cubic meters of raw 
source and produced water, li p's paper focuses on the 
suitability of equipment and appropriate system designs 
required for water disposal as experienced during the 
first year of operation at Wolf Lake. 

Overview of Long Term Plant Design 

ZJwsrei. illustrates OP's concept for future water re-
cycling systems. The concept focuses on the warm lime 
softener/weak acid cation softening processes, In con-
junction with oil skim, induced gas flotation, and media 
filtration for removal of oil from the produced water. 

Highly Ionic streams are segregated and routed to 
disposal. OP's design includes the capability to divert 
portions of the less ionic regeneration effluent streams 
back Into the system to conserve water where practi-
cal. 

jgvreJ also shows an independent raw water makeup 
stream with a dedicated softener train to increase 
operating reliability.

Oil Removal Processes 

The following points summarize OP's experience with 
oil removal processes at Wolf Lake: 

Oil Skim—Wolf Lake experienced some diffi-
culty with its original oil skim system, and has 
moved toward skim tank designs which maxi-
mize the oil-water interface area. Additional 
design features ioclude baffle systems to pre-
clude short circuiting within the tank. OP's 
initial results from this system are very encour- 
aging. They feel an efficient oil skim system is 
a key component in the. water recycling philos-
ophy. 
Induced Gas Flotation—Wolf Lake has exper-
ienced reasonable success with its induced gas 
flotation (ICE) systems. OP's design philosophy 
provides for derating the ICE units for de-
creased sensitivity to feed quality variations. 
On future ICE units, OP Intends to obtain 
internally lighted viewing windows with some 
form of solvent wash. OP encountered some 
problems with "foamed" oil interfering with ICE 
level control, and they feel improvement on 
future units may be required. 
OR Removal Filtration—The existing Wolf Lake 
facility uses anthracite/garnet dual media fil-
ters but OP now believes that anthracite alone 
may be suitable for oil removal service. OP is 
also considering filter designs which feature 
external media cleaning. There were some 
concerns with backwashing efficiency and the 
possibility of gross media clumping during the 
backwash cycle. OP feels it may be possible to 
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utilize an egg-crate grille over the media bed 
to break up clumps during backwash, but it has 
not been studied in detail. B? is also consider-
ing the idea of sensing devices which would 
detect critical levels of bed expansion during 
backwash. In BP's opinion oil removal filter 
backwash should be routed to the oil skim 
system. This may pose problems in selecting a 
compatible surfactant or chemical aid to be 
periodically added to the filter backwash cycle. 
Wolf Lake uses a fast rinse step in the filter 
cleaning cycle to minimize oil leakage through 
the filters of the duty cycle. BP would also like 
to see some type of qualitative oil detection 
device on the filter effluent stream to alarm 
conditions of high oil leakage. 

Filtered Produced Water Storage—Currently 
BP's water storage tank supplies both the dis-
posal facilities and the produced water sof ten-
ing system. Evidence suggests that produced 
water treated solely in an ICE unit may be 
suitable for disposal or for warm lime softener 
feed, but BP feels that the oil removal filters 
offer a measure of protection against severe 
ICE upsets. The storage capacity should allow 
sufficient time to troubleshoot an upset in the 
warm lime softener while maintaining front end 
water throughput capacity, plus allow time to 
adjust disposal rates and increase raw water 
make-up. 

Produced Water Softening Train 

The following points review UP's philosophical approach 
to future produced water softening requirements: 

• Warm Lime Softening—UP supports warm lime 
(about 70° to 80°C) softening for produced 
water treatment. They feel that the 700 to 
80°C operating range is a reasonable compro-
mise between lime softening efficiency and 
WAC vessel lining constraints. Sludge recycle 
is Incorporated to maintain a high solids con-
centration in the reaction zone. 

• Weak Acid Cation (WAC) Exchange Soften-
erg—UP's WAC philosophy includes the follow-
ing points: 

- Sufficient vessel height to accommodate 
increased resin bed depth. 

- All regeneration steps (except backwash) 
carried out in downflow (cocurrent) mode 
because of the complexity and cost of the 
upflow caustic design. 

- Ionic regeneration waste streams that are 
routed to the "severe service" disposal 
system. 

• Treated Produced Water Storage—Storage cap-
acity for soft produced water should be large 
enough to allow a few hours of troubleshooting 
on the WLS, plus sufficient time to carry out a 
complete regeneration of one raw source water 
softener train. UP visualizes a storage capacity 
of 3 to 5 hours at maximum steaming rate.

Wolf Lake Disposal System 

High pressure multi-stage centrifugal pumps for water 
disposal are used at Wolf Lake. Disposal pressure is 
maintained high to fracture the disposal zone which 
allows for flexibility in the oil/solidis quality of disposal 
fluids while avoiding concerns about formation plug-
ging. The high pressure system offers economies in 
reducing the number of disposal wells required. 

The "smoothness" of the centrifugal disposal pumps 
precludes most of the vibration problems associated 
with high pressure reciprocating pumps. 

UP has experienced some problems with disposal water 
quality in the past. The presence of abrasive solids and 
oil in the disposal fluids caused the worst erosion at the 
close tolerance bushings where differential pressures 
and hence fluid velocities are high. BE is pursuing the 
problem in two areas: improving the oil/solids removal 
in the water treating systems and hard coating (e.g., 
stellite) the wear surfaces in suspect areas of the pump. 

Maintenance costs for rotating elements have been very 
high, and UP sees considerable savings through improv-
ing disposal water quality. At Wolf Lake, cleanliness of 
disposal water is the major factor in maintaining high 
pump reliability. 

The existing disposal pumps use horizontally-split cas-
ing design. UP is reviewing other designs for future 
disposal applications, but has not made a decision yet. 

Summary 

In UP's experience to date, the key aspect of a success-
ful disposal/recycle scheme is an efficient oil and solids 
removal system. This portion of the overall water 
scheme directly affects disposal and softening system 
efficiency. The premise that an inefficient oil/solids 
removal system can be tolerated through increased 
disposal rates has limitations because of high mainten-
ance costs for disposal equipment. UP feels that large 
diameter skim tanks, derated ICE units, and the upset 
warning/protection offered by oil removal filters are 
the critical process items in maintaining good overall 
water system efficiency. 
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RESOURCE 

INTERIOR LISTS JONES CYCLADENIA AS 
THREATENED SPECIES IN UTAH TAR SANDS AREA 

By notice. in the Federal Register on May 5, 1986 the 
Fish and Wildlife Service  nited  States Depart-
ment of the Interior determined Cycladenia humilis var. 
jonesii (Jones cycladenia) to be a threatened species 
under the Endangered Species Act. This plant occurs in 
three general areas in the Canyonlands section of 
southeastern Utah, in Emery, Garfield, and Grand 
Counties. The three populations total about 7,500 
individuals, with over one-half on public land managed 
by the Bureau of Land Management (BLM), approxi-
mately 2,500 on National Park Service lands at Glen 
Canyon National Recreation Area and Capitol Reef 
National Park, and approximately 500 at one site on 
State of Utah land. 

Jones cycladenia is a herbaceous perennial 4 to 6 inches 
tall, with clumps of bright green leaves and rosy 
flowers that somewhat resemble small morning glories. 
During inventories in the spring of 1985, after the 
proposal of endangered status on January 10, 1985, 
about 1,000 individuals were located in Castle Valley 
northeast of Moab (Grand County), about 65 miles east 
of the San Rafael Swell on BLM land and another 1,000 
individuals about 5 miles to the northeast along Onion 
Creek below Fisher Mesa, also on BLM land. These 
plants are growing on sparsely vegetated "badland" 
hills. 

In 1979 a graduate student at Brigham Young Univer-
sity, rediscovered Jones cycladenia at two sites 2 miles 
apart in the area of the original 1914 collection. The 
larger site, with about 2,000 plants, is on public land 
managed by the ELM; the other has about 500 plants on 
State of Utah land. This San Rafael Desert population 
is just east of the San Rafael Reef and south of 
Interstate 70. 

A third population was found during the 1984 field 
season on the Purple Hills, within the Circle Cliffs area 
of the Glen Canyon National Recreation Area in Gar-
field County, Utah. This population was discovered 
during a rare plant inventory as part of a biological 
baseline study for an Environmental Impact Statement 
on federal tar sand leasing. These sites occur on 
sparsely vegetated "badland" hills and steep side slopes 
of mesas, as do the two previously discussed more 
northern populations. 

Cycladenia humilis var. jonesli is the only member of 
its genus in the Intermountain West; other varieties are 
restricted to California. Because the Jones cycladenia 
has a disjunct distribution pattern in three localized 
areas over 100 miles apart and its nearest relatives are 
in California, it is believed to be a Tertiary relict. It 
thus may be ill adapted to the present-day climatic 
regime of the Intermountain West, increasing its vul-
nerability. 

Threats to the Jones cycladenia include habitat disturb-
ance from exploration for oil and gas, tar sands, and 
minerals (primarily uranium), and from recreational and 
other off-road vehicle use.

The Service published a proposed rule to list Cycladenia 
humilis var. jonesii as an endangered species in the 
January 10, 1985 Federal Register. 

Endangered status was proposed based on then-current 
status information, which indicated that the species 
comprised about 2,900 individuals in three populations. 
Information obtained after the publication of the pro-
posed rule indicated the existence of two additional 
sites, and 7,500 individuals altogether. The Service has 
therefore determined that the species should be listed 
as threatened, rather than endangered. 

Threats to the Purple Hills sites including nine oil and 
gas leases and five lease applications around the Purple 
Hills site within GCNRA, a proposal to develop the 
Circle Cliffs Special Tar Sands Area, ORV activity 
associated with uranium exploration, and the possibility 
of increased visitor access and recreational ORV acti-
vity associated with new road construction. 

Although Kirkwood Oil and Gas Company has withdrawn 
its plan of operation for tar sand development, the 
possibility of future tar sand development in the Circle 
Cliffs Special Tar Sands area remains. 

The arid climate and harsh soils of the habitat of the 
Jones cycladenia make its ecosystem a fragile one, 
easily degraded by surface disturbances, and slow to 
recover its natural condition. However, the Service 
finds that designation of critical habitat is not necess-
sary at this time. 

The Endangered Species Act requires federal agencies 
to ensure that activities they authorize, fund, or carry 
out are not likely to jeopardize the continued existence 
of a listed species or to destroy or adversely modify its 
critical habitat. Possible effects from ELM and NPS 
activities are expected to be limited. Restricting 
traffic to some existing roads and fencing some areas 
might be required, as well as special care in administer-
ing mining claims and oil and gas and tar sands leases so 
that protection of the species is accommodated in 
exploration or any development activity. 
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RECENT OIL SANDS PUBLICATIONS/PATENTS 

The following papers were presented at the Alberta Committee on Oil Sands Analysis Workshop held on March 20, 1986 in 
Calgary, Alberta, Canada: 

Jean Cooley, "Oil-Water Solids Overview' 

Peter Williams, at al, "Isolation of Representative Water and Bitumen Samples from Cores." 
Roll Saetre, "Bitumen Characterization Overview." 
Murray Gray, "Structural Characterization of Heavy Oils." 
Bryan Fuhr, "Component Type Analysis of Bitumen." 
Gerry Goobie, "Sampling and Analysis of Produced Fluids." 
Brian Erne, "Characterization of Produced Fluids from a Fireflood Project." 	 - 
Anne Keats, "Filter Paper Method for Emulsion Analysis." 
Dean Wallace, "General Bitumen Analysis." 
Debbie Henry, "Asphaltene Determination." 
Charles Reichert, "Particle Size Distribution." 
Dean Wallace, "Sampling Uncertainty In the Determination of Major Components in Athabasca Oil Sands." 
Andy Pickard, at al, "Results of Recent ASTM Round Robins and ASTM Developments in Bitumen Distillation 
Determinations." 

Alberta Oil Sands Environmental Research Program, "Water Quality of the Athabasca Oil Sands Area: A Regional Study." 

Alford, Willie 0., "The 1200' Sand Steamflood Demonstration Project," Santa Fe Energy Company, October 1985. 

AOSTRA Journal of Research, December 1985. 

The following paper was presented at the American Institute of Chemical Engineers held on April 6, 1986 in New 
Orleans, Louisiana: 

H. J. Woods, "The Donor Refined Bitumen (DRB) Process." 

Bliss, L. C., "Long Term Prediction of Vegetation Performance on Mined Sands," University of Alberta 1985. 

Best, D. A., at al, "Underground Test Facility: Shaft and Tunnel Laboratory for Horizontal Well Technology." 

The following papers were presented at the First Quarterly Meeting of the Canadian Heavy Oil Association In Calgary, 
Alberta, Canada on April 30, 1986. (Theme: "Water Management for In Situ Projects"): 

S. T. Connoly, at a!, "BP's Experience in Water Management at the Wolf Lake Project." 
B. H. Asano, at al, "Problems and Solutions to Produced Water Treatment. A Designer's Perspective." 
Gordon Page, at al, "Source Water Management Systems." 
Pat Bowser, "Principles of Coalescene and Their Application to Produced Water Treatment." 
Peter Watts, "Hot Process Softening of Produced Water." 
Panel Discussion: "Key Issues in Water Management." 
Norm Storm, "Energy Technology Development and Testing in Times of Fluctuating Market Signals." 

Energy Resources Conservation Board, "Energy Alberta 1985." 

Energy, Mines and Resources Canada, "The Canadian Oil Market," February 1986. 

The following papers were presented at the Ninth Annual Energy Sources Technology Conference in New Orleans, 
Louisiana on February 23, 1986: 

M. A. Abdrabboh, et al, "An Examination of the Interaction Between Oil Sand Fragments in Hot Gaseous 
Streams." 
M. A. Abdrabboh, et al, "Volatilization of Packed Beds of Oil Sand Particles." 
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Finch, Peter D., at al, "Depositional Environments of Lower Cretaceous McMurray Formation, Athabasca Oil Sands, 
Alberta. 

Third Annual Heavy OIL and Oil Sand Technical Symposium papers, presented February 19, 1986 in Calgary, Alberta, 
Canada: 

Hoffman, Murphy, "Geotechnical Factors Affecting Mining and In Situ Recovery." 

Eckhardt, Unsworth, "Shell's Experience with Directional Drilling at the Peace River Expansion Project." 

Kissel, Nguyen, Sacuta, "Stability of Gravel Pack Materials in Thermal Recovery Operations." 

Lea, Middleton, "Development of Sand Control Techniques for Steam Stimulated Wells in the Lindbergh 
Field." 

Kitzan, Ness, Vallet, "Evaluation of Well Workover Methods and Equipment in Thermal Projects." 

Gardiner, Johnston, Tarnowsky, "Amoco's Experience with Heavy Oil Artificial Life Systems." 

Baker, Schubert, "Applicaton of Screw Pumps to Lloydminster Heavy Oil Wells." 

Mealey, "Clean Out of Sand Producing Oil Wells Using a Jet Pump." 

Corti, Valdes, Pease, Roett, "Heavy Oil Desalting by the RTR/Gulf H.O.T. Process." 

Bridle, "Esso's Experience with Produced and Waste Water Recycle Systems." 

Maki, Tatchyn, "Aluminum Pipelines for EOR Corrosive Services." 

Knapp, Roy, "The Use of Microorganisms In Enhanced Oil Recovery," November 1985, University of Oklahoma. 

National Institute for Petroleum and Energy Research, 111985 Annual Report," March 1986. 

Ness, Larry A., at al, "Methods and Equipment to Workover Hot, Overpressured Wells in Thermal Projects." 

Sinks, Donna J., "Geologic Influences on the In Situ Processing of Tar Sand at the Northwest Asphalt Ridge Deposit, 
Utah," January 1985, Western Research Institute. 

L. A. Smith Consulting & Development, Ltd., "Fuel Options for Enhanced Hydrocarbon Recovery," November 1985. 

Strycker, Arden R., et al, "Determining the Effectiveness of Additives for the Control of Sweep and Mobility in 
Steam flooding." 

United States Department of Energy: 

"Increased Understanding of the 300 Billion Barrel United States Residual Oil Resource and the Technologies 
to Produce It." 

"Proceedings of the First Annual Oil Shale/Tar Sand Contractors Meeting," Morgantown Energy Technology 
-Center, July 1985. 

United States Department of the Interior, "Proposed Lease Conversion for Sohlo Within the Asphalt Ridge Special Tar 
Sand Area," March 1986, Bureau of Land Management. 

The following paper was presented at the 13th Energy Technology Conference on March 17, 1986 in Washington, D.C.: 

L. Woods, "Oil Shale and Energy Security for the United States." 

CANADIAN PATENTS 

"In Situ Recovery Process for Heavy Oil Sands," Canadian Patent 1,195,606, R. A. Pachovsky - Inventor, Texaco Canada 
Inc., October 22, 1985. 

"Process for Recovering Hydrocarbons from a Diatomite-Type Ore," Canadian Patent 1,195,637, B. W. Davis - Inventor, 
Chevron Research Company, October 22, 1985. 

"Upgrading of Heavy Hydrocarbbnaceous Oil Using Carbon Monoxide and Steam," Canadian Patent 1,195,639, H. S. 
Johnson and A. Bright - Inventors, Gulf Canada Ltd., October 22, 1985. 
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"In Situ Bitumen Recovery by Percolation," Canadian Patent 1,195,920, E. Yildirim - Inventor, Canadian Occidental 
Petroleum Ltd., October 29, 1985. 

"Filter for Separating Discrete, Solid Elements from a Fluid Stream," Canadian Patent 1,196,277, Ii B. Livesey and P. 
Toma - Inventors, Texaco Canada Resources Ltd., November 5, 1985. 

"Recovery of Oil from Tar Sands," Canadian Patent 1,196,594, G. Savard and R.G.H. Lee - Inventors, Canadian Liquid Air 
Ltd., November 12, 1985. 

"Method of Electrically Heating Underground Hydrocarbon Deposits," Canadian Patent 1,196,572, M. Yukawa, M. Yasuda, 
and T. Kobayashi -Inventors, Mitsubisi Denki Kabushiki Kaisha, November 12, 1985. 

"Method of Recovering Viscous Petroleum from a Subterranean, Petroleum-Containing Formation," Canadian Patent 
1,196,268, M. L. Anderson - Inventor, Mobil Oil Corporation, November 5, 1985. 

"Cyclic Solvent Flooding to Recover Viscous Oils," Canadian Patent 1,194,784, L. D. Mullins and J. L. Fitch - Inventors, 
Mobil Oil Corporation, October 8, 1985. 

"Viscous Oil Recovery Method," Canadian Patent 1,194,785, W. H. Shu and K. J. Hartman - Inventors, Mobil Oil 
.Corporation, October 8, 1985. 

"Process for the Production of Hydrocarbon Oil Distillates," Canadian Patent 1,195,943, E. T. Child - Inventor, Texaco 
Development Corporation, October 29, 1985. 

"Process for the Production of Hydrocarbon Oil Distillates," Canadian Patent 1,195,638, P. B. Kwaat and J. R. Newsome 
- Inventors, Shell Canada Ltd., October 22, 1985. 

"Process for the Production of Hydrocarbon Oil Distillates," Canadian Patent 1,196,598, R. H. Van Dongen and W.R.J. 
Stork - Inventors, Shell Canada Ltd., November 12, 1985. 	 - 

"Thermal Oil Recovery with Solvent Recirculation," Canadian Patent 1,192,487, L. D. Boyer, M. W. Britton, and A. 1.. 
Anderson - Inventors, Conoco Inc., August 27, 1985. 

"Simultaneous Catalytic Hydrocracking and Hydrodewaxing of Hydrocarbon Oils with Zeolite Beta," Canadian Patent 
1,196,880, H. B. LaPierre and R. D. Partridge - Inventors, Mobil Oil Corporation, November 19, 1985. 

In Situ Combustion Method for Recovery of Heavy Oil Utilizing Oxygen and Carbon Dioxide- as Initial Oxidant," 
Canadian Patent 1,196,855, W. H. Shu - Inventor, Mobil Oil Corporation, November 19, 1985. 

"Recovery of Bituminous Oil from Tar Sands," Canadian Patent 1,197,203, M. C. Chang - Inventor, November 26, 1985. 

"Separation of Bituminous Material from Oil Sands and Heavy Crude," Canadian Patent 1,197,204, G. Angelov and P.W.M. 
Shibley - Inventors, Bitumen Development Corporation, Ltd., November 26, 1985. 

"Viscous Oil Recovery Method," Canadian Patent 1,197,457, W. B. Shu and K. J. Hartman - Inventors, Mobil Oil 
Corporation, December 3, 1985. 

"Method for Recovering Heavy Crudes from Shallow Reservoirs," Canadian Patent 1,197,771, H. S. Chung - Inventor, 
Mobil Oil Corporation, December 10, 1985. 

"Process-for the Production of Hydrocarbon Oil Distillates," Canadian Patent 1,198,388, H. H. Van Dongen and J. R. 
Newsome - Inventors, Shell Canada Ltd., December 24, 1985. 

"Recovery of Hydrocarbons from Tar Sands," Canadian Patent 1,198,994, M. Dente, L. Antonelli, and C. Gallazzi - 
Inventors, Ingeco International S.A., January 7, 1986. 

"Visbreaking-Enhanced Thermal Recovery Method Utilizing High Temperature Steam," Canadian Patent 1,199,574, W. H. 
Shu - Inventor, Mobil Oil Corporation, January 21, 1986. 

"Two-Stage Hydroproeessing of Heavy Oils with Recycle of Residua," Canadian Patent 1,199,293, J. H. Shinn - Inventor, 
Chevron Research Company, January 14, 1986. 

"Hydrogenation of Carbonaceous Material," Canadian Patent 1,199,299, K. H. Dymock and M.C.E. Bell - Inventors, Inco 
Ltd., January 14, 1986.
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"Mitigation of Radio Frequency Electric Field Peaking in Controlled Heat Processing of Hydrocarboneous Formations In 
Situ," Canadian Patent 1,199,375, J. B. Bridges and A.'Faflove - Inventors HT Research Institute, January 14, 1986. 

"Oil Recovery Method," Canadian Patent 1,199,268, E. L. Cook - Inventor, Mobil Oil Corporation, January 14, 1986. 

OIL SANDS - PATENTS 

"Process for Treating Modified Oil Shale to Recover Shale Oil," Costandi A. Audeh and Joseph J. Dickert, Jr. - Inventors, 
Mobil Corporation, United States Patent 4,568,446, February 4, 1986. A method for converting hydrocarbonaceous 
materials such as oil shale, tar sands and other similar materials into hydrocarbonaceous fluids by use of a liquid 
hydrogen donor wherein the reaction is conducted in a substantially air free environment and the resultant modified 
organic content on said shale is recovered without the use of a hydrocarbonaceous solvent. 

"Asphalt Compositions," Jack N. Finch and Janice S. Sprague - Inventors, Phillips Petroleum Company, United States 
Patent 4,571,269, February 18, 1986. Addition of selected dispersants comprising metal petroleum sulfurates and 
selected oil-soluble esters to asphaltic fractions exhibiting a positive oliensis spot test to improve the properties thereof 
so that the asphaltic material will pass the oliensis spot test and be suitable for use in paving formulations. 

"Recovery of a Carbonaceous Liquid with a Low Fines Content," Lawrence B. Peck - Inventor, Standard Oil Company 
(Indiana), United States Patent 4,572,777, February 25, 1986. A method is disclosed for recovering bitumen from a 
carbonaceous solid feed and for recovering a carbonaceous liquid from a fines-containing carbonaceous liquid teed by 
extraction of the feed with a solvent of predetermined solvency power, wherein the recovered product has a lo* fines 
content. (Editor's note: also see patent 4,584,087.) 

"In Situ Gasification of Tar Sands Utilizing a Combustible Gas," Costandi A. Audeh and Robert D. Offenhauer -Inventors, 
Mobil Corporation, United States Patent 4,573,530, February 4, 1986. A subterranean, viscous oil-containing formation, 
e.g., tar sands, which has previously been exploited by an in situ combustion operation to recover the maximum amount 
of oil therefrom and leaving a solid coke-like residue in the formation, is first saturated with a combustible gas such as 
methane, ethane, propane, natural gas or mixtures thereof, thereafter reinitiating in situ combustion and then injecting a 
mixture of an oxygen-containing gas and steam to convert the coke-like residue to a combustible product gas consisting 
predominantly of carbon monoxide and hydrogen within the formation. The combustible product gas is recovered and 
may be utilized directly as a fuel gas, or may be utilized as feedstock for petrochemical manufacturing processes. 

"Bucketwheel Excavator with Oscillating Nozzles," Hartmut Grathoff (of West Germany) - Inventor, Maschinenfabrik 
Augsburg-Nurnberg AG, United States Patent 4,573,743, March 4, 1986. Instead of teeth or similar cutting or loosening 
means, oscillating nozzles are arranged on the outer backs and the outer side walls of the buckets of the bucketwheel of 
a bucketwheel excavator, the nozzles being capable of being supplied with liquid, in particular water, at high pressure. 
These nozzles enable the excavator to strip or mine deposits of high hardness and strength as well as highly abrasive 
deposits with reduced outage periods and reduced force required for digging as well as lower capital costs and operating 
costs. In addition to the oscillating nozzles, fixed nozzles may additionally be provided which produce cuts in the 
material to be excavated whereby the formation of large lumps is prevented. 

"Method and Apparatus for Combating Encroachment by In Situ Treated Formations," Donald J. Dowling and Harold A. 
Palmer - Inventors, Texaco Inc., United States Patent 4,576,231, March 18, 1986. A method and apparatus Is applicable 
to in situ heating of oil shale or tar sand. The heating is by radio frequency that is applied down hole by a central 
conductor that extends beyond a coaxial shielding conductor to form the antenna or applicator. Encroachment by the 
heated formation is overcome by applying motion to the central conductor to remove encroaching formations. 

"Conduit Tube of an Electrode Device for Electrically Heating Underground Hydrocarbon Resources," Kazuo Okahashi, 
Gore Okamoto, and Ichiro Takahashi (all of Japan) - Inventors, Mitsubishi Denki K K, United States Patent 4,577,664, 
March 25, 1986. An improved electrically insulating covering for conduit tubes used for encasing electrode devices 
which are used in the extraction of oil from oil sand wherein the conduit tubes have a metal conduit tube and an 
electrically insulating covering adhered to the outer peripheral surface of the metal conduit tube wherein the improved 
electrically insulating covering comprises: a powdered polyether/ether/ketone resin having a particle size of the range of 
from 10 th 100 microns which has been placed in contact with the metal conduit tube by way of electrostatic coating the 
metal conduit tube and wherein the powdered polyetherfether/ketone adhered to the metal conduit tube, by way of 
fusion-bonding, in a temperature range of from 350° to 4500C to and wherein the metal conduit tube has been preheated 
prior to the adherence of the polyether/ether/lcetone to a temperature range of from 350 0 to 450°C. 

"Method and Apparatus for Producing Viscous Hydrocarbons from a Subterranean Formation," Sze-Foo Chien and Wann-
Sheng Huang - Inventors, Texaco Inc., United States Patent 4,577,691, March 25, 1986. Method and apparatus for 
thermally stimulating bitumen and other viscous hydrocarbon products from a subterranean formation in which the 
product is held. A plurality of wells are formed in the layer, which wells extend from the surface into a generally 
horizontal direction through the productive subterranean layer. The respective wells are spaced vertically apart whereby 
a thermal stimulating fluid such as steam can be selectively injected into discrete segments of the layer. Such injection 
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will achieve the most effective sweeping action by the stimulating fluid through the productive layer. There results an 
orderly downward flow of the produced product and a more uniform and efficient distribution of heat in the stimulated 
formation.	 - 

"Method for Treating Tar Sands Emulsion and Apparatus Therefor," Rene F. Bialek (of Canada) - Inventor, United States 
Patent 4,582,593, April 15, 1986. Method for resolving a hot bitumen emulsion comprised primarily of bitumen, water 
and chemical diluents which method includes the steps of: providing separate but communicated emulsion mixing, and 
emulsion settling chambers, passing the hot bitumen emulsion through a first elongated mixing passage in the mixing 
chamber wherein a rapidly flowing stream of recycled emulsion is combined with a minor portion of unrecycled bitumen 
emulsion, to form a combined bitumen emulsion stream, thereafter passing the combined bitumen emulsion stream into 
an enlongated discontinuous mixing passage comprised of vertically arranged and interconnected mixing passages within 
the emulsion mixer, wherein the combined bitumen emulsion stream passes at a slower rate than in the first elongated 
mixing passage, passing the combined bitumen emulsion stream into an overflow passage communicated with the second 
elongated mixing passage, introducing a part of the combined emulsion stream from the overflow passage into the 
emulsion settling chamber, recycling the remainder of the combined emulsion stream from the overflow passage into the 
first elongated mixing passage, and removing separated flows of bitumen and water from the settling chamber. 

"Hydrotreating Supercritical Solvent Extracts in the Presence of Alkane Extractants," Jim Y. Low - Inventor, Phillips 
Petroleum Company, United States Patent 0,032,120, April 22, 1986. A process for recovering hydrocarbons from 
naturally occurring low organic carbon content carbonaceous materials selected from oil shale, tar sand, and mixtures 
thereof comprising: (a) subjecting the material to solvent extraction with an alkane-containing solvent under 
supercritical conditions for the solvent, (b) then hydrotreating the extract from step (a) with added hydrogen in the 
presence of the solvent, and (c) recovering the resultant hydrotreated product. 

"Method and Apparatus for Combustion of Diverse Materials and Heat Utilization," Leland M. Reed, William A. Reed and 
Walter C. Seeman - Inventors, PEDCO Inc., United States Patent 4,583,468, April 22, 1986. A method and apparatus is 
disclosed for combustion of diverse materials, particularly combustible solids, liquids or gases,such as sewage sludge, 
refuse, coal, refinery sludge, tar sands, coal shale, coal tailings and spent foundry sand. A rotary combustion apparatus 
is employed which consists of a cyclindrical drum, or other similar regularly shaped chamber, with a substantially 
horizontal axis of rotation including an ignition zone, a principal combustion zone, a falling temperature zone and a spent 
solids removal zone. The apparatus further includes solids transport chutes for forward and backward circulation of 
soids, arranged for the transfer of solids to or from one or more points. Feedstock may also be heated by recycled hot 
solids. The method and apparatus employs direct solids-to-gas contact established by lifting and cascading combustible 
solids through a hot gas stream. 

"Process for the Production of Carbon Monoxide and Hydrogen from Carbonaceous Material," Nai Y Chen - Inventor, 
Mobil Corporation, United States Patent 4,583,993, April 22, 1986. Hydrogen and carbon monoxide are produced from 
coal, char or other carbonaceous material in a processing combination comprising a catalytic company generator 
employing as reactant materials, fluid carbon material and carbon dioxide production of the reaction with carbon 
monoxide to produce hydrogen and carbon dioxide. Carbon dioxide produced in the process is relied upon as the primary 
endothermic heat source in the fluid cogenerator. 

"Recovery of a Carbonaceous Liquid with a Low Fines Content," Lawrence B. Peck - Inventor, Amoco Corporation, 
United States Patent 4,584,087, April 22, 1986. A method is disclosed for recovering bitumen from a carbonaceous solid 
feed and for recovering a carbonaceous liquid from a fines-containing carbonaceous liquid feed by extraction of the feed 
with a solvent of predetermined solvency power, wherein the recovered product has a low fines content. (Editor's note: 
also see patent 4,512,777.)
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PROJECTS 

ATHABASCA PROJECT - Solv-Ex Corporation and Shell Canada Limited (T-el) 

The project is a joint venture of Solv-Ex and Shell Canada Limited to undertake the phased development of an open 
pit mine and extraction plant for bitumen on Shell's oil sands lease In Alberta, Canada. 

Phase I of the project includes a detailed engineering study and a 1,500 metric tonnes run of oil sands through the 
SoIv-Ex pilot plant, located in Albuquerque, New Mexico. 

Pending successful results of the testing and acceptable economic forecasts, the construction of the mine and plant 
complex (Phase II) would begin, with completion targeted for some time in 1990. 

The mine will provide 16,275 tons of ore per day to the extraction plant, which will use the Solv-Ex technology. 
About 7,500 barrels of bitumen per calendar day are expected to be produced, the product to be sold as bitumen or 
upgraded to synthetic crude at additional cost. 

The Government of Alberta and the Alberta Oil Sands Technology and Research Authority have agreed to provide 
financial assistance to the project in the form of a loan guarantee for Phase II of 30 percent of costs up to 
C$85 million, plus capitalized interest, and a C$3 million grant for Phase I, respectively. Work on Phase I Is already 
underway. 

Project Cost:	 C$260 million (Phase II) 
C$10 million (Phase I) 

*BI-PROVINCIAL PROJECT - UPORADER FACILITY - Husky Oil Operations Ltd. (T-35) 

Husky Oil is planning a heavy oil upgrader to be located near the Alberta/Saskatchewan border at Lloydminster, 
Saskatchewan. The facility will be designed to process 54,000 barrels per day of heavy oil and bitumen from the 
Lloydminster and Cold Lake deposits. The primary upgrading technology to be used at the upgrader will be H-Oil 
ebullated bed hydrocracking followed by delayed coking of the hydrocracker residual. 

Engineering and design of the plant was initiated in June 1984 under terms of an agreement between Husky Oil 
Operations Ltd. and the governments of Canada, Alberta, and Saskatchewan which provide loan guarantees and 
royalty concessions. 

In April 1986, Husky and the governments reviewed the terms of this agreement and established alternative 
conditions. Under the new agreement Husky will complete the design engineering for the project and prepare a 
definitive cost estimate as Phase! of the project. 

Following these Phase I activities the governments and Husky will review the cost estimate in March 1987 and will 
establish the financial terms for continuation of the project under Phase II, detailed engineering and construction. 

To date licensor engineering for the H-Oil and Hydrotreating Units has been completed. Licensor engineering for 
the Delayed Coking Unit will be complete by August 1986. Licenser engineering for the Sulfur Plant will be 
initiated in June 1986. 

Engineering contracts for each of the five process plants and for the Utilities and Offsites have been awarded as 
follows: 

Primary Upgrading Plant	 PCL-Braun-Simmons Ltd. 
Secondary Upgrading and Crude Plants 	 Bantrel Group Engineers Ltd. 
Hydrogen Plant	 SNC/FW Ltd. 
Utilities and Offsites	 Partec-Lavalin Inc. 
Sulfur Plant (Phase I)	 Monenco Engineers and Constructors Inc. 
Delayed Coker	 Foster-Wheeler U.S.A. Corporation 

Work on Phase I activities is underway for all plants. 

Project Cost:	 Upgrader Facility estimated at C$1.4 billion 

*BURNT LAKE - Suncor Inc. (T-02) 

In early 1985 Suncor purchased oil sands leases and petroleum and natural gas leases from Dome Petroleum for 
$79 million. In October 1985 an application was filed for a commercial heavy oil project on a portion of these newly 
acquired leases (just north of Suncor's Fort Kent plant). As at Fort Kent the method of recovery will be cyclic 
steam injection.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1986) 

Total reserves on this lease are estimated to be approximately 1,455 million barrels of which about 200 million are 
recoverable. 
The project scope will result in an ultimate capacity of 25,000 barrels per day froma total of 2,000 wells. The 
project is expected to start in 1986 and will grow by four equal stages of about 6,250 barrels per day per stage with 
completion expected in 1991. 
The Stage 1 phase of the program will involve 110 wells. These wells will be drilled in clusters of 25 to 30 within an 
area of about 150 feet in diameter. Individual clusters will be spaced about one per 5.5 acres. 
Total capital costs are estimated at $1.3 billion (1985 dollars). 

Project Cost:	 $1.3 billion 

CALIFORNIA TAR SANDS DEVELOPMENT PROJECT - California Tar Sands Development Corporation (T-06) 
California Tar Sands is developing a downhole hydraulic mining system whereby oil sands occurring at depths from 
100 to 600 feet will be mined using a hydraulic mining tool. Bitumen will be extracted from the sand using a surface 
removal process. Operations will take place in California and Canada. 

Project Cost:	 $547 million 

CANSTAR - Nova - An Alberta Corporation, Petro-Canada (T-10) 
An oil sands mining complex is planned on a site in the Athabasca deposit. A technical feasibility study for a 
72,000 barrels per day plant has been completed. Commercial feasibility is currently being discussed - with the 
Alberta and Canadian governments. Discussions are underway with other potential participants; a change in the 
make-up of the project sponsors is likely. There is no specific timetable at present for bringing the project forward. 

Project Cost:	 $4 billion 

COLD LAKE PROJECT - Esso Resources Canada Limited (T-20) 
In September 1983 the Alberta Energy Resources Conservation Board (AERCB) granted Esso Resources Canada Ltd. 
approval to proceed with construction of the first two phases of commercial development on Esso's oil sands leases 
at Cold Lake. Subsequent approval for Phases 3 and 4 was granted in June 1984 and for Phases 5 and 6 in May 1985. 
Shipments of diluted bitumen from Phases 1 and 2 started in July 1985. By the end of 1996, commercial bitumen 
production at Cold Lake will average 55,000 barrels oil per thy. 
On October 23, 1985 Esso announced plans to expand its Cold Lake development. Capital costs for construction of 
the expansion are estimated at $400 million, bringing total capital costs for commercial bitumen production at Cold 
Lake to an estimated $1 billion. Over the life of this development, it is estimated that up to $5 billion of additional 
capital will be invested In replacement wells and field facilities. Initial production of the new increment will 
require 560 wells, with a total of 2,300 wells drilled over the 25 year life of the project. If the expansion project 
receives the necessary approvals, produciton of 6,000 cubic meters per day (40,000 barrels per day) is expected to be 
on stream by Spring 1988. At that time, total commercial bitumen production at Esso's Cold Lake Project will reach 
15,000 cubic meters per day (approximately 95,000 barrels per thy). 
Cyclic steam stimulation is being used to recover the bitumen. Processing equipment consists of a water treatment 
and steam generation plant and a treatment plant which separates produced fluids into bitumen, associated gas and 
water. Plant design allows for all produced water to be recycled. 

Project Cost:	 $600 million 

DAPHNE PROJECT - Petro-Canada (T-25) 
Petro-Canada is studying a tar sands mining/surface extraction project to be located on the Daphne leases new Fort 
McMurray, Alberta. The proposed project would produce 73,000 barrels per day. Based on mining studies by Loram 
International Ltd., engineering studies by Bechtel Canada Ltd., and continuing internal studies by Petro-Canada. 
The project is expected to cost $4.1 billion (Canadian). During the 1984/1985 winter 117 core holes were drilled at 
the site to better define the resource. 
Federal and provincial government agencies have been contacted to discuss reduced royalty and tax schemes, but no 
agreements have been reached. Petro-Canada has also discussed the project with other companies that may be 
interested in acquiring equity shares in the project. 

Project Cost:	 $4 billion (Canadian)
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1986) 

DIATOMACEOUS EARTH PROJECT —Texaco Inc. (T-30) 

Texaco is studying the feasibility of commercial oil production from oil-saturated deposits of diatomaceous earth 
located in the McHittrick area of California's San Joaquin Valley 40 miles west of Bakersfield. The deposits, which 
lie at depths of zero to 1,200 feet beneath a 1,680 acre parcel of land owned by Texaco, are estimated to contain 
over 300 million barrels of recoverable oil, which will be recovered using open pit mining and backfihlng techniques. 
Two recovery processes, the Dravo solvent extraction method and a Lurgl-Ruhrgas retort, were tested in pilot 
plants. Texaco, has selected the Lurgi process. The Lurgi pilot plant Is designed to process about 250 tons per day 
of ore to recover 150 barrels per day of oil. Project life for the commercial plant is estimated to be 40 to 50 years, 
depending on plant size. Texaco estimates crude oil produced from the project will average 21 0 to 230 API gravity. 
Commercial plant start-up has not been determined. 

Project Cost:	 Undetermined at this time 

ELK POINT PROJECT - Amoco Canada Petroleum Company, Ltd. (T-21) 

The Elk Point Project area is located approximately 165 kilometers east of Edmonton, Alberta. Amoco Canada 
holds a 100 percent working Interest in 6,600 hectares of oil sands leases in the area. The Phase 1 Thermal Project 
is located in the NW 1/4 of Section 28, Township 55, Range 6 West of the 4th Meridian. 
The primary oil sands target in the area is the Lower Cummings sand of the Mannville Group. Additional oil sands 
potential is Indicated in other Mannville zones including the Colony, Clearwater, and the Sparky. 
Amoco Canada has several development phases of the Elk Point Project. Phase 1 of the Project will involve the 
drilling, construction, and operation of a 13-well Thermal Project (one, totally enclosed 5-spot pattern), a 
continuation of field delineation and development drilling and the construction of a product cleaning facility 
adjacent to the Thermal Project. The delineation and development wells are drilled on a 16.19 hectare spacing and 
are cold produced and/or huff-puff stimulated during Phase 1. 

Construction of the Phase 1 Thermal Project and cleaning facility was initiated in May 1985. The cleaning facility 
has been operational since October 1985. 

Further development of the Project to the planned second phase will depend on future heavy oil market demand and 
pricing. 

Project Cost:	 Phase 1 -$50 Million (Canadian)

FOREST HILL PROJECT - Greenwich Oil Corporation (T-26) 
Greenwich Oil Company is developing a project which entails modification of existing, and installaton of additional, 
injection and production wells to produce approximately 1,750 barrels per day of 10 0 API crude oil by a tire flooding 
technique utilizing injection of high concentration oxygen. Construction began in the third quarter 1985. Loan and 
price guarantees were requested from the United States Synthetic Fuels Corporation under the third solicitation. 
On August 21, 1985 the Board directed their staff to complete contract negotiations with Greenwich by September 
13, 1985 for an award of up to $60 million. Contract was signed on September 24, 1985. Project is in the start-up 
phase with five injection wells taking 75 tons per day of 90 percent pure oxygen. 

Project Cost:	 Estimated $42.5 million 

LINDBERGH COMMERCIAL PROJECT -- Dome Petroleum Limited (T-32) 

Dome Petroleum has applied to the Alberta Energy Resources Conservation Board for a commercial project in 
Lindbergh. The project will cover five sections and will be developed at a rate of one section per year for five 
years. It will employ "huff-and-puff" steaming of wells drilled on 10 acre spacing, and will require capital 
investment of approximately $158 million (Canadian). The project is expected to encompass a period of 12 years and 
will result in peak production of 12,000 barrels of oil per thy, which when coupled with production from two 
experimental plants and additional wells will raise the daily area production to about 15,000 barrels per day. 

Project Cost	 See above 

LINDBERGH COMMERCIAL THERMAL RECOVERY PROJECT -- Murphy Oil Company Ltd. (T-33) 

Murphy Oil Company Ltd., is commencing a commercial thermal recovery project in the Lindbergh area of Alberta. 
Project development is planned in four separate phases over nine years, with a total project life of 30 years. The 
first phase of the commercial expansion is underway with the addition of 53 wells in 1985 and construction of an oil 
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plant, water plant, and water source intake and line from the north Saskatchewan River. Startup has been postponed 
pending satisfactory oil pricing. 

Murphy has been testing thermal recovery methods in a pilot project at Lindbergh since 1974. Based on its 
experience with the pilot project at Lindbergh, the company expects recovery rates in excess of 15 percent of the 
oil in place. Total production over the life of this project is expected to be in excess of 12 million cubic meters of 
heavy oil. Experiments with follow-up production techniques, which may improve recovery rates even further, are 
continuing at the pilot project. 
The project will use a huff-and-puff process with about two cycles per year on each well. Production will be from 
the Lower Grand Rapids zone at a depth of 1,650 feet. Oil gravity is 11°API, and oil viscosity at the reservoir 
temperature is 100,000 centipose. 

As production from the initial wells declines, replacement wells will be drilled and brought on stream, to maintain 
production. An average of 18 new wells will be drilled each year. The wells will be directionally drilled outward 
from common pads, reducing the number of surface leases and roads required for the project. 

Capital costs of Phase I will be roughly $30 million (Canadian) for the initial installations, with about $6 million in 
capital additions for each succeeding year to drill and tie in the replacement wells. Operating expenditures will be 
in the order of $12 million per year. 

Development of future phases will be dependent on satisfactory performance in Phase I and successful production 
tests at the intended locations for these phases. A tentative schedule is to commence construction of Phase II in 
1988, Phase ill in 1990, and Phase IV in 1992. Total production from all four phases would be 10,000 barrels per day. 

Project Cost:	 $30 million (Canadian) capital cost 
$11 million (Canadian) operating costs plus $6 million capital additions annually 

LLOYDMINSTER REGIONAL UPGRADER --(See El-Provincial Project-Upgrader Facility) 

NEWGRADE HEAVY OIL IJPGRADER - NewGrade Energy, Inc., a partnership of Consumers Co-Operative Refineries 
Ltd. and the Saskatchewan Government (1-35.2) 

Site work has been started for the $650 million upgrader project to be built adjacent to the Co-Operative refinery in 
Regina, Saskatchewan. 

The 50,000 barrels per day heavy oil upgrading project was originally announced in August 1983. 

Co-Operative Refineries will provide 5 percent of the costs as equity, while the provincial government will provide 
15 percent. The federal government and the Saskatchewan government will provide loan guarantees for 80 percent 
of the costs as debt. 

NewGrade has selected process technology licensed by Union Oil of California for the upgrader which will provide 
30,000 barrels per day of upgraded crude. 

Project Cost:	 $650 million 

PEACE RIVER COMMERCIAL EXPANSION --Shell Canada Resources Limited (1-35.5) 

Shell Canada Resources Limited is expanding the existing Peace River In Situ Pilot Project to an average production 
rate of 10,000 barrels per day. The expansion will be located adjacent to the existing pilot project, approximately 
55 kilometers northeast of the town of Peace River, on leases held jointly by Shell Canada Resources Limited and 
Shell Explorer Limited. 

The expansion, at an estimated cost of $200 million, will require the drilling of an additional 212 wells for steam 
injection and bitumen production, plus an expanded distribution and gathering system. Wells for the expansion will 
be drilled directionally from eight common pads. The commercial project will also include an expanded main 
complex to include facilities for separating water, gas, and bitumen; a utility plant for generating steam; and office 
structures. Additional off-site facilities will also be added. No upgrader is planned for the expansion; all bitumen 
extracted will be diluted and marketed as a blended heavy oil. The diluted bitumen will be transported by pipeline 
and initially would be exported to the northern tier refineries in the United States for asphalt production. 

An application to the ERCE received approval in early November 1984. Drilling began in February 1985. 
Construction began June 1985. The expansion is planned to be on stream late 1986. This expansion is only the first 
step of Shell's long-term plan to develop the Peace River oil sands. If successful, a further expansion could follow in 
the early 1990s. Additional phased expansion could occur over a 30 year period. 

Project Cost:	 $200 million
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PORTA-PLANTS PROJECT - Porta-Plants, Inc. (T-36) 

Porta-Plants, Inc., is proposing a project near Roosevelt, Utah to produce 1,000 barrels per day of bitumen from 
high-grade Utah tar sands utilizing an optimized hot water disengagement and selective cohesion process. The first 
phase (for which SFC assistance was not requested) involves construction of a 10 barrels per day plant to be 
operational in 1997. Superior yields have been proven. A heavy oil upgrading process has not been chosen. 
Processes being considered include: Dynacracking, ART, and hydrotreating. Construction of the 1,000 barrels per 
day facility would follow on the same site, with start-up scheduled for October 1988. Price and loan guarantees 
were requested from the United States Synthetic Fuels Corporation (SFC) under Production costs will be $12.92 per 
barrel Including operation and equipment. 

	

Project Cost:	 10 barrels per day Plant: 	 $5,000,000 
100 barrels per day plant:	 $10,000,000 
1,000 barrels per day Plant:	 $27,500,000 

PRIMROSE LAKE COMMERCIAL PROJECT - Dome Petroleum Ltd. (T-38) 

Dome has proposed a 25,000 barrels per day commercial project in the Primrose area of northeastern Alberta. 
Dome Is earning a working interest in certain oil sands leases from Alberta Energy Company. Following extensive 
exploration, the company undertook a cyclic steam pilot project in the area, which commenced production in 
November 1983, and thereby earned an interest in eight sections of adjoining oil sands leases. The 41 well pilot was 
producing 2,000 barrels per day of 10°API oil in 1984. 

The agreement with Alberta Energy contemplates that Dome can earn an interest in an additional 225,000 acres of 
adjoining oil sands lands through development of a commercial production project. The project is estimated-to carry 
a capital cost of at least $C1.2 billion and annual operating cost of $C140 million. Total production over a 30 year 
period will be 190 million barrels of oil or 18.6 percent of the oil originally in place in the project area. Each year 
for the first five years Dome will start a new 400 well, 5,000 barrels per day stage. Each stage will cover four 
sections with sixteen 26 well slant-hole drilling clusters. Each set of wells will produce from 160 acres on six acre 
spacing. A hearing on the project was held by the Alberta Energy Resources Conservation Board in November 1985. 

In January 1984, Dome entered into an agreement with Pangaea Petroleum Ltd. and Canadian Hunter Exploration 
Inc., which permits those companies to earn a total of 25 percent of Dome's interest in the Primrose pilot recovery 
project and the proposed commercial production facility. Under this agreement, the two companies have reimbursed 
Dome for approximately $20 million of its costs for the pilot recovery project and will pay one-half of future 
expenditures on the commercial production project. The two companies also have the right to earn a 15 percent 
working interest in any subsequent projects for the recovery of bitumen from the Alberta Energy lands. 

	

Project Cost:	 $1.2 billion (Canadian) capital cost 
$140 million (Canadian) annual operating cost 

SELECTIVE CATALYTIC COHESION PROJECT - Porta-Plants, Inc. (see Porte-Plants project) 

SCOTFORD SYNTHETIC CRUDE REFINERY - Shell Canada Limited (T-40) 

The project is the world's first refinery designed to use exclusively synthetic crude oil as feedstock, located 
northeast of Fort Saskatchewan in Strathcona County. 

Initial capacity is 50,000 barrels per day with the design allowing for expansion to 70,000 barrels per day. Feedstock 
is provided by the two existing oil sands plants. Products also include butane, propane, and sulfur. The refinery's 
petroleum products are gasoline, diesel and jet fuel and stove oil. Shell has 100 percent interest in the refinery and 
the benzene manufacturing facilities associated with the refinery are owned by Shell Canada Limited. Refinery and 
petrochemical plant officially opened September 1984. 

	

Project Cost:	 $1.4 billion (Canadian) total final cost for all (refinery, benzene, styrene) plants. 

SUNCOR, INC. (formerly Great Canadian Oil Sands, Ltd.) - Ontario Energy Resources Ltd. (25 percent), Sun Oil 
Company (72.8 percent), publicly (2.2 percent) (T-50) 

Suncor Inc. was formed in August 1979, by the amalgamation of Great Canadian Oil Sands and Sun Oil Co., Ltd. in 
November 1981 Ontario Energy Resources Ltd., acquired a 25 percent interest in Suncor Inc. Suncor plans to move 
toward 51 percent Canadian ownership by 1987. 

Suncor Inc. is comprised of three major groups: Resources Group, Sunoco Group, and Oil Sands Group. The 
Resources Group is sub-divided into three divisions: Exploration, Production, and Resources Development. The 
Sunoco Group refines and markets petroleum products. The Oil Sands Group is explained in the following 
paragraphs.
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Oil Sands Group operates a commercial oil sands plant located in the Athabasca bituminous sands deposit 
30 kilometers north of Fort McMurray, Alberta. It has been in production since 1967. A four-step method is used to 
produce synthetic oil. First, overburden is removed to expose the oil-bearing sand. Second, the sand is mined and 
transported by conveyors to the extraction unit. Third, hot water and steam are used to extract the bitumen from 
the sand. Fourth, the bitumen goes to upgrading where thermal cracking produces coke, and cooled vapors form 
distillates. The distillates are desulfurized and blended to form high-quality synthetic crude oil, most of which is 
shipped to Edmonton for distribution. 

In 1984 Suncor announced it would spend an additional $500 million over the next five years to improve productive 
capacity and plant reliability. It is expected this program will increase the productive capacity of the plant by 
approximately 5,000 barrels per day. Current estimated remaining reserves of synthetic crude oil are 373 million 
barrels. 

The plant receives world price for its oil which has ranged from $32 to $45 (Canadian) per barrel over the last few 
years. 

Project Cost:	 (see above) 

SUNNYSIDE TAR SANDS PROJECT - GNC Tar Sands Corporation (T-590) 

A 240 tons per day (120 barrels per day) tar sands pilot was built by GNC in 1982 in Salt Lake City, which employs 
ambient water flotation concentration which demonstrated that tar sands could be concentrated by selective 
flotation from 8 percent bitumen as mined to a 30 to 40 percent richness. 

Chevron in 1933 built and operated a solvent leach unit that, when added in back of a flotation unit at Colorado 
School of Mines Research Institute in Denver, produced a bitumen dissolved in a kerosene solvent with a ratio of 1:3 
which contained 5 percent ash and water. Chevron also ran a series of tests using the solvent circuit first followed 
by flotation and found it to be simpler and cheaper than the reverse cycle. 

Kellogg, In a series of tests during 198311984, took the product from the CSMRI tests and ran it through their 
Engelhard ARTCAT pilot plant in Houston and produced a 27 0API crude out of the 10 percent API bitumen, recycled 
the solvent, and eliminated the ash, water, and 80 percent of the metals, nitrogen, and sulfur. 

Today GNC has a complete process that on tests demonstrates 96 to 98 percent recovery of mined bitumen through 
the solvent and flotation units and converts 92 percent of that stream to a 27°API crude with characteristics 
between Saudi Light and Saudi Heavy. 

0MG has 2,000 acres of fee leases in the Sunnyside deposit that contain an estimated 307 million barrels of bitumen. 
It has applied to BLM for conversion of a Sunnyside oil and gas lease to a combined hydrocarbon lease. The company 
has contracted Morrison-Knudsen for mining and upgrading. The first commercial facility will be 5,000 barrels per 
day. In response to a solicitation by the United States Synthetic Fuels Corporation (SFC) for tar sands projects that 
utilize mining and surface processing methods, ONC requested loan and price guarantees of $452,419,000. 
Construction would start in the third quarter 1986 with first production in the first quarter 1989. On November 19, 
1985 the SEC determined that the project was a qualified candidate for assistance under the terms of the 
solicitation. 

On December 19, 1985, the SEC was cancelled by Congressional action. GNC is now attempting to finance 
independently of United States government assistance. Studies have been completed by M. W. Kellogg indicating 
feasibility, after the decline in prices beginning in January 1986 of a 7,500 barrels per day plant which converts the 
ART-treated bitumen to 31 percent gasoline and 69 percent diesel. The 7,500 barrels per day plant, with some used 
equipment, would cost $149 million. 

Project Cost:	 $149 million for 1,500 barrels per day facility 

SYNCRUDE CANADA, LTD. - Alberta Energy Company (10 percent); Alberta Oil Sands Equity (16.74 percent); 
Canadian Occidental Petroleum Ltd. (13.23 percent); Esso Resources Canada Limited (25 percent); Gulf Canada 
Resources Inc. (9.03 percent); Dome Petroleum Limited (agent for 11800 Oil Sands Limited Partnership) (5 percent); 
PanCanadian Petroleum Limited (4 percent); Petro-Canada Ventures Inc. (17 percent) (T-60) 

Located near Ft. McMurray, the plant has an allowable production of 138,600 barrels per calendar day; however, 
current capacity is 128,000 barrels per calendar day and has been in early stages of production since July 31, 1978. 
Mining —electric draglines; extraction—hot water flotation process; upgrading—two fluid cokers. Canadian Bechtel 
Ltd. was managing contractor. In 1979, 13 million barrels of synthetic crude were delivered. Production in 1980 
was over 28 million barrels; production in 1981 was over 29.7 million barrels. The 1982 production figure was 
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31.32 million barrels, and 1983 was 40.8 million barrels, 1984 was 31.2 million barrels, and 1985 was 46.7 million 
barrels. All major equipment is in place and operational; four draglines and four bucketwheels working. Syncrud&s 
staff is 4,2 00. A $1.2 billion capacity addition project and expansion now underway will increase synthetic crude oil 
production to 138,600 barrels per day. The expansion is expected to be complete by 1989. 

Project Cost:	 Total cost $2.3 billion (1978 cost) 

WOLF LAKE PROJECT - OP Canada Resources Ltd. and Petro-Canada (T-680) 

Located 30 miles north of I3onnyville new the Saskatchewan border, on 75,000 acres, the Wolf Lake commercial oil 
sands project (a joint venture between OP Canada Resources Ltd. and Petro-Canada) was completed and began 
production in April 1985. Production at designed capacity of 7,000 barrels per day was reached during the third 
quarter 1985. The oil is extracted by the "huff-and-puff" method. Nearly two hundred wells were drilled initially, 
then steam injected. As production from the original wells declines more wells will be drilled. 

Twenty-two wells were drilled in 1931 to determine a site for the plant. Application to the ERCB was approved in 
September 1982. An EPC contract for the Central Plant was awarded to Saturn Process Plant Constructors Ltd., in 
August 1983. Construction was complete in the first quarter 1985, 5.5 months ahead of schedule. Drilling of wells 
began October 15, 1993 and the initial 192 wells were complete In early July 1984, 7.5 months ahead of schedule. 
An estimated 720 wells were needed over the expected 25-year life of the project. Because the site consists mostly 
of muskeg, the wells will be directionally drilled in clusters of 20 from special pads. The bitumen is heavy and 
viscous (10°API) and thus cannot be handled by most Canadian refineries. There are no plans to upgrade the bitumen 
into a synthetic crude much of it will probably be used for the manufacture of asphalt or exported to the northern 
United States. 

The project is going ahead largely due to tax and royalty concessions by both federal and provincial governments. In 
early 1983 the Canadian federal government announced that new oil sands and heavy oil projects would be exempted 
from the Petroleum and Gas Revenue Tax until capital costs have been recovered. The Alberta government has 
indicated that during the early years of the project the province will levy only a nominal royalty. This royalty 
initially could be as little as 1 percent, possibly increasing to as much as 30 percent of net profits once the project 
sponsors recover their investment. 

BP and Petro-Canada are now exploring options for future plants on the Marguerite Lake leases. During the winter 
of 1984/1985 an extensive delineation drilling program was carried out which identified possible areas for future 
developments. OP is now in the process of selecting a specific site and production capacity for Wolf Lake Phase 2. 
Preliminary indications are that the project will be in the 1,500 to 2,000 cubic meters per day range (10,000 to 
13,000 barrels per day). Although some delay in the program may occur, commissioning of Wolf Lake Phase 2 is 
planned for early 1988. Wolf Lake Phase 2 would be followed by Phases 3 and 4 at one to two year intervals.. OP's 
production target is 7j20 cubic meters per day in the 1990s (12,000 barrels per day). 

(Also see Marguerite Lake Phase A Pilot and Marguerite Lake B Unit Experimental Test.) 

Estimated Cost: $114 mullion (Canadian) 
(Additional $750 million over 25 years for additional drilling) 

R&D 

ABC COLD LAKE PILOT - Alberta Oil Sands Technology and Research Authority (AOSTRA), Bow Valley Industries Ltd., 
and Cold Lake Heavy Oil Ltd. (T-85) 

The project is operated by Bow Valley Industries Ltd. The process utilizes superheated steam, carbon dioxide, and 
chemicals to recover bitumen from the Clearwater formation. This technology was developed by Carmel Energy of 
Houston, and partially tested in heavy oil fields in the United States. 

The first phase involved drilling seven wells directionally from a single pad, in a hexagonal configuration. A possible 
second phase would encompass 18 additional wells. 

The project is located on a Gulf Canada lease in the Cold Lake area of Alberta, Canada on which Gulf operated a 
6 well pilot several years ago. Bow Valley has a farm-in arrangement with Gulf and utilizes some of the surface 
facilities built for the Gulf pilot. 

Steam injection began in mid-January 1985. Steam, carbon dioxide, and other chemicals are injected and the well is 
left to soak for a period of time. Gas migrates out of the heated zone into the cold oil zone, goes into solution in 
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R & D PROJECTS (Continued) 

the oil, reducing its viscosity. The well is then put on production with back pressure and the gas comes out of 
solution to provide a gas depletion drive mechanism. After the individual wells achieve "link-up" with this cyclic 
procedure, the pilot may be converted to a steam drive. Carbon dioxide is trucked in to the pilot facility. 

Project Cost:	 $15 million for the first phase 

ANZAC PILOT PROJECT - (see GLISP Project) 

ASPHALT RIDGE TAR SANDS PILOT PLANT -Sohio Shale Oil Company (T-120) 

A surface mining project located on approximately 8,550 acres in Uintah County, Utah. Process selection and 
development work and economic feasibility studies are on hold, pending resolution of liti gation and improvement in 

Project Cost:	 Undisclosed 

ATHABASCA IN SITU PILOT PROJECT - Alberta Oil Sands Technology and Research Authority, Canterra Energy Ltd., 
Tenneco Oil of Canada, Ltd. (T-130) 

The Canterra/TECAN/AOSTRA steamflood pilot commenced operation during December 1981 in one of its two 
patterns. The first pattern consists of 6 producers, 7 injectors, 8 observation wells inside the pattern and 3 outside 
the pattern, 3 water source wells and 3 water disposal wells. A "modified" second pattern was started up in 1984. 
The modification consists of four new wells drilled to form a single 9-spot pattern with 8 producers and 1 injector. 
There are 2 observation wells inside the pattern and 4 outside the pattern. 

Results to date from the project have been encouraging. Tracers injected with the steam have been used to confirm 
reservoir fluid flow in the first pattern and a high rate gelled cold water free was used to establish fluid 
communication in the second pattern. 

The Alberta Oil Sands Technology and Research Authority (AOSTRA) has acquired a 25 percent interest in the 
project. 

Project Cost:	 $80 million (estimate) 

BA'rTRUM IN SITU WET COMBUSTION - Mobil Oil Canada, Ltd. (T-135) 

Mobil Oil Canada initiated dry combustion in 1965 and converted to wet combustion in 1979. This ongoing field 
project presently has nine burns and 133 production wells. 

Project Cost:	 Not disclosed 

BEAVER CROSSING THERMAL RECOVERY PILOT - Chevron Canada Resources Limited. (T-140) 

The original project, a single-well experimental in situ project located at 36-61-2-W4M, was terminated in 1975. 
ERCB approval No. 2269 was issued April 18, 1977 for a 7-well cyclic experimental scheme for the recovery of 
crude bitumen from the Cold Lake Oil Sands Deposit. This approval was amended to locate the pilot in Section 
31-61-I W4. Construction began in early May 1977 with operation commencing in March 1978. Approval was 
further amended in November 1981 to convert to drive operation and extend expiration to 12/31/1984. Project 
consists of six producing wells, one steam injection well and eight temperature observation wells. A steam drive-
producing well stimulation procedure is followed utilizing a 25 million BTU per hour generator. Ceased steam 
injection at end of 1984. Started heat scavenge phase in January 1985, but injecting all produced and make-up 
water. Will continue operation until rates are uneconomic. 

Project Cost:	 $14 million (estimated) 

CANMET HYDROCRACKING PROCESS - Canada Centre for Mineral and Energy Technology (CANMET), Petro'-Canada, 
and Partec Lavalin Inc. (T-175) 

Based on the results of bench scale and pilot plant studies, a novel hydrocracking process has been developed at 
CANMET for the upgrading of bitumen, heavy oil, and residuum. This CAN MET Hydrocracking Process is effective 
for the processing of heavy feedstocks with conversion of 90 weight percent of the pitch to distillate boiling below 
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H & D PROJECTS (Continued) 

5240C. (Pitch is defined as material boiling above 5240C.) An additive has been developed for the CANMET 
Hydrocracking Process which acts as a hydrogenating and coke-getting agent. High asphaltene conversions are 
achieved with the CANMET additive at comparatively moderate pressures and temperatures. Only moderate H2 
consumption is required to achieve high levels of asphaltene and pitch conversion. This is attributed to the additive 
which primarily functions as a hydrogenating agent. Smooth and continuous pilot plant operations have been 
achieved with the CAN MET additive. 
In 1979, Petro-Canada acquired an exclusive right to license the process. Petro-Canada formed a working 
partnership with Parise Lavalin Inc., a Canadian engineering company, for the marketing of the technology and the 
design and construction of a 5,000 barrels per stream day demonstration plant at the Petro-Canada refinery in 
Montreal. Followin g operation in hvdro-visbreakin g mode at 30 weiflt Dercent pitch conversion without additive 

Project Cost:	 Not disclosed 

CEDAR CAM? TAR SAND PROJECT - Enercor, Mono Power (T-190) 
Conceptual project to include a 50,000 barrels per day (maximum) tar sand processing plant associated with a 
surface mine in the PR Spring area. Modified hot water extraction would be employed. At present, reserves for a 
20 year, 50,000 barrels per day plant are estimated, but not yet confirmed by an actual coring program. 

Project Cost:	 Not disclosed 

CELTIC HEAVY OIL PILOT PROJECT - Mobil Oil Canada, Ltd. (T-200) 
Mobil's heavy oil project is located in T52 and R23, W3M in the Celtic Field, northeast of Lloydminster. The pilot 
consists of 25 wells drilled on five-acre spacing, with twenty producers and five injectors. There is one fully 
developed central inverted nine-spot surrounded by four partially developed nine-spots. The pilot was to field te3, a 
wet combustion recovery scheme with steam stimulation of the production wells. 
Air injection, which was commenced in October 1980, was discontinued in January 1982 due to operational problems. 
An intermittent steam process was initiated in August 1982. The fifth steam injection cycle commenced in May 
1985 and operations are continuing. 

Project Cost:	 $21 million (Canadian) (Capital) 

CHARLOTTE LAKE PROJECT - Canadian Worldwide Energy Ltd., and others (1-205) 

Canadian Worldwide currently holds a 25 percent working interest in this 8,960 acre property located approximately 
12 miles southeast of the town of Bonnyville. An agreement has been reached with Husky Oil Operations Ltd., to 
proceed with a $5 million pilot project to be completed by December 31, 1987. By completing this work, Husky will 
earn one-half of Canadian Worldwide's 25 percent  interest. Two wells were drilled in late 1985. one of whiph WAQ 

ai aevejopment. Nine natural gas wells drilled previously on the property have confirmed the presence 
in the Lloydminster sand at a depth of approximately 1,300 feet. The pay zone, based on preliminary 
is approximately 40 feet thick and has good reservoir parameters. 

Project Cost: 	 $5 million 

CIRCLE CLIFFS PROJECT - Kirkwood Oil and Gas (T-220) 

Kirkwood Oil and Gas is presently forming a combined hydrocarbon unit to include all acreage within the Circle 
Cliffs Special Tar Sand Area, excluding lands within Capitol Reef National Park and Glen Canyon National 
Recreational Area. 

Project Cost:	 Not disclosed
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It & D PROJECTS (Continued) 

COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada, Ltd. (T-230) 

A stratigraphic test program conducted on Mobil's 75,000 hectares of heavy oil leases in the Cold Lake area resulted 
in approximately 100 holes drilled to date. Heavy oil zones with a total net thickness of 30 meters have been 
delineated at depths between 290 and 460 meters. This pay is found in sand Zones ranging in thickness from 2 to 10 
meters. 

Single well steam stimulations began in 1982 to evaluate the production potential of these zones. Steam stimulation 
testing has subsequently expanded from three single wells to a total of eleven single wells in 1985. Various zones 
are being tested in the Upper and Lower Grand Rapids formation. The tests are scattered throughout Mobil's leases 
in Townships 63 and 64 and Ranges 6 and 7. Some encouraging results have been observed and construction has 
begun on a central treating facility. 

Project Cost:	 Not disclosed 

DONOR REFINED BITUMEN PROCESS - Gulf Canada Limited, the Alberta Oil Sands Technology and Research 
Authority, and L'Association pour Is Valorization des Huiles Lourdes (ASVAHL) (T-247) 

An International joint venture agreement has been signed to test the commercial viability of the Donor Refined 
Bitumen (DRB) process for upgrading heavy oil or bitumen. 

About 12,000 barrels of Athabasca bitumen will be shipped to the ASVAHL facilities new Lyon, France. Tests will 
be conducted in a 400 barrel per day pilot plant through 1996 and the engineering and economic evaluations are to be 
completed by mid-1997. 

ASVAHL is a joint venture of three French companies Elk Aquitaine, Total-Compagnie Francaise de Raffinage, and 
Institut Francaise du Petrole. The ASVAHL test facility was established to study new techniques, processes and 
processing schemes for upgrading heavy residues and heavy oils at a demonstration scale. 

The DRB process entails thermally cracking a blend of vacuum residual and a refinery-derived hydrogen-rich liquid 
stream at low pressure in the liquid phase. The resulting middle distillate fraction is rehydrogenated with 
conventional fixed bed technology and off-the-shelf catalysts. 

Project Cost:	 Not disclosed 

ENPEX SYNTARO PROJECT - ENPEX Corporation, Texas Tar Sands, Ltd. (Getty Oil Company, Superior Oil Company, 
M. H. Whittier Corporation - Limited Partners; ENPEX Corporation and Ray M. Southworth - General Partners) (T-260) 

ENPEX Corporation has operated Texas Tar Sands, Limited's 400 barrels per day San Miguel tar sands recovery 
project. The project has been on-line since January 1984 and has produced San Miguel tar at rates of above 
500 barrels per day. The project utilizes a 50,000 pound per hour fluidized bed coal combustor to provide steam for 
a steam drive process. Daily production rates in excess of 500 barrels per day have been achieved. Tar sales 
approximate 150 to 200 barrels per day. 

The plant is shut down due to current oil prices. The fluidized bed combustion system and oil processing unit are 
available for operations elsewhere. 

Project Cost:	 Not disclosed 

ESSO COLD LAKE PILOT PROJECTS - Esso Resources Canada Ltd. (T-270) 

Esso operates two steam based in situ recovery projects, the May-Ethel and Leming pilot plants, using steam 
stimulation in the Cold Lake Deposit of Alberta. Tests have been conducted since 1964 at the May-Ethel pilot site in 
27-64-3W4 on Esso's Lease No. 40. Project approval has recently been increased to 3,000 barrels oil per day. Esso 
has sold these data to several companies. Esso's Leming pilot is located in Sections 5 through 8-65-3W4 and 
currently produces 16,000 BOPO. The Leming pilot uses several different patterns and processes to test future 
recovery potential. Esso expanded its Leming field and plant facilities in 1980 to increase the capacity to 14,000 
BOPD .at a cost $60 million. A further expansion costing $40 million debottlenecked the existing facilities and 
increased the capacity to 16,000 barrels per day. By mid-1985, Leming had 483 operating wells. 

Major prototype facilities for the commercial-scale Cold Lake Project will continue to be tested including three 
175,000 pounds per hour steam generators, and a water treatment plant to convert the saline water produced with 
the bitumen into a suitable feedwater for the steam generators. 

(See Cold Lake in commercial projects listing) 

Project Cost:	 $250 million
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EYEHILL IN SITU STEAM PROJECT - Canada Cities Service, Ltd., Canadian Reserve Oil and Gas Ltd. and Murphy Oil 
Company Ltd. (T-280) 

The experimental pilot is located in the Eyehill field, Cummings Pool, at Section 1640-28-W3 in Saskatchewan six 
miles north of Macklin. The pilot consists of nine five spot patterns with 9 air injection wells, 24 producers, 3 
temperature observation wells, and one pressure observation well. Inf ill of one of the patterns to a nine-spot was 
completed September 1, 1984. Five of the original primary wells that are located within the project area were 
placed on production during 1984. The pilot covers 180 acres. Ignition of the nine Injection wells was completed in 
February 1982. The pilot is fully on stream. Partial funding for this project was provided by the Canada-
Saskatchewan Heavy Oil Agreement Fund. The pilot was given the New Oil Reference Price as of April 1, 1982. 
The pilot has 40 feet of pay with most of the project area pay underlain by water. Reservoir depth is 2,450 feet. 
Oil gravity is 14.30API, viscosity 2,750 Cp at 70°F, porosity 34 percent, and permeability 6,000 nd. 

Project Cost: 	 $15.2 million 

FT. KENT THERMAL PROJECT —Suncor, Inc. and Worldwide Energy Corporation (T-290) 
Canadian Worldwide Energy Ltd. and Suncor, Inc., have developed heavy oil deposits on a 4,960 acre lease in the 
Fort Kent area of Alberta. Canadian Worldwide holds a 50 percent working Interest in this project, with Suncor as 
operator. This oil has an average gravity of 12.5°API, and a sulfur content of 3.5 percent. The project utilizes huff 
and puff, with steamdrive as an additional recovery mechanism. The first steamdrive pattern was commenced in 
1980, and a second was converted in 1984. Eventually most of the project will be converted to steamdrive. - 
A total of 126p reductive wells are included in this project, including an 8 well cluster drilled in late 1985. Five 
additional development well locations have been Identified. 

Further development work, including tying-in the 8 wells most recently drilled, has been suspended. 

Ultimate recoveries are anticipated to be approximately 21 percent. Engineering work is underway to determine the 
feasibility of increasing this recovery, includingthe use of additives such as surfactants and diverting agents. These 
additives are commercially available, and are widely used in other heavy oil areas. 

Because of the experimental work being carried out, this project qualifies for a reduced royalty rate of only 
5 percent. 

Canadian Worldwide's share of the project costs to date Is approximately $35 million (Canadian). 

Project Cost.,	 See Above 

FOSTERTON N.W. IN srru WET COMBUSTION - Mobil Oil Canada Ltd. (T-295) 

Mobil operates a pilot in the watered-out Posteriori Northwest reservoir. The dry combustion scheme, commenced 
in 1970, was converted to wet combustion in 1977. The pilot has been expanded to two burns, and injection rates 
increased so that meaningful results can be obtained by 1988. 

Project Cost:	 Not Disclosed 

CUSP PROJECT - Amoco Canada Petroleum Company Ltd., AOSTRA, and Petro-Canada Ltd. (T-297) 

The Gregoire Lake In Situ Steam Pilot (GLISP) Project is an experimental steam pilot located at Section 2-86-7W4. 
The participants are Amoco (12.5 percent), AOSTRA (75 percent), and Petro-Canada Inc. (12.5 percent). Other 
parties may participate by reducing AOSTRA's ownership. The lease ownership is shared jointly by Amoco 
(85 percent) and Petro-Canada (15 percent). Amoco is the operator. The production pattern will consist of a four-
spot geometry with an enclosed area of 0.28 hectacres (0.68 acres). Observation wells will also be drilled. The 
process will test the use of steam and steam additives in the recovery of highly viscous bitumen (lx 10 million cP at 
virgin reservoir temperature). In the absence of natural injectivity, a special fracturing technique will be used. 
Sophisticated seismic methods and other techniques will be used to monitor the in situ process. 

Reservoir selection, evaluation studies, and construction are complete. The project began operation in September 
1985 and should be onstream this fall. 

Project Cost:	 $22 million (Canadian)
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GROSMONT THERMAL RECOVERY PROJECT-- UNOCAL Canada Limited (T-300) 

Since 1975, Union has operated seven in situ steam tests and two in situ combustion tests in the Grosmont formation 
of Alberta's carbonate heavy oil deposit. In 1982, a new single five spot pattern was tested using stimulation and 
drive processes in section 28-87-19 W4. At present 2 single well huff and puff pilots are still in operation. 
Participants in this project include the Alberta Oil Sands Technology and Research Authority (50 percent), Canadian 
Superior Oil Ltd. (25 percent) and Union Oil Company of Canada Limited (25 percent). 

At the pilot site, the Grosmont formation is a consolidated, highly porous dolomite of Devonian age. 

Project Cost:	 Not disclosed 

IPIATIK LAKE PROJECT - Alberta Energy Company and Petro-Canada (T-.330) 

This project is a multi-well exploration program operated by Petro-Canada under a farmout agreement with Alberta 
Energy Company. The project is located In a 195 section area of the North West Corner of the Primrose Bombing 
Range near Cold Lake, Alberta. Ninety-eight wells of a proposed 100 wells were drilled by the end of 1982. Heavy 
oil in place is estimated to be1,000 x 10 million cubic meters. A thermal recovery pilot two kilometers north of 
this acreage started up in April 1982. 

Project Cost:	 Not disclosed 

KENOCO PROJECT - Kenoco Corporation (Ward Douglas and Company and KSA Resources) (T-340) 

Kenoco Corporation, formed by Ward Douglas and Company and the principals of KSA Resources to be the successor 
to the Kensyntar Company, is developing a heavy oil project in Edmonson County, Kentucky on a 19,000 acre lease. 
The principals of Kenoco acquired the interests of Pittston Synfuels, a partner in Kensyntar, in December 1984. 
Subsequently Kenoco has reactivated the pilot test site. The pilot was successfully operated from the summer 1981 
through 1933 and produced over 6,400 barrels of heavy oil using a modified wet fireflood process. The operation was 
stopped before completion of the burn in 1933 to obtain core data on the test pattern. Sixteen core holes were 
drilled and analyzed, and the current pilot operation is being carried out to complete the production from the test 
pattern. 

In parallel with the renewed pilot operation plans are being developed to expand the pilot initially to a 400 to 
700 barrels per day multi-pattern operation, and over a period of 5 to 6 years to a 10,000 barrels per day operation. 
The project will be privately financed 

Project Cost:	 No disclosed 

KENSYNTAR PROJECT -- (see Kenoco Project) 

LETC TS-IS, Steam Drive - (see Tar Sand Research Program) 

LINDBERGH STEAM PROJECT - Murphy Oil Company, Ltd. (T-360) 

Experimental in situ recovery project located at 13-58-5 W4, Lindbergh, Alberta, Canada. The pilot produces from a 
60 foot thick Lower Grand Rapids formation at a depth of 1600 feet. The pilot began with one inverted seven spot 
pattern enclosing 20 acres. Each well has been steam stimulated and produced roughly nine times. Steam drive 
from the center well was initiated in September 1980. Production rates from the seven-spot area have been 
encouraging to date, and a Dwell expansion was completed August 1, 1984, adding two more seven spots to the pilot. 
Oil gravity is 10°API and has a viscosity of 102,500 Cp at 70°F. Porosity is 33 percent and permeability is 2500 md. 

(Refer to the Lindbergh Commercial Thermal Recovery Project (T-33) listed in commercial projects.) 

Project Cost:	 $7 million to date 

LINDBERGH THERMAL PROJECT - Dome Petroleum Limited (T-370) 

Dome Petroleum Limited has completed a 56 well drilling program in section 18-55-5 W4M in the Lindbergh field in 
order to evaluate an enriched air and air injection fire flood scheme. The project consists of nine 30 acre, inverted 
seven spot patterns to evaluate the combination thermal drive process. The enriched air scheme involves three 10-
acre patterns.
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Air was injected into one pattern to facilitate sufficient burn volume around the wellbore prior to switching over to 
enriched air injection in July 1982. The surrounding production wells have shown some response to the fire flood 
scheme resulting in average well rates of 10.0 cubic meters per D/well versus 6.0 m 3 /D/well under primary 
production. 

	

Project Cost:	 $22 million 

MARGUERITE LAKE PHASE A PILOT - Alberta Oil Sand Technology and Research Authority - 50 percent; UP 
Resources - 20 percent, Dome Petroleum Ltd. (formerly Hudson's Bay Oil and Gas) - 17.5 percent; PanCanadian 
Petroleum Ltd. -12.5 percent (T-390) 

BP Canada, Hudson's Bay Oil and Gas, and PanCanadian Petroleum entered into arrangements in 1977 whereby 
Hudson's Bay and PanCanadlan joined BP in a pilot in situ project to produce 900 barrels per day bitumen from the 
Cold Lake heavy oil deposit of northeastern Alberta. The project, which Is to last until 1988, involves the use of 
steam and combustion for bitumen recovery and Is located at 7-66-R5-W4M. It is presently funded 50 percent by the 
Alberta Oil Sands Technology and Research Authority and 50 percent by BE Canada. At the end of 1985 the first 
phase of the project was completed. The current phase, which will last from 1986 to 1988, is planned to further 
develop the combustion process so that it can be taken into the Wolf Lake ProjeflI the 1990s. The project utilizes 
cyclic steam stimulation followed by in situ combustion in the Mannville "C" zone at a depth of about 500 meters. 
The pilot initially consisted of four 5-spot well patterns with 5-acres per well spacing, plus four "out-of-pattern" 
test wells. Five mill wells were drilled In 1991 and five additional mill wells were drilled in 1984. Initial steam 
injection (Phase A) commenced in mid-1978 and continued through the mid-1980s. Preliminary testing of the in situ 
combustion stage began in several special test wells located immediately adjacent to the main pilot wells, using air. 
Oxygen Injection was successfully tested on an experimental basis in March 1983, and the main pilot area was 
converted to oxygen injection in October 1983. (See Wolf Lake Project listed in commercial projects.) Combustion 
will continue until 1988. 

	

Project Cost:	 $50 million (Canadian) 

MARGUERITE LAKE 'B' UNIT EXPERIMENTAL TEST - Alberta Oil Sand Technology and Research Authority - 
33-1/3 percent; BP Resources Canada Ltd. - 33-1/3 percent; Petro-Canada - 33-1/3 percent (T-395) 

BP Resources Canada Ltd. and Alberta Oil Sands Technology and Research Authority (ATRA) entered into an 
agreement in 1982 whereby they will test the potential for producing bitumen from the heavy oil deposits in the 
Cold Lake area of northeastern Alberta. The project consists of one cyclic steam stimulation well and two 
observation wells in the 'B' unit of the Lower Grand Rapids Formation, and commenced in 1982. Initially only one 
cycle of steam stimulation was considered. The project deadline has now been extended to the end of 1986, and 
consists of four cycles. (See Wolf Lake Project listed in commercial projects.) 

	

Project Cost:	 $4.2 million (Canadian) 

MEOTA STEAM DRIVE PROJECT (North Battleford Heavy Oil Project) - Cantcrra Energy Ltd., Saskatchewan Oil and 
Gas Corporation, Total Petroleum Canada Ltd. (T-400) 

The project is located approximately 20 miles northwest of North Battleford and started in 1974 with one well. Nine 
oil production/steam injection wells on 2.5 acre spacing have been drilled and subjected to cyclic steam stimulation 
between 1974 and 1980. The nine-spot was converted to an open pattern stearndrive in late 1980 and has been under 
drive since that time. A second phase of the pilot consisting of an additional twelve wells was added in 1981 and 
1982 with initial cyclic stimulation of a new 4-five-spot pattern completed from 1981 to 1984 with conversion to 
steamdrive complete. Steam for the project is provided by a 20 million BTU per hour Natco generator, a 25 million 
BTU per hour Thermosludge steam generator, and a 50 million BTU per hour Thermotics generator (installed during 
winter of 1982/1983). Feedwater is pipelined from the North Saskatchewan River and fuel gas for the generators 
provided from gas wells in the project area. Estimated completion date 1986-1987. 

	

Project Cost: 	 The Saskatchewan and Canada (Federal) Governments contributed $1.5 million in funding 
assistance during 1977 and 1978. 

MINE-ASSISTED PLOT PROJECT - (see Underground Test Facility Project) 
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MORGAN COMBINATION THERMAL DRIVE PROJECT -- Dome Petroleum Company (T-420) 

Dome Petroleum Limited has completed a 44 well drilling program in Section 35-51-4 W4 1A in the Morgan field in 
order to evaluate a combination thermal drive process. The project consists of nine 30-acre seven spot patterns. 
Currently, 40 wells have been steam stimulated. The average peak rate is approximately 25 cubic meters per day 
per well to 7 cubic meters per day per well under primary production. 

Project Cost:	 $20 million 

MURIEL LAKE PROJECT - Canadian Worldwide Energy Ltd. and others (T-435) 

Canadian Worldwide holds a 41 percent interest in this 7,040 acre lease, which contains an estimated 500 million 
barrels of oil in place, and assumed operatorship of the project In late 1982. A total of 17 wells were drilled and 
produced, using cyclic-steam stimulation. 

Due to an underlying water zone, oil production was insufficient to warrant a commercial operation. Consequently, 
operations were suspended in January 1984. The applicability of alternate technology through the involvement of 
other participants is being pursued. 

Project Cost:	 Approximately $10 million (Canadian) 

PCEJ PROJECTS - Canada-Cities Service Ltd., Esso Resources Canada, Ltd., Japan Canada Oil Sands, Ltd., and Petro-
Canada (T-460) 

Project is designed to investigate the extraction of bitumen from Athabasca Oil Sands using an In situ recovery 
technique. A three phase 15 year farmout agreement has been executed with Japan Canada Oil Sands, whereby 
Japan Canada Oil Sands could earn an undivided 25 percent in 34 leases covering 1.2 million acres in the in situ 
portion of the Athabasca Oil Sands by contributing a minimum of $75 million. Japan Canada Oil Sands has 
completed its interest earning obligation for Phase I by contributing $30.8 million. 

Phase II, designed initially to further test and delineate the resource, Is now underway. This phase includes a multi-
cycle single well steam simulation test at 13-27-84-11 W4 now in its second production cycle and a second multi-
cycle single well steam stimulation test at 16-27-84-11 W4 in its first production cycle. 

Project Cost:	 Not disclosed 

PEACE RIVER IN SITU PILOT PROJECT - Amoco Canada Petroleum Company Limited, AOSTRA, Shell Canada 
Resources, Limited, and Shell Explorer Limited (1-470) 

Shell Canada Resources is continuing to operate a pressure cycle steam drive project about 55 kilometers northeast 
of Peace River, Alberta. The pilot consists of a conventional steam drive with added pressurization and blowdown 
cycles. 
This variation has been developed to fit the reservoir characteristics in the Peace River oil sands deposit where a 
thick, relatively high water saturation zone occurs at the base of the 27 meter thick oil zone at a depth of 
approximately 550 meters. 

Initial water and steam injection to recover bitumen started October 31, 1979. 

The well pattern is a 7-7 spot with each pattern covering an area of 2.8 hetares. The original project consisted of 
24 production wells, 7 injectors and 12 observation wells. In 1983, four wells were added to the project to test the 
multisoak steam stimulation process preceding a pressure cycle steam drive. Steam injection to these wells 
commenced in October 1983 with bitumen production beginning in March 1984. 

Pilot costs to the end of September 1984 are $146 million. The partners in the initial project are: Shell Canada 
Resources, 18.75 percent; AOSTRA, 50 percent; Shell Explorer, 18.75 percent; and Amoco, 12.5 percent. 

Shell has undertaken a 200 well expansion project that would increase bitumen production to 1,600 cubic meters per 
day from the pilot's 200 cubic meters per day. An application to the ERCB received approval in early November 
1984. Drilling began in February 1985. The expansion is planned to be on stream late 1986. Estimated capital cost 
is $200 million. 100 percent Shell participation. (See Peace River Commercial Expansion.) 

Project Cost:	 $146 million (Canadian) for the pilot
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PELICAN-WABASCA PROJECT - Gulf Canada Resources, Inc. (T-480) 
Construction of fireflood and steamflood facilities is complete in the Pelican area of the Wabasca region. Phase I of 
the project commenced operations in August 1981, and Phase II (fireflood) commenced operations during September 
1982. The pilot consists of a 31-well centrally enclosed 7-spot pattern plus nine additional wells. Oxygen injection 
into two of the 7-spot patterns was Initiated In November 1984. Six more wells were added in March 1985 that 
completed an additional two 1-spot patterns. In 1986, the fireflood operation was shut down and the project 
converted to steam stimulation. 

Project Cost: 	 Not Specified 

PROVOST UPPER MANNVILLE HEAVY OIL STEAM PILOT PROJECT -- Noreen Energy Resources Limited (T-482) 
Noreen Energy Resources Limited has applied to the Alberta Energy Resources Conservation Board to conduct an 
experimental cyclic steam/steam drive thermal pilotin the Provost Upper Mannville B Pool. The pilot project will 
consist of a single 20 acre Inverted 9 spot pütern to be located approximately 20 kilometers southeast of Provost, 
Alberta. 
An in situ combustion pilot comprising one 20 acre 5 spot was initiated in 1975. The pilot was expanded in 1982 to 
encompass seven 6 hectare 7 spot patterns. This pilot operation will continue under its current approval until 
December 31, 1986. 
All nine wells UI the new steam pilot pattern will initially be subject to cyclic steam with conversion to a steam 
drive utilizing one central Injector and eight surrounding producers as soon as communication Is established between 
each well. 
All nine pattern wells were placed on primary production in February 1985. Primary production operations will be 
maintained at all but three wells until start-up of the permthient steam and production facilities in December 1985, 

Project Cost:	 Not Disclosed 

PR SPRING PROJECT - Enercor, Solv-Ex Corporation, and Triad Engineering Services Limited (T-485) 

The PR Spring Tar Sand Project, a joint venture between Solv-Ex Corporation (the operator) and Enercor, was 
formed for the purpose of mining tar sand from leases in the PR Spring area of Utah and extracting the contained 
hydrocarbon for sale in the heavy oil markets. 

The project's surface mine will utilize a standard box-cut advancing pit concept with a pit area of 20 acres. 
Approximately 1,600 acres will be mined during the life of the project. Exploratory drilling has indicated oil 
reserves of 58 million barrels with an average grade of 7.9 percent by weight bitumen. 
The proprietary oil extraction process to be used in the project was developed by Solv-Ex in its laboratories and pilot 
plant and has the advantages of high recovery of bitumen, low water requirements, acceptable environmental 
effects and economical capital and operating costs. Process optimization and scale-up testing is currentl y underway 
for the Solv-Ex/Shell Canada Project which uses the same technology. 
The extraction plant for the project has been designed to process tar sand ore at a feed rate of 500 tons per hour and 
produce net product oil for sale at a rate of 4,663 barrels per day over 330 operating days per year. 
In August 1985 the sponsors requested loan and price guarantees totalling $230,947,000 under the United States 
Synthetic Fuels Corporation's (SF05) solicitation for tar sands mining and surface processing projects. On 
November 19, 1985 the SFC determined that the project- was qualified for assistance under the terms of the 
solicitation. However, the SFC was abolished by Congress on December 19, 1985 before financial assistance was 
awarded to the project. 

The sponsors are evaluating various product options, including asphalt and combined asphalt/jet fuel. Private 
financing and equity participation for the project are being sought. 

Project Cost: 	 $158 million (Synthetic crude option) 
$90 million (Asphalt option) 

PRIMROSE - KIRBY PROJECT - Petro-Canada (T-500) 
This land includes 40 sections under 100 percent Petro-Canada PN&G licenses. Based on 14 exploration wells 
completed to April 1981, a significant volume of bitumen has been identified. A field steam stimulation test pilot, 

3-56	 SYNTHETIC FUELS REPORT, JUNE 1986



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1986) 

R & U PROJECTS (Continued) 

with eight injection-production wells and four observation wells, wais in operation as a follow up to an encouraging 
single well steam stimulation-oil production test. Steam injection began in April 1982. All eight wells have 
completed three or four cycles. As the pilot has achieved its objectives, it is now being shut down. All wells will be 
suspended to permit future operation if desired. 

Project Cost:	 Not disclosed 

RAPAD BITUMEN UPGRADING PROJECT -- Research Association for Petroleum Alternatives and Ministry of 
International Trade and Industry (T-520) 

The Research Association for Petroleum Alterantives (RAPAD), supported by the Ministry of International Trade 
and Industry, has adopted bitumen upgrading as one of Its major research objectives. 
Three approaches are under investigation: thermal cracking-hydrotreating, thermal cracking-solvent deasphalting-
hydrotreating, and catalytic hydrotreating. 

Hydroconversion catalysts with high activities for middle distillates productivity, coke suppression, and for 
demetallation have been developed. 
These catalysts made it oossible to oroduce synthetic crude oil of hi2h aualitv from tar sands bitumen under mild 

Project Cost:	 Not Disclosed 

' gAS GHARIB THERMAL PILOT - General Petroleum Company of Egypt (T-527) 
The tar sand thermal pilot lies onshore in the Ras Oharib field on the West Coast of the Gulf of Suez, Egypt. Three 
wells, spaced approximately 50 meters apart, delineate a triangular pilot area which was drilled during 1984. 
The tar sand formation at Ras Gharib covers an area of approximately 1,300 acres with an average thickness of 
about 90 meters in the tar saturated section. 
The tar-in-place at reservoir conditions is estimated to range from 290 to 624 million barrels. This is equivalent to 
700 to 1,600 barrels per acre-foot. Based on a recovery efficiency for the cyclic steam process of 10 percent, the 
recoverable reserves would range from 29 to 62 million barrels. 
A 50 million BTU per hour single pass steam generator has been purchased. This is the first such generator in Egypt. 

Project Cost:	 Not Disclosed 

RTR PILOT PROJECT - RTR Oil Sands (Alberta) Ltd. (T-540) 
The Oil Sands Extraction pilot plant is situated on the Suncor, Inc., property, north of Fort McMurray, Alberta. The 
pilot plant was operated in cooperation with Gulf Canada Resouces Inc., during the second half 1981. 
The evaluation of the data from the operation has demonstrated the technical viability of this closed circuit 
modified hot water process. The process offers good bitumen recoveries and solid waste which Is environmentally 
advantageous due to the substantial reduction in waste volume. 
Pilot data indicate that the total RTR/Gulf process (extraction and tailings management) offers a substantial 
economic advantage over conventional hot water technology. This is particularly true for a remote plant in which 
energy requirements must be generated. 

Project Cost:	 Undisclosed 

SANDALTA - Canadian Superior Oil Ltd., Gulf Canada Resources, Inc., and Home Oil Company, Ltd. (T-550) 
Home Oil Company Limited, in October 1979, announced the farmout of its Athabasca oil sands property to Gulf 
Canada Resources, Inc. The property, Oil Sands Lease #0980090001 (formerly BSL #30) consists of 15,086 hectares 
(37,715 acres), situated 43 kilometers (26 miles) north of Fort McMurray on the east side of the Athabasca River. 
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Under terms of the farmout agreement, Gulf, through expenditures totalling some $42 million, can earn up to an 
83.75 percent interest in the lease with Home retaining 10 percent and Superior Ltd. 6.25 percent. An exploratory 
drilling program was carried out in the 1980 and 1981 drilling seasons, and more recently in 1995. Engineering 
studies on commercial feasibility are continuing. 

Project Cost:	 Not Specified 

SANTA FE TAR SAND TRIANGLE PROJECT - Altex Oil Corporation and Santa Fe Energy Company(T-560) 

Santa Fe Energy Company and Altex Oil Corporation has proposed a four-phase-10 year exploration-pilot-
commercial scale project in the Tar Sand Triangle Area of Wayne County, Utah. Steam or in situ combustion would 
be considered on a proposed 66,000 acre Tar Sand Triangle Unit. An application for conversion of the conventional 
oil and gas leases to combined hydrocarbon leases has been filed with the Department of the Interior. The phased 
program will determine commerciahility of the project. 

Project Cost:	 Not disclosed 

SOUTH KINSELLA (KINSELLA B) -- Dome Petroleum Ltd., PanCanadian Petroleum, and Petro-Canada (T-565) 

This project is at present a three well test (one Injector, two observation wells) of fireflood In a waterflooded field. 
The pilot will be converted to an 8 hectare (20 acre) inverted five spot oxygen fireflood pilot in the first quarter 
1985. Injection of air was started in January 1983 and will continue until conversion to oxygen. The oxygen pilot 
wells will be the air Injector, three existing waterflood producers, plus a converted water injector. 

Project Cost:	 $3 million 

SOUTH TEXAS TAR SANDS (SOTTS) PROJECT (Fracture Assisted Steam flood Technology (FAST)) - Conoco (T-240) 

This Maverick County, Texas project involves the use of a novel and newly patented fracture assisted steamflood 
process (FAST) to recover -20API gravity (i.e. viscosity over 2,000,000 cp) tar from the San Miguel 4 formation at a 
depth of 1,500 feet. The first 5-acre inverted 5-spot pilot test conducted during the 31 month period beginning 
December 1977 and ending June 1980 was successful in producing 169,000 barrels of tar which corresponds to better 
than 50 percent recovery efficiency. To confirm the performance of this first pattern, a second 7.5 acre inverted 7-
spot pattern is presently being conducted at a location 2 miles west of the previous pilot site. Continuous steam 
injection and production at the new pilot began in August 1981. Tar response started at 300 barrels per day and 
peaked at nearly 600 barrels per day during November 1981 before beginning a gradual decline. Steam injection was 
terminated in June 1982, after which cold water was injected until January 1983. Cumulative tar production for this 
second pilot was 133,000 barrels or about 50 percent of the original tar-in-place. A smaller steam slug enabled the 
energy requirements to be reduced by 25 percent relative to the prior test. Because low cost steam significantly 
improves the economic feasibility of a large scale tar sands project, part of the steam for this second pilot test was 
provided by a solid fuel fired fluidized bed steam generator. The 50 million BTU per hour FBC demonstration unit 
has now operated for more than 8,300 hours and completed successful test burns on a wide variety of fuels ranging 
from low sulfur (1.5 weight percent) coal to high sulfur (7.1 weight percent) petroleum coke including a semi-
bituminous coal containing 35 percent ash. Overall, the performance of t e FEC unit has either met or exceeded all 
of its basic design parameters. Reportedly, this is the world's first application of the FBC concept to oil-field steam 
generation. The project is currently shut down for evaluation of post-pilot core data. The Electric Power Research 
Institute (EPRI) has funded a site-specific feasibility study for a 10,000 barrels per day FBC/cogeneration facility 
based on Conoco project data. The EPR.I report is expected to be published in the near future. 

Project Cost:	 Not disclosed 

SUFFIELD HEAVY OIL PILOT - (SHOP) - Alberta Energy Company Ltd., AOSTRA, Dome Petroleum Limited, Westcoast 
Petroleum Ltd. (T-580) 

An in situ combustion project located in southeastern Alberta within the Suffield Military Range and operated by 
Alberta Energy Company. Phase A of the project consists of one isolated five-spot pattern. The reservoir is a 
Glauconitic sand in the Upper Mannville formation which is underlain by water. The wells, including three 
temperature observation wells, were drilled during the summer of 1980. Completion of facilities construction 
occurred in the fall of 1981 and injection started in early 1982. Phase A is expected to continue for four years. 
AOSTRA holds a 50 percent interest in the project, Alberta Energy Company holds a 25 percent interest and Dome 
Petroleum and Westcoast Petroleum each hold a 12.5 percent interest. 
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Phase A is scheduled for completion in 1995. The pool is presently being developed on 2.5 acres spacing for primary 
production and future thermal considerations. Expansion to the thermal operation is being planned to complement 
the primary operation. 

Project Cost:	 $11 million (Canadian) 

SUNNYSIDE PROJECT - Amoco Production Company (T-Gao) 
Amoco Corporation is continuing to study the feasibility of a commercial project on 1,120 acres of fee property and 
9,600 acres of combined hydrocarbon leases in the Sunnyside deposit in Carbon County, Utah. Research is 
continuing on various extraction and retorting technologies. The available core data are being used to determine the 
extent of the mineable resource base in the area and to provide direction for any subsequent exploration work. 

Project Cost:	 Not disclosed 

TACIUK PROCESSOR PILOT —AOSTRA/The UMA Group Ltd. (T-620) 
A pilot at an extraction and partial upgrading process located in Southeast Calgary, Alberta. The pilot plant 
finished construction in March 1978 at a cost of $1 million and has been in operation since. The process was 
invented by William Taciuk of The UMA Group. Development is being done by UMATAC Industrial Processes Ltd., a 
subsidiary of The UMA Group. Funding is by the Alberta Oil Sands Technology and Research Authority (AOSTRA). 
The processor consists of a rotating kiln which houses heat exchange, cracking and combustion processes. The 
processor yields cracked bitumen vapors and dry sand tailings. Over 4,300 tons of Athabasca oil sand have been 
processed. 
Information agreements have been made with a major oil company and with a joint-venture company between two 
majors. The information agreements provide, in exchange for a funding contribution to the project, full rights for 
evaluation purposes to the information generated by the project during the current phase. 
A substantial increase in coke burning capacity and in the length of pilot run was demonstrated in the 1982 season. 
Recycle of the heaviest fraction of the extracted oil to produce an oil suitable for hydrotreating has been practiced. 
The oil product is similar to that of a fluid coker, so the process would replace both the extraction and primary 
upgrading steps of the process (hot water and coking) used at existing commercial plants. 
AOSTRA approved a $4.5 million, two-year extension to the project. The principal objective of this continuation is 
to carry out the process design and sufficient detailed engineering to develop a definitive estimate for a 200 ton per 
hour Demonstration Plant to be constructed and operated in the Athabasca region. 
Consultive participation by industry in this new phase of the project is invited. Interested parties should contact 
AOSTRA. 

Project Cost:	 To Date:	 $ 5.3 million 
Outstanding:	 4.8 million 
Authorization:	 $10.1 million (AOSTRA) 

TAR SAND RESEARCH PROGRAM - United States Department of Energy (T-625) 
United States Department of Energy Tar Sand Program conducted by the Laramie (Wyoming) Energy Technology 
Center (LETC). Field experiments with in situ thermal recovery technologies terminated in January 1982, due to 
severe reduction in proposed Fiscal Year 1983 Tar Sand Program Budget. Field experiment site on Sohio Shale Oil 
company fee property in Utah's Northwest Asphalt Ridge deposit west of Vernal, Utah, has been prepared for 
abandonment. Currently planned future tar sand oil recovery research will consist of laboratory experimentation. 
Continuation of environmental, upgrading, resource characterization, and oil recovery research is underway. 
Included is a three year United States/Canada cooperative project on "steam-drive with additives." 
Beginning in May 1983, the Department of Energy Program will be conducted by the University of Wyoming 
Research Corporation (UWRC) in the former LETC research laboratories. Department of Energy will fund the 
Program at a planned rate of $1 million per year for 42 months while the UWRC establishes a commercial clientele. 

Project Cost: $1 million per year for 42 months
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TAR SAND TRIANGLE - Kirkwood Oil and Gas (T-630) 

Kirkwood Oil and Gas drilled some 16 coreholes by the end of 1992 to evaluate their leases in the Tar Sand Triangle 
in south central Utah. They are also evaluating pilot testing of inductive heating for recovery of bitumen. A 
combined hydrocarbon unit, to be called the Gunsight Butte unit, is presently being formed to include Kirkwood and 
surrounding leases within the Tar Sand Triangle Special Tar Sand Area (SISA). 

Kirkwood is also active in three other STSAs as follows: 

• Raven Ridge - Rim rock—Kirkwood Oil and Gas has received a combined hydrocarbon lease for 640 acres in 
the Raven Ridge-Rim Rock Special Tar Sand Area. 

• Hill Creek and San Rafael Swell—Kirkwood Oil and Gas is also in the process of converting leases in the 
Hill Creek and San Rafael Swell Special Tar Sand Areas. 	 - 

Kirkwood Oil and Gas has applied to convert over 108,000 acres of oil and gas leases to combined hydrocarbon 
leases. With these conversions Kirkwood will hold more acreage over tar sands in Utah than any other organization. 

Project Cost: 	 Unknown 

TEXACO ATHABASCA PILOT - Texaco Canada Resources Ltd. (T-650) 

Texaco Canada Resources Ltd. iscontinuing to operate the experimental in situ recovery project located within 
Section 15-88-8 W4M on the Oil Sand Lease No. 0991030008 in the Athabasca Oil Sands in Alberta, Canada. 
Construction started in 1972, and initial recovery operations commenced in 1973 with twenty-six wells on a 10-acre 
pattern (Pattern I). By April 1975, the number of wells increased to thirty. Steam flooding, low temperature 
oxidation with steam flooding, and hot water flooding with and without additives were tested between 1973 and 
September 1985. Operations were suspended in September 1985. 

Eighteen new wails were drilled in 1975 on a 3.75 acre, inverted, 7-spot pattern (Pattern II), with expansion of 
surface facilities completed in 1976. Steam flooding with and without light hydrocarbon, wet combustion, and hot 
water flooding with and without additives were tested between 1976 and September 1985. Operations were also 
suspended in this pattern in September 1985. 

By 1981, eight wells including three horizontal wells were drilled for a third pattern (Pattern 110. During 1984 and 
1985, artificial lift equipment was installed in both of the outside horizontal wells. Steam injection into the center 
well and production of one of the outer horizontal wells were discontinued in Ma y 1996. Production testing on one 

Construction of a second pilot in Steepbank Bituminous Sand Lease No. 098103007, approximately 40 miles north of 
the existing pilot continues to be suspended. 

Project Cost: 	 Approximately $71.0 million to December 1985 

TUCKER LAKE PILOT PROJECT -- Husky Oil, Ltd. (T-655) 

Husky began operating a cyclic-steam pilot project at Tucker Lake in February 1984. The location of Husky's 
18,000 acre lease is approximately three miles southwest of Esso's Cold Lake project. Four wells were initially put 
into operation and seven wells were added during 1985. To determine the most productive area the test wells are 
widely spaced over a 3,000 acre section of the lease. 

Approximately 1,250 barrels per day of 80 percent quality steam are injected into each well. Two portable natural 
gas-fired steam generators rated to 2,700 psi are in use at the pilot. Water for the steam generators will be 
provided by fresh water wells at the site. 

Preliminary estimates indicate that oil in place at the project area exceeds 500 million barrels. Production is from 
the unconsolidated Clearwater sand with a pay zone of 110 feet at a depth of 1,500 feet. Porosity of the formation 
is 33 percent and permeability is 1,500 md. Oil gravity is I00API with a viscosity of 100,000 cp at reservoir 
temperatures of 60°F. 

Husky plans to develop a 13 well pad which would involve installation of a 50 million BTU per hour steam generator 
along with other associated facilities. The pad will be operational during the second quarter 1986. 

Project Cost:	 Not Disclosed
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ULTRA SONIC WAVE EXTRACTION - Western Tar Sands Inc. (T-660) 
A 30 barrels per thy mini-plant located on a 640-acre site at Raven Ridge in Uinta County, Utah. Open pit mining, 
crushing and surface extraction will be employed. The facility will use different kinds of solvents enhanced by 
ultrasonic vibration for extraction. A partnership of industrial companies is responsible for detail engineering and 
final process configuration. The partnership will build and operate the mini plant. Baseline design and engineering 
was provided by Science Applications, Inc. No schedule has been set for commercial production. 
Corkhill Drilling, Inc. was engaged by WI'S to drill 14 holes to an average depth of 100 feet to determine the extent 
of tar sand resources on the site location. 

Project Cost:	 $7.0 million 

UNDERGROUND TEST FACILITY PROJECT -- Alberta Oil Sands Technology and Research Authority (AOSTRA) 
(T-410) 

In early 1984 AOSTRA proposed a test facility consisting of a pilot tunnel system, steam plant, and process unit. 
The project involves drilling two parallel vertical shafts. Horizontal tunnels off the shafts will allow drilling of 
access wells to permit heated bitumen to flow by gravity into the tunnels. 
AOSTRA refers to the technology as Shaft and Tunnel Access Concept (SATAC). Injection and production wells, 500 
to 600 meters In length, will be installed in the oil sand by drilling horizontally from tunnels in the sand, or by 
drilling up and deviating to the horizontal from tunnels in underlying limestone. Recovery schemes which might be 
considered include steam assisted gravity drainage, electrical preheat, carbon dioxide steam flood, or solvent 
processes. 
Norwest Resources Consultants worked on a design study for AOSTRA involving a mine shaft and tunnel pilot 
project. A test site was selected 12 miles west of Syncrude. Reserves on the lease are estimated at 325 million 
barrels. More drilling is planned in the winter of 1935/1986 to expand the data base. Construction of a 22 mile 
access road started early in January 1984. A $23 million contract was signed with Patrick Harrison and Company 
Ltd. and Saturn Process Plant Constructors Ltd. for the sinking of two 3-meter diameter vertical shafts and 
300 meters of preliminary tunnel work. To date, the shafts have been completed and work has begun on the initial 
tunneling. AOSTRA plans to have the shaft and tunnel completed by early 1986. 

Work is currently underway on the design and fabrication of the underground horizontal well drilling equipment. 
This equipment will be surface tested first. Underground testing will be part of the next phase of the project. 
Recovery processes will be tested in conjunction with drilling tests as part of the next phase of the project. The 
development of effective bitumen extraction processes is crucial to the success of the oncoming pilot phase. 
Preferred processes have been identified and design of the pilot phase is presently nearing completion. 

Project Cost:	 Cost for construction of all facilities, mining and process, plus a pilot operation of several years is 
estimated to be around $100 million. 

YAREGA MINE-ASSISTED PROJECT -- Union of Soviet Socialist Republics (T-665) 
The Yarega oilfield (Soviet Union) is the site of a large mining-assisted heavy oil recovery project. The productive 
formation of this field has 26 meters of quartz sandstone occurring at a depth of 200 meters. Average permeability 
is 3.17 mKm 2. Temperature ranges from 279° to 281°K; porosity is 26°; oil saturation is 87 percent of the pore 
volume or 10 percent by weight. Viscosity of oil varies from 15,000 to 20,000 mPa per second; density is 
945 kilograms per cubic meter. 
The field has been developed in three major stages. In a pilot development, 69 wells were drilled from the surface 
at 70 to 100 meters spacing. The oil recovery factor over 11 years did not exceed 1.5 percent. 
Drainage through wells at very close spacing of 12 to 20 meters was tested with over 92,000 shallow wells. 
Development of the oilfield was said to be profitable, but the oil recovery factor for the 18 to 20 year period was 
approximately 3 percent. 
A mining-assisted technique with steam injection was developed starting in 1968. Over the past 15 years, 10 million 
tons of steam have been injected into the reservoir. 

Three mines have been operated for over ten years. An area of the deposit covering 225 hectares is under thermal 
stimulation. It includes 15 underground slant blocks, where 4,192 production wells and 11,795 steam-injection wells 
are operated. In two underground slant production blocks, which have been operated for about 8 years, oil recovery 
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of 50 percent has been reached. These areas continue to produce oil. A local refinery produces lubricating oils from 
this crude. 

Project Cost:	 Not Disclosed 

11 200" SAND STEAMFLOOD DEMONSTRATION PROJECT -Santa Fe Energy Company and United States Department of 
Energy (T-670) 

This is a jointly-funded steamflood project in the Midway-Sunset Field of Kern County, California. The reservoir 
contains approximately 50 million barrels of oil-in-place between 400 and 700 feet deep. The project consists of 
five phases: Pilot site monitoring and evaluation; Pilot area expansion; Site selection for full-scale project; 
Expansion to full-scale steamflood, and a Production monitoring phase. The project is currently in its fourth year. 
The pilot evaluation report was prepared during 1979 and a decision was made to go to an expanded program of 
fourteen patterns. Current expenditures on the project total $4,927,696. Injection rates for the pilot project 
averaged 450 barrels per day well with production from the ten pilot producers averaging 136 barrels per day oil and 
276 barrels per day water for 1979. The project has indicated that it is rate sensitive. 

Expansion to a full scale steamflood was started in April 1980. Currently, 21 wells have been drilled. Steam 
injection and production facilities are being constructed. The expansion was to have been completed in June 1981. 

Project Cost:	 Total cost $8.25 million 

COMPLETED AND SUSPENDED PROJECTS 

Project Sponsor Last Appearance in SFR 

Aberfeldy Project Husky Oil Operations, Ltd. March 1983; page 3-33 
A.D.I. Chemical Extraction Aarian Development, inc. December 1983; page 3-56 
Alsands Project Shell Canada Resources, Ltd. September 1982; page 3-35 

Petro-Canada 
Gulf Canada 

Aqueous Recovery Process Globus Resources, Ltd. December 1984; page 3-44 
United-Guardian, Inc. 

Ardmore Thermal Pilot Plant Union Texas of Canada, Ltd. December 1983; page 3-56 
Asphalt Ridge Pilot Plant Enercor September 1984; page T-7 

Mobil 
University of Utah 

Block One Project Amoco Canada Petroleum Company Ltd. September 1984; page T8 
AOSTRA 
Petro-Canada Ltd. 
Shell Canada Resources 
Suncor, Inc. 

Burnt Hollow Tar Sand Project Glenda Exploration & Development Corp. September 1984; page T-8 
Kirkwood Oil & Gas Company 

Calsyn Project California Synfuels Research Corporation March 1984; page 3-34 
AOSTRA 
Dynalectron Corporation 
Ralph M. Parsons Company 
Tenneco Oil Company 

Cat Canyon Steamflood Project Getty Oil Company December 1983; page 3-58 
United States Department of Energy
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Chaparrosa Ranch Tar Sand Project Chaparrosa Oil Company March 1985; page 3-42 

Chemech Project Chemech December 1985; page 3-51 

Chetopa Project EOR Petroleum Company December 1983; page 3-59 
Tetra Systems 

Cold Lake Pilot Project Gulf Canada Resoures December 1979; page 3-31 

Deepstearn Project Sandia Laboratories March 1984; page 3-41 
United States Department of Energy 

Falcon Sciences Project Falcon Sciences, Inc. December 1985; page 3-38 

HOP Kern River Commercial Ladd Petroleum Corporation June 1985; page 3-51 
Development Project 

Kentucky Tar Sands Project Texas Gas Development June 1985; page 3-52 

Lloydminster Fireflood Murphy Oil Company, Ltd. December 1983; page 3-63 

Manatokan Project Canada Cities Service September 1982; page 3-43 
Westcoast Petroleum 

Mine-Assisted In Situ Project Canada Cities Service December 1983; page 3-64 
Ease Resources Canada Ltd. 
Gulf Canada Resources, Inc. 
Husky Oil Corporations, Ltd. 
Petro-Canada 

MRL Solvent Process C & A Companies March 1983; page 3-41 
Minerals Research Ltd. 

Ndrth Kinsella Heavy Oil Petro-Canada June 1985; page 3-58 

Primrose Project Japan Oil Sands Company September 1984; page T-16 
Noreen Energy Resources Ltd. 

Resdeln Project Gulf Canada Resources Inc. March 1983; page 3-43 
R. F. Heating Project HT Research Institute March 1983; page 3-43 

Halliburton Services 
United States Department of Energy 

Rio Verde Energy Project Rio Verde Energy Corporation June 1984; page 3-58 

Santa Rosa Oil Sands Project Solv-Ex Corporation March 1985, page 3-45 
Vaca Tar Sand Project Santa Fe Energy Company March 1982; page 3-43 
Wabasca Fireflood Project Gulf Canada Resources, inc. September 1980; page 3-61 
Whiterocks Oil Sand Project Enercor December 1983; page 3-55 

Hinge-line Overthrust Oil & Gas Corp. 
Rocky Mountain Exploration Company
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Company or Organization 	 Project Name	 Palre 

Alberta Energy Company 

Alberta Oil Sands Equity 

Altex Oil Corporation 

Amoco Canada Ltd. 

Amoco Production Company 

Alberta Oil Sands Technology 
and Research Authority (AOSTRA) 

Bow Valley Industries, Inc. 

BP Resources Canada Ltd. 

California Tar Sands Development Corp. 

Canada Centre for Mineral & Energy 
Technology 

Canada Cities Service, Ltd. 

Canadian Occidental Petroleum, Ltd. 

Canadian Reserve Oil & Gas Ltd. 

Canadian Superior Oil Ltd. 

Canadian Worldwide Energy Ltd. 

Canterra Energy Ltd. 

Chevron Canada Resources Ltd. 

Cold Lake Heavy Oil Ltd. 

Conoco Inc. 

Consumers Co-Operative Refineries Ltd. 

Dome Petroleum Canada Ltd.

Ipiatik Lake Project 
Suffield Heavy Oil Pilot 
Syncrude Canada Ltd. 

Syncrude Canada Ltd. 

Santa Fe Tar Sand Triangle Project 

Elk Point Project 
GLISP Project 
Peace River In Situ Pilot Project 

Sunnyside Project 

ABC Cold Lake Pilot 
Athabasca In Situ Pilot Plant 
Donor Refined Bitumen Process 
GLISP Project 
Marguerite Lake Phase A Project 
Marguerite Lake "B" Unit Experimental Test 
Peace River In Situ Pilot Project 
Suffield Heavy Oil Pilot 
Taciuk Process Pilot 
Underground Test Facility Project 

ABC Cold Lake Pilot 

Marguerite Lake Phase A Pilot Plant 
Marguerite Lake "B" Unit Experimental Test 
Wolf Lake Project 

California Tar Sands Development Project 

CANMET Hydrocracking Process 

Eyehill In Situ Steam Project 
PCEJ Project 

Syncrude Canada Ltd. 

Eyehill In Situ Steam Project 

Sandalta 

Charlotte Lake Project 
Muriel Lake Project 

Athabasca In Situ Pilot Project 
Meota Steam Drive Project 

Beaver Crossing Thermal Recovery Pilot 

ABC Cold Lake Pilot 

Conoco South Texas Tar Sands Project 

NewGrade Heavy Oil Upgrader 

Lindbergh Commercial Project 
Lindbergh Thermal Project

3-53 
3-58 
3-47 

3-47 

3-58 

3-44 
3-52 
3-55 

3-59 

3-48 
3-49 
3-51 
3-52 
3-54 
3-54 
3-55 
3-58 
3-59 
3-61 

3-48 

3-54 
3-54 
3-48 

3-43 

3-49 

3-52 
3-55 

3-47 

3-52 

3-57 

3-50 
3-55 

3-49 
3-54 

3-49 

3-48 

3-58 

3-45 

3-44 
3-53 
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Marguerite Lake Phase A Project 3-54 
Morgan Combination Thermal Drive Project 3-55 
Primrose Lake Project 3-46 
South Kinsella (Kinsella B) 3-58 
Suffield Heavy Oil Pilot 3-58 
Syncrude Canada Ltd. 3-47 

Douglas, Ward Kenoco Project 3-53 

Enercor Cedar Camp Tar Sand Project 3-50 
PR Springs Project 3-56 

Enpex Corporation Enpex Syntaro Project 3-51 

Ease Resources Canada Ltd. Cold Lake Project 3-43 
Esso Cold Lake Pilot Projects 3-51 
PCEJ Project 3-55 
Syncrude Canada Ltd. 3-47 

General Petroleum Company of Egypt Has Gharib Thermal Pilot 3-57 

Getty Oil Company Enpex Syntaro Project 3-51 

Great National Corporation (GNC) Sunnyside Project 3-47 

Greenwich Oil Corporation Forest Hill Project 3-44 

Gulf Canada Resources Ltd. Pelican-Wabasca Project 3-56 
Sandalta 3-57 
Syncrude Canada Ltd. 3-41 

Home Oil Company Sandalta 3-57 

Husky Oil, Ltd. Si-Provincial Project-Upgrader Facility 3-42 
Lloydrninster Regional Upgrader 3-45 
Tucker Lake Pilot Project 3-60 

Japanese Ministry of International RAPAD Bitumen Upgrading Project 3-57 
Trade and Industry 

Japan Canada Oil Sands, Ltd. PCEJ Project 3-55 

Kenoco Corporation Kenoco Project 3-53 

Kirkwood Oil and Gas Company Circle Cliffs Project 3-50 
Tar Sand Triangle 3-60 

KSA Resources Kenoco Project 3-53 

L'Association pour la Valorization Donor Refined Bitumen Process 3-51 
des Huiles Lourdes (ASVAHL) 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 3-49 
Celtic Heavy Oil Wet Combustion 3-50 
Cold Lake Steam Stimultation Program 3-51 
Fosterton N.W. In Situ Wet Combustion 3-52 

Mono Power Cedar Camp Tar Sand Project 3-50 

Murphy Oil Canada Ltd. Eyehill In Situ Steam Project 3-52 
Lindbergh Commercial Thermal Recovery Project 3-44 
Lindbergh Steam Project 3-53 

NewGrade Energy Inc. NewGrade Heavy Oil Upgrader 3-45
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Noreen Energy Resources Ltd. ProvostUpper Mannville Heavy Oil Steam Pilot Project 3-56 

Nova, An Alberta Corporation Canstar 343 

Ontario Energy Resources Ltd. Suncor, Inc. 3-46 

PanCanadian Petroleum Marguerite Lake Phase A Pilot Plant 3-54 
South Kinsella (Kinsella B) 3-58 
Syncrude Canada Ltd. 3-47 

Parteé Lavalin Inc. CANMETffydrocracking.Proeess 3-49 

Petro-Canada CANMET Hydrocracking Process 3-49 
Canstar 3-43 
Daphne Project 3-43 
GLISP Project 3-52 
Ipiatik Lake Project 3-53 
Marguerite Lake "8" Unit Experimental Test 3-54 
PCEJ Project 3-55 
Primrose-Kirby Project 	 .	 . 3-56 
South Kinsella (Kinsella B) 358 
Syncrude Canada Ltd.	 . 3-47 
Wolf Lake Project 3-48 

Ports-Plants, Inc. Ports-Plants Project 3-46 

Research Association for RAPAD Bitumen Upgrading Project 	 - 3-57 
Petroleum Alternatives 

RTR Oil Sands Alberta, Ltd. RTR Pilot Project 3-57 

Santa Fe Energy Company Santa Fe Tar Sand Project 3-58 
"200" Sand Steamflood Project 3-62 

Saskatchewan Government Newcrade Heavy Oil Upgrader .	 3_45 

Saskatchewan Oil and Gas Corporation Meota Steam Drive Project 3-54 

Shell Canada Resources, Ltd. Athabasca Project 3-42 
Peace River Commercial Expansion	 . 3.45 
Peace River In Situ Pilot Project 3-55 
Scottord Synthetic Crude Refinery 3-46 

Shell Explorer, Ltd. Peace River In Situ Pilot Project 355 

Sohio Shale Oil Company Asphalt Ridge Tar Sands Pilot Plant 3-49 

Solv-Ex Corporation Athabasca Project 3-42 
PR Springs Project 3-56 

Southworth, Ray M. Enpex Syntaro Project 3-51 

Suncor, Inc.	 - Burnt Lake Project 3-42 -	 - Fort Kent Thermal Project 3-52 -
Suncor 3-46 

Sun Oil Company Suncor, Inc. 3-46 

Superior Oil Company Enpex Syntaro Project 3-51 

Tenneco Oil of Canada, Ltd. Athabasca In Situ Pilot Project 3-49 

Texaco Canada Resources Ltd. Texaco Athabasca Pilot 3-69 

Texaco Inc. Diatomaceous Earth Project 3-44
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Texas Tar Sands, Ltd. 

Total Petroleum Canada, Ltd. 

Triad Engineering Services Ltd. 

Underwood McLellan & Associates 
(UMA Group) 

Union Oil of Canada, Ltd. 

Union of Soviet Socialist Republics 

U.S. Department of Energy 

Westcoast Petroleum, Ltd. 

Western Tar Sands, Inc. 

Whittier, M. H. 

Worldwide Energy

Project Name	 Page 

Enpex Syntaro Project 3-51 

Meota Steam Drive Project 3-54 

PR Spring Project 3-56 

Taciuk Processor Pilot 3-59 

Grosmont Thermal Recovery Project 3-53 

Yarega Mine-Assisted Project 3-61 

"200" Sand SteanClood Project 3-62 
Tar Sand Research Program 3-59 

Suffield Heavy Oil Pilot 3-58 

Ultra Sonic Wave Extraction 3-61 

Expex Syntaro Project 3-51 

Fort Kent Thermal Project 3-52
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PROJECT ACTIVITIES 

DOWN-SIZED VERSION OF KEYSTONE PROPOSED 
TO DOE AS THE APPALACHIAN PROJECT 

When the United States Synthetic Fuels Corporation 
(SFC) was abolished by Congress in December 1985, the 
Keystone project was under active consideration for 
financial assistance in two soliciatations. The project 
was to use the KEW coal gasification process to pro-
duce fuel gas for combustion turbines generating appro-
ximately 110 megawatts of power. 

With the demise of the SFC, the sponsors decided to 
reconfigure the project, and submit it to the United 
States Department of Energy's (DOE's) Clean Coal 
Technology Program. (See the article in the Govern-
ment section of this issue for details of the Program.) 
The reconfigured project has been renamed the Appa-
lachian Project. Details of the project were described 
in the Public Summary portion of the sponsors' proposal 
to the DOE. 

The Appalachian Project is a grass roots integrated coal 
gasification combined cycle (10CC) electric power gen-
eration project to be built in western Pennsylvania. 
High-sulfur eastern bituminous coal will be used in an 
advanced, highly integrated system which utilizes hot 
gas clean-up technologies developed previously under 
DOE sponsorship. 

The sponsors of the Appalachian Project propose to 
utilize government funds to offset 50 percent of the 
capital cost of the facility and 50 percent of the 
operating costs during a two year demonstration period. 
The total project cost is $175 million as spent. Partici-
pants in the project include the M. W. Kellogg Company 
(Kellogg); KEW Energy Systems Inc. (KRW), a company 
jointly owned by Kellogg and Westinghouse Electric 
Corporation; the General Electric Company; and Penn-
sylvania Electric Company (Penelec), a member of 
General Public Utilities. 

Kellogg and General Electric will form a special pur-
pose entity named the Appalachian Mountain Coal Dev-
elopment Company (AMCOAL) to implement the Appa-
lachian Project. Kellogg will be the general partner 
and General Electric will be a limited partner of 
AMCOAL. Other companies may be included as equity 
participants as the project progresses. AMCOAL will 
contract for the design and construction of the facility, 
and own and operate the plant to produce nominally 
58 megawatts net of electric power. Penelee will 
purchase the power on a basis similar to contracts for 
cogenerated power. 

The location of the 874 acre project site shown in 
Figure i is about 70 miles east of Pittsburgh, Penn-
sylvania near .the town of Cairnbrook. Adequate sup-
plies of coal, limestone, water, transportation systems, 
labor, and other resources are readily available in the 
plant site area. The site is large enough to accom-
modate future expansion of the facility. Evaluation and 
characterization of the site, including environmental 
baseline monitoring, soil testing, and foundation assess-
ment have been accomplished. According to the spon-
son no site-related constraints exist to construction 
and operation of the project.

The project, depicted in Figure 2, will use an advanced 
version of the ash agglomerating fluidized-bed coal 
gasifiation process developed jointly by KEW Energy 
Systems and the DOE. New hot gas clean-up techno-
logy will control atmospheric emissions at better over-
all efficiency and lower cost than present electric 
generating systems. At least 90 percent of the sulfur in 
the coal (4.5 percent average, as fed) will be removed 
in-bed by limestone. The product gas will pass through 
a single cyclone where approximately 90 percent of the 
elutriated fines are removed and recycled to the gasi-
fier. Following the cyclone the product gas is cooled 
from 1,850°F to 1,000°F in a radiant boiler which 
generates 1,300 psig saturated steam. The 1,000°F fuel 
gas passes through a sintered metal absolute filter, then 
to one of two polishing fixed-bed zinc ferrite sorbent 
vessels where sulfur levels are reduced to 5 to 10 ppm 
in the fuel gas. 

Sorbent in the off-line zinc ferrite vessel is regenerated 
with air and steam, and the sulfur dioxide produced in 
the regeneration cycle is recycled to the gasifier where 
it is absorbed by the limestone in the gasifier bed. 
From the zinc ferrite polishing bed, the clean product 
gas is fed to the combustion turbine. 

One 13 feet diameter KEW air-blown gasifier will con-
sume approximately 500 tons per day of local coal. 
Following gas cleaning, the fuel gas will be fed to a 
General Electric M56001 combustion turbine-generator 
that will be modified specifically to accept the hot fuel 
gas. Steam generated from the combustion turbine 
exhaust and from gasification heat recovery will be fed 
to a steam turbine-generator. The plant will produce 
approximately 58 megawatts of net power, with the 
combustion turbine generating approximately 60 per-
cent. Dry granular ash agglomerates, sulfided lime-
stone, and fines captured from the sintered metal filter 
are passed to a fluid bed roaster where the limestone is 
sulfated to an inert form for landfill and where residual 
carbon is burned to raise additional steam. 

As shown in Table 1, the system to be used in the 
Appalachian Project has a nominal heat rate of 
8,800 BTU per KWII and an installed cost of $1,950 per 
kilowatt. On a commercial scale at 300 to 500 mega-
watts a heat rate of 7,800 BTU per KWH at a capital 
cost of less than $1,000 per kilowatt is aehieveable, 
according to the sponsors. Once proven, the technology 
will be offered commercially to utilities and industrial 
companies. 

A regulatory compliance plan has been prepared for the 
project that identifies applicable permits, information 
requirements, and the schedule for submission and ap-
proval. State and federal regulatory agencies with 
jurisdiction over the project concur with the intent and 
schedule of the plan and the absence of significant 
environmental constraints. Baseline environmental 
studies have already been completed at the plant site, 
and several years of air quality monitoring have been 
completed. Information from these studies has been 
used in the preparation of a comprehensive environmen-
tal report on the project. An environmental monitoring 
plan is being prepared according to government specifi-
cations. 
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TABLE 1 

PLANT PERFORMANCE SUMMARY 
Average Site Conditions 

Gasification 

Coal Feed:
Lb/hr 40,415 
x 106 BTU/Hr (Mliv) 505.51 

Net Gas (x lob BTU/Hr (HHV)) 392.09 

Combined Cycle 

Combustion Turbine Power (KW) 35,720 
Steam Turbine Power (KW) 25,430 
Total Gross Power (1(W) 61,150 

Auxiliary Power Required (1(W) 3,650 

Overall Performance 

Net Power (KW) 57,500 
Net Heat Rate (BTU/KWH (HHV)) 8,191

The project is designed to utilize bituminous coals 
characteristic of Eastern United States high-sulfur cak-
ing coals. Local coals primarily located in a five-
county area surrounding the site include Pittsburgh, 
Lower, Middle and Upper Kittanning, Lower and Upper 
Freeport, and Brookville-Clarion seams of coal. The 
KRW gasifier can also operate with a wide variety of 
coals including subbituminous and lignite. The plant 
operations work force is expected to total 93, of whom 
the majority will be systems operators and technicians. 
Because the project site is within easy commuting 
distance of population centers no additional housing or 
significant infrastructure requirements are anticipated. 
The existing labor pool in the region will be sufficient 
to provide workers for the project, minimizing the need 
for an influx of workers to the area. 

The project sponsors are ready to proceed to the 
engineering design phase immediately after negotiation 
of the cooperative agreement with DOE. If the con-
tract can be finalized in 1986, start-up can be achieved 
approximately 34 months after a decision to proceed 
with the project. The project is expected to proceed in 
three phases in accordance with the schedule shown in 
Figure 3. 

During Phase 3 the power produced in the facility will 
be sold to Pcnelec. The main purpose of this phase is to 
demonstrate the technical and economic advantages of 
the integrated power plant. After sufficient data are 
collected, the cooperative agreement will end and the 
plant ownership and operation will remain entirely with 
AMCOAL which will operate the plant and sell power to 
Penelec for a commercial period of twenty or more 
years. During this operations phase, Penelec will have 
the option of purchasing the plant from AMCOAL at a 
fair market value. 
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FIGURE 2 

LOCATION OF APPALACHIAN PROJECT 
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SCRUBGRASS PROJECT IS RESTRUCTURED 

Scrubgrass Associates recently announced that the 
Scrubgrass Project has been converted from the produc-
tion of liquid fuels to the production of electric power. 
The project had previously been submitted to the 
United States Synthetic Fuels Corporation (SFC) in 
response to several SFC solicitations over the past 
several years. In the most recent application to the 
SFC, Scrubgrass Associates proposed a 2,890 barrels per 
day coal-to-methanol-to-gasoline (and other products) 
plant. The sponsors submitted a request for loan and 
price guarantees from the SFC under the solicitation 
for Eastern Province or Eastern Region of the Interior 
Province Bituminous Coal Gasification Projects. The 
technology was to consist of three basic processes: high 
pressure GKT entrained-flow coal gasification, ICI 
methanol synthesis, and the Mobil methanol-to-gasoline 
(MTG) process. On November 19, 1985, the SFC drop-
ped the project from further consideration. 

The new electric power project will be located at the 
same location: Scrubgrass Township, Venengo County, 
Pennsylvania. Hence, environmental work had largely 
been completed for the previous plan. The capacity of 
the plant is 100 MEG. The plant will use circulating 
fluidized bed technology, fueled with coal containing up 
to 6 percent sulfur. 

The estimated total project costs, including start-up, 
commissioning, engineering, procurement and construc-
tion, and financing costs, is $195 million. Financial 
closing Is anticipated prior to the end of 1986. No 
federal assistance is being sought by the sponsors. 

UCO PROJECT NEAR RAWLINS, WYOMUG 
IS PROPOSED 

Gulf Research & Development Company's underground 
coal gasification (UCG) team demonstrated the feasibi-
lity of UCG when it conducted a test program of the 
gasification of steeply dipping beds (coal seams dipping 
at an angle steeper than 45°) at Rawlins, Wyoming. The 
key members of the Gulf Research UCG team have 
joined a new company, Energy International, Inc. (U, 
that has been formed to pursue UCG and other coal-
based technologies. A commercial facility producing 
14,000 barrels per day crude oil equivalent of hydrocar-
bon product has been proposed. Energy International is 
forming a consortium of companies and organizations 
interested in the project. Details of the project were 
recently explained in a paper by Alan Singleton pre-
sented at the 13th Energy and Technology Conference. 

One of the major conclusions from the Rawlins test 
data is that it is possible to generate an UCG product 
gas with a high concentration of methane and a signifi-
cant concentration of synthesis gas (carbon monoxide 
plus hydrogen). Economic projections indicate that the 
cost of producing synthesis gas at Rawlins could be less 
than published costs for synthesis gas produced on the 
Gulf Coast. 

Project Description 

The program proposed by El will produce liquid trans-

portation fuels and substitute natural gas. The scope of 
the project is as follows: 

• Feed Rate-5,400 tons of coal per day gasified 
underground 

• Product Rate-4,000 barrels per day liquids 
(jet, diesel, and naphtha) and 60 million cubic 
feet per day of substitute natural gas. 

• Location—Rawlins, Wyoming (140 million tons 
of coal reserves). 

One of El's major objectives for this project is that the 
products be fungible with existing fuels and be compe-
titively priced. The demand for transportation fuels, 
such as diesel and jet fuel, in the Rawlins region is 
projected to continue to grow. According to El, the 
total production of the proposed plant can easily be 
absorbed with a minimum of disruption. The site is also 
located near a common carrier natural gas pipeline, 
which could receive the by-product SNG from the 
facility. Other products which could alternatively be 
considered are methanol and ammonia. 

The proposed facility consists of two distinct opera-
tional areas: (1) the UCG gas production facility; and 
(2) the main surface plant. In addition there are the 
utilities and surface piping systems required to trans-
port the injectants and product gas. 

The gas production facility includes two sets of wells 
drilled into the coal seam: injection wells and produc-
tion wells. A steam/air or steam/oxygen mixture Is 
injected into the coal seam through the injection wells. 

This gas mixture reacts with the coal to produce 
product gases consisting of methane, carbon monoxide, 
and hydrogen, together with lesser amounts of carbon 
dioxide and heavier hydrocarbons. This project gas is 
removed through the production wells. The process is 
operated in a series of modules, with new modules being 
brought on stream as old modules are burned out. 

The main surface plant facility consists of tar removal, 
gas cooling, water removal, separators, sulfur removal 
and recovery units, Fischer-Tropsch liquids production 
units, an oxygen plant, process water treatment, gas 
compression, and other utilities. 

Economics 

Energy International owns and utilizes a computer 
model that provides design and economic information 
on UCG facilities. The model estimates process econo-
mics by: 

• Simulating UCG process chemistry 

• Calculating module dimensions 

• Designing the production field 

• Sizing surface piping and field facilities 

• Choosing the number, size, and type of surface 
process units 

• Estimating capital and operating costs. 
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The model is desinged to handle a variety of product 
mixes, including SNO, methanol, hydrogen, ammonia, 
Fischer-Tropsch distillate, and fuel gas. 

.TIe I summarizes results for a typical case based on 
constant dollars and no inflation. The model predicts a 
20.9 percent after tax rate of return for product prices 
of $25 per barrel for the liquids and $4 per thousand 
cubic feet for the SNO.

TABLE 1

interested organzations and companies will be estab-
lished. Each participant will bear his own costs during 
Phase I. The objectives of Phase I are: 

• Assemble the consortium 

• Define the elements of the Phase II commercial 
feasibility study 

• Establish Phase 11 costs 
• Obtain a commitment by each participant to 

complete Phase II of the program (the commer-
cial feasibility study). 

The feasibility study of Phase II will build on UCG 

	

Million	 $	 sourced synthesis gas evaluations initiated by Gulf 
Research before the Gulf-Chevron merger and con-

	

53	 tinued by Energy international. 

During Phase Ill, Proof of Concepts, one module of the 
plant will be operated, along with a small scale product 

	

275	 conversion facility, for a period of six months to 
provide the proof of concept and proof of environ-

	

25.00	 mental safety. Completion of Phase Ill will require less 

	

4.00	 than 10 percent of the total commercialization project 
21 cost. Related activities for the commercial facility, 

such as engineering design, environmental permitting, 
and funding arrangements, will continue. Phase Ill will 
cost $25 million and will require 24 months to com-
plete. The objectives of Phase Ill are: 

• Obtain the necessary permits for this operation 

• Initiate the permitting process for the commer-
cial operation phase 

• Operate one UCC module 

• Operate a product conversion test facility 

• Initiate financing for the commercial plant. 

ECONOMICS FOR RI'S UCO PROJECT 

1.1CC Facilities and Offsites 
Process Plant and Utilities 
Engineering & Construction Overheads & Fees 
Contingency 

Total 

Distillates Price, $Iflarrel 
SNG, $IMCF 
DCF BOB - 25% Equity (96) 

Throughput 

5,400 Tons Coal Gasified Per Day 
4,000 Barrels Distillate Products Per Day 
60 Million Standard Cubic Feet SNG Per Day

Additional details of the UCG economics were sum-
marized on page 4-25 of the December 1995 Pace 
Synthetic Fuels Report. 

Project Development Plan 

The proposed project development plan is outlined on 
Figure 1. 

During Phase I (Project Start-Up), a consortium of

In response to the United States Department of 
Energy's (DOE's) solicitation for projects in its Clean 
Coal Technology Program, El submitted a proposal for 
this Proof-of-Concept Project. This three year project 
will include a 180 day field test that will gasify 

FIGURE 1 

El's PROPOSED UCG PROJECT SCHEDULE

PHASE I - CONSORTIUM FORMATION 
PHASE II - COMMERCIAl. FEASIBILITY 

STUDY 
PHASE III - PROOF OF CONCEPT 

- DESIGN 
- PERMIT 
- CONSTRUCTION 
- OPERATION 
- FINAL COMMERCIAL DESIGN 

PHASE IV - COMMERCIAL FUNDING 

PHASE V - CONSTRUCTION & 
OPERATIONS
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36,000 tons of coal and produce 2,000 to 4,000 barrels 
of liquid products for evaluation. The project team will 
consist of El; Stearns Catalytic Corporation (5CC); and 
Rocky Mountain Energy Company (TiME), a subsidiary 
of Union Pacific Corporation. Energy International will 
serve as the project manager, 5C6 will provide the 
engineering design and construction requirments, and 
TiME will lead the geotechnicul and environmental 
function. 

Arrangements for financing of the commercial facility 
will be initiated during Phase II! and will be completed 
during Phase IV. Energy International estimates that 3 
to 6 months will be required after completion of the 
Proof of Concept operation to complete the permitting 
activity and to obtain final closing of the financial 
arrangements. 

During Phase V (Construction and Operation) engineer-
ing design of the total plant will be completed and 
ready for bidding. Bid evaluation, award of contract, 
and construction is estimated to require 2 years. Envir-
onmental approval and granting of the necessary state 
and federal permits will be a critical factor in the 
tithing of the completion of the project. A five year 
schedule, from completion of the feasibility study to 
the initial commercial operation of the plant, is pro-
jected. The objectives of Phase V are: 

• Complete bid evaluation 
• Award construction contract 
• Complete plant construction. 

COOL WATER PROJECT SUCCESSFULLY COM-
PLETES TESTS WITH HIGH-SULFUR COALS 

In April the sponsors of the Cool Water coal gasifica-
tion combined-cycle project announced the successful 
completion of tests using two high-sulfur coals. The 
plant was designed to utilize coals with sulfur contents 
ranging from 0.35 to 3.5 percent (by weight). The 
"Program" coal is a Utah bituminous coal with a nomi-
nal sulfur content of 0.4 weight percent obtained from 
the Southern Utah Fuel Company (SUFCO). This coal is 
used at Cool Water except during periods when alter-
nate coals are being tested. Up to eight different coals 
may be tested at the plant. 

In addition to the low-sulfur SUFCO coal, 32,000 tons 
of Illinois No. 6 coal (nominal 3.5 weight percent sulfur) 
and 21,000 tons of Pittsburgh No. 8 coal (nominal 
2.0 weight percent sulfur) have been successfully tested 
at Cool Water. The 'Program" coal is the only feed-
stock for which design rates were established because 
there was no way to determine which alternate coals 
might be selected for testing. However, the tests with 
Illinois No. 6 and Pittsburgh No. S exceeded engineors' 
Projections for energy conversion and environmental 
cleanliness. (See Table 1 for plant performance on all 
three of the coals.) 

Emissions of NOR , sulfur dioxide, and particulate mat- 
ter from all three coals average about 10 percent of 
allowables under the United States Environmental Pro-
tection Agency's New Source Performance Standards 
for Coal-Fired Power Plants. These emissions from 
Cool Water approach and/or improve upon emissions

TABLE I

COOL WATER PERFORMANCE 

	

Design	 Actual Performance 
Pitts-

Illinois burgh

	

SUFCO	 SUFCO	 No.6	 No.8 
Coal Sulfur Con-	 0.18	 0.4	 3.1	 2.9

tent (Wt %) 
Coal I-IHV (BTU/Lb) 12,300 12,300 12,800 13,700 
Coal Feed Rate	 1,000	 1,000	 1,000	 1,000

(Tons/Day) 
Oxygen Consump-	 062	 908	 885	 . 979

tion (Tons/nay) 
Gross Power Pro- 	 114	 116	 120	 125

duction (MW) 
By-Product Sulfur	 4.6	 3.8	 30	 27

Produced (Tons/Day) 
Coal/Water Slurry	 60	 60	 64	 62

Concentration 
(Wt. 96 Solids) 

Carbon Conversion	 98.3	 98.3	 96.6	 99.1 
(%) 

Gasifier/Syngas	 90.3	 91.5	 88.5	 91.6
Cooler Efficiency 
(%) 

Gasifier Refractory	 1.0	 2.6	 i.1
Life (Years) 

Overall Heat Rate 11,500 11,300 12,000 11,600 
(BTU/FC WI-I) 

* Data not yet available 

form natural gas-fired power plants. Table 2 sum-
marizes actual emissions on all three coals utilized to 
date. 

The Cool Water plant will continue operations through 
June 1989. Up to six additional coal feedstocks may be 
tested during that period. Southern California Edison 
Company (SCE) has an option to purchase the plant for 
continued power production for the rest of its commer-
cial life, beginning in June 1989. 
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TABLE? UCG PILOT PROJECT PLANNED BY 
NATIONAL COAL BOARD 

COOL WATER EMISSIONS The United Kingdom's National Coal Board (NCR) is 
(Pounds Per Million ifru) planning a test of underground coal gasification (UCO). 

The experimental project will be located in the English 
Midlands near Newark. 	 Up to 60,000 tonnes of coal will 

Permit Preli- be gasified in a test program lasting five to six years. 

and	 1995 minary The tests will use deviated drilling techniques to access 

Reg.	 EPA Test	 Federal a six foot	 thick coal seam	 at a depth of 2,000 feet. 

Limits	 Test Results	 NSPS Estimated cost	 of	 the	 program	 is	 15 million	 pounds 

- (1)	 - (2) sterling (approximately $22 million). 

Sulfur Dioxide . The purpose of	 the tests is to develop methods 	 to 
exploit coal deposits located offshore under the North 

Sufco (0.5%S) 0.033	 0.018 0244 Sea.	 Very large reserves of coal (reportedly billions of 
Illinois No. . 76 0.076	 0. tonnes) are located in the undersea deposits in seams up 

to 70 feet thick. 
Pittsburgh No.8 0.16 0.086	 O.G 

(2.9965) . Previous tests of IJCG were conducted in the Midlands 
in the late 1950s.	 Results of the PS trial at Newman 

NO, Spinney were not particularly encouraging in that the 

Sufco (0.5965) 0.13	 0.07 0.6 product gas had a low heating value. 	 However, the coal 

Illinois No.6 0.13 0.094	 0.6 seam	 used in the	 test	 was	 only	 3 feet thick.	 The 

(3.0965) researchers believe that the thicker coal seam 	 to be 

Pittsburgh No.8 0.13 0.09	 0.6 used in the newly proposed tests, in combination with 

(2.9969) recent advances in	 UCG	 technologies, 	 will produce 
more favorable results. 

Carbon Monoxide 

Sufco (0.5965) 0.07	 .	 0:004 MS5 # U U U 

Illinois No. 6 0.07 0.004	 MS 
(3.0965) 

Pittsburgh No.8 0.07 0.004	 MS NINE COMPANIES INTERESTED IN 
(2.9969) GREAT PLAINS

Particulates 

Illinois No. 6	 0.01	 0009	 0.03 
(3.0965) 

1. Emission requirements for the HRSG Stack 
from limiting permit and regulatory emission 
criteria 

2. New source performance standards for a coal-
fired power burning equivalent coal as CWCGP 

3. 0.8 pounds per million 9111 uncontrolled emis-
sions K .30 for controlled emissions 

4. Emissions controlled to 0.6 pounds per million 
BTU 

S.	 NS: No Standard

As explained in the March 1986 Pace Synthetic Fuels 
Report, page 4-1, the United States Department of 
Energy (DOE) is evaluating several options for disposing 
of the Great Plains coal-to-substitute natural gas pro-
ject. DOE acquired the plant when the partners of the 
Great Plains Coal Gasification Associates (GPGA) with-
drew from the project and defaulted on its $1.54 billion 
DOE-guaranteed loan. To better evaluate one option, 
selling the plant, DOE issued a Solicitation of State-
ments of Interest on February 13, 1986. 

By the deadline for submissions on April 4, 1986, DOE 
had received nine expressions of interest in the Great 
Plains project. These submissions are expected to 
provide information that could be used to formulate a 
formal request for proposals to acquire the plant. The 
nine companies that expressed interest in acquiring or 
participating in the project are: American Natural Re-
sources, one of the partners in GPGA; Amoco Cor-
poration; Bohrer Consulting Service; Carbon Resources, 
Inc.; Energy International, Inc.; Epcon Technologies, 
Inc.; FIlM Energy; The Nakota Company; and the Three 
Affiliated Tribes of the Fort Berthold Reservation. 

Ultimate disposition of Great Plains will not be decided 
until DOE has title to the plant which should occur 
following a foreclosure sale. The foreclosure sale is 
tentatively scheduled for June 30, 1986. 

## #8 
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CORPORATIONS 

UNDERC COAL RESEARCH EXTENSION 
APPROVED BY DOE 

The United States Department of Energy (DOE) ap-
proved the extension of federal funding at the Univers-
ity of North Dakota Energy Research Center 
(UNDERC) in Grand Forks for coal research through at 
least 1992, due to a $22.2 million cooperative agree-
ment awarded in April to the University by the United 
States Department of Energy. The university center, 
previously owned and operated by the federal govern-
ment as the Grand Forks Energy Technology Center, 
was transferred in April 1983 to the University of North 
Dakota under a three year funding agreement. 

The six year extension will allow basic research to 
continue on coal properties and reactions, advanced 
coal burning and other utilization technologies, and 
techniques for converting coal into synthetic fuels. 
Also included will be the development of environmental 
data for specific coals as well as techniques for con-
trolling the release of potential pollutants from coal. 

Research at the center will continue to emphasize new 
technologies for so-called "low rank" coals. Low-rank 
coals include both lignite and subbituminous coals found 
principally in the western states. The funding will be 
provided in phased-down amounts so the university can 
progress toward becoming an independent research or-
ganization as mandated by the Congress. By fiscal 
1993, all federal funding for the center will be made 
through competitive contracts. 

The University of North Dakota will provide $1.4 mil-
lion to the Energy Research Center as part of the 
cooperative agreement. 

The research carried out by the laboratory , will be 
managed by DOE's Morgantown and Pittsburgh Energy 
Technology Centers.

DOE AWARDS COAL It & D PROJECT TO UOP UNIT 

Researchers at Allied-Signal Inc.'s UOP Unit believe 
the 53 year old Fischer-Tropsch process for extracting 
transportation fuels from coal may be improved through 
innovative petroleum refining technologies. 

If correct, more of the low-value wax and other by-
products of the Fischer-Tropsch process could be con-
verted into gasoline, jet fuel, diesel oil, and other 
higher value fuels. UOP believes the wax by-product is 
a premium feedstock for hydrocracking low quality 
fuels Into high-quality distillates. 

The Pittsburgh Energy Technology Center of the United 
States Department of Energy has given $542,990 to 
UOP for a research program to be subcontracted by the 
Signal Research Center based in Des Plaines, Illinois. 

UOP was one of the seven industrial and university 
research operations chosen by the DOE to study various 
ways of improving the commercial potential of indirect 
coal liquefaction. The HOP program plans to focus on 
the feasilibity and overall economics of upgrading 
Fischer-Tropsch wax and light gases, and to study the 
blending properties of these upgraded materials. As a 
related program element, UOP will use high-resolution 
mass spectrometry to determine the molecular com-
position of several kinds of Fischer-Tropsch waxes to 
predict their potential for upgrading. 

The vehicle used for upgrading will be UOP's HC Unibon 
process, a proprietary hydrocracking technology widely 
licensed by UOP to the petroleum refinery industry for 
producing high-quality diesel oil, jet fuel, and naphtha 
from heavy oils. UOP also plans to study other methods 
of upgrading the light gases. 

UOP will also continue its work on another coal project, 
funded last year by the DOE, to develop a technology 
that can simultaneously liquefy coal and upgrade low-
quality oil. 
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GOVERNMENT 

DOE RECEIVES 51 PROPOSALS FOR CLEAN COAL 
PROGRAM 

The United States Department of Energy (DOE) 
received M proposals to design, uild, and operate 
projects that would demonstrate the commercial feasi-
bility of technologies for the cleaner use of United 
States coal. The proposals were received by the 
April 18 deadline for submitting candidate projects for 
federal cost-sharing under the Clean Coal Technology 
demonstration program established by Congress last 
December. As described in the March 1986 Pace 
Synthetic Fuels Report on page 4-16, the program will 
provide as much as one-half of the funding for selected 
projects. Projects are to be selected by August 1, 1986. 

Congress appropriated $397.6 million for the Program, 
of which $99.4 million will be available immediately, an 
additional $149.1 million will be available beginning 
October 1, 1986, and the remaining $149.1 million will 
be available beginning October 1, 1987. The DOE 
intends to hold $25 million in reserve to cover cost of 
overruns. In addition, $4.9 million will be reprogram-
med for the Small Business and Innovative Research 
Program, and will be unavailable to the Clean Coal 
Technology Program. Also, funds will be set aside for 
constructing, travel, and ancillary costs incurred by 
DOE for implementation of the Program. In its Con-
gressional Budget Request for Fl 1987, DOE estimated 
that approximately $1.5 million would be needed in 
F? 1986 and $2.0 million in FY 1987 for "program 
direction." All of the remaining funds will be available 
for award to selected projects. 

The proposals represent a wide diversity of clean coal 
technologies. Pace has divided the proposals into 
several categories summarized in Table 1. Projects 
that also applied to the Ohio Coal Development Office 
(OCDO) for grants or loans in their Clean Coal Program 
are indicated by an asterick() in Table 1. The OCDO 
program is briefly described in this section in the 
article entitled "Ohio Receives 176 Clean Coal Pro-
posals, 54 Are Advanced." 

Under the terms of the "Program Opportunity Notice" 
issued by the DOE last February 17 which formally 
requested proposals, organizations applying for the fed-
eral funds were asked to provide a public abstract of 
each proposed project. Pace has acquired the abstracts 
of the 12 coal gasification projects and the two lique-
faction projects listed in Table 1. The following infor-
mation is taken from these abstracts. 

Calderon Energy Company 

Calderon Energy Company proposes to build a coal 
gasification combined cycle demonstration project. 
The company is licensed by Calderon Automation, Inc. 
to practice the proprietary Calderon process. Bab-
cock & Wilcox will design, build, and test the proposed 
50 megawatt facility on a turnkey basis, and will oper-
ate it under a separate service contract. Bowling 
Green, Ohio has signed a 20 year contract to purchase 
the electrical power from the project.

The proposed project will be the first commercial-scale 
application of the Calderon process. According to the 
sponsors, this process eliminates more than 93 percent 
of all sulfur compounds through: (1) coal conversion by 
devolatilization and subsequent gasification of the re-
sultant coke and (2) hot gas stream cleanup by a new 
proprietary process that avoids tar handling and mini-
mizes energy losses. The clean gas is then burned 
directly in an integrated combined-cycle turbine. 

The Calderon process utilizes technologies based on 
steel industry coke-making techniques. The coal is first 
devolatilized in a controlled combustion environment, 
and the resultant coke is gasified with air. Sulfur 
compounds are removed from the gas in a regenerable 
single step, hot gas cleanup process. A Calderon unit 
can process up to 4,000 tons per day of any type of 
coal. 

The technical objectives of the proposed project are to: 
(1) demonstrate the Calderson process in a moderate 
size 50 megawatt combined-cycle facility; (2) obtain 
long-term performance data on key components; and (3) 
confirm the economic competitiveness of the process. 
The proposed project will include the following steps: 

• Complete process optimization that is currently 
being conducted. 

• Design and build a pyrolyzer demonstration unit 
based on data derived during the test period. 

• In January 1990 start up the commercial de-
monstration unit that has been optimized based 
on short-term performance data from the se-
cond phase. 

• Gather performance data from this commercial 
demonstration facility. 

Design and engineering for the proposed project have 
already been initiated. Bowling Green has authorized 
$45 million	 in	 industrial development bonds, and all 
financing is expected to be in place by January 1987. 
The project schedule is: 

Process Optimization June 1986-October 1986 
Pyrolyzcr Design and June 1986-January 1987 

Manufacture 
Pyrolyzer Erection December 1986-August 1987 

and Testing 
Project Financing June 1986-January 1987 
Project Engineering February 1987-June 1988 
Manufacturing and April 1988-January 1990 

Erection 
Commercial Operation June 1990

Consolidation Coal Company and 
Foster Wheeler Corporation 

The Consolidation Coal Company and Foster Wheeler 
Power Systems Corporation plan to design, build, and 
operate a new type of coal-based power plant in Mor-
gantown, West Virginia. The proposed plant will con-
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TABLE 1 

PROPOSALS SUBMITTED TO DOE'S
CLEAN COAL TECHNOLOGIES PROGRAM 

No. 
Technology Proposals	 Sponsors 

Gasification 

IGCC 4	 Consolidation Coal Company and Foster Wheeler; 
M.W. Kellogg Company; General Electric Company*; 
Calderon Energy Company 

Fuel Cell 3	 ZTEK Corporation; PPG Industries, 	 Inc.; 
Westinghouse Electric Corporation 

UCG 1	 Energy International, Inc. 
Other 4	 Dravo Wellman Company; Sanitech, Inc.*; 

Questar Synfuels Corporation; TVA 
Liquefaction 2	 Ohio Ontario Clean Fuels, Inc.*; ChcmCoal 

Associates* 
Fluidized Bed 9	 American Electric Power Service Corporations; 

Tallahasse	 (Florida) Electric Department; 
University of Cincinnati*; Wisconsin Electric 
Power Company*; Energotechnology Corporation; 
Colorado-Ute Electric Association; University 
of Missouri; Southwestern Public Service 
Company; Community Central Energy Corporation 

In-Bed Sulfur Capture 2	 Babcock & Wilcox Company*; Energy and Environ-
mental Research Corporations 

Flue Gas Desulfuri- 3	 NOXSO Corporation s ; Recovery Systems, Ltd.; TVA zation 

Coal Cleaning 6	 Stirling Energies, Inc.; Combustion Engineering, 
Inc.; Western Energy Company; Community Central 
Energy Corporation; Atlantic Research Corporation; 
McDonnell Douglas Energy Systems, Inc. 

Coal Refuse Recovery 4	 American Minerals Inc.; North Marion Develop-
ment, Inc.; Coal Technology Corporation; United 
Coal Company 

Iron Smelting 3	 Minnesota Department of Natural Resources; 
Pennsylvania Coke Technology, Inc.; Weirton 
Steel Corporation 

Other 5	 Cleveland Electric Illuminating Company (com-
pressed air storage); Dow Corning Corporation 
(silica ore reduction); University of Florida 
(coal-water slurry); Coal Technology Corporation 

Not Publicly Released (cyclone combustor); TRW Inc. (slagging combustor) 
5	 Chemion Corporation; The National Lime Association; 

FMC Corporation; Elgin-Butler Brick Company; 
Charwill Corporation 

*Projects that also applied for assistance in Ohio's Clean Coal Program
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vcrt approximately 500 tons per day of high sulfur West 
Virginia coal into electric power and steam. The steam 
will be used at the West Virginia University to replace 
steam from three obsolete coal-fired boiler plants. 

The "Morgantown Advanced Integrated Gasification 
Combined cycle (10CC)" system is proposed for the 
project. The system is based on the gasification of coal 
in the presence of limestone for sulfur removal, hot gas 
cleanup of the low-BTU gas, and combustion in a gas 
turbine combined cycle power plant. 

The project requested 50 percent cost sharing by DOE 
in each of the phases, which include engineering, pro-
curement, construction, and operation. The plant is 
expected to start operation in late 1989 or early 1990. 

General Electric Company 

A project using an integrated coal gasification, steam-
injected gas turbine (IG-STIG) power plant configura-
tion was proposed by General Electric to demonstrate 
feasibility of a Simplified IGCC System for commercial 
coal-to-electricity applications. A conventional Inte-
grated Gasification Combined Cycle (10CC) system has 
been successfully demonstrated at the 100 MW scale at 
the Cool Water plant. The simplified 10CC System, 
although functionally similar to the IGCC unit, is 
uniquely configured to permit significant performance 
and cost advantages, according to General Electric. 

The Simplified IGCC System will be demonstrated at 
two site locations at different plant sizes: a 5 mega-
watt plant at the Dunkirk Station of the Niagara 
Mohawk Power Corporation and a 50 megawatt plant at 
the Evendale Plant of the General Electric Aircraft 
Engine Business Group. General Electric's concept is 
that this two-plant strategy will permit the phased 
evaluation of a key plant element—high-temperature 
sulfur removal—st lowest program risk and in a size 
progression that will ensure a commercial design strat-
egy for this component. The demonstration plants will 
be designed to meet the current new source perform-
ance standard for coal-fired power plants. 

General Electric's objective of the demonstration pro-
gram is to establish a unique coal-to-electricity option 
for the utility/industrial marketplace: a high-perform-
ance, cost-competitive, environmentally compliant, 
coal-fired power plant in the less-than-200 megawatt 
size range. They believe that successful demonstration 
and ultimate commercialization of the Simplified IGCC 
System will increase the flexibility in siting coal-fired 
plant additions and will permit the industry to closely 
match load growth in as little as 50 megawatt incre-
ments. This option will reduce the financial risk 
associated with the addition of large capacity incre-
ments to meet projected needs. 

The demonstration program is proposed as a five year 
project. The 5 megawatt plant will come on-line three 
years after project initiation. The initial checkout and 
system characterization of the 50 megawatt plant will 
start three years into the program, with full-scale 
operation at the industrial site in 4.5 years.

The General Electric Company is the lead organization 
for the proposed demonstration program and will be the 
host industrial site for the 50 megawatt Simplified 
10CC system plant. The other industrial participants in 
this project include the Niagara Power Corporation, 
who will be the host for the 5 megawatt plant, the 
Peabody Holding Company, and the Burlington Northern 
Railroad. The institutional participants will include 
OCDO, the Empire State Electric Energy Research 
Corporation, and the New York State Energy Research 
and Development Authority. According to data from 
OCDO, General Electric has requested $45 million from 
DOE and an additional $10 million from OCDO to 
support this $90 million project. As described in the 
companion article in this section regarding Ohio's Clean 
Coal Program, OCDO has selected the program to 
advance to Phase 11 in the award process. (The article 
in the Technology portion of this issue entitled "No 
Technical Barriers to Simplified IGCC Are Expected" 
explains the concepts of the system in more detail.) 

The M.W. Kellogg Company 

The Appalachian Project proposed by Kellogg is an 
integrated coal gasification combined cycle (IGCC) 
facility to be built and operated in Somerset County, 
Pennsylvania. Although the plant site is rurally lo-
cated, it is near all resources and facilities required for 
plant construction and operation, and is large enough to 
accommodate future expansion. Because of its location 
in a region with high unemployment and an underuti-
lized community infrastructure, the sponsors believe 
that the Project will exert a positive soeioeconmie 
impact. 

The facility will convert high sulfur Eastern bituminous 
coal into electricity using a combined cycle power 
generating system. The heart of the facility is the 
KRW Energy Systems Inc. (KRW) fluidized bed gasifier 
which was developed over the past twelve years in joint 
efforts between the United States Department of 
Energy, the Gas Research Institute, Westinghouse 
Electric Corporation, and The M. W. Kellogg Company. 
In the Appalácinn Project one KRW gasifier operating 
In the air-blown mode with in-bed desulfurization and 
hot gas clean-up technology will convert 485 tons per 
day of bituminous coal into a low-BTU fuel gas for use 
in an advanced combustion turbine generator. Steam 
generated from the combustion turbine exhaust and 
from the gasifier product gas heat recovery system will 
be fed to a steam turbine generator. The plant will 
produce nominally 60 megawatts of net electrical 
power.	 - 

The objectives of the project are to demonstrate the 
technical, economic, and environmental viability of 
commercial-scale technologies in a prototype module 
that can be replicated for use by utilities and other 
industries in the 1990s. The participants in the Appal-
chian project include: The M. W. Kellogg Company, the 
developer of the gasification technology through KRW 
Energy Systems Inc. (a company jointly owned by M. W. 
Kellogg and the Westhinghouse Electric Corporation); 
the General Electric Company; and the Pennsylvania 
Electric Company (Penelec). M. W. Kellogg will de-
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sign, finance, and build the gasification plant; General 
Electric will provide the power generation equipment; 
and Penclec will purchase, distribute, and sell the 
generated power. The DOE is requested to share a 
50 percent level in the project investment and the two 
year demonstration period. The major project mile-
stones are: 

Contract Signed With DOE	 10/01/86 
Complete Preliminary Design and 	 4/01/87 

Cost Estimate 
Begin Procurement	 7/01/86 
Begin Construction	 1/01/88 
Mechanical Completion	 9/01/89 
Begin Demonstration Tests	 1/01/90 

(The Appalachian project, a revamped version of the 
Keystone project that had been proposed to the United 
States Synthetic Fuels Corporation, is explained in 
more detail in the Project Activities section in this 
Issue. See the article entitled "Down-Sized Version of 
Keystone Proposed to DOE as Appalachian Project.) 

PPG Industries, Inc. 

PPG proposed the demonstration of a fuel cell-based 
power generating system in its Chemical Plant at Lake 
Charles, Louisiana. The fuel cell system will produce 
approximately 375 kilowatts of DC power for a direct 
application to chlor-alkall electrolyzers that commer-
cially produce chlorine and caustic soda. This proposed 
project will be the first demonstration of a fuel cell 
power plant in an industrial application. PPG believes 
that a successful demonstration will open the door for 
larger, commercial-scale power plants. The design will 
begin in 1987, with plant operation from 1989 until 
1992. 

In the demonstration-scale plant, hydrogen, which fuel 
cells require for fuel, is available as a by-product from 
the chlor-alkali electrolyzer operation. In a 
commercial-scale plant, however, only 15 to 20 percent 
of the hydrogen required to power the chlor-alkali 
electrolyzers is available as a by-product. The re-
mainder will be provided by gasifying coal, and cleaning 
and processing the gas into hydrogen. 

Westinghouse Electric Corporation 

The Westinghouse Electric Corporation Advanced 
Energy Systems Division proposed a demonstration pro-
ject using clean coal gas to drive a fuel cell power 
plant. The project will demonstrate for the first time 
the operation of phosphoric acid fuel cells with clean 
coal gas at the 1 megawatt power level. 

Two existing technologies that Westhinghouse is inolved 
with will be brought together for the project: coal 
gasification and air cooled phosphoric acid fuel cells 
(PAFC). The clean coal gas will be supplied by the 
existing KRW Energy Systems, Inc. coal gasification 
process development unit (PDU). The DOE-owned PDU

is a pressurized fluidized bed facility that is capable of 
gasifying coal or lignite with in-bed desulfurization at 
the rate of fifteen tons per day. Pittsburgh, Upper 
Kittanning bituminous coal, Wyoming Rosebud subbitu-
minous coal, and North Dakota lignite will be used as 
feedstock to the gasifier. 

A Westinghouse 1.5 megawatt PAFC Pilot Power Plant 
(PPP) will be constructed to incorporate the PAFC 
technology into the project. The PPP will have four 
375 kilowatt PAFC modules and other components or 
modules which are full size for a 7.5 megawatt com-
mercial plant. The PAFC technology development was 
initiated in 1979 under DOE sponsorship and continues 
with a cooperative funding agreement between DOE 
and Westinghouse. Under this agreement DOE is pro-
viding a 40 percent project share for technology devel-
opment, and Westinghouse, with support from the utili-
ties, ESEERCO, and EPRI, is providing 60 percent for 
facilities, power plant design, and commercialization 
activities. 

DOE was requested to provide 36 percent of the funding 
for the 50 month, $35.9 million project. The demon-
stration plant will be built and operated at the Waltz 
Mill site near Madison, Pennsylvania where the KRW 
gasifier is sited. 

Westinghouse sees this 1.0 megawatt Clean Coal Fuel 
Cell Demonstraton Project as a key step before a larger 
7.5 megawatt prototype commercial plant Is built. 
When the project has been successfully completed, 
Westinghouse will be ready to enter the marketplace 
with commercial size plants that are much more effi-
cient than conventional oil and coal-fired power plants. 
They estimate that these plants could displace as much 
as 50 million barrels of oil per year by the turn of the 
century. Moreover, coal-driven fuel cell plants will be 
more environmentally benign than other technologies. 

ZTEK Corporation 

ZTEK proposed a system which couples a high tempera-
ture solid oxide (zirconia) fuel cell device to a coal 
gasifier. The proposed program suggests the develop-
ment of a solid oxide fuel cell module for eventual 
integration into coal gasifiers. This effort will address 
the design of the fuel cell device, and will test the 
power generating module utilizing a host facility that 
could provide a gasifier or gasifier-like combustion en-
vironment. A technology that places the fuel cell 
physically into the gasifier could provide efficient 
energy coupling and economic mechanical integration 
by reducing the requirements of high-temperature gas 
handling and thermal isulation. 

The selection of the module size for the test program is 
based on the need to provide a valid technology demon-
stration at a minimum cost. The grouping of modules 
would then allow scale-up to system capacities suitable 
for utility applications. 
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Energy International, Inc. 

Energy International (El) proposed an underground coal 
gasification (13CC) proof-of-concept project. This 
UCO/Clean Fuels Proof-of-Concept Project is a three 
year effort that will provide additional process, econo-
mic, and environmental data. The major field activity 
will be a 180 day field test that will gasify 36,000 tons 
of coal and produce 2,000 to 4,000 barrels of liquid 
products for evaluation. El perceives the project to be 
a key element in a development program that will 
result in a commercial facility west of Rawlings, 
Wyoming ultimately producing 4,000 barrels per day of 
liquids and 60 million standard cubic feet of substitute 
natural gas (SNG). The commercial plant will utilize 
underground coal gasification technology to produce a 
synthesis gas feedstock for a gas-to-liquids conversion 
for the production of middle distillates. 

The project team will consist of Energy International; 
Stearns Catalytic Corporation (SCC); and Rocky 
Mountain Energy Company (RME), a subsidiary of Union 
Pacific corporation. Energy International will serve as 
the project manager, SCC will provide the engineering 
design and construction requirements, and RME will 
lead the geotechnical and environmental function. 

The plant will require an estimated capital investment 
of $275 million. Preliminary economic studies for a 
13CC/Clean Fuels Commercial Facility at the Indian 
Springs resource indicate an after-tax discounted cash 
flow return on investment (DCF-ROl) of 26 percent. 
This DCF-ROl is based on a 25 percent equity, 
12 percent debt service, and an income tax of 
50 percent. In the calculations, product prices at the 
time the project starts up were assumed to be $28 per 
barrel for the liquids and $2.42 per thousand standard 
cubic feet for SNO. These fuel prices compare to the 
DOE projections of $28.98 per barrel for oil and $2.76 
per thousand standard cubic feet for natural gas for the 
same time frame. 

(Additional details regarding this project are described 
in the article entitled "UCG Project Near Rawlins, 
Wyoming is Proposed" in this issue.) 

Dravo Wellman Company 

The Dravo Wellman Company, together with the Bat-
telle Columbus Laboratories requested funding for the 
commercialization of a coal catalyzation process. This 
process has been developed by Battelle with funding 
from DOE, and a successful pilot testing program has 
been completed by Drava Wellamn and Battelle under 
the sponsorship of the Ohio Department of Develop-
ment. 

The Battelle Treated Coal (BTC) process uses propriet-
ary technology to produce agglomerates of high sulfur 
coal and lime. When gasified the agglomerates produce 
a fuel gas that is low in sulfur, without tar, and with a 
significantly higher heating value than is produced from 
untreated coal. In addition, the process eliminates 
caking and swelling in the gasifier and increases react-
ivity of the coal.

In a report by OCDO, the results of recent tests with 
BTC were summarized. Ohio No. 6, Middle Kittanning, 
was selected as the test coal for this program. Multi-
ton samples of the ETC treated coal were produced in 
pellet form at a calcium to sulfur ratio of 3.5/1. The 
pellets were shipped to Dravo Technology Center for 
testing in a 3 foot diameter fixed-bed atmospheric 
gasifier patterned on the Wellman-Calusha gas pro-
ducer. Multi-hour continuous runs were performed on 
the Ohio No. 6 ETC coal. 

In addition to the successful technical findings from the 
tests, economic projections for the process were esti-
mated. Coal-derived gas in an idle power plant could 
be used to generate incremental power for $435 per 
kilowatt for a 50 megawatt (electric) facility. Prelimi-
nary cost projections indicate capital costs are only 50 
to 80 percent of those projected for fluid-bed combus-
tion systems. Another potential utility application for 
this technology, fuel gas for utilization in diesel 
engines, has an estimated installed cost (1985 basis) of 
$845 per kilowatt for a 50 megawatt (electric) facility. 

OCDO estimates that ETC production should be readily 
scaled to commercial size. It is estimated that this 
technology could be commercially available by late 
1989. Dravo is willing to provide the necessary gasifier 
warranties and guarantees based on the long-term (ap-
proximately 1 month) performance of STC in the 3 foot 
gasifier. 

For the DOE Clean Coal Program, Drava Wellman and 
Battelle propose to utilize the data obtained from the 
recent tests to optimize the calcium-to-sulfur ratio and 
the agglomerating techniques as the first phase of the 
proposed project. Ohio No. 6 coal will be used for this 
project, although the results are applicable to high 
sulfur bituminous coals from neighboring states. 

The second phase of the proposed project will be the 
gasification of the optimum BTC configuration in the 
Dravo Wellman pilot gasifier. A sufficient quantity of 
BTC will be gasified to obtain optimum operating 
parameters. 

Finally, the data obtained will be used to design, 
construct, and operate a commercial gasification faci-
lity and ETC production plant in Ohio. 

Sponsorship of the program is sought from OCDO, 
which has expressed preliminary interest in participat-
ing in the project, as well as the United States Depart-
ment of Energy. As described in this section in -the 
article entitled "Ohio Receives 176 Clean Coal Pro-
posals, 54 Are Advanced," OCDO advanced the project 
into Phase 2 negotiations in the Ohio Clean Coal Pro-
gram. 

The project cost is estimated at $6 million. According 
to data from OCDO, the sponsors requested $3 million 
from DOE and $2 million from OCDO. Commercial 
operation of the plant is scheduled to commence within 
30 months after receipt of a DOE award. 
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Sanitech, Inc. 

The Travelling Grate Coal Gasification process is per-
formed in a travelling-grate gasifier of either a straight 
grate or circular grate design. In the gasifier, coal is 
fed to a horizontal, continuously-moving grate at one 
location. As the grate moves, the coal is treated with 
air or oxygen, steam, and recycled gases to produce a 
gaseous fuel product. Although the concept of gasify-
ing coat on a moving grate is not new, the sponsors 
believe they have now reduced it to practice. 

The Travelling Grate Coal Gasification Process has 
potential advantages over processes that are in com-
mercial use today. Unlike fixed-bed coal gasification 
processes, the new technology can handle highly caking 
coals. Coal fines, which present problems for most coal 
gasification process, can be processed in the travelling 
grate gasifier. In the new process, coal is crushed, 
mixed with limestone, and formed into pellets that are 
processed on the moving grate. This procedure results 
in an almost sulfur-free gas by retaining essentially all 
the sulfur in the ash bed. No sulfur removal is required 
downstream of the gasifier. Other advantages of the 
new technology include the extremely low levels of tar 
in the product gas, ease of scale-up of equipment, and 
low cost. 

The new technology was developed by Sanitech, Inc. 
with DOE support. It has progressed through the 
laboratory and small pilot plant stages successfully. 
(See the article in the Technology section in this issue 
entitled "Circular Grate Gasification Process Success-
fully Tested in Pilot Plant.") 

The proposed project involves the demonstration of the 
technology on a larger scale at two sites, one in 
Hamilton, Ohio and the second in Elyria, Ohio. The 
Hamilton facility will produce 100 million BTU per hour 
of gas in a circular-grate version of the process. The 
gas will be burned in a conventional power plant boiler 
for electric power generation. The Lorain facility will 
produce 30 million BTU per hour of gas on a straight-
grate version of the process. This gas will be burned to 
make steam to heat buildings on the campus of Lorain 
County Community College. The proposed project will 
take 36 months to complete: 11 months for engineering, 
15 months for construction, and 10 months for a test 
program to optimize the process. 

The sponsoring organizatons for these proposed projects 
include Sanitech, Inc. (the lead organization), the City 
of Hamilton, the Lorain County Community College, 
and OCDO. As described in the following article in this 
issue, OCDO recently selected the Sanitech projects to 
advance into the Phase 2 proposal stage in Ohio's Clean 
Coal Program. According to data from OCDO, Sani-
tech requested $7.55 million from Ohio and $8.75 mil-
lion from DOE for its $17.5 million demonstration pro-
gram. 

Questar Synfuels Corporation 

The principal objective of the Utah Clean Coal Project 
is to demonstrate advanced technology for converting

coal to a gaseous fuel which is suitable for use in 
engine-driven electric power generators. An existing 
coal gasification process development unit located at 
West Jordan, Utah, will be modified and upgraded for 
processing 30 tons of bituminous coal per day. New 
equipment for scrubbing particulates and sulfur from 
the gaseous product will be installed, and new facilities 
will be constructed for producing up to 2.3 megawatts 
of net electric power from combined steam turbine and 
engine-driven generators. 

Equipment will also be installed for demonstrating the 
conversion of the synthesis gas to methanol via new 
catalytic technology that is being developed by the 
Brookhaven National Laboratory. 

The project will consist of a 6 months design phase, a 
24 months construction and start-up phase, and an 
18 months operations phase. Approximately 20 people 
will be employed during construction and operation of 
the demonstration facility. 

Tennessee Valley Authority 

The Tennessee Valley Authority (TVA), in cooperation 
with Air Products and Chemicals, Inc., the Electric 
Power Research Institute (EPRI), and Chem Systems 
Inc. (Cs!), proposes to demonstrate the application of 
the Once-Through Methanol (OTM) process. The OTM 
process is considered to be an enhancement to the 
integrated gasification/combined cycle (IGCC) concept 
for electric power generation from coal. 

The sponsors believe that this program will provide 
utilities with sufficient engineering design and perfor-
mance data to consider the addition of OTM capability 
to their 10CC plants. Coproduction of methanol pro-
vides a clean fuel for supplemental power during peak 
power demand. Methanol can be produced and stored 
during periods of low power generation demand. At 
peak power loads, the stored methanol can be used for 
fuel to permit power production greater than the design 
capabilities of the coal gasification unit. 

TVA will modify its existing 200 tons of coal per day 
Texaco coal gasification and gas cleanup unit at Muscle 
Shoals, Alabama to feed synthesis gas to a new liquid 
phase methanol (LPMEOH) unit having a maximum 
capacity of 35 tons per day. (The concept was 
described in an article beginning on page 4-16 of the 
September 1985 Pace Synthetic Fuels Report) The 
coal gasification, gas cleanup, and OTM units will be 
operated for approximately 8 months to demonstrate 
the system with a variety of United States coals under 
appropriate utility operating conditions. Additionally, a 
slipstream gas phase methanol production process will 
be included in this program to test a second methanol 
process for use. 

Chem Systems began developing the LPMEOH techno-
logy in 1975 under EPRI sponsorship. In 1981 DOE 
awarded Air Products a contract to prove the feasibi-
lity of the LPMEOH concept at a 5 tons per day process 
development unit at LaPorte, Texas. This work, pro-
vides the technical basis for scaleup of the process 
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which the sponsors believe is now ready for testing on 
coal-derived synthesis gas. The availability of the 
Texaco gasifier at Muscle Shoals allows this demonstra-
tion to be conducted at a reasonable scale and in a 
cost-effective manner. According to data from TVA's 
proposal to a second clean coal program that is being 
established by OCDO, the project is estimated to cost 
$40 million. TVA requested $20 million from DOE and 
$5 million from OCDO. 

Chemcoal Associates 

The proposal was submitted by ChemCoal Associates, a 
Joint Proposal Teaming Arrangement between Carbon 
Resources Inc.; CR1 Associates, Limited; and The North 
American Coal Corporation. This project will demon-
strate the ChemCoal process at a 10 tons per day 
Demonstration Plant at a facility near Powhatan Point, 
Ohio. The ChemCoal process uses a chemical method 
to transform coal into clean solid and liquid products. 
The process uses coal-derived solvents and aqueous 
alkali to dissolve and break down the organic carbona-
ceous fraction of the coal. The sulfur and ash are then 
separated from the dissolved organic fraction. Details 
of the process have been described in previous issues of 
the Pace Synthetic Fuels Report on page 4-28 of the 
September 1983 issue and page 4-23 of the December 
1985 issue. 

The goal of the project is to design, construct, and 
operate a demonstration plant that will produce solid 
products that are: 0.8 percent or less total sulfur; 
0.3 percent or less ash; 15,000 BTU per pound or more; 
and 100 percent minus 20 micron particle size. In the 
ChemCoal Coprocessing mode, an operation objective 
will be to demonstrate the compatibility of coal-oil 
derived products with petroleum refinery processing. 
Other project objectives include: manufacturing fuel in 
sufficent quantity for testing by potential consumers; 
obtaining process experience and data for supporting 
studies of the commercial viability of the process; and 
collecting data necessary for commercial plant design. 
Combustion tests will be performed to demonstrate the 
process as a technically viable air emissions control 
technology and to demonstrate the product as a distil-
late fuel extender. Studies also will be done to 
establish economic viability. 

The proposed project will take 48 months. The first 
year of commercial operation is estimated to be 1995, 
assuming that the process is proven to be economically 
feasible by operation of the Demonstration Facility. 

Over the last five years, sponsors for the ChernCoal 
Process have spent approximately $5 million bringing 
the process to its present state of development. The 
estimated costs of the ChemCoal Project Technology 
Demonstration Project are $31.6 million. The sponsors 
also submitted a proposal for this project to the OCDO 
for a loan or grant in Ohio's Clean Coal Program. 
According to OCDO, the sponsors requested $15 million 
from DOE and $10 million from OCDO. The proposal 
has been selected by OCDO to advance into the Phase 2 
proposal stage in Ohio's program.

Ohio Ontario Clean Fuels Inc. 

A prototype commercial plant to convert high sulfur 
Ohio coals to liquid fuels was proposed to DOE by Ohio 
Ontario Clean Fuels Inc. The plant will utilize Hydro-
carbon Research Inc.'s proprietary coal/oil coprocessing 
technology to produce over 12,000 barrels per day of 
distillate fuels. Stearns Catalytic Corporation, which 
has operated the Advanced Coal Liquefaction plant at 
Wilsonville, Alabama is also a team member. 

Coal/oil coprocessing is achieved by blending coal with 
a residual oil and simultaneously converting both to 
clean fuels. According to the sponsors, coal/oil copro-
cessing potential benefits include: 

• Low-cost coal (which can be high-sulfur) and 
poor-quality petroleum residual can be used to 
produce high-quality distillate fuels. 

• Investment is lower than direct coal liquefac-
tion. 

• Existing refinery capacity and infrastructure 
can be used. 

• Relatively short time to commercialization. 

• Plants are economic at smaller sizes than 
direct coal liquefaction. 

• Utility fuel products which meet the latest 
United States environmental regulations can be 
produced. 

• Feedstock and fuel products flexibility are 
available. 

The proposed coal/oil coprocessing plant utilizes basic 
technology which has been successfully demonstrated in 
commecial operations in petroleum-only operations 
such as the H-Oil unit in Shuaiba, Kuwait. The OCDO 
and several other agencies have funded laboratory and 
pilot plant tests of the process. In a recent report 
describing its activities, OCDO summarized the results 
of two grants to the sponsors. 

Work sponsored under the first grant involved labora-
tory testing and technical analysis of three Ohio coals. 
Subsequently, Ohio No. 5 coal was selected for a 5 tons 
test at the pilot plant operated by Kerr-McGee Corpor-
ation in Crescent, Oklahoma. All three Ohio coal 
samples achieved conversion rates exceeding 94 per-
cent. 

Developmental work commissioned in the second grant 
included over 50 small bench-scale reactor tests on 
Ohio coals and Cold Lake oil. Then two pilot plant 
runs, one in a single-stage and a second in two-stages, 
were conducted at the Hydrocarbon Institute's 
Lawrenceville, New Jersey Research and Development 
Center. In the first of two pilot plant runs, using a 
single stage with 50/50 coal to residual blend, a 94 per-
cent conversion of coal to liquids was obtained. Con-
version of the feed hydrocarbons to synthetic fuel was 
over 90 percent. Pilot plant runs to produce a com-
pliance boiler fuel demonstrated conversion of feed 
hydrocarbon to product in excess of 95 percent, and 
sulfur levels are reduced to 0.3 percent in the final 
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product. The fuels produced from the proposed copro-
cessing plant will be in compliance with the New Source 
Performance Standards for coal. A 'typical' copro-
cessing fuel analysis would be:

Wt % in Product 
°API	 H	 S	 N 

C4-975°F Distillate 	 31.2	 12.0	 0.1	 0.2 

The proposed plant will be located in Warren, Ohio, an 
industrialized area near major oil and natural gas 
pipelines and major Ohio coal production sites. The 
schedule for the first prototype commercial plant is 
approximately as follows: 

1986	 Process testing and product and environ-
mental studies 

1987	 Detailed engineering and design 
1988	 Construction 
1990	 Startup and preliminary operations. 

The sponsors submitted a proposal to OCDO requesting 
$2.5 million. According to OCDO, the sponsors also 
requested $13.5 million from DOE. Total cost of the 
prototype plant is estimated at $27.8 million. 

OHIO RECEIVES 176 CLEAN COAL PROPOSALS, 
54 ARE ADVANCED 

The Ohio Coal Development Office (OCDO) received 
176 proposals in response to its solicitation for projects 
involving research or commercial demonstration of 
technologies for clean use of Ohio coal. These projects, 
comprised of 112 research projects and 64 demonstra-
tion projects, are listed in Table 1. 

Total costs for the research projects range from ap-
proximately $20,000 to $2.4 million. For research pro-
jects, OCDO will provide grants or loans to fund up to 
two-thirds of the total project costs, or $150,000 
whichever is less. Research projects are considered to 
be laboratory bench scale or small pilot plant experi-
mentation, with minimal investment in commercial-size 
equipment. 

The proposals for development/demonstration projects 
range from $176,000 to slightly over $175 million. 
Much of the cost of these projects is expected to 
involve design, equipment and materials procurement, 
installation, and operation of pilot or demonstration 
plants. - Ohio's clean coal program will provide grants or 
loans of up to one-half the total project costs for pilot-
scale development projects, one-third the cost of dem-
onstration projects, or $10 million, whichever is less.

As described in the article beginning on page 4-17 of 
the March 1986 PaceSynthetic Fuels Report, the 
Phase I Proposal Abstracts that were received by 
OCDO represent the first of a two-phase solicitation 
and review procedure. Proposers whose abstracts are 
of interest to OCDO were invited to submit in-depth 
detailed proposals. As of April 22, 1986 OCDO had 
asked the sponsors of 28 demonstration projects for 
Phase II proposals. Also, three other demonstration 
projects were requested to submit proposals as research 
projects (rather than demonstration projects) in 
Phase II. Lastly, 23 research projects were advanced 
into Phase II by OCDO. Phase II proposals are tenta-
tively scheduled to be due not later than June 18, 1986. 
Final selection of winning projects is scheduled to be 
completed by the end of July 1986. 

On April 15, 1986 Ohio Governor Richard F. Celeste 
signed into law a bill that allocates up to $50 million 
for the Ohio clean coal program. Up to $15 million was 
made available immediately in fiscal year 1986, with 
the remaining $35 million appropriated for fiscal year 
1987. Funding for the program could eventually total 
$100 million as approved by Ohio voters on November 5, 
1985 through passage of State Issue 1. 

OCDO purposely devised a schedule that approximately 
matches the schedule for the United States Department 
of Energy's (DOE's) Clean Coal Program. A companion 
article in this section describes the status of DOE's 
solicitation for clean coal demonstration projects. The 
article also describes 12 coal gasification projects and 
2 liquefaction projects that were submitted to DOE. Of 
these 14 proposals, 5 were also submitted to OCDO. 
These five proposals are: two IGCC projects by General 
Electric; an IGCC project by Calderon Energy Com-
pany; a Battelle Treated Coal/Dravo Wellman Gasifier 
project; two Traveling Grate Gasifier projects proposed 
by Sanitech Inc.; and a once-through methanol project 
using the liquid phase methanol process at TVA's Muscle 
Shoals, Alabama site. 
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TABLE 1 

PROJECTS PROPOSED TO OHIO CLEAN COAL SOLICITATION 

Total 

Proposer'. Name Proposal Title Project uSDOE OCt10 

City. State Cast Share $ Share 5 

RESEARCH PROJECTS 
*Sanitecl,,	 Inc. Research on an Innovative Filter Design Concept for 97,500 65.000 

Ninsburg, 01,1° Sulfur Dioxide Control 

Sanitech,	 Inc. Sulfur of Ohio Coals Without Sulfur F.slssions 147,000 96,000 

Twinsburg. Ohio 

Chemicoal A Comparative Study of Cleaned Ohio Coals & 24.900 

Mendhara, New Jersey Coapetitive Western Fuels 

OSU. College of Engineering, Feasibility Investigations in Underground Coal 208,250 138,250 

Engineering Mechanics Conversion Clean Fuels Technology in Ohio 
Columbus, 01,1° 

Case Western Reserve University, Systematic Market & Environmental Analysis of Clean 98.286 65,524 

Systems Engineering Department, Coal/Coal Conversion Technologies 
Cleveland, Ohio 

University of Cincinnati. College of Quantitative Assessment of the Coal Combustion 224.658 149,772 

Engineering, Department of Chemical Contributions to the Air Quality of Cincinnati 
Nuclear Engineering 
Cincinnati, Ohio 

University of Toledo, College of Arts Deep Cleaning of High Sulfur coals by Steam Coast motion 261,563 147,682 

6 Sciences. Dept. of Geology Using Waste Boiler 
Toledo, Ohio 

Kent State University, Research 6 Sorption of Sulfur Components from Coal Liquefaction 194,225 132.019 62.206 

Sponsors Program Products 
Lent, Ohio 

OSU, Department of Chemistry Analysis 6 Identification of Constitucnts of High Sulfur 375.649 80.649 

Columbus, Ohio Ohio Coal via Transform Mass Spectrometry 

University of Dayton. Research Fast Jet Conversion of Ohio Coal 225,000 250.000 
Institute 
Dayton. Ohio 

Praxis Engineers Vacuum-Assisted Cieaning of Ultrafine Coal 225.000 150,000 
Milpitas. California 

University of Cincinnati, Department Transport. Deposition, and Control of Fine Particles in 149.696 99.797 

of Civil 6 Environmental Coal Combustion Systems 
Engineering 
Cincinnati, Ohio 

University of Cincinnati. Civil & Fundamental Study of SO 	 Control in Coal Combustion 209,528 139,685 

Environmental Engineering, Chemical Syatees:	 Modelling and Bench Scale Tests 
Engineering. 
Cincinnati, Ohio 

*University of Cincinnati, Department Flue Gas Desulfurization by Fixed-Bed Adsorption 201,868 134.579 

of Chemical & Nuclear Engineering Macroreticular Ion-Exchange Resins 
Cincinnati, Ohio 

*M. A. Henna Company Use of iron Oxide as a Regenerable Sorbent for Flue Gas 225,000 

Cleveland, Ohio Deaulfurization & Nitrogen Oxide in Coal-Fired Power 
Generation Boilers 

Energy International Inc. Development of Chemical Pyrite Depressant for Coal 118.000 78.667 

Cheswlck, Pennsylvania Beneficiation 

University of Akron. Research Services Economic Criteria for Evaluation of Alternative Coal 106,625 7I,083 

6 Sponsored Programs Technologies by Government 6 Industry 
Akron. Ohio 

*John N. 'loge. P.E. & Associates The Application of Foam Scrubbing Removal of 50x110x 54,000 20.000 

Cincinnati, Ohio Fine Particulates free Coal Generated Flue Gas 

Imes E. Biller Associates Use of Ohio Coal/Oil Slurry for Electric Power Generation 81.396 47,684 
Asheville. Ohio 

*University of Cincinnati. Civil & The Use of a Circulating Fluidized Bed Absorber for 
Environmental Engineering Control of 502 EmIssions 
Cincinnati, Ohio
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Table 1 (continued)

Total 
Proposer • s Name Proposal Title Project	 USDOB OCtA) 
City,	 State Cost $	 Shareg Share 

James C.	 Biller Associates Computer Monitored A Controlled Co., I Cleaning 193,903 68.939 

Ashev I Ito •	 Ohio TerRa [quo s Ap1'l ted to Oh in Con I 

Rockwell	 International  Rocke tdy'ie Rt-search Program for Achieving High Sulfur C.,1, hire 714,000 144,000 

Division During Bituminous Coal Combustion 
Canoga Park, California 

General Electric, General Electric Development of Ammonia Scrubbing 298,300 99,000 
Environmental Services 
Lebanon. Pennsylvania 

*ETS,	 Inc. SmallPilot Plant Demonstration o f the Limestone 23U,740 144,240 
Roanoke, Virginia Emission Control 	 System 

Foster Wheeler Development Corporation Pressurized Circulating Fluidized Bed Small Pilot 	 Plant 355,000 .	 150.000 
Livingston, New Jersey Experimentation 

*OSU, Research Foundation Extraction, Separation & Analysis of High Sulfur Ohio Coal 128,280 65.280 
Columbus, Ohio 

Youngstown State Universit y , Zager Feasibility Study for Removal of Sulfur 	 Nitrogen oxides 22.901 15.267 
Youngstown, Ohio irom Flue Co... 

Youngstown State University, William Electrostatic Separation of Ash & Pyrites from Ohio Coal 32,800 21.815 
Rayon School of Engineering, Slawecki 
Youngstown, Ohio 

*Youngstowt. State University, William Feasibility Study of $02 Removal Irtsm Flue Gases 20,890 10.390 
Rayen School of Engineering, Slawecki Considering Moving Adsorbent Bed (MB) 
Youngstown, Ohio 

Youngstown State University, Singh Desulfurizmtion of Coal Using Solvent Extraction Method 23.630 15.089 
Youngstown. Ohio 

Youngstown State University, Sziraay Feasibility Study of N 2 -00 Separation in Syn-Gasos 24,672 12,172 
Youngstown, Ohio Considering Moving Adsorbent Bed 

Expo troth Compsny, Inc. Magnetic Oesulfurization of Ohio Coal 30.600 20,400 
Export, Pennsylvania 

Atlantic Research Corporation Microbial Production of Clean Methane from Ohi,, Coals 141.493 90.693 
Alexandria, Virginia 

*Carbogel organic & Inorganic Sulphur Reduction by Physical 238.000 150.000 
Livingston. New Jersey Cleaning 6 in Flame Sulfur Adsorption 

Case Western Reserve University, Ultrasonic Diagnostic Technique for Coal Water Fuel 90.000 59.000 
Cultepe 
Cleveland. Ohio 

*Science Applications International Wet Oxidation for Combustion of Ohio Coals 500,000 150,000 
San Diego, California 

University of Cincinnati, Roy Albert, A Comparative Risk Assesaiment of Emissions 6 Residues 225,000 150.000 
Cincinnati. Ohio from Alternative Coal Preparation & Care ersion 

Technology Demonstration Projects Applied to Ohio Coals 

Color Cable Inc. PEBD Gasifier-Ebullient Bed Applied Research 300.000 150. Dee 
Anderson. California	 - 

*The University of Akron, Department of Extraction of Potential Pollutants from Ohio ' Coal by 214,212 141,664 
Chemical Engineering Synergistic Use of Super Fluids 
Akron, Ohio 

University of Akron Lab for Industrial Simulation 6 Optimum Control of Pressurized Fluidized 225.869 149.505 
Control 5 Instrumentation Bed Power Generation Plant 
Akron, Ohio 

University of Akron. Department of Liquefaction Coprocessing of High Sulfur Coal with Crude 216,653 144.105 
Chemical Engineering, Lee Devonian Shale Oil 
Akron, Ohio 

AVCO Research Laboratory	 Inc. MO	 Emissions Control in Coal Combustion by Returning 220,000 73,330 
Everett • Massachusetts
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Table 1 (continued)

Total 

Proposer's Name Proposal Title Project	 USOCE I)C00 

City. state Cast -	 Share - Share . 

Combustion Engineering Power Systems Sulfur Retention of Ohio Sorbents 	 Inn Pressurized 127.000 84,666 
Windsor, Connecticut Fluidized Bed Conbustur 

Combustion Engineering Power Systems Sulfur Retention Studies with Limestone Sorbents in a 123.000 82,000 
Windsor, Connecticut Pressurized Thermo-Cravigotric Analyzer 

Advance Energy Dynamics Inc. Factors on Electrostatic Separation of Coal 225.000 150,000 
Natick, Massachusetts - 

BEg Engineers, Division of Energy Emissions Reductions Potential of Stoker -Firing high 127,335 87.851 
Environmental Research Corporation Sulfur Coal with Wood 
Akron, Ohio 

Ohio University, Department of Production of Carbon Black and Synthesis Gas from 243,548 869,682 
Chemical Engineering Coal. by Flash Carbonization Process 

Ohio University. Department of A Computerized Ohio Clean Coal Technology Information 525,683 150.000 
Chemical Engineering Center 
Athens, Ohio - 

The Mires Group Inc. Liquefaction of Coal by Solvent Extraction 4 Catalytic 145,000 95,000 
Toledo, Ohio Ilydrogenerationa to Achieve Co'spiete Removal of 

Organic and Inorganic Sulfur 

Ohio university, Chemical Study of the Plow & Combustion Characteristics of 	 . 105,091 65,021 
Engineering. tchsnical Engineering, Cl... Coal/Oil/Water Slurries 
Athens, Ohio - 

Ohio University, Chemical Study of internal Circulation in Novel Two Compartment 111,034. ,	 61,542 
Engineering Fluidized Bed	 - 
Athens, Ohio 

*Ohio University, Department of The Evaluation of a Caxsa Alumina Hot Flue Gas 81,815 73.575 
Chemical Engineering Desul furization Process to Remove Sulfur Dioxide 
Athens, Ohio 

*Cenesis Research Beneficiating Extremely Fine-Grained Coal 222,000 848,000 
Carefree, Arizona 

Ohio University. Graduate Reseai ch Ash Particle Removal from Fluidized Bed Combustor 827,525 76,124, 
Athens, Ohio Cases 

University of Akron, Department of Development of a Practical Analytical Procedure for 80,466 53,644 
Geology Organic Sulfur in Coal 
Akron, Ohio - 

University of Akron, Department of Research Project for High-Sulfur Ohio Coals 79,438 52.958 
Geology 
Akron, Ohio 

EER Engineers Emission Reduction Potential of Novel High-Sulfur 237,613 149, 518 
Akron, Ohio Cnal/Liaestone Fuels 

Ohio State University & Columbia Gas Lime Regeneration for coal Utilization 225,000 150.000 
Columbus, Ohio 

Fuel Tech, Inc. Bench	 Scale Demonstration of Advanced Sorbent Technology 406.790 150,000 
Stamford, Connecticut for In-Furnace Reduction of SO 	 & NO	 Emissions from (Part	 I) 

Coal Fired Boilers	
X 

Combustion Engineering Inc. Power Fuel Reactivity Study of Ohio Coals in FBC Combustors 190.000 825,000 
Systems Group 
Windsor, Connecticut 

Chemicenl Chemical Promotion of Coal Dewater ing 22,800 22,800 
Medians, New Jersey 

Praxis Engineers, 	 Inc. Desulfurization of Ohio Coals by Use of Pyrite 210,000 140.000 
Milpitas, California Depresaants in Flotation 

Capsulated Systems,	 Inc. Ohio Clean Coal/Coal Conversion Technology Projects 865.990 110,649 
Fairborn, Ohio Solicitation

4-19	 SYNTHETIC FUELS REPORT, JUNE 1986 



Table 1 (continued)

Proposer's Name Proposal Title
Total 
Project	 USDOE Ocijo 

City, State Cost $	 Share 'ShareS 

Ohio State Universit y, Engineering Development of Coal Liquefaction Teclinologi.,. 	 Through, a 225.000 150.000 
Mechanics Hydrodynamic Study of tIfl' Ebullatod IWO Ruar.tor 
Columbus, Ohm 

*Babcock & Wilcox Swelling Technology for De,p Clean Coal 225.000 150.000 
Alliance,	 01,1° 

Babcock & Wilcox Microbial Pretreatment of Ohio Coals to Improve Pyrite 204,000 135.000 
Alliance, Ohio SO Reduction b y Flotatmn,, 

Michigan Tech University Deaulfurization of Ohio coals by a Novel Column 88.285 95.402 
Houghton, Michigan Flotation Technique with. Bacterially-AssIsted Pyrite 

Removal 

050, Research Foundation Spectroscopic Analveis of the Molecular Structure & 104,245 69,496 
Columbus, Ohio Reactivity of Coals 

MOTEC Improvement of Present Dtmnnstrated Tochnologies and/or 148,751 99,467 
Canton. Ohio	 , a New Superior Catalytic Process for Reductio,i of SO2 

Battelle Multisolid Fluidized Bed Coal Gasification l,b50,000 150.000 
Columbus, Ohio 

*University of Cincinnati, Department Simultaneous Post Combustion Removal of SO	 + NO 221,234 150,000 
of Chemical and Nuclear Engineering 

080. Research Foundation Non-Invasive Characterization of Coal Structure 164.166 95,149 

Cleveland State University, Fenn Desolfurizetion of Ohio Coals by Integrated Physical 225.000 150,000 
College of Engineering Cleaning & Microbiological Processing 
Cleveland, Ohio 

University of Cincinnati. Dept. of Evaluation of Biological Tocicity of Solid & Gaseous 189,500 126.333 
Biological Sciences Coal Effluents from U.C. Demonstration PBS 
Cincinnati, Ohio 

Ohio Automation Subsidence Control System 76.800 51,000 
Athens, Ohio 

*Battelle Selective	 Oxididation of Pyritic Sulfur by Gaseous 250,000 150.000 
Columbus, Ohio Reactants in a Fluidized-Bed Process 

Battelle Controlling Sulfur Emissions in Existing Utility 500.000 150.000 
Columbus, Ohio Boilers by Cosbusion of a Specially Treated Coal 

*0511, Metallurgical 6 Mining Removal of Organic Sulfur from Ohio Coals with Mild 225,000 150,000 
Engineering Chemical Oxidation Using Sodium Nypochlorite 
Columbus. Ohio 

*University of Tennessee, Department of Demonstration of a Ca(Oli) 2 /fl1 3 Based System for 83,500 53, 500 
Civil Engineering Removal of 502 on High	 Sulfur Coals 
Knoxville, Tennessee 

0513, Metallurgical	 Mining Engineering Cleaning & Deaulfuri gation of Ohio Fine Coal Slurries 225,000 150,000 
Columbus, Ohio by Selective Flocculation Using Bacterial Solution 

for Pyrite Depression 

BOB, Metallurgical & Mining Engineering Development of Selective Reagents for the Pyrite 225,000 150,000 
Columbus, Ohio Depression/Removal During Ohio Coal. Cleaning by 

Froth Flotation 

University of Toledo, Engineering Flue Gas Desulfurization Optiaization Model to Assist 236,230 148,993 
Toledo, Chi p Cercialization of Technology Using Ohio Coal 

Babcock 6 Wilcox Fluidized Red Fuels Characterization 2,400,000 150,000 Alliance, Ohio - 

Ohio Southland Development Croup Converting Ohio Coal to Liquid Hydrogen 107,300 35,767 Portsmouth, Ohio 

050, Chemical Engineering Fundamentals of a CFO for Combustion of Ohio Coal 725,000 150,000 Columbus, Ohio
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Table 1 (continued)

Proposer's Mane Proposal Title 
City, State 

080, Engineering Experiment Station High Pressure Miss Spec tro,mcl nc Studies of Coal Flames 
Columbus. Ohio & Effects of Combustion Sorhe,,tson their Composition 

050, Research Foundation, Chemistr y Coal Structure & Reductive Aikviatlnn Reactions Using 
Columbus, Ohio Orginol i thtium Compot.nd 

*OSU. Chemical Engineering Reduction of Sulfur & Nitrogen Contents in Coal by 
Columbus, Ohio Microbial Processing 

*Universitv of Toledo, Chemical Design & Oevelnpment of Novel Gas Desulfitr hat ion 
Engineering Process Using II, hew Fiber Membranes to Stimulate 
Toledo, Ohio Utilization o F Ohio Coal 

*Lambda Group Development of Lambda Process for Deaulfurizac ion of 
Columbus. Ohio Coal Fines Prior to Cemhue t iou 

*OSU, Metallurgical & Mining Engineering Cleaning & Desuifurization of Fine Ohio Coal Slurries 
Columbus. Ohio	 - Flocculation. Using Selective Dispersants 

Universit y of Tennessee, Civil Enhancement of Spray Drying for High Sulfur Coal FCD: 
Engineering Modification of Lime Production/Slaking Techniques 
Knoxville, Tennessee 

Aroma, Inc. Processing of Ohio Coal 	 for Coke Plant Use 
Middlet own , Ohio 

PEDCo.	 Inc. Applications of a PEOCo Rotar y Bed Combustion Unit as 
Cincinnati	 Ohio Conversion Burner for Existing Boilers; Using I) Ohio 

Coal & 2) Ohio Coal 	 Industrial Waste 

Total 
Project	 USDOE	 OCEX) 
Coat $	 Share	 Shares 

	

224,435	 149,435 

	

360.003
	

150.000 

	

224,000 

	

74,667 

	

215,655
	

144.604 

	

'34,000
	

66,500 

	

225.000
	

150,000 

	

188,434
	

117,434 

	

225,000
	

150,000 

	

225.000
	

150,000 

107,060 

140,000 

150,000 

ISO • 000 

150,000 

62,765 

Bowling Green State University, Solubilization of Coat in Room Temperature Molten Salts 187.660 

Chemistry 

AYCO Everett Research Laboratory, inc. Sulfur Capture in Pulverized Coal Combustion 140.000 

Everett • Massachusetts 

OSU.	 Research Foundation, Microbiology Oxygen Carbon Dioxide in Bacterial Desulfurizat ion nf 226,589 

Columbus, Ohio Coal at AmbIent & Elevated Temperature Regimes 

*OSU, Department of Mechanical Investigation for "Activated Lime" Sorbent 400,000 

Engineering 
Columbus. Ohio 

OSU, Research Foundation, Department of Increase the Rate & Extent .1 Mtrcobial  Oesulfurization 226,337 

Microbiology & Demineralization of Bituminous Coal 

Norton hiambleton of Ohio; Michigan Fine Coal Gas ,solidut ion Research, Effort 185,889 

Technical university & Arcanum Corp. 
Houghton, Michigan 

Massachusetts institute of Technology, Investigation of Direct Sulfur Capture in Pulverized 300.000 

Electric Utility Program Coal Ftases Through injection of Sorbents 
Cambridge, Massachusetts 

MIT, Chemical & Fuel Engineering, Investigation of Ohio Coal Mineral Hatter Behavior 360,000 

Cambridge, Massachusetts During Combustion 

OSU. Ohio Agricultural Research Center Efficacy of Sulfur Capture Capability of OARDC-Developed 255,371 

Wooster, Ohio AFBC Units 

OSU, OARDC	 , Marketability of Small, Clean-Burning Coal-Firing AFBC's; 110,297 

Wooster, Ohio Converted free, Biomass-Firing Units 

Foster Itheeler Development Corporation Simultaneous Removal of SD	 & NO 	 from Flue Gas 220,764 

Livingston.	 New Jersey 

The Kairos Croup Combustion & Desulfurization of Ohio Coals Using a Radio 220,000 

Toledo, Ohio Frequency Coupled Plasma Beam System 

University of Minnesota	 Mineral Coal Desuifurization by Slogging Combustion Using from 300,000 

Resources Research Canter Based Snrbent 
Minneapolis. Minnesota

150,000 

150. 000 

149,974 

72,500 

145,704 

147,000 

150, 000 
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Table 1 (continued)

Total 
Proposer's Name Proposal Title Project USDOE oCt10 
City, State Cest$ Shareg Shard 

ORD. Metallurgicalh Mining En6ineering Use of Bacterial Solutions for Depression/Removal of 225,000 150, 000 
Columbus, Ohio Pyrite During Ohio Coal Cleaning b y Froth Flotation 

1151,	 Inc. Two-Stage Liquifaction of Ohio Cool 858,232 150,000 
Gibbsboro, New Jersey 

Brown Coal Company Various 1.175,000 936,667 
Cincinnati, Ohio 

Mossor. Cacti Flue Co. Desuifurization 7 7 

OSU, Chemical Engineering Alkali Metal Carbonates as Catalysis in Steam 150,000 100,000 
Gasification of Coat Char 

DEMONSTRATION PROJECTS 

Dayton Power 6 Light Ohio Clean Goal Project Proposal - TRIPlEX 711,400 355,665 
Manchester, Ohio 

Green Basic Coals, Inc. Green Basin Coals, Inc. 5,000,000 
Naw Philadelphia, Ohio 

*Tennessee Valley Authority Lime Spray Dryer DFGD Demonstration 46,000,000 15,000,000 6,000,001 
Chattanooga, Tennessee 

Cody 5 Associates, Inc. Proposal for the Development of Low Sulfur Industrial 198,000 7 
Cleveland, Ohio Stoker Briquets from Ohio Coal 

Keelsr/Dorr-Oliver Circulating Fluidized Bed Combustion of Ohio Coal 7 I 7 
Stamford, Connecticut 

*Scio Pottery Company Utilization of Ohio Coal for the Generation of 6,520,000 3,175,001 
Selo, Ohio Electrical Power & Process Stem in an Industrial 

Application 

*Calderon Energy Company Integrated Gasification/Combined Cycle Tied to Not Gas 375,000 187.500 
Bowling Green, Ohio Steam Clean-Up 

General Electric Environmental Development & Demonstration of a Third Generation 300,000 200,000 
Services Scrubber 6 Flue Gas Desulfuritation Process for 
Lebanon, Pennsylvania High Sulfur Coal 

The Cleveland Electric Illuminating Ohio Clean Coal/Coal Conversion Development 60,000,000 10,000,000 
Company Demonstration 
Cleveland, Ohio 

*Drove Lime Company Ohio Clean Coal/Coal Conversion Development/Demo- 2,350,000 250,000 
•Pittsburgh, Pennsylvania Hydrate Addition at Lou Temperature 

Draw Lime Company Optimized Thiosorbic Flue Gas Ilesuifurization Process 2,000,000 1.000,000 
Pittsburgh, Pennsylvania 

*Atlantic Research Corporation Comprehensive Microbiological Cleaning of Ohio Coal 176,006 67,595 
Alexandria, Virginia 

ESV,	 Inc. Nicrobubble Column Flotation Process 6,000,000 2,250,000 1,500.000 
Louisville, Kentucky 

Solid Fuel Technology Inc. Coal Fired Boiler Plant 1,800,000 540,000 
Toledo, Ohio 

Tennessee Valley Authority A Circulating Fluidized Bed Pilot Plant 550,000 250,000 
Chattanooga, Tennessee 

Wentworth Brothers Incorporated Ohio-I Coal Conversion Project 1,400,000 700,000 
Cincinnati, Ohio 

*Sanitech. Inc. The Demonstration of the DOE-Sanitech Travelling Grate 17.500,000	 8.15 million 7,550.000 
Twinsburg, Ohio Coal Gasification Process 

*Col =his Gas Systas Service Corp. Catalytic Reduction of SO -MO	 in Coal Flue Co. 1,066,854 533,427 533,427 
Ralph Parsons Company X 
Columbus, Ohio
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Table 1 (continued)

Total 
Proposer's Name Proposal Title Project USDOE OCt10 
City.	 State CostS Shares ShareS 

Crouse Combustion S y stems,	 Inc. Removal & Waste Product Utilization Liii', Sulfur Dioxide Rem	 s 3,100.000 1,550,000 

Linfield. Pennsylvania Process 

The Kairos Group,	 Inc. Development/Demonstration for Pilot Plant Work on the 1,851,000 925,500 

Toledo, Ohio Liquifaction of Coal by Solvent Extraetiuna,,d 
Catalytic	 hydrogenation 

*Battelle Advanced Fluidized-Bed Fire-T,'I'o Boller 2,340,000 850,000 

Columbus, Ohio 

Wisconsin Electric Power Company Turbocharged flBC Retrofit Power Plant 95,000,000 50,000,000 10. 000.000 

Milwaukee, Wisconsin 

*ChemCoat Associates - J.V. Demonstrate Chmscoal Process Technology 30.000,000 15,000,000 10,000.000 

Cleveland. Ohio 

**General Electric Advanced NO /SO	 Flue Co. Cleaning with Fertilizer 400,000 300.000 

Lebanon. Pennsylvania By-Products 

*Babcock & Wilcox Limb Demonstration Project Extension 21.955,434 6,800,000 5,051.811 

Alliance, Ohio 

*Battelle Columbus/bravo Wellman Coe,uercialization of Battelle Treated Coal 6,000,000 3,000.000 2,000,000 

Pittsburgh, Pennsylvania 

Electric Fuels Corporation Solvent Refined Coal-in-Water Emulsions 50.000,000 25,000.000 3,000.000 

St.	 Petersburg.	 Florida 

*American Electric Power Service Corp. AEP' a PFBC Dave iopment Program 175,600,000 60,200,000 10,000.000 

Columbus. Ohio 

*Southern Research Institute ESO	 Post Combustion Sulfur Dioxide Control 3,000,000 1,500,000 

Birmingham, Alabama 

Tennessee Valley Authority Once-Through Methanol Project 40,000.000 20,000,000 5,000.000 

Knoxville, Tennessee 

*Energy and Environmental Research Gas Reburning/Sorbent Injection on an Ohio utility 11,100,000 5,550,000 2.220,000 

Corporation Boiler 
Irvine, California 

tHolees By-Products	 ' Natal Fabric Baghouse for SO 	 CaptuIe 624,500 208,166 

Millersburg. Ohio 

Sands Hill Coal Company Optimized Circuitry for Clean hng/Rt'covery of 1,400,000 700,000 

Wellston, Ohio Ultra Fine Coal 

Arthur lioekstra Flue Gas Water Scrubbing 220.000 110,000 
Buffalo, New York 

*TRW Inc. Slagging Combustor/Spray Dr yer System 3,400,000 1,400,000 
Redondo Beach. California 

*Norton Company	 - Set exol Process for 502 Removal 1,000,000 500.000 
Akron. Ohio 

NOXSO Corporation	 . NO SO FCD System Demonstration 6,000,000 3,000,000 3.000.000 
Library. Pennsylvania 

Saltwell,	 Inc. Coal Desulforization and aeneficat ion 1,400,000 700,000 
McKeesport. Pennsylvania 

*Energy & Environment Research Corp. Demonstration of Super-Charged FBC Industrial Boiler 2.550,000 750,000 
Irvine, California 

Norton. Hambleton Inc. Fine Coal Heavy Media Cyclone Demonstration Facility 7,618,500 1,030,000 
Ann Arbor, Michigan 

US EPA Air 6 Energy Research Full Scaie'Reburning Application for NO/S0 2 Control 4,800,000 2,400,000 
Research Triangle Park, NC 

*Dayton Power 6 Light FBC Retrofit of Longworth Boller 10,000,000 4,000,000 
Dayton, Ohio
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Table 1 (continued) 

Proposer's Name Proposal 11th,
Total 
Project 0500K OCD0 City.	 State
Cost$ Share $ Share $ 

Coal Biotech  Company Microbial Coal	 Cleaning with Tl,erno1,I, ii Ic Bacteria 1,000,000 500 (100 
Columbus, Ohio 

Advanced Energy Dynamics Coal-Fired Gas Turbine 20.000000 10, 000,11110 
Natick, Massachusetts 

*Babcock & Wilcox Circulating FBC Pilot Plant L1,000,000 3,500,000 
Alliance, Ohio 

Raycon FGD lung Process 3 MW Test Program 2.535.305 1,250,000 
Brookline, Massachusetts 

Mall & Associates 1.0w-S Process Pilot Plant 286,000 143,000 
Hayfield Vitlage,	 01,1° 

Wisconsin Public Service Corporation Retrofit with Rockwell Lou NO ISO	 Burner 11,500,000 8,750.000 2,900,000 
Green Bay, Wisconsin 

Energo Technology Corporation Baselosd/Peaking Coal-Fired Power Plants 
Cambridge, Massachusetts 

Electric Power Research Institute high Sulfur Test Center 31,100,000 1,000,000 
Palo Alto, California 

*TRW Inc. Stagging Coal Combustion System for Sulfur Removal 2,180,000 1,080,000 
Redondo Beach, California 

Capsulated Systems, 	 Inc. Fine Coal Briquetting 3,081,000 1,341,000 1,540,000 Fairborn, Ohio 

*Co,sbustion Engineering T-Fired Sorbent Injection Demonstration 18, 390,000 6,130,000 
Windsor, Connecticut 

*FMC Corporation Dry Injection Flue Can Desulfurization Test 1,716,000 858,000 
Schaumburg,	 Illinois 

*University of Cincinnati Demonstration of Circulating FBC 10,020,000 5,010,000 3,340,000 
Cincinnati, Ohio 

Fuel Tech NO Out Technology Demonstration 1,085,250 500.000 358,132 
Stamford, Connecticut 

Slurry Systems Clean Coal Slurry Pilot Plant 4,970,000 1,739,000 
Athens, Ohio 

**Electric Power Research Institute Coal Cleaning, Low-Sulfur Coal Combustion - AFIC System 100,000 200,000 
Palo Alto, California 

*Ontario/Ohio Clean Fuels, Inc. Two-Stage Coal -Oil Co-Processing 21,800,000 13.500,000 2,500,000 
Poland, Ohio 

**Norton hiaahleton Selective Column Flotation Two-Stage P yrite Depress ion 489,290 241,232 
Ann Arbor, Michigan 

*ltaiser Engineers Advanced Coal Cleaning Technologies Demonstration 6,250,000 3,125,000 3,000,000 
Pittsburgh, Pennsylvania 

S.neral Electric Integrated Gasification - Steam Injection Gas Turbine 90.000,000 45,000,000 10,000,000 Cincinnati, Ohio 

Sands Mining/Lambda Group Reduction of Desulfurizatfon Caere at Coal Preparation 213,000 68,000 Columbus, Ohio Plants 

Advanced Energy Dynamics AED-FC/Bachtal In-Duct Scrubbing 6.000,000 - 3,000,000 Natick • Massachusetts

Research projects asked to submit full proposals for Phase II consideration are marked with a 
W. Included are three Development/Demonstration projects asked to submit to Phase II as 
Research proposals; these are marked with a double asterisk ("). 

Development/Demonstration projects asked to submit full proposals for Phase II consideration 
are marked with an asterisk (*),
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COCA-i RECEIVES INCENTIVE PACKAGE FROM 
STATE AND LOCAL GOVERNMENTS 

On March 18, 1936 Illinois Governor James R. Thomp-
son announced a $26 million state and local incentive 
package for the proposed COGA-1 coal-to-ammonia 
plant proposed in Macoupin County, Illinois. The incen-
t:ves will be provided in an attempt to move the 
$600 million project forward. Potential project spon-
sors, which include Coal Gasification; Inc., Freeman 
United Coal Company, and the Norwegian fertilizer 
firm Norsk-Hydro, are currently working to complete 
the financing package for the facility. 

The proposed COGA-i project has been under develop-
ment since 1983. Sponsors were in the process of 
negotiations for loan guarantees and price supports 
from the United States Synthetic Fuels Corporation 
when the SFC was dismantled by congressional action in 
late December 1985. Thompson then formed the 
COCA-i State Task Force, made up of cabinet-level 
state officials. 

The proposed project will consume over 1 million tons 
of coal per year and will produce 500,000 tons of 
ammonia and 500,000 tons of urea per year. It will use 
the U-Gas coal gasification system developed by the 
Institute of Gas Technology (IGT). When completed, 
the COCA-i plant would be the largest facility of its 
kind in the world. It will employ 2,000 workers during 
the peak construction period, and will provide approxi-
mately 400 permanent jobs for plant operators and coal 
miners. An additional 400 jobs are anticipated for the 
retail and service sectors in the area. 

CQGA-1 sponsors estimate that farmers within 
350 miles of the plant could save at least $20 per ton on 
ammonia produced from coal versus that produced by 
conventional methods using natural gas. 

The state/local incentive package summarized in 
Table 1 includes potential commitments in the form of 
State Coal Development Funds, highway and rail im-
provements, job training and education assistance, tax 
credits for pollution control equipment, and abatement 
of local real estate property taxes. Each portion of the 
assistance package is explained more fully in the fol-
lowing summaries. 

Coal Development Fund 

The Illinois Department of Energy and Natural Re-
sources (ENR) assessed the potential for state support 
of the COGA-1 project through the Illinois Coal Devel-
opment Act. They determined that the demonstration 
of the IGT U-Gas gasification process is eligible for 
support through the program. 

The U-Gas process is an advanced, single-stage fluid-
ized-bed technology for coal gasification that can ac-
commodate agglomerating, high-sulfur coals such as 
those found in Illinois. ENE, believes that the system 
offers many technical advantages, including simplicity 
of design and operation, high conversion efficiency and 
excellent pollution control. In the COCA-i project,

TABLE 1

COCA-I STATE/LOCAL INCENTIVE PROPOSAL 

• Illinois Coal Development Fund support for capital 
costs of the IGT U-Gas coal gasification system: 
$20 million 

• Rail and highway improvements: $5.1 million 

• Job training and education assistance: $275,000 to 
$500,000 

• Local tax abatement: $1 million over 4 years 

• Tax benefits for pollution control equipment: 

- Rapid amortization 
- Property tax relief 

•	 - Tax-free Pollution Control Bonds 
- Sales tax relief 

• Technical assistance: 

- Federal, state and local permit coordination 

- Support for federal funding through Clean 
Coal Technology program 

ammonia will be produced from coal-derived synthetic 
gas. 

Although it has not yet been demonstrated at commerc-
ial scale, the U-Gas process has been tested for 
10,000 hours at pilot scale, and over 120 tests have 
been run with a wide variety of coals, including Illinois 
No. 6. In addition, approximately $65 million in engi-
neering and design work for a full-scale plant has 
already been completed. These factors significantly 
reduce the risk of scale-up for the COGA-1 facility, 
according to the ENP assessment. 

The state, through ENR, is willing to commit $20 mil-
lion to support a portion of the direct capital costs 
(equipment, materials and labor) related to a full-scale 
commercial demonstration of the U-Gas gasifier. The 
estimated direct costs of these process facilities (coal 
handling, coal gasification, shift conversion, raw gas 
compreslon, acid gas removal, and safety flare) repre-
sent $101.28 million of the total estimated project 
costs of $650 million. 

ENE, does not contemplate support for costs related to 
production of ammonia, nor for process support facili-
ties such as coal-fired steam generation plants and 
equipment for the manufacture of secondary products. 
These components are considered conventional equip-
ment, not directly related to the commercial demon-
stration of the U-Gas gasifier. 

Permit Assistance 

It is expected that significant legal and regulatory 
requirements will be involved in siting and development 
of the COCA-I facility. COCA-i is a major energy 
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The total cost of these rail and highway improvements 
is $5.1 million. The department will work with the 
railroads and local governments to secure joint state-
local-private funding of this work. 

project which will require many state, local, and 
federal regulatory approvals before it can be built or 
operated. 

In contemplation of such projects, the Illinois Coordi-
nated Review Process was established in 1981 to guide 
major energy projects through federal, state, and local 
permit requirements. The program is administered by 
the Illinois Department of Energy and Natural Re-
sources (ENR). The goals of the program are to: 

• Foster cooperation and communication between 
project developers, government, and the public 

• Provide developers with all understandable, sys-
tematic regulatory review process 

• Minimize unnecessary conflicts and delays in 
the permit process. 

The Illinois Coordinated Review Process incorporates 
all regulatory decisions (i.e., permits, certifications, 
licenses, reviews, notices, determinations, evaluations, 
and plan approvals) required at the federal, state, and 
local government levels. The ENR has instituted pro-
gram procedures, and has published a permit directory 
to be used in conjunction with coordinated project 
review. The process will be specifically tailored to 
meet the needs of the COGA-1 project. 

Transportation Improvements 

The flhinois Department of Transportation has con-
ducted an analysis to determine needed highway and 
rail improvements to adequately serve the COCA-i 
plant. This analysis focused on capital projects to allow 
finished products to be distributed from the facility and 
to provide adequate access for employees and construc-
tion workers. As shown in Figure 1, highway access to 
the COCA-i site will be provided by the County 
Highway which extends from Interstate 55 at Farmers-
ville to Illinois Route 4 at Girard. Direct access will be 
an entrance road from the County Highway south to the 
plant site. 

Rail access to the area is provided by the Illinois 
Central Gulf Railroad (ICC) and the Burlington North-
ern Railroad. The Freeman United Coal Company mine 
adjacent to the COCA-i site is presently served by a 
spur of the ICC Springfield line with a loop track at the 
mine site. The Burlington Northern line and the ICC 
Chicago-St. Louis line are west of the site, but present-
ly there is no access to the mine or plant site from the 
west. 

The following transportation access improvements are 
contemplated in conjunction with the COCA-i plant: 

• Upgrading of the County Highway from Farm -
ersviile to Girard at an estimated cost of 
$1.8 million. 

• Constructing an access road for 1.0 mile from 
the County Highway to the COCA-i site at an 
estimated cost of $800,000. 

• Constructing a 3.5 mile rail spur from the Burl-
ington Northern line to the ICC loop track at 
the Freeman United Coal mine at an estimated 
cost of $2.5 million.

Job Training and Education Assistance 

The State of Illinois has a variety of programs that can 
be made available to provide job training assistance for 
different types of workgroups, Including hourly workers 
(skilled, semi-skilled, unskilled), managerial, profes-
sional, technical, and clerical. The ultimate amount of 
training funds that could be available to COCA-i 
depends on the type of jobs, wages of trainees, source 
of funding, etc. Without knowing the specific require-
ments of COCA-1, Illinois has estimated that $275,000 
to $500,000 is a reasonable amount for training assist-
ance for 275 trainees. In general, state programs pay 
up to an average of $1,000 per trainee, while federal 
programs pay up to an average of $2,500 per trainee. 
Following are brief descriptions of federal and state 
programs that may be utilized: 

• Job Training Partnership Act (JTPA) Title 
II-A—The purpose of the program is to provide 
economically disadvantaged and other youths 
and adults with job skills to match the needs of 
local firms at reduced costs to those firms. 
Actual classroom and on-the-job training may 
be undertaken by local educational institutions, 
private training firms, local business and indus-
try, or any organization or individual hired by 
the council. 

• Dislocated Worker Program—The purpose of 
the program is to assist eligible workers who 
are dislocated due to plant or facility closing, 
layoffs, or technological changes in their oc-
cupation or industry. Illinois has established 19 
dislocated worker centers. Employment and 
training programs include outreach, counseling, 
vocational assessment, training, retraining, job 
search assistance, placement, and follow-up. 

• Education and Coordination Grants—Through 
these grants the Governor may provide finan-
cial assistance to state education agency re-
sponsible for education and training. Illinois 
has allocated 75 percent of those funds to the 
Illinois State Board of Education and the re-
maining 25 percent to the Illinios Community 
College Board. Activities and services include 
special business assistance centers, aid in the 
retention and expansion of businesses, a high 
technology training assistance program, train-
ing and employment assistance for adults, voca-
tional assessment and job dropouts, work exper-
ience and career exploration for disadvantaged 
students, a pre-employment placement program 
for disadvantaged seniors who are not in a 
college preparatory or vocational education 
curriculum, interagency coordination and public 
private partnership programs. 

• Industrial Training Program—The Illinois Indus-
trial Training Program (ITP) was created to 
assist employers in obtaining the skilled labor 
needed for carrying out a business expansion or 
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FIGURE I 

COGA-1 PROJECT LOCATION
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location in Illinios. A new firm locating in 
Illinois or an Illinois firm undergoing an expan-
sion receives direct reimbursement from the 
state for a percentage of the wages of new or 
existing employees in training. Employers se-
lect and hire those to be trained, and specify 
training locations (on-the-job and/or classroom) 
and techniques. 

a High Impact Training Services (HITS)—HITS as-
sists local education agencies to bridge the gap 
between their long-term, in-school vocational 
training programs and the immediate short-
term job training needs of business, industry 
and labor. A financial assistance package is 
made available to public schools to design job 
training programs. Program goals for HITS are 
to eliminate unnecessary "red tape" and meet 
the specific job training needs of local com-
munities. 

• .JTPA Title Il-B--The purpose of this program 
is to provide employment and training programs 
for economically disadvantaged youth, during 
the summer months. Funds may be used for 
basic and remedial education, on-the-job train-
ing, work experience, employment counseling, 
occupational training, job referral and place-
ment, job search and job club activities, and

any other employment or training activity de-
signed to give employment to eligible indivi-
duals. 

Tax Credits for Pollution Control 

The Illinois Environmental Protection Agency (IEPA) 
does not concern itself directly with financial issues. 
however, IEPA has compiled information regarding the 
following four programs that provide special financial 
treatment for pollution control equipment: 

• Rapid amortization under the Federal Internal 
Revenue Code 

• Property tax and corporate property tax relief, 
under the State Tax Code 

• Special tax-free bonds under the Pollution Con-
trol Bond Fund 

• Relief from sales tax, under the State Tax 
Code. 

Details of these programs are summarized in Table 2. 
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TABLE 2 

TAX CREDITS FOR POLLUTION CONTROL 

Property Tax Sales Tax Federal Income Tax Financing 

Authority or Law Property Tax Revenue Ill. Retailers Oc- Tax Reform Act of Tax-Free Bonds 
Act of 1939 cupation Tax Art. 2 1969, P.E. 91-172, Internal Revenue Act-

Sec. 6 Sec. 169 of Internal Sec. 103(c)(1) 
Revenue Code 

Cost Benefit Certified Pollution Sales Tax not re- Accelerated deprecia- Purchaser-does not pay 
Control Equipment is quired on control tion (5 years rather tax on interest income 
assessed at one-half equipment than useful life) Seller-can sell bond at 
of one percent lower discount rate 

Frequency of Annual Once First 5 years Purchaser-over life of 
Benefit bond. Seller-upon sale 

Illinois EPA Review and certify Advisor for vendor, Review and certify Review facility owners 
Role that primary pur- buyer, Department that primary purpose "Affidavits" regarding 

pose of equipment of Revenue of equipment is for control equipment 
is for pollution pollution control and status and so advise 
control operation is in com- Bonding Authority via 

pliance "certificate."

Macoupin County Tax Abatement 

The taxing districts in Macoupin County are supportive 
of COGA-1 and are interested in seeing the proposed 
coal gasification plant become a reality. In an effort to 
aid the plant, the districts have announced that they 
are willing to negotiate concerning the abatement of 
real estate property taxes for the plant and its reser-
voir. Eight taxing districts would be involved in any tax 
abatement program: Macoupin County, Girard School 
District, Carlinville School District, Nilwood, Polk, and 
Brushy Mount townships, Lincoln Land Community Col-
lege, and Lewis & Clark Community College. By law, 
any abatement proposal must be voted on by the 
individual governing body of each participating taxing 
district. 

Illinois law limits the aggregate tax abatement for an 
economic development project to $1 million. Thus, the 
maximum property tax abatement for the COGA-1 
plant would be $1 million. The reservoir might possibly 
be considered as a separate project, and would, there-
fore, be eligible for additional tax abatement. 

The Macoupin County Board has met with representa-
tives of each of the taxing districts and discussed three 
potential abatement plans: 

• A 50 percent flat abatement for five years 

• A declining 5 percent abatement per year for 
four years with a 50 percent start 

• A declining 20 percent abatement per year for 
five years, 100 percent at start. 

The Board estimates that only the second plan would 
conform to the $1 million cap. During the four years it

would be in effect it would abate $938,600 in real 
estate taxes. This estimated abatement is based on a 
$10 million EAV for the plant itself, 20 percent of 
which would be subject to an assessment of 0.5 percent 
of real value as per pollution control statutes, with a 
15 year depreciation. 

The Board has stated that it is willing to submit the 
5 percent declining abatement proposal on the request 
of the company, and to work with state and company 
officials on any tax abatement proposals. 

Technical Assistance 

On February 17, 1986 the United States Department of 
Energy issued a Program Opportunity Notice to solicit 
proposals for projects that will demonstrate the feasibi-
lity of future commercial applications of technologies 
that utilize coal in an environmentally acceptable man-
ner. The Illinois Department of Energy and Natural 
Resources has reviewed DOE's solicitation for clean 
coal technology demonstration projects, and believes 
that the proposed COGA-1 project meets the qualifica-
tion and evaluation criteria for federal support. 

The State of Illinois, through its ENE, will provide 
technical assistance to COGA-1 project sponsors in the 
development of a proposal for federal funding. This 
assistance will involve the participation of engineers, 
economists, policy specialists, and program managers 
within ENE.	

# 
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ILLINOIS INDUSTRIAL COAL UTILIZATION 
PROGRAM INITIATED 

On March 18, 1986 the Illinois Department of Energy 
and Natural Resources issued its first request for 
proposals in the Illinois Industrial Coal Utilization Pro-
gram. The Program, which went into effect on Nov-
ember 27, 1985 will provide up to $55 million in financ-
ing assistance over the next 5 years. 

The purpose of the Program is to "increase the environ-
mentally sound use of Illinois coal by Illinois manufac-
turers and industries" through a revolving loan program. 
These loans may be used to partially finance the 
construction of new coal burning facilities or the con-
version of existing facilities to burn Illinois coal. 

The first solicitation for proposals closed on May 2, 
1986. For this solicitation, $5 million will be available 
at 5 percent interest which will be fixed for the period 
of the loan. The Department will make individual loans 
not to exceed the lesser of $2.5 million or 25 percent of 
the total project cost. 

The Department plans to periodically issue solicitations 
for applications, known as a Program Opportunity 
Notice (PON), for Industrial Coal Projects. The next 
PON is tentatively scheduled to be issued in October 
1986. 

The manufacturer or industry must be located and doing 
business in Illinois. The coal technology must be 
commercially proven and available, and the project 
must comply with all applicable environmental regula-
tions. 

Applications will be evaluated by Department staff for 
technical and financial merits. Applications will also 
be reviewed by a Financial Advisory Committee, a 
seven member committee appointed by the Director of 
the Department, to determine the feasibility of the 
proposed financial plan. 

Evaluation of the applications will be based on, but not 
limited to: 

• The length of time the applicant will commit to 
using Illinois coal in the facility. The applicant 
must agree to use Illinois coal as the primary 
fuel for the project for at least the life of the 
loan. 

• The total amount of Illinois coal to be used. 

• The type and quantity of fuel displaced by the 
Industrial Coal Project. 

• The technical merits of the project, including 
control of sulfur dioxide, nitrous oxides, and all 
other pollutants. 

• The financial feasibility of the project and the 
percentage of the total project cost for which 
state financing is requested. The project must 
have a positive net present value and an inter-
nal rate of return equal to or greater than the 
cost of capital.

• The amount of total loan security provided by 
the applicant to the Department, if any. 

The Department will make recommendations for state 
financing to the Illinois Coal Development Board, which 
has final authority for project approval. The borrower 
must repay state financing with interest in accordance 
with the terms and conditions of the loan agreement. 
Funds repaid to the state under this Program will be 
placed in the Illinois Industrial Coal Utilization Fund to 
be used for the purposes of the Program, subject to 
appropriation. 

(Editor's Note: In Pace's opinion, this program is note-
worthy in that it represents a local government's at-
tempt at promoting economic activity through energy 
investments. A similar program also has been initiated 
in Ohio. As the United States federal government 
provides less assistance, state and local governments 
may be forced to "pick up the slack.") 

DOE REQUESTS $1 BILLION TO REPAY 
GREAT PLAINS LOAN 

On August 1, 1985 the Great Plains Gasification Asso-
ciates (GPGA) withdrew from the Great Plains project 
and defaulted on its $1.536 billion federal loan that it 
had received to build the plant. The United States 
Department of Energy (DOE), which had guaranteed the 
loan, then assumed control of the plant. In Febru-
ary 1986, DOE requested that Congress provide a sup-
plemental appropriation of slightly over $1 billion to 
repay the remainder of the loan that DOE had assumed 
due to GPGA's default. 

The funds are not for operating the Great Plains plant. 
They are to retire the DOE note to the Treasury 
incurred when DOE borrowed funds to pay off GPGA's 
loan from the Federal Financing Bank (FFB). Because 
of the intricacies of the federal appropriation process, 
these funds must be appropriated by Congress before 
DOE can given them back to the Treasury. DOE 
contends that becuase this is an inter-agency transac-
tion, it will have not impact on the federal deicit for 
FY 1986. In DOE's opinion, the deficit impacts occur-
red in prior years when the FF8 advanced the funds to 
the GPGA for construction use. 

DOE is requesting a supplemental appropriation of 
$1,020,400,000 to repay the remainder of the 
$1.536 billion guaranteed loan. On August 6, 1985 DOE 
paid approximately $401.6 million for principal and in-
terest due to the Federal Financing Bank on August 1. 
This payment came from a Default Reserve that was 
established when the loan was originally executed with 
the Great Plains Gasification Associates. This fund has 
a balance of $271.1 million. On October 1, 1986, 
$633.0 million in principal plus accrued interest was due 
to the FF8. Because the balance in the Default 
Reserve was not sufficient to meet the October 1 
payment, the Secretary of Energy utilized his authority 
under the Federal Non-Nuclear Energy Research and 
Development Act to execute a note to the Treasury to 
cover DOE's total liability to the FF8. At that time, 
the liability of $1,169.9 million included $1,138 million 
principal and $31.9 million interest through October 1, 
1985. 
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The loan arrangement with Treasury also provided for 
the automatic execution of additional notes for interest 
payable from October 1 until retirement of the loan via 
Congressional appropriations. The total amount of 
funding now needed to retire the note to the Treasury is 
$1,242.4 million, and includes $1,169.9 million principal 
and $72.5 million interest. The interest is calculated 
through June 30, 1986. If a supplemental is not re-
ceived by that date additional interest will accrue. 

The request for supplemental appropriations of 
$1,020.4 million will repay the principal loan from the 
Treasury as well as interest payments through June 30, 
1986. Additionally, $222 million of the $272 million 
currently in the Default Reserve will be applied to the 
Treasury loan repayment. The remaining $50 million 
Will be held in the Reserve for contingencies and to 
dispose of the Great Plains project. 

(DOE's efforts to dispose of Great Plains are explained 
further in the Project Activities portion of the Coal 
section in this Issue.)
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ECONOMICS 

COMPARABLE ECONOMICS PROJECTED FOR 
PHOSPHORIC ACID AND MOLTEN CARBONATE 
FUEL CELLS 

Fuel cells, particularly if the technology continues to 
develop, offer many advantages including high effi-
ciency, modularity, short lead time, low water require-
ments, and cogeneration potential. Through the use of 
coal gasification, fuel cells could also use coal rather 
than more expensive natural gas or distillate liquid 
fuels. The economics of coal gasification/fuel cells 
were recently reviewed in a paper presented at the 
ET 196 Conference by Lawrence Handley and Ronald 
Wertheim of International Fuels Cells (mc) Corpora-
tion. 

The paper focues on two fuel cell types, phosphoric acid 
and molten carbonate, integrated with the oxygen-
blown Texaco gasification process. The phosphoric acid 
fuel cell has undergone serious development for the last 
twenty years, whereas the state of development of the 
molten carbonate cell is not as advanced. However the 
molten carbonate fuel cell is an advanced, high tem-
perature (1,200°F) cell that offers the potential for 
higher efficiency and reduced electricity costs. 

A mature version of the oxygen-blown Texaco system 
was selected as the gasification process for the study. 
Gasifier performance and economic data were obtained 
from a 1994 EPRI study performed by Fluor of a 
mature, full-scale integrated gasification combined-
cycle (IGCC) plant utilizing the oxygen-blown Texaco 
process. 

Phosphoric Acid Fuel Cell Technology 

The phosphoric acid fuel cell is a relatively low tem-
perature device that operates at approximately 4000F. 
Hydrogen, the fuel, can be produced by coal gasifi-
cation followed by gas cleanup and water gas shift. 
Untreated air can be used directly in the cell. A 
precious metal catalyst (typically platinum) is required. 

IFC and its forerunner, the Power Systems Division of 
United Technologies, have been actively developing 
both ambient and elevated pressure phosphoric acid fuel 
cells. A successful field test of 46 ambient-pressure 
40-kilowatt power plants is approaching over 250,000 
total operating hours. A 24 cell ambient pressure stack 
has been endurance tested for 24,000 hours. A 
15,000 hour test of a 30 cell stack operating at 120 psia 
and 405°F was completed in 1995. A 4.6 megawatt 
demonstrator unit successfully completed a series of 
tests at a Tokyo Electric Power Company site. IFC 
recently announced a program to introduce an 11 mega-
watts phosphoric acid plant to the electric utility in-
dustry as a step toward commercialization of this 
technology. 

Present activities at IFC to improve phosphoric acid 
technology include: 

• Developing a 10 square feet, 460 cell stack 
• Developing an alternative cell configuration 

with lower cost and increased durability

• Developing higher pressure/temperature cells 
offering more power at lower cost 

• Exploring limitations on manufacturing larger 
area cells. 

Molten Carbonate Cell Technology 

The molten carbonate fuel cell operates at approx-
imately 1,200°F and can operate on clean coal gas 
directly with no water gas shifting required. Due to its 
high operating temperature, inexpensive catalysts can 
be used. Carbon dioxide, produced at the anode, must 
be fed to the cathode with air. 

Progress in molten carbonate cell performance and 
endurance includes a 20 cell stack of I square foot 
cells. A full size (8 square feet) stack is scheduled to 
begin operation in 1986. 

Integrated Gasifier/Fuel Cell Comparison 
Studies 

In addition to the data from the ERPI study of a 
600 megawatt mature, integrated gasifier/combined cy-
cle power plant, projections of the performance and 
cost potential of phosphoric acid and molten carbonate 
fuel cells were made for the study. Efficiency, capital 
cost, and cost-of-electricity estimates were generated 
for the integrated power plants using the projections. 
Additionally, present phosphoric acid technology (on a 
mature production basis) was also evaluated. Figure 1 
shows a simple schematic of the integrated gasi-
fier/fuel cell system. 

Because the Texaco gasifier operates at high tem-
perature of 2,400 to 2,600 0F, a key design feature is the 
method of gas cooling and heat recovery from the raw 
gas exiting the gasifier. Three design options were 
considered by the investigators. The first option in-
cludes a radiant-type heat exchanger to cool the hot 
gases exiting the gasifier and a convective-type ex-
changer to further cool the gases to 6500F. The second 
design includes a radiant heat exchanger only with the 
cooled gases then quenched with water, yielding a 
water-saturated raw gas. In the third design, the hot 
raw gases are totally quenched with no external heat 
exchange. 

Integration with each of the three gas cooling options 
was considered for both fuel cell types. The phosphoric 
acid fuel cell was found to integrate best with the total 
quench design because the phosphoric acid system gen-
erates sufficient heat to superheat the steam produced 
by the cell stack, but not enough to superheat the 
additional steam from the heat exchangers in a radiant 
plus convective system. The quench design also de-
livers a very wet fuel gas, eliminating the need to add 
steam for the shift reaction. On the other hand, the 
high temperature molten carbonate fuel cell system, 
with its large quantities of high grade heat, was found 
to integrate best with the radiant plus convective 
design. 
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Parameter/ 
Cell Type 

Pressure, psi 
Temperature, OF 
Power Density, W/Ft2 
Cell Manufacturing 

Cost, S/Ft2 
Cell Efficiency, 

% (LHV) 
Inverter Efficiency, % 
Fuel Gas Cooling 

Method 
Fuel Cell Process 

Contingencies, %

Phosphoric Phosphoric Molten

	

Acid	 Acid	 Carbonate 
(Present) (Projected) (Projected) 

	

120	 230	 200 

	

405	 450	 1,300 

	

275	 350	 270 

	

25	 25	 15 

52	 59	 60 

97	 97	 97 
--Total Quench-- Radiant+ 

Convective 
5	 35	 40

FIGURE 1 
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It aDle i summarizes the fuel cell technology assump- 
tions used for the various fuel cell types. The fuel cell 
operating points (cell voltage/power density) represent 
a best guess at an optimum. The cell manufactured 
costs are all representative of a fully matured produc-
tion process (including the present phosphoric acid 
case).

TABLE 1 

FUEL CELL TECHNOLOGY USED 
FOR STUDY

Phosohoric Acid Fuel Cell 

Figure 2 is a schematic of the phosphoric acid fuel cell 
integrated with an oxygen-blown Texaco gasifier using 
total-quench gas cooling. Clean, wet coal gas is 
expanded through a turbine that drives a generator. 
The gas next goes through two temperature shift con-
verters that reduce the carbon monoxide level to about 
1.6 percent. The sensible heat of the fuel gas is used 
to superheat saturated steam from the fuel cell stack. 
The fuel gas, containing 48 percent hydrogen, flows 
across the anodes of the cells where most of the 
hydrogen is consumed in the electrochemical reaction. 
Finally exhaust gases from the anode are burned cat-
alytically. 

Air for the catalytic burner and fuel cell cathode is 
obtained from a two-stage, intercooled turbocompres-
sor. Cathode exhaust gas is combined with the cataly-
tic burner exhaust stream and expanded through a 
turbine. Excess shaft power is used to drive a genera-
tor. 

Molten Carbonate Fuel Cell 

The molten carbonate fuel cell was integrated with a 
Texaco gasifier and a radiant and convective fuel gas 
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FIGURE 2 

PHOSPHORIC ACID FUEL CELL SUBSYSTEM 
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cooling system. A schematic of the fuel cell subsystem 
is shown in Figure 3. In the molten carbonate fuel cell 
subsystem, carbon monoxide is shifted to hydrogen and 
carbon dioxide in the cell. Therefore, coal-derived fuel 
gas from the expander turbine can be fed directly to 
the cell. The anode exhaust is used to preheat the 
anode inlet, and is then burned catalytically. The 
exhaust is passed through a pressurized heat recovery 
steam generator (HRSG) to produce superheated steam 
for the steam turbine. Saturated steam from the 
gasifier exhaust cooler is also superheated in this unit. 
Part of the HRSG exhaust is bypassed to the turbine to 
control the carbon dioxide partial pressure at the 
cathode. The remainder of the HRSG exhaust is then 
mixed with the remaining fresh air from the turbo-
compressor and fed to the cathode. 

Cathode exhaust gases are mixed with the stream con-
taining the bypassed carbon dioxide and fed to a steam 
reheater. The exhaust is expanded in a turbocompres-
sor (similar to the phosphoric acid system) that drives 
a generator. 

Study Results 

The study found that the molten carbonate system is 
approximately 7 percent more efficient than the phos-
phoric acid system. This higher efficiency is primarily 
due to the higher power output of the bottoming cycle 
in the molten carbonate system resulting from higher 
grade waste heat.

The investigators made similar comparisons of capital 
costs, including items such as allowance for funds 
during construction (AFDC), working capital, land, etc. 
For the study, stack replacement costs were capitalized 
and included as an incremental capital cost. Alterna-
tively, these costs may be expensed as part of the 
power plant operating and maintenance costs. Capital 
costs, assuming projected technology and production 
cell costs, of the two systems on a dollar-per-kilowatt 
basis are projected to be virtually equal at slightly 
greater than $1,300 per kilowatt. The total-quench gas 
cooling used in the phosphoric acid system is less 
expensive than the radiant plus convective design used 
in the molten carbonate system. This saving is bal-
anced by the greater amount of power produced by the 
relatively inexpensive bottoming cycle in the molten 
carbonate system. 

The study also included estimates of the costs of 
electricity for the two projected fuel cell cases 
(Figure 4). The figure shows that while the molten 
carbonate offers the potential for lower cast of 
electricity, the projected phosphoric acid case is only 
6 percent higher. Additionally, the study found that the 
cost of electricity using present phosphoric acid tech-
nology is 10 percent higher than the projected tech-
nology ease. 

For reference, the investigators provide EPRI cost-of-
electricity estimates of 41 to 45 mills/kilowatt for 
IGCC plants and 47 mills/kilowatt for pulverized coal 
steam plants. Thus, all of the fuel cell cases studied 
(including the present phosphoric acid) have an econo-
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inie advantage relative to competitive equipment, coin-
pared on a consistent basis. 

The investigators also believe that the environmentally 
benign operation of the gasifier/fuel cell plant is likely 
to be of benefit. NOx emissions approach zero, and 
502 emissions are an order of magnitude below the 
NSPS standard for coal-burning plants. Because of the 
high efficiency and relatively low cooling tower duty of 
these plants, water usage requirements are also signi-
ficantly lower than conventional plants.
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TECHNOLOGY 

NO TECHNICAL BARRIERS TO 
SIMPLIFIED 10CC ARE EXPECTED 

Integrated coal gasification /combined cycle (10CC) 
technologies for electrical power generation are be-
coming more widely accepted, in part due to the very 
successful operation of the Cool Water project in 
Doggett, California. As is often the ease with emerg-
ing technologies, rapid advances in the 10CC concept 
are being reported by several research groups. These 
advances are generally directed at simplifying [CCC 
plants, and thereby improving the efficiency and reduc-
ing capital costs. 

Two groups recently reported on their achievements in 
the area of simplified 10CC. J. C. Carmen of the 
General Electric Company described his organization's 
efforts at the Energy Technology Conference in March 
1986. Also at the same meeting, J. S. Halow described 
the projects being sponsored by the United States 
Department of Energy (DOE). 

DOE Research Program 

The DOE has programs to develop technology for pro-
duction of electric power from coal in advanced sys-
tems. As an implementing arm of DOE, the Morgan-
town Energy Technology Center (METC) has the respon-
sibility for several programs that include coal gasifica-
tion, gas stream cleanup, and heat engines. 

Two main obstacles exist in using coal-derived gas in 
combustion turbines. First, the product gas is often too 
hot for gas turbines that currently can accept fuel gas 
up to 1,000°F with prospects that this could be raised to 
1,200° to 1,400°F. Secondly, contaminants such as ash, 
sulfur, nitrogen, alkali metals, and trace compounds are 
present in the fuel gas and must be removed either to 
protect the downstream power generating equipment or 
for environmental reasons. 

Fuel specifications for gas turbines are summarized in 
Table 1. The fuel pressure must be matched to the 
turbine combustion pressure and the fuel inlet tempera-
ture must be less than 1,400°F. While heating values of 
fuel gas as low as 120 BTU/SCF are acceptable, a 
reasonable H2 content is needed to maintain flame 
stability. 

Particulate removal requirements are set by both en-
vironmental standards and by turbine manufacturers 
to avoid excessive erosion of turbine components. New 
Source Performance Standards (NSPS) for coal-fired 
boilers restrict particulates to less than 0.03 pounds 
per million BTUs fired. Turbine requirements vary 
among manufacturers but generally can be expressed as 
very low levels of particles larger than about 5 to 
10 microns in diameter. In coal-fired systems, the 
environmental standard tends to be more restrictive 
than the turbine requirement. If NSPS is reached for 
fluidized-bed gasifiers, particles will be small enough 
not to cause erosive damage. For fixed-bed gasifiers, 
particle loading is low and usually made up of 90 per-

TABLE I 

FUEL GAS SPECIFICATIONS
AT UTILIZATION POINT 

Type	 Gas Turbine 

Temperature,°F	 41,400 
Pressure, Atmospheres 5-30 
Heating Value 020 

BTU /S CF 
Composition Require- Moderate H2 Content if Heat-

ments ing Value is Low 
Particulates NSPS (0.03 Lbs/Million BTU) 
Sulfur NSPS (90% Removal) 
Alkali <20 ppb at Expander Inlet 

After Combustion

cent carbon which will be burned in the turbine com-
bustor. In the case of entrained-bed gasifiers, NSPS 
could be achieved and still leave some large particles. 

Sulfur removal requirements are set by NSPS. An 
additional requirement for turbine systems is that 
alkali levels be less than 20 ppb after combustion to 
avoid turbine corrosion. Very stringent control of 
sulfur could also control alkali because the corrosive 
compounds are alkali sulfates. 

The gasifier determines the temperature, pressure, 
composition, and the contaminant levels in the fuel 
gas. The downstream equipment needed to make this 
fuel usable are, therefore, determined by the gasifier 
choice as well as the fuel specifications. Table 2 
provides a tabulation of characteristics for a variety of 
gasifiers. 

Defining a gasification system amounts to choosing a 
gasifier and then adding process blocks which will 
transform the gas produced by the gasifier to a fuel 
acceptable to the power generator. Figure 1 shows 
temperature-pressure regimes for various gasifiers and 
end-use systems. Fixed-bed gasifiers ideally match the 
gas turbine. 

The plot also indicates temperature bands where var-
ious desulfurization processes operate. These processes 
cover the entire temperature range from ambient to 
about i,00°F (with the exception of a region from 
approximately 300° to 800°F), thus implying that desul-
furization can be carried out in most temperature 
regimes. Particulate removal can be carried out over 
most temperature regimes. Removal under hot condi-
tions is, however, not commercially available and de-
velopment is required to achieve both particulate and 
sulfur removal. 

The focus of the METC programs for gasification power 
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TABLE 2

Characteristics of Gasifiers 

lurgi	 Dry Dry iottorn BCC Koppers-
Type Ash-0&jwn Mr Blown Slagger Totzek Texaco 

Product Gas 600-1,000 600-1,000 - 800-1,000 1,6001.800 2.3002.700 
Temperature °F 

Pressure-Atmosphere 20 20 32 1 25-80 

Typical Composition % 

CO 10 20 55 43 41 
CO3 20 8 4 6 10 
Il 26 13 32 19 30 
1120 32 12 2 30 17 
N, -- 47 4 1 1 

Tars tof Coal 12 6 2 -- --

Particulate in Low low Low High High 
Fuel Gas 

Sulfur in Fuel Gas - 100 - 100 -	 100- - 100 100 
% S In Coal 

Alkali in Fuel Gas -- - - - - -- - - 

Material Flows 

is Fuel Gas/lb Coal 2.74 4.22 1.54 2.30 2.01 

lb Oxidant/lb Coal 0.1,8 2.55 0.507 0.94 0.78 
(air) 

lb Steam/lb Coal 2.23 0.69 0.300 0.114 0,32 
(as water) 

Temperature KII.nGAS Westinghouse UGas 

Type Shell Winkler (Air Blown) 02 Blown Air Blown 

Product Gas 2,500-3.000 1,400-1,500 1.900 1,600-1,800 1.850 
Temperature °F 

Pressure-Atmosphere - 25 - 10 5-9 24-38 6 

Typical Composition 

CO 60 48 16 35 18 
CO2 2 8 7 14 0 
H, 30 31 16 25 16 
H2 0 2 9 25 20 12 
Ms 4 -- 36 1 45 

Tars % of Coal -- -- -- -- --

Particulate in 111gb 111gb Low High 111gb 
Fuel Gas 

Sulfur in Fuel Gas - 100 - 100 - 100 - 100 - 100 
% S in Coal	 - 

Alkali in Fuel Gas -- -- -- -- --

Material Flows 

It, Fuel Gas/lb Coal 1.81 1.55 4.32 1.79 3.92 

lb Oxidant/lb Coal 0.81 0.49 2.45 0.54 2.8-3.3 
(air) 

lb Steam/lb Coal 0.027 0.173 0,60 0.47 0.4-0.6
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FIGURE I 

GASIFICATION SYSTEMS 
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Synthetic Fuels Report, pages 4-32. The systems envis- 
ioned use an air-blown gasifier along with hot gas 
cleanup. integration of th e components and their load following 

behavior. 

bed gasification technology is also commercially avail-
able, although gasifiers in which the fuel gas is not 
quenched have only been tested on smaller scale facili-
ties. 

NOx under turbine combustion conditions. A series of 
tests at General Electric demonstrates that: alkali 
levels were below the level needed to avoid corrosion, 
ash levels were below environmental requirements, and 
no significant deposition or erosion was seen in the 
simulator. (These tests are described in the next 
section of this article.)

results were recently obtained in the Kellogg-Rust-
Westinghouse (KRW) project during tests in which lime-
stone was added to the gasifier to capture sulfur. Over 
90 percent of the sulfur in a high-sulfur coal was 
captured, and the limestone dramatically improved the 
gasifier performance. Tests also showed that.if parti-
culates are removed, alkali levels in the fuel gas were 
below the detection limit of instruments (10 ppb). 

Separate project developments have centered on high 
temperature removal of particulates and of alkali, 
although METC now believes that separate removal of 
alkali may not be needed in gasification systems. For 
the fluidized-bed system, proof of a reliable particulate 
device, integration of the zinc ferrite, and ultimate 
scale-up of the gasifier and complete system is still 
needed, according to the researchers. 

generation is on systems that incorporate hot gas 
cleanup technologies which match or nearly match the 
temperatures and pressures of the gasifier and power 
generator. METC has proposed a "Gasification Island" 
concept for turbine systems which embodies tempera-
ture and pressure matching, modular shop fabricated 
construction, and steam and air integration of the 
gasifier and turbine. The concept, illustrated in 
Figure 2, was first summarized in the June 1985 Pace 

For fixed-bed gasification, }lalow reports that signifi-
cant progress has been made in various DOE test 
programs. The system can be envisioned in three 
blocks: a gasification block, a cleanup block, and a gas 
turbine block. Conventional gas'turbines are commer-
cially available and advanced power turbines based on 
aircraft-derivative engines may be developed. Fixed-

The main areas of development have been cleanup of 
the fuel gas, and the formation and behavior of contam-
inants when this gas is burned in turbine combustors. 
Test work follows along two paths. The first concerns 
the behavior of ash, alkali metals, and the formation of

A second series of developments has evaluated the 
removal of sulfur from fuel gas. A variety of metal 
oxide type sorbcnts capable of operating at 800°F and 
higher have been examined. The most promising to 
date is a zinc ferrite compound that can reduce sulfur 
from several thousand ppm to less than 10 ppm. METC 
believes that integration of the zinc ferrite process 
with fixed-bed gasifiers, simple particulate cleanup and 
gas turbines offer a very attractive approach to modu-
lar power generation. Questions that remain deal 
mostly with scale-up of the zinc ferrite process and the 

A second gasification island concept is based on the 
fluidized-bed gasification concept for which the gasi-
fier itself still requires development. Very significant 
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The DOE-sponsored program at General Electric in-
volves the integration of an experimental coal gasifier, 
a hot gas particle cleanup system, and a turbine simula-
tor. Coal-derived teed gas and combustion products 
sampling were performed to determine the compatibi-
lity of the combusted products with the components in 
the hot gas from the standpoint of corrosion, erosion, 
and ash deposition. 

In GE's simplified IGCC configuration, coal is gasified 
in a pressurized, air-blown, moving-bed coal gasifier. 
The low-BTU coal gas exiting the gasifier at approxi-
mately 1,000°F will go to a hot gas cleanup subsystem. 
Particle carryover from the gasifier will be removed 
from the coal gas in a cyclone and sulfur compounds 
will be removed in a solid sorbent bed. The cleaned gas 
will be delivered to a gas turbine. The steam which is 
generated in the heat recovery steam generator (I-IRSG) 
is used in the power generation subsystem and in the 
gasifier feed. 

There are two system configuration options for the gas 
turbine: (I) a gas turbine/steam turbine combined cycle 
(IGCC) with HRSG steam being used in the gasifier and 
the steam turbine and (2) a steam-injected gas turbine 
(STIG) with the HRSG steam being used for the gasifier

turbine). With the combined cycle, the plant size woulo 
tend to be greater than 200 MW while the STIG plants 
could be less than 100 MW. Although the efficiency for 
both configurations with current gas turbines is appro-
ximately 36 percent, both concepts will benefit from 
advances in the gas turbine cycle. Advances in the 
heavy-duty gas turbine (MS7000) cycle would result in 
system efficiency increases to approximately 39 per-
cent. The high-pressure-ratio, aircraft-derivative 
machine (LM5000) could result in a coal-to-electricity 
system in the less than 100 MW size range with effic-
iency well over 40 percent 

An advanced, fixed-bed gasifier has been in use at the 
General Electric Research and Development Center for 
eight years. For the hot gas evaluations, a new pipeline 
was installed to direct hot, raw coal gas to a single-
stage cyclone for particulate removal. The cleaned hot 
gas was then conveyed to the turbine simulator shown 
in Figure 3. 

The experimental facility was operated in a series of 
tests to evaluate the contaminant characteristics of the 
hot gas system and the turbine compatibility issues. 
The operational conditions for the turbine simulator in 
these tests are shown in Table 3. The turbine compati-
bility issues investigated were in the area of combusti-
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Corrosion of the hot gas parts occurs when alkali is 
present in the products of combustion. The coal gas 
was characterized prior to combustion and the alkali 
content of the gas and products of combustion were 
measured. The experimental results indicate an alkali 
content of 40 ppb in the products of combustion coin-
pared to a gas turbine specification of 20 ppb. How-
ever, there is technical evidence to indicate that the 
alkali form in coal will not be a corrosive as the form 
in residual oil. Thus, the researchers believe that the 
alkali level would be acceptable in terms of corrosion. 

Also, the solid particles in the fuel could prescn: an 
erosion potential. The particle size distribution before 
and after combustion was characterized as shown in 
Figure 4. The particles in the product of combustion 
are well within the gas turbine specification. There 
was also no evidence of ash agglomeration in the 
combustion process.

FIGURE 4 

PARTICLE SIZE
DISTRIBUTION IN GE TESTS 

bility and hot gas part compatibility. 

TABLE 3 

GE TURBINE SIMULATOR
TEST CONDITIONS

Tests 
1 2 3 

6.8 6.8 7.0 7.0 

750 700 750 600 

1,780 2,040 2,100 2,000 
14.0 13.1 14.4 15.1 

540 600 1,650 1,500 

Water Water Air Air

Low-STU gas with heating values of greater than 
150 BTUs per cubic foot delivered to the turbine simu-
lator at a temperature of approximately 1,000°F was 
found to be very combustible. 

The concerns over hot gas path compatibility revolved 
around the potential that particles in the gas stream 
could lead to problems of deposition, corrosion, and/or 
erosion of the gas turbine parts. However, after over 
80 hours of operation of the turbine simulator on high-
temperature coal gas, no evidence of deposition was 
indicated by the instrumentation. Post-test observation 
of the nozzle cascade showed an extremely clean 
airfoil.

90 AFTER  

THAN
AFTER TATED	 CTCL0E 

10	

CYCLONE 

SIZE	

iIIId##/##//'	

. 0. I
'0	 '00	 1000 

PARIICLE.PM 

In summary, the GE test results indicate that the gas 
quality obtained with the simplified IGCC concept is 
compatible with current gas turbine specifications. The 
measured NOx levels are near new source performance 
standard levels, and combustor modifications have been 
identified to further reduce NO emissions. Thus, the 
studies to date have uncovered no technical barriers for 
the concept. The issues remaining will require engi-
neering developments. Hot H2S removal system must 
be up-sized from the bench-scale size, a staged low-
BTU gas combustor must be evaluated for tight NOx 
control, and the integration and control strategy must 
be developed to provide good utility load response. 
These engineering issues are being evaluated in ongoing 
programs. 

Proposed Demonstration Projects 

As explained in two separate articles in this issue in the 
Government portion of the coal section, four projects 
that utilize simplified IGCC concepts were submitted 
to DOE's Clean Coal Program that may award up to 
$400 million for cost-shared projects. General Electric 
proposed a $90 million program to test simplified IGCC 
in a 5 MW plant at the Dunkirk station of the Niagara 

Combustion Pressure
(atmosphere) 

Air Inlet Tempera-
ture (°F) 

Firing Temperature (°r) 
Total Gas Flow Rate 

(Lb/See) 
Nozzle Metal Tempera-

ture (°F) 
Cooling Method
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Mohawk Power Corporation and in a 50 MW plant at 
GE's Evendale Plant. Secondly, KRW's parent company, 
M. W. Kellogg, proposed the Appalachia Project that 
will be a 60 MW plant using simplified 10CC technolo-
gies. Thirdly, the Consolidation Coal Company and 
Foster Wheeler proposed to build and operate an 10CC 
plant at the West Virginia University in Morgantown. 
Lastly, Calderon Energy Company proposed a 50 mega-
watt facility to be build at Bowling Green, Ohio. 

CIRCULAR GRATE GASIFICATION PROCESS 
SUCCESSFULLY TESTED IN PILOT PLANT 

Sanitech, Inc. has been developing a coal gasification 
process that utilizes a moving grate to transport coal 
through the gasifier. A recent report to the United 
States Department of Energy (DOE) describes the re-
sults of Phase 1 of a program to develop and evaluate 
the concept. In Phase 1, several process designs were 
evaluated and one was selected for detailed study. The 
use of the circular grate as a coal gasifier was explored 
and several potential advantages of such a unit were 
evaluated. Thirteen experimental runs were performed 
in Phase 1. Six runs were static tests performed in a 
fixed-bed unit simulating a segment of the circular-
grate gasifier. Seven runs were pilot tests performed in 
an actual small circular-grate gasifier, converted from 
an existing circular-hearth combustor at Midland-Ross 
Corporation in Toledo, Ohio. 

The circular-grate gasifier may possess characteristics 
that permit new concepts to be developed relating to 
coal fines, caking coals, tar and pitch reduction, sulfur, 
gas production rates, and scale-up. Coal fines present 
problems in fixed-bed gasifiers because they tend to fill 
the interstices between coal particles, thus preventing 
oxidant flow upward. Unreacted coal fines also tend to 
be blown out from the gasifier with the product gas. 
Due to the shallower nature of the coal bed in the 
circular grate gasifier, lesser concentrations of fines 
can be expected. Also, the shallower bed allows lower 
oxidant velocities to be employed which should reduce 
fines carryover to the product gas. Further, agglo-
merated coal fines could be a good feed for a circular-
grate gasifier. 

Coals with high swelling indicies cannot be used in 
conventional fixed-bed gasifiers because they swell and 
cake during processing. Slow heating and long times 
within the caking temperature range, 800° to 1,000017, 
are principally responsible for the poor performance of 
caking coals in conventional fixed-bed gasifiers. In a 
circular or straight grate process, however, a very 
steep temperature gradient could be used such that the 
coal is in the caking temperature range only a very 
short time. 

In a circular-grate process, the product gas can be 
recycled through the hot coal bed. During recycling, 
tars in the product gas will likely be cracked. 

Sulfur in the product gas stream could be controlled in 
the circular-grate gasifier if a special coal-limestone 
pellet is used. A lime layer could be placed on the top 
of the coal bed to capture sulfur.

Circular-grate units have very large horizontal cross-
section areas and therefore can be expected to have 
high production rates per unit. Also, manufacturers 
claim that circular-grate machines generally do not 
have the scale-up limitations of conventional fixed-bed 
gasifiers. 

Several processing designs shown schematically in 
Figure 1 were considered. The basic approaches in 
these designs were evaluated in a series of static 
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gasifier tests. Designs 1 and 4 were found to be totally 
unsatisfactory for highly caking coals, while Designs 2 
and 3 gave very good results. Design 2 was adopted for 
all runs in the Phase 1 pilot circular-grate gasifier test 
program. 

Static Bed Tests 

One base coal, a Utah bituminous coal, and two addi-
tional coals, Ohio No. 9 high-sulfur bituminous coal and 
Kentucky Elkhorn bituminous coal were selected for 
study. Also, a special Ohio bituminous coal-dolomitic 
limestone pellet was prepared for evaluation in the 
Phase 1 program. 

Prior to conducting coal gasification trials in the pilot 
circular-grate gasifier, six static-bed or pot tests were 
performed. The static-bed test was designed to simu-
late a sector of the circular grate and coal bed as they 
rotate around the gasifier. An existing apparatus was 
utilized consisting of a large reaction chamber, an 
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in Static Test 2 were used. Also, the use of a blanket 
layer of lima particles to trap and remove sulfur from 
the product gas was evaluated in the test. 

induction preheater for the incoming air, a spray con-
denser, and a fume incinerator to combust the product 
gases. Gases flowed downward through the reactor and 
out its bottom. 

Static Test 1 

The purpose of Static Test 1 was to evaluate Process 
Designs 1 and 4 in which the oxidant stream first passes 
through a hot zone as it enters the coal bed. Design 4 
with no recycling was tested in Static Test 1. These 
approaches were unsuitable in that they led to slow 
heating of the coal bed, thus causing swelling and 
caking of the coal. 

Static Test 2 

The purpose of Static Test 2 was to evaluate Process 
Designs 2 and 3 in which the oxidant stream passes 
through unreacted coal initially before encountering the 
hot zone and in which the hot zone movement is 
counter to oxidant flow. Design 3 with no gas recycling 
was tested in Static Test 2. 

The ignition and gasification approaches examined were 
found to be very satisfactory for processing lump Utah 
bituminous coal. A very steep temperature gradient 
was observed at the gasification front which is desir-
able when gasifying highly caking coals. The product 
gas had good quality during the run. Examination of the 
coal bed after the test disclosed that complete gasifi-
cation of carbon occurred only in the bottom half of the 
reactor and in regions near the reactor walls. The 
quantity of dust, tar, and oil collected during the test 
was significant, but lower than the amount expected 
from a conventional fixed-bed gasifier. 

Static Test 3 

The gasification of pellets prepared from high-sulfur 
Ohio bituminous coal and ground dolomite was investi-
gated in Static Test 3. 

The pellets did not cake nor swell during the gasifica-
tion run. Analyses of the two gas samples taken during 
the run showed hydrogen sulfide levels of 1.3 and 
75 ppm, respectively, indicating that the pellets re-
tained the sulfur in the coal. The heating values of the 
product gas samples were not particularly good-102 
and 70 BTUs per standard cubic foot The rate of 
gasification of pellets appeared to be significantly 
faster than that of lump coal. During the late stages of 
gasification, air and steam were cycled, thereby pro-
ducing a very high calorific gas during the steam 
cycles. 

Static Test 4 

Static Test 4 was conducted primarily to determine if a 
highly caking coal, Kentucky bituminous coal with a 
free swelling index of 5, could be gasified with no 
swelling or caking problems when procedures developed

The Kentucky coal was successfully gasified without 
significant swelling and caking. The analyses of two 
gas samples taken during the run showed relatively low 
calorific values of less than 100 BTUs per standard 
cubic foot. However, the researchers believe that bed 
temperatures were too low during most of the run for 
good quality gas production and that gas samples were 
taken too early in the test. No sulfur, however, could 
be detected in the product gas samples, indicating that 
the lime layer was effective In trapping sulfur during 
the run. Very little tar and dust was observed in the 
product gas. 

Static Test 5 

The objectives of Static Test 5 were (1) to determine if 
the good results obtained in Static Test 2 could be 
reproduced under slightly different processing condi-
tions and (2) to collect sufficient process data for 
suitable materials and energy balances. Utah bitu-
minous coal was used in Test 5. 

Good gasification with no caking was achieved in Static 
Test 5. The bed temperatures and the quality of gas 
produced during the run, however, were lower than 
those observed in Static Test 2 due to excessive cooling 
along the walls of the reactor. The overall carbon 
conversion was about 70 percent. Although the gas 
quality during much of the run varied from 110 to 
135 BTUs per standard cubic foot, extremely low heat-
ing values at the end of the test resulted in an average 
heating value for the run of 84 BTUs per standard cubic 
foot. The gas that was produced contained essentially 
no tar and oils and no hydrogen sulfide or sulfur 
dioxide. An overall element balance was developed for 
the run. 

Static Test 6 

The objective of Static Test 6 was to determine if a 
second normally highly caking bituminous coal, an Ohio 
No. 9 coal, could be successfully gasified. The ef-
fectiveness of a lime layer in capturing sulfur was again 
evaluated in this test. 

The Ohio No. 9 coal was successfully gasified, although 
the heating value of the product gas was less than 
100 BTU/SCF and some caking was noted after the run. 
A one-inch layer of lime was effective in reducing 
sulfur in the product gas. The average sulfur level of 
the product gas was about 350 ppm. 

Circular Grate Pilot 
Gasifier Tests 

A circular-hearth pilot unit at Midland-Ross Corpora-
tion in Toledo, Ohio was converted to a circular-grate 
gasifier for the program. Extensive changes were 
required to convert the hearth into a gasifier. These 
changes included removing and replacing the entire 
internal structure of the unit, installing a special coal 
feed distribution system, installing furnace temperature 
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total time of the run was approximately four hours with 
about three hours of good gasification. 

and pressure controls and monitoring systems, and relo-
cating an existing air preheating system. 

The Midland-Ross pilot circular-grate gasifier is shown 
in Figure 2. The coal bed width in the unit is approxi-
mately 12 inches, and the grate is capable of handling a 
coal bed depth of up to 15 inches. The unit is designed 
for an upward flow of oxidants. Four separately and 
individually controlled windboxes exist beneath the 
hearth to distribute air and/or steam to four grate 
sectors. A screw feed at the top of the unit supplies 
coal to one sector. Continuous ash removal was not 
incorporated in the system. 

FIGURE 2 
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Seven gasifier runs were performed in the Phase 1 
Øogram. 

Gasifler Run No. 1 (Hot Shakedown Test)—The purpose 
of the hot shakedown test was to check out the 
operability of the various gasifier systems under condi-
tións expectedto occur during the planned runs. The 
ignition front was advanced through the bed counter to 
the now of oxidants. Utah Deer Creek coal was used in 
the test. 

The pilot circular-grate coal gasifier performed well. 
The grate rotated smoothly, air and/or steam additions 
to the unit's four quadrants could be controlled, all 
thermocouples performed well, and the continuous oxy-
gen and combustibles analyzers performed satisfac-
torily. Essentially no tars and very little dust appeared 
in the product gas. 

Gaslifer Run No. 2 (Initial Planned Run)—The principal 
purpose of Run No. 2 was to determine if good carbon 
conversion could be achieved with Utah bituminous coal 
under slightly varying conditions. A second purpose was 
to collect data for determining the most suitable oper-
ating conditions for future runs. Procedures for this 
test were similar to those of the earlier shakedown 
test, except attention was focused more on the coal 
being processed and less on the equipment. As in the 
shakedown test, the coal feeder was not used. The

The test results indicated that the Utah bituminous coal 
was satisfactorily gasified. The desired pattern of 
gasification (a moving hot zone-cold coal interface) was 
observed. The quality of the gas was relatively low, 
105 BTUs per standard cubic foot or less. The analysis 
of the ash indicated that approximately 99.6 percent of 
the coal was gasified. Thermocouple readings revealed 
that the coal was heated in almost all cases very 
rapidly from 400°F to gasification temperatures. 
Therefore, very little of the coal was in the caking-
temperature range (600° to 900°F) for extended periods. 

Gasifier Run No. 3 (Pellet Run)—The objective of Run 
No. 3 was to determine if coal-dolomite pellets made 
from high-sulfur, normally highly-caking Ohio coal 
could be gasified without excessive swelling and caking 
in the bed. An additional objective was to determine if 
a low-sulfur product gas could be produced from the 
pellets. 

The pellets were found to be easily gasified, although 
they were more difficult to ignite initially than the 
Utah bituminous lump coal. Sulfur was retained in the 
bed during the first two-thirds of the test. However, as 
bed temperatures rose above 2,200°F, sulfur (as hydro-
gen sulfide) was detected in the product gas. 

Gasifier Run No. 4 (Lime Layer Run)—This run was 
conducted with Utah bituminous coal. A lime layer was 
placed over the coal bed to capture sulfur. As in 
previous runs, the coal feeder was not used in Run 
No. 4; instead, the gasifier was fully filled with coal 
and the grate was rotated continually until all coal was 
consumed or until oxygen breakthrough occurred. 

The lime layer removed some, but not all, of the sulfur 
emitted in the product gas as shown in data from 
Runs 2 and 4:

ppra 

ll2S in the Product Gas With No Lime Layer	 275 
H25 in the Product Gas With Lime Layer 	 122 

The continuous recording calorimeter indicated the gas 
heating value was generally in the 106 to 128 BTUs per 
standard cubic foot range. 

Gasifier Run No. 5 (Good Gas Quality Run)—Gasifier 
Run No. 5 was a longer term run on Utah coal with the 
objective of determining the processing conditions that 
will yield gas with a heating value of 140 BTUs per 
standard cubic foot or more. The gasifier was initially 
filled with a 9 inch layer of Utah bituminous coal, then 
coal was fed to the bed at 15 pounds per hour. 

The researchers report that the test was very success-
ful, in that the gas quality remained above 140 BTUs 
per standard cubic foot (as indicated by the continuous 
calorimeter) for most of the run. The gasifier and all 
its auxiliary equipment performed well. No significant 
quantities of dust, tar, or oil were found in the product 
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gas. An examination of the interior of the gasifier 
after the run, however, showed soot covering much of 
the top inside surfaces of the unit. The coal bed 
showed mainly ash with good carbon burn-out, except in 
regions where new coal had been added to the bed just 
before the run was terminated. 

Gasifier Run No. 6 (Caking Coal Run)—The objective of 
Gasifier Run No. 6 was to detemrine if a normally 
highly caking coal in lump form could be gasified 
without problems. The coal selected for this test was a 
Kentucky Elkhorn bituminous coal with a free swelling 
index of 5. The coal feeder was not used in the run. 

The duration of the test was almost tour hours. All 
instrumentation performed well during the run. Based 
on data during the run and from the appearance of the 
coal bed after the run, the researchers conclude that 
the normally highly caking Kentucky coal was success-
fully gasified. The bed Increased in size, expanding 
about 20 percent. Although many coal particles were 
found stuck together, the coal bed remained very 
porous, with adequate gas flow through the bed. 

The test was terminated too early resulting in coke or 
ash with very high levels of unreacted carbon. A 
relatively high heating-value product gas was obtained 
during the initial phases of gasification (during devola-
tillzation), but gas quality then fell precipitously due to 
low inlet air temperatures. 

Cashier Run No. 7 (Long-Term Run)—Gasifier Run 
No. 7 was performed to determine if a high quality gas 
could be produced for a relatively long time period. 
During the run both Utah bituminous coal and Ohio 
coal-dolomite pellets were fed to the gasifier. A 
charge of 120 pounds of Utah coal was initially placed 
into the gasifier. Coal was then fed to the gasifier at a 
rate of 37 pounds per hour. After about 9 hours of 
continuous operation, coal-dolomite pellets were fed 
into the gasifier. After feeding pellets to the gasifier 
for about three hours, the coal feeder jammed. The 
feeder was cleared fairly easily, but the researchers 
decided to return to Utah coal for the remainder of the 
test run. 

The researchers considered this run to be a success in 
two respects. It showed that the gasifier could be run 
continuously for many hours, and it also showed that a 
reasonably good low-BTU gas could be produced consis-
tently. The product gas during the run contained very 
little dust, tar, or oil. Analyses indicated that the 
product gas contained a very high hydrogen content, 
approaching 25 mole percent. 

Conclusions and Recommendations 

A new circular-grate processing design was developed 
which included: (1) feeding coal to a continuously 
moving circular grate; (2) igniting the coal at the top of 
the bed; (3) supplying oxidants (first preheated air alone 
and then air-steam mixtures downstream) upward 
through the bed by means of a series of windboxes, each 
individually controlled; (4) for high-sulfur coals, supply-
ing the coal in the form of special coal-limestone 
pellets or adding a layer of lime to the top of the bed;

(5) controlling the hot zone-cold coal interface to 
achieve a large temperature gradient by adjusting air 
and steam rates and grate motion; (6) if desired, 
recycling the product gas through the bed downstream 
from gasification to capture additional sulfur or to 
crack tars; and (7) passing incoming air through ash on 
the grate or ash taken from the grate to preheat the air 
and cool the ash. 

Conclusions drawn by the researchers based on tests 
summarized in Table 1 include the following: 

• The circular-grate gasifier will produce a gas 
that is very low in tar, oil, and dust. Recycling 
of the gas through the bed is expected to 
reduce these constituents even further (recycl-
ing will be examined in Phase 2). 

• The use of special coal-limestone pellets or the 
use of a lime layer over the coal bed will 
significantly reduce the sulfur concentrations in 
the product gas, as long as the temperature of 
the coal bed does not exceed 2,2000?. 

• The new circular-grate process will effectively 
gasify normally highly caking coals. 

• The circular-grate process will generate a pro-
duct gas of reasonably high heating value of 140 
to 150 BTUs per standard cubic foot. The pro-
cess was relatively easy to control, and steady-
state conditions were obtained in a short time. 

Proposed Demonstration Project 

As described in two separate articles in the Govern-
ment portion of this issue, Sanitech has proposed a 
program to demonstrate the Circular-Grate Process. 
The program was submitted to both the United States 
Department of Energy and to the Ohio Coal Develop-
ment Office. The demonstration program would include 
a 30 million BTUs per hour straight-grate gasifier at 
the Lorrain County Community College and a 100 mil-
lion BTUs per hour circular-grate gasifier for a power-
plant boiler in Hamilton, Ohio. Total cost of the 
program is estimated to be $17.5 million. 
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TABLE I 

SUMMARY CIRCULAR-ORATE PILOT DASIPIER TESTS 

Per Per Average 
Sector Sector Steam-
Aver- Aver- Average to- Gas Quantity 
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Test Coal Teat Air Steam Temper- Ratio OTU/ end Oil in Grate Condition of 
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0 Examine a Kentucky Ellvhorsl	 114 4.00 550 000 400 0.114 135 Negligible 0.50 Sonic lied Expansion. Coal Gasified Sati,fac- 
highly Caking am Slight Caking tority, Although Some 
Coal Much Unburnl Carbon Caking and Swatting 

Occurred. 
7 Perform a Long- Utah Deer Creek Coal ISa 300 300 300 0.407 ISO Negligible 1.50 Coal Completely Ash; Good Quality Gas IV., 

Term Run, Coal and SpecIal	 312 Some Peiletv aetmuined Made Consistently, 
Achieve Steady- Pellet,	 Pellets Their Shape Steady-State Conditions 
State Conditions, 62 Were. Achieved Quietly. 
Demonstrate Con-
.latent Use 
Quality

RECENT DEVELOPMENTS IN TWO-STAGE 
COAL LIQUEFACTION AT WIISONVILLE 
ARE SUMMARIZED 

A paper presented at the American Chemical Society 
meeting in April 1986 summarized results from the 
Advanced Coal Liquefaction R&D Facility at Wilson-
y ule, Alabama. The primary sponsors are the United 
States Department of Energy (DOE) and the Electric 
Power Research Institute (SPIll). Amoco Corporation 
became a sponsor in 1984 through an agreement with 
EPRI. The facility is operated by Catalytic, Inc., under 
the management of Southern Company Services, Inc. 

Run 247 

Run 247 used Illinois No. 6 coal in a configuration 
called the Reconfigured Integrated Two-Stage Lique-
faction (RITSL) mode (Figure 1). Coal is slurried with a 
recycled process solvent composed of deashed hydro-
treater residuum (HR) and hydrotreated distillate 
solvent. The slurry is fed to the dissolver under 
hydrogen pressure where thermal liquefaction takes 
place. Thermal distillate is separated by fractionation. 
Vacuum bottoms and a heavy fraction of distillate are 
fed directly to the ebullated bed hydrotreater. The 
vacuum-flashed bottoms from the hydrotreater is the 
feed to the Critical Solvent Deashing (CSD) unit. 

Prior to Run 247, most runs had used the Integrated 
Two-Stage Liquefaction (ITSL) configuration, as illus-
trated in Figure 2. In the ITSL mode, the vacuum

residuum from the thermal liquefaction stage is 
deashed in the CSD unit before being fed to the 
hydrotreater. The RITSL configuration, which permits 
the use of close-coupled reactors, differs from the ITSL 
mode in that the products from the liquefaction stage 
are fed directly to the hydrotreater without any 
intermediate ash or distillate separation. 

In the RITSL mode the hydrotreater feed contains all 
the coal ash along with unconverted coal and heavy 
organics that would normally be removed in the de-
ashing step. Thus, the researchers were concerned that 
the catalyst deactivation rate would increase- Also, 
because the feed to the CSD unit is the vacuum-flashed 
bottoms from the hydrotreater, the CSD feed proper-
ties were expected to be different from feed properties 
that had previously been experienced. 

The results from Run 247 indicate that the Shell 324-M 
hydrotreater catalyst performed well in the RITSL 
mode. Throughout the run, catalyst activity measured 
by residuum conversion was higher than in previous runs 
in the ITSL configuration. Hence, the researchers con-
clude that the non-deashed feed did not cause serious 
deactivation of the catalyst. 

Operability of the CSD unit with hydrotreated feed was 
found to be satisfactory. The CSD feed did indeed have 
different properties than feeds in the ITSL mode, but 
process adjustments were made that provided good 
deashing performance. 
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The,second column (243JK/244B) in Table 1 lists ITSL 
data that compare closely In operating conditions and 
similar catalyst age to the RITSL data (2470). The 
RITSL distillate yield was 62 percent, compared to 
59 percent for the ITSL mode. However, the distillate 
yields combined with the residuum yields indicate that 
both configurations would have total liquid yields of 
65 percent. 

A major difference is thatthe hydrogen consumption 
was 1 percent higher with RITSL, indicating that the 
hydrogen efficiency was lower. The higher hydrogen 
consumption with RITSL is thought to be primarily 
related to higher residuum reactivity. The researchers 
believe that this improved hydrogenation activity is 
apparently caused by differences in the feed hydro-
carbons, the presence of coal ash particles, or both. 

Product blends were made by mixing product streams in 
the proportions of their production rates. Table 2 
shows the product analyses for an ITSL sample 
(Run 247) compared to a RITSL sample (Run 244). The 
hydrogen contents of comparable fractions is higher, by 
0.8 to 1.2 percent, for RITSL. In general, the RITSL 
product had lower levels of nitrogen and sulfur. 
Therefore, the researchers conclude that the higher 
hydrogen consumption seems to be a trade off with 
improved product quality. 

Run 248 

The configurAtion used at the beginning of Run 248 was 
the Double-Integrated Two-Stage Liquefaction (DITSL) 
mode shown in Figure 3. This mode differs from the 
ITSL mode in that only the Light Thermal Residual 
(LTR) is routed through the hydrotreater, while the 
heavier Thermal Residual (Ta) is recycled to the 
thermal first stage. A potential advantage of the 
DITSL configuration is that a smaller hydrotreater 
might be possible. Because the heavy thermal residuum 
is recycled to the liquefaction stage without going 
through the hydrotreater, the TR must be converted in 
the thermal stage for the DITSL mode to be viable. 
Iron oxide and Dimethyl Disulfide (DMDS) were used to 
promote residuum conversion. 

The 12 inch diameter dissolver was replaced by a 
5.2 inch diameter Low Contact Time (LCT) dissolver to 
allow operation at lower liquefaction reactor volumes. 
The intent was to investigate reaction times somewhat 
longer than had been used in the Short Contact Time 
(SCT) tests in Run 242. 

The researchers found that operation in the DITSL 
configuration was difficult. The major operability 
problem was high viscosities of the Ta, the process 
solvent, and the coal slurry. Recycle of the heavy TR 
directly from the CSD unit resulted in a buildup of 
preasphaltenes, which caused the high viscosities. The 
dissolver outlet temperature was raised to 840°F to 
increase the severity for residuum conversion. 
However, residuum conversion in the thermal unit was 
not sufficient to allow satisfactory operation in the 
DITSL configuration.

Satisfactory operability was obtained by changing to 
the ITSL configuration. The distillate yield was 64 per-
cent and the residuum make was 3 percent, for a total 
liquid yield of 67 percent (Run 2480). This compares 
favorably to the 65 percent yields shown earlier for the 
RITSL and ITSL configurations with Illinois No. 6 coal. 
Because of other process variable differences, most 
notably dissolver temperature, the researchers could 
not conclude from these results if iron oxide catsed an 
improvement in distillate yield. 

The addition of iron oxide and DM05 was stopped, to 
begin a series of tests at different reactor volumes. 
After a three day test at 100 percent Low Contact 
Time (LCT) without iron oxide, the dissolver volume 
was reduced successively to 50 percent and then to 
25 percent of LCT dissolver volume. Coal conversions 
were 92 percent, 90 percent, and 88 percent MAP coal 
with volumes of 100 percent, 50 percent, and 25 per-
cent, respectively. Residuum makes increased and dis-
tillate makes and hydrogen consumptions decreased at 
successively lower volumes. 

In Table 1, conditions and two-stage liquefaction (TSL) 
yields for the 50 percent LCT Run 2481' are compared 
to Run 242 SCT results. Coal space velocities were 
comparable for these two conditions, and the average 
reaction temperature was higher for Run 2481'. The 
yields were very similar, though SCT showed an advan-
tage in lower gas make and hydrogen consumption. 

Properties of a fractionated product blend from 
Run 2480 (ITSL with iron oxide) are shown in Table 3. 
The product boiling below 650°F is 67 percent of the 
total blend, which is comparable to that obtained in 
Run 244 without iron oxide (Table 2). 

The naphtha from Run 2480 had higher hydrogen con-
tent (13.76 versus 12.86), but the nitrogen and sulfur 
were higher. The analyses for the distillate and gas oil 
fractions were similar, with Run 2480 showing slightly 
higher nitrogen and sulfur contents. ThA API gravities 
showed that the naphtha and distillate for Run 2480 
were heavier than those from Run 244. 

Run 249 

A major objective of Run 249 was to obtain process 
yield data using subbituminous coal with a well mixed 
dissolver. A pumparound loop was installed to provide 
back mixing of the 12 inch dissolver. The RITSL 
configuration was used to provide data in a close-
coupled configuration. 

Two additives were investigated: 

1. Iron oxide with DM05 
2. Water at the rate of 15 percent of moisture 

free coal. 

The run was started with the dissolver at 7900F, the 
hydrotreater at 6700F, and with no iron oxide or water 
addition. At these conditions the coal conversion was 
82 percent. By adding iron oxide plus DM05 and by 
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increasing the dissolver temperature from 190 to 810°F 
coal conversion was increased to 90 percent. Water 
addition increased coal conversion by 3 percent. Iron 
oxide and DMDS addition were then discontinued to test 
whether water addition without iron oxide could main-
tain coal conversion. When coal conversion decreased 
significantly, from 92 to 84 percent, the researchers 
concluded that water did not enhance coal conversion 
enough to enable operation without the iron oxide. 

At an iron oxide addition rate of 1.5 percent, the coal 
sulfur content was calculated to be sufficient to con-
vert the iron oxide to pyrrhotite. This effect was 
tested by stopping the DMDS addition and no reduction 
in coal conversion was observed. Therefore, iron oxide 
was used without the addition of DMDS for the last two 
months of the run. 

TABLE 2 

COMPARISON OF ITSL VS. IUTSL 
DISTILLATE PRODUCT PROPERTIES 

Wt% 
Distillation	 of	 Elemental (Wt%)	 API 

Cut	 Sample C	 H	 N	 S	 0 Gravity 
7f (60/6o 

Run 244 ITSL Configuration 
Naphtha	 18.4 85.21 12.86	 845 0.36 1.50 43.1 
(IBP-3600P)	 ppm 
Distillate	 45.1 86.34 10.73 0.23 0.22 2.48 18.6 
(360°P-6500F)
Gas Oil	 35.0 89.07	 9.69 0.31 0.16 0.76 
(650°P-10000F) 
Residuum	 0.9 86.71	 6.94 1.13 0.60 3.15 
(l000°F+) 

Run 247 RITSL Configuration 
Naphtha	 14.9 85.50 
(IBP-360°F) 
Distillate	 49.8 86.74 
(360°F-6500P) 
Gas Oil	 35.3 89.48 
(650°F-10000F)

Energy rejection was high throughout this run because 
the Critical Solvent Deashing feed was very soluble. 

- The solubility changed with various operating variable 
adjustments. Energy rejection was reduced by changing 
solvent type and adjusting operating conditions. 

14.07	 500 0.35 0.03	 -	 Selected process conditions and yields for Run 249 are 
ppm	 shown in Table 1. The only difference in periods 249D 

	

11.54 0.23 0.16 1.33	 -	 and 249E is that water addback was used in 249D. 

- The negative residuum production for 249E indicates 
that more residuum was being converted than was being 
made, so that residuum was being consumed from 
inventory. The C4 distillate yield for 249E would be 
about 53 percent if the residuum make had been zero. 
Thus, the researchers believe that there was practically 
no effect of water addback on distillate yield. 

10.44 0.06 0.02 0.00 

The last major period of the run, designated 249H, was 
an ash recycle test. The purpose of this test was to 
remove ash from the system by using a purge of 
hydrotreater vacuum bottoms instead of using the CSD 
unit. The ash content of the purge stream was in-
creased to 32 percent by recycling a portion of the 
hydrotreater atmospheric flashed bottoms to the dis-
solver. 

The recycle test increased coal conversion significantly 
to 94 percent, which is the highest obtained with sub-
bituminous coal at Wilsonville. The authors note that 
this high conversion was obtained with a moderate 
dissolver temperature of 8020?. They believe that the 
increased coal conversion was probably due to addi-
tional conversion of the unconverted coal in the recycle 
stream. The recycled ash and iron oxide also probably 
contributed to enhanced reactivity. 

The yield results are similar to those achieved in 
"normal" RITSL operation (Run 249E), but the hydrogen 
consumption was higher. These results were encourag-
ing and suggest that a vacuum tower could be used as 
an alternate method of removing ash from the system. 

Data for Runs 249E and 2460 in Table 1 provide a 
comparison of the RITSL. and ITSL results with sub-
bituminous coal. Run 249E had a lower dissolver tem-
perature and a considerably higher hydrotreater tem-
perature. Also, 249E had a forced back-mixed dissolver 

TABLE 3 

PROPERTIES OF DISTILLATE 
PRODUCED WITH CATALYSTS 

Wt% 
Distillation	 of	 Elemental (Wt%)	 API 

Cut	 Sample C	 H	 N - S	 0 Gravity 
60/60 

Run 248 ITSL Configuration 
Naphtha	 18.6 84.63 13.76 0.13 0.65 0.83 42.4 
(IBP-360°F)
	 ppm 

Distillate	 48.1 84.45 10.94 0.23 0.37 4.01 13.2 
(36 0°F-65 0°F) 
Gas Oil	 33.3 89.11

	
9.41 0.43 0.18 0.87	 0.3 

(650012-10000F) 
Total Blend	 100.0 85.72 10.78 0.22 0.42 2.86 14.1
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while 2460 did not. The yields are fairly similar: be-
cause of the lower dissolver temperature 249E had a 
lower gas make, and the sum of distillate and residuum 
is comparable. The researchers believe that the RITSL 
configuration is probably the main reason for the higher 
hydrogen consumption. 

Catalyst deactivation was observed during the run, but 
the residuum conversion activity appeared to be 
relatively constant over the last half of the run. 

1985 Accomplishments 

The authors list several major accomplishments that 
were achieved in 1985. The RITSL configuration was 
demonstrated for both bituminous and subbituminous 
coals. these runs provide a solid basis for close 
coupling the reactors. A very successful mixing study 
was performed to quantify the degree of mixing in the 
thermal reactor. Iron oxide and water were tested as 
disposable catalysts. The increased experience with 
CSD feed solubility will be applicable in the close-
coupled runs. Lastly, an alternate method of removing 
ash from the system was demonstrated in the ash 
recycle test. 

Future Work 

The emphasis will be on experimentation with close-
coupled reactors. The Wilsonville plant has been mod-
ified by the addition of a reactor vessel adjacent to the 
hydrotreater to operate in a close-coupled fashion. The 
initial run will be a thermal-catalytic run, but the 
equipment is capable of operating with ebullated cat-
alyst beds in both reactors. There are also plans to test 
alternate catalysts. 

The coal liquefaction data base will be expanded by 
parametric studies and by increasing efforts in the area 
of process modeling and simulation.

LAB TESTS ILLUMINATE PROBLEMS OF UNDER-
GROUND BITUMINOUS COAL GASIFICATION 

Sandia National Laboratory scientists, after conducting 
tests they say are among the most detailed ever done 
Involving underground gasification of Eastern bitumi-
nous coal (13CC) believe they can explain why success-
ful gasification is going to remain a technological 
challenge for many years. The researchers feel that 
their fully instrumented experiment resulted in the first 
clear, detailed study of underground coal gasification. 

The tests revealed that during the gasification process, 
a low porosity carbon coating forms on partially 
reacted coal (char) and inhibits oxygen from easily 
reaching the char. As a result, when heated the char 
cannot react and give off product gases. 

The carbon coating is produced from chemical vapor 
deposition of hydrocarbon off-gases onto a surface. 
According to researchers the carbon coating also in-
creases the coal's strength. This increase, along with 
Eastern coal's tendency to swell somewhat during heat-
ing, prevents the coal from cracking into small pieces 
and falling into a reaction zone as desired. The 
cracking mechanism aids gasification and occurs easily 
with Western subbituminous coal. The pyrolytic carbon 
seals the coal from any reaction with the gas mixture 
and reduces the creation of fresh, uncoated char that 
could react. 

The scientists believe that future research should focus 
on determining the operating conditions or techniques 
necessary to prevent or reduce pyrolytic carbon forma-
tion. The test results suggest that this can be done by 
maintaining relatively high levels of steam and oxygen 
where gasification occurs. One Sandia researcher 
states, "if pyrolytic carbon deposition can be elimi-
nated, the efficiency and feasibility of underground 
gasification of bituminous coal should be significantly 
improved."	

if if if if 
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INTERNATIONAL 

SOUTH AFRICA EVALUATING COAL-TO-
METHANOL-TO-FUELS PLANT 

The article on page 1-24 of the March 1986 Pace 
Synthetic Fuels Report briefly described a coal-based 
synthetic fuels plant that has been proposed in South 
Africa. More recent information indicates a feasibility 
study commenced in February 1985. The study was 
initiated due to a proposal by Amcoal and AECI to the 
South African Department of Mineral and Energy Af-
fairs for a coal-based project using the methanol con-
version route to conventional fuels. 

The feasibility study addressed in detail the technical, 
economic, and financial aspects of the coal-based syn-
thetic fuels proposal. The AECl/Amcoal proposal is 
based on abundant reserves of low quality coal. Be-
cause of the large coal production rate that is required, 
a new mine would have to be established. The high cost 
of coal handling and transportation dictated that the 
plant be located adjacent to this mine. 

Coal for the synthetic fuels plant would be mined using 
conventional mining methods. The coal would be deliv-
ered to the surface and transported to the plant by 
conveyor. Over 15,000 tons per day of coal would be 
required. The recommended coal reserve is estimated 
to be sufficient to sustain full output for about forty 
years. 

AECI's in-house evaluation indicated that conversion of 
coal-to-methanol-to-fuels is the most attractive route. 
Run-of-mine coal would be delivered to the synthetic 
fuels plant and gasified with oxygen and steam. The 
raw gas would be purified with elemental sulfur being 
recovered. The gas would then be compressed, fed to a 
methanol synthesis unit, and the methanol would be 
converted to gasoline and diesel in zeolite catalyst 
conversion units. Alternative technologies for gas 
conversion are being investigated, and no final process 
has been selected as yet. 

The capital cost of the project is estimated to be about 
2.5 billion Rand in 1985 dollars. Of the total capital 
cost it is expected that about 70 percent will be spent 
directly within the Republic of South Africa. In addi-
tion some of the foreign contractor's expenditure for 
engineering, equipment procurement, and supervision 
would also be spent within the country. 

The construction force would peak at approximately 
10,000 and total project would provide about 50 million 
manhours of work. The synthetic fuels plant and coal 
mine should provide permanent employment for approx-
imately 4,700 people. 

SASOL EVALUATING IMPROVED FISCHER-
TROPSCH CATALYSTS AND REACTORS 

The three Sasol projects in South Africa utilize the 
Fischer-Tropsch (PT) route to produce liquids from 
coal-derived synthesis gases. At the American Chem-
ical Society meeting in April 1986, Mark Dry explained 
Sasol's efforts at optimizing the FT process. For Sasol,

an approximate cost breakdown for a typical plant is as 
follows: 

Synthesis Gas Production	 58
(Coal gasification 53%; CH4 reforming 5%) 

FT Synthesis (Plant 15%, catalyst 3%)	 18 
Product Separation 	 12

(Cryogenic 4, alcohols and ketones 4%) 
Refinery (Olefin oligomerization 4%)	 10 
Miscellaneous	 2 

Therefore, improvements in the selectivity of the FT 
synthesis (an ideal case would be one which only pro-
duces gasoline and diesel fuel) would reduce the costs 
of both the product separation and the refinery sec-
tions, which together account for 22 percent of the 
total. However, elimination of certain products such as 
ethylene, ketones, and alcohols do not necessarily im-
prove the economics. Expensive investments to recover 
these products are often justified due to their high 
selling prices. 

The amount of methane produced at Sasol far exceeds 
the need of the local fuel gas market. Hence, the 
methane is reformed with steam and oxygen to yield 112 
and CO which is recycled to the FT synthesis units. 
This reforming results in a 14 percent loss of hydro-
carbon produced from the reformed methane. In the 
Sasol process the bulk of the methane comes not from 
Fischer-Tropsch but from the Lurgi coal gasification 
process. For only the FT process, if a zero C1-C3 
selectivity could be achieved with only gasoline and 
diesel fuel being produced, the overall cost of the 
process could be cut by about 5 percent. 

To date, however, Sasol has not been able to attain a 
big improvement in the FT selectivity. As the produc-
tion of C1-C3 hydrocarbons is reduced, the production 
of products that are heavier than diesel fuel increases. 
The maximum of the sum of gasoline plus diesel fuel 
lies in the vicinity of 60 percent. Researchers at Sasol 
have concluded that improvements in these yields will 
require either a new kind of catalyst with a different 
mechanism or some secondary catalytic action such as 
olefin oligomerization and/or wax cracking. 

To date Sasol has exclusively used iron based catalysts 
in the FT process not only because iron is cheap but 
also because the products are rich in olefins. The 
lighter, C2-C, olefins are readily oligomerized to 
either gasoline or diesel thus giving the overall process 
a high degree of flexibility regarding the ratio of 
gasoline to diesel fuel produced. A major drawback of 
iron catalysts at temperatures above 270 0C is that 
carbon deposition occurs resulting in both a higher 
catalyst consumption rate and more reactors required 
per unit of gas converted. Because metals like cobalt

- 
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or ruthenium are active in the FT synthesis and.very 
little carbon is deposited, these metals have attracted 
attention as alternative catalysts. However, on a unit 
mass basis the cost of cobalt is about 250 times that of 
the iron used at Sasol while that of ruthenium is about 
20,000 times more expensive. Hence, although cobalt 
may eventually become competitive with iron, the Sasol 
researchers hold out very little hope for ruthenium ever 
becoming economical. 

While Sasol remains committed to developing catalysts 
with longer lives and improved selectivities these are 
long-term objectives. In the short term investigations 
have concentrated on increasing the production per 
reactor, developing lower cost reactors, and optimizing 
the product spectrum by improving the processes down-
stream of the FT reactors. Several of these new 
developments are in the process of being commercial-
ized. 

Sasol recently decided to build an additional com-
mercial fixed bed tubular FT reactor that will operate 
at a pressure considerably higher than the reactors 
currently In use. This decision was based on kinetic 
investigations and pilot plant tests for both fixed bed 
tubular and fluidized bed reactors that indicated that 
the production per unit volume of catalyst could be 
raised by simultaneously increasing the operating pres-
sure and the volume of feed gas, thus maintaining a 
fixed residence time in the reactors. 

The Synthol reactors, which are the "work hones" of 
the Sasol FT process, are circulating fluidized bed 
(CFB) types with catalyst flowing down a standpipe on 
one side and up a riser on the other side. These units 
are already very large and Sasol doubts whether the 
reactors could be scaled up further by either Increasing 
their diameter or raising the operating pressure. As an 
alternative Sasol has been investigating the fixed flui-
dized bed (FFB) system. In this type of reactor the 
catalyst is not circulated, but remains "stationary" as 
an ebulating bed with the gas entering at the bottom. 
Because this reactor is considerably smaller, it should 
be cheaper to construct, simpler to operate, and cap-
able of operating at higher pressures with no mechan-
ical problems. An additional advantage of higher 
pressure in the case of iron catalysts is that the rate of 
carbon deposition on the catalyst decreases, thereby 
resulting in longer life catalysts. A demonstration FFB 
unit has been operating at the Sasolburg plant for some 
time, and various design aspects have been investi-
gated. The design of a large commercial size unit Is 
currently underway for cost estimating purposes and for 
Possible implementation in the new future. 

Another reactor version being investigated is the slurry 
Phase reactor, which is similar to the FFB reactor, but 
the finely divided catalyst is suspended in molten FT 
wax. A slurry phase reactor is cheaper to construct 
than a fixed bed reactor. Additionally, the slurry phase 
system can operate in the temperature range 2600 to 
290°C with iron catalysts. In this temperature region a 
fixed bed would plug up due to carbon deposition, while 
a dry fluidized bed would "defluidize" because of cat-
alyst particle agglomeration due to wax formation. To 
date the experimental investigations at Sasol have been 
confined to 5 centimeters ID pilot plant reactors. The

next planned phase is the construction of a larger pilot 
reactor to investigate the system at hydrodynamic 
conditions that are likely to exist in a commercial scale 
reactor. 

Regarding process improvements downstream of the FT 
reactors, two catalytic processes are being developed. 
FT waxes produced at low temperatures are essentially 
straight-chained, and are sulfur and nitrogen-free. 
Therefore, the wax can be hydrocracked under rela-
tively mild conditions to yield up to 80 percent of high 
quality diesel fuel. 

Another downstream process, light olefin oligomer-
ization to gasoline and diesel fuel, has been com-
mercially practiced by Sasol for many years using a 
supported phosphoric acid catalyst. The process pro-
duces a light diesel fuel which has a low viscosity and a 
very poor octane number, thus limiting the amount of 
this fuel which can be added to the overall pool. The 
researchers at Sasol believe that the new generation 
ZSM-S type zeolites can completely remove these limi-
tations. This process has been thoroughly evaluated on 
pilot plant scale with FT feedstocks both at Sasolburg 
and abroad. Construction of a full scale commercial 
plant is presently under consideration as part of a 
debottlenecking process at Sasol's Seconds complex. 

Taej. illustrates the selectivities typically obtained in 
the two types of commercial FT reactors used by 
Sasol: the high temperature Synthol process (geared at 
making light olefins and gasoline) and the lower tem-
perature fixed bed process (geared at making waxes). If 
the secondary processes (oligomerization of the C3 to 
C6 olefins to yield 75 percent diesel fuel and hydro-
cracking of the wax to yield 80 percent diesel fuel) are 
applied to each of these product streams, the overall 
liquid fuel yield would be as shown in Table ._?. High 
quality diesel fuel at high yields can be obtained in both 
processes. When both maximum liquid fuel yield and 
maximum diesel fuel-to-gasoline ratio are required, the 
low temperature Arge FT process has the greater 
potential.

TABLE 1 

COMPARISON OF THE STRAIGHT RUN
PCHER-TROPSCH PRODUCTS FROM THE 

SYNTROL AND ARGE REACTORS 

Synthol	 Arge 
High	 Low

Temperature Temperature 

C1-C2 16.0 5.4 
C3 - C6 Paraffins 5.0 6.4 
C3 - C6 Olefins 33.5 7.6 
C7 -160°C 17.2 8.0 
160°-350°C 14.0 19.5 
+350°C 7.8 48.1 
Water Soluble Oxygenated 6.5 3.0 

Compounds
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TABLE 2 

COMPARISON OF THE DIESEL-PRODUCING 
SCHEMES USING TWO DOWNSTREAM

PROCESSES 

Cut	 Synthol 

Total Final Liquid Product 80 87 
% Diesel of Liquid Fuel 55 75 
Diesel Source: 

From Oligomerization 58 9 
Straight Run 31 30 

Wax Cracking 11 61 
Cetane Number of Diesel Pool 53 67

All figures are percentages except for the cetane 
number 

HIGH-TEMPERATURE WINKLER DEMONSTRATION 
PLANT COMMISSIONED 

The High-Temperature Winkler (HTW) process has been 
developed by the Rheinische Braunkohlenwerke AG 
(Rheinbraun) to produce synthesis gas (carbon monoxide 
plus hydrogen) or low-BTU gas. Based on operation of a 
pilot plant that established process feasibility, a de-
monstration plant with a capacity of about 30 tons of 
coal per hour (35,000 standard cubic meters per hour of 
synthesis gas produ-tion) was constructed. Commis-
sioning of the new plant was started in late 1985. The 
brown coal-derived synthesis gas will be piped to the 
Union Rheinische Braunkohlen Kraftstoff AG (Union 
Kraftstoff) at Wesseling, where Its conversion into 
methanol will be tested in an existing methanol synthe-
sis unit. The status of the KTW demonstration plant 
was summarized at a recent AIChE meeting. 

WFW Process Description 

Major goals of developing the Winkler process carried 
out by Rheinbraun in cooperation with Uhde Ginbif are 
as follows: 

• Gasification under pressure to improve the 
specific yield and reduce the energy demand for 
synthesis gas compression required by subse-
quent chemical syntheses. 

• Gasification at highest possible temperatures, 
but below the ash melting point, to improve gas 
quality and carbon conversion. 

• Partial recirculation of the coal dust discharged 
overhead to improve carbon conversion. 

Based on preliminary studies with a process develop-
ment unit at the Aachen Technical University, a pilot 
plant with a throughput of almost 2 tons of dry brown

coal per hour was built and started up in mid-1978. By 
raising the gasification pressure to 10 bar and the 
gasification temperature to more than 1,000°C, and by 
recirculating the entrained fine dust particles to the 
fluidized bed, the efficiency of the process was signifi-
cantly improved compared with those operating at 
atmospheric conditions. 

The results obtained by test operation with Rhenish 
brown coals were used for the demonstration plant 
design. Meanwhile, pilot plant availability was im-
proved to almost 75 percent, and efficiency significant-
ly improved. The plant was shut down in late June 1935 
after sufficient operational knowledge and process 
engineering results had been obtained. From its startup 
the plant was operated for almost 38,000 hours, nearly-
27,4000 hours under gasification conditions. During this 
period, more than 21,100 tonnes of dry Rhenish brown 
coal and 220 tonnes of Finnish peat were processed. 

In addition to chemicals production, the HTW process 
can also be used for electricity generation. To utilize 
the process in a combined gas/steam turbine process 
the pressure may be increased to more than 20 bar. At 
present, the pilot plant at Aachen is under reconstruc-
tion, and is scheduled to go on stream at a pressure of 
20 bar in 1988. 

Table 1 shows a comparison between the HTW pilot 
plant and conventional Winkler gasifiers using an oxy-
gen/steam mixture as the gasification agent. Carbon 
conversion was improved from 91 percent to 96 per-
cent. Typical raw gas composition is 33 volume percent 
carbon monoxide, 26 volume percent hydrogen, 19 vol-
ume percent carbon dioxide, 19 volume percent water, 
and 3 volume percent methane.	 V 

TABLE I 

COMPARISON OF CONVENTIONAL WINKLER 
AND HTW PROCESSES 

Winkler 
Gasifier HTW 

Gasifying Conditions 
Temperature, °C 950 1,000 
Pressure, Bar 1.2 10 

Gasifying Agents 
Oxygen, Standard Cubic Meters 0.42 0.40 

Per Kg of maf Brown Coal 
Steam, Kg per Kg of maf Brown Coal 0.18 0.33 
Specific Yield (CO + 112), 1,460 1,580' 

(Standard Cubic Meters Per 
Tonne of maf Brown Coal) 

Specific Output (CO + 112), 2,120 7,745' 
(Standard Cubic Meters Per 
Hour Per Square Meter of 
Reactor) 

Carbon Conversion, % 91 96' 

'Maximum
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By raising the pressure to 10 bar it was also possible to 
more than triple the specific synthesis gas yield (to 
7,700 standard cubic meters per hour per square meter 
of gasifier cross-sectional area) compared with the 
atmospheric Winkler process. 

HTW Demonstration Plant 

experience gained with the HTW pilot plant was 
used as the basis for planning and constructing the HTW 
demonstration plant. The engineering work for the 
plant was assigned to Uhde GmbH. The demonstration 
plant is situated at Rheinbraun's Ville/Berrenrath re-
finery. It includes one HTW gasifier (capacity: 30 tons 
Per hour dry brown coal) and all subsequent gas treat-
ment facilities required for the production of specifica-
tion methanol synthesis gas. 

The HTW plant is supplied with dry brown coal (12 per-
cent residual moisture) prepared in the Berrenrath 
refinery. Oxygen is delivered to the plant via pipeine 
by a neighboring air separation plant. Other process 
materials such as process air, cooling water, and con-
densate are supplied via a pipe bridge by the refining 
plant and the process power plant. The gasification 
residual together with the residual dust from the gas 
scrubber is conveyed to the process power boilers, while 
the process waste waters are fed to an existing waste 
water treatment facility. 

The synthesis gas produced is piped to Union Nra! tstoff 
where its conversion to methanol is to be tested in an 
existing synthesis unit that is presently fed with synthe-
sis gas produced from residual oil. 

PrpcesIesfgp 

Dry brown coal is fed into the fluidized bed portion of 
the gasifier through weighing hoppers, pressure locks, 
and feed screws. In the gasifier the brown coal reacts 
with oxygen and steam at a pressure of 10 bar and at 
temperatures of up to about 1,000°C. The oxygen is fed 
at different levels to control the fluidized bed in the 
lower conical section of the gasifier. Above the 
fluidized bed which operates at temperatures of 700 0 to 
800°C is the entrained-phase zone where entrained coal 
Particles and hydrocarbons are gasified at temperatures 
of 1,000°C. The ash- and carbon-containing dust parti-
cles entrained in the raw gas exiting the top of the 
gasifier are separated in the recirculation cyclone and 
returned to the fluidized bed. A second cyclone separ-
ates the remaining finer dust particles. Both the hot 
dust from the second cyclone and the hot ash from the 
gasifier bottom are cooled in separate lock-hopper 
systems, decompressed, and conveyed to the neighbor-
ing process power plant boilers. 

The hot raw gas is cooled to about 350°C in a flue gas 
cooler that generates medium-pressure steam, part of 
which is used as process steam in the gasifier. The 
residual heat of the raw gas is used for steam satura-
tion in a quench cooler in which the gas is further 
scrubbed. The fine-dust separation is effected in a 
venturi washer and a scrubbing tower.

The synthesis gas hydrogen-to-carbon monoxide ratio is 
adjusted to that required for methanol synthesis in the 
conversion reactor where carbon monoxide is converted 
with the necessary amount of steam into hydrogen by 
the water-gas reaction. Because there are sulfur 
compounds In the raw gas, a sulfur-resistant conversion 
catalyst is used. 

After pressurizing to 37 bar, the shifted gas is fed to a 
one-stage Rectisol carbon dioxide/hydrogen sulfide 
scrubber. The scrubbed and treated synthesis gas that 
meets specification exits the carbon dioxide/hydrogen 
sulfide scrubber and is piped to Union Kraftstoff. The 
carbon dioxide/hydrogen sulfide mixture separated in 
the scrubber Is fed to sulfur recovery. Part of the 
scrubbed carbon dioxide stream is used as pressurizing 
gas for the coal, ash, and dust lock hoppers, while the 
remainder is discharged to the atmosphere. The hydro-
gen sulfide Is converted into salable elementary sulfur. 

As summarized inj_e2, the HTW demonstration 
plant is designed for an hourly throughput of approxi- 
mately 25 tons of dry brown coal (ma!) at a rated 
pressure of 10 bar. Very conservative design criteria 
set the carbon conversion rate to 91 percent, the speci-

TABLE 2 

DESIGN DATA OF THE HTW 
DEMONSTRATION PLANT COMPARED WITH 

EXPERIMENTAL RESULTS OF
THE HTW PILOT PLANT 

UT W 
Demon-
stration

'T'2 'ot Plant Plant Experimental Results 
Plant Design Increased 

Design Through- Through-
Data put put 

Pressure, Bar 10 10 10 
Spec Oxygen Supply, 0.42 0.43 0.37 

(m 3 (STP)/kg 
BCmaf) 

Coal Throughput 24.6 0.88 1.58 
(T BC	 maf/h) 

Carbon Conversion 91 95 88 
Ratio (%) 

Spec. (CO + 112) 1,418 1,580 1,383 
Yield (m3(STP)/ 

BC	 ma!) 
(CO + 112) Produc- 34,812 1,387 2,190 

tion (m 3 (STP)/ 
ii) 

Space-Time Yield 1,741 2,237 3,532 
(CO + 
(m 3 (STP)/ 
m 3 x h) 

0C = Brown Coal
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fie synthesis gas yield to 1,420 cubic meters (STP) per 
ton brown coal (maf), and the space-time yield of 
carbon monoxide plus hydrogen to about 1,750 cubic 
meters (STP) per cubic meter per hour. Column 2 in 
the table gives performance data of the pilot plant for 
the originally rated throughput of approximately 0.9 ton 
brown coal (m f). After Rheinbraun researchers deter-
mined that the pilot plant was still far fron. reaching 
the limits of its capacity, some modifications were 
made to increase throughput by approximately 60 per-
cent to about 1.45 tons per hour of brown coal (maf). 
Gasifier and raw gas treatment units remained un-
changed. Column 3 lists experimental results from the 
pilot plant after plant modification. 

Costs and Schedule 

Total capital investments are about DM250 million. 
However, by choosing the Berenrath refinery location it 
was possible to use some of the existing infrastructural 
facilities. 

After basic engineering had been completed and per-
mits were granted in 1981, detail engineering and site 
preparation were started. In 1982 and 1993 long 
delivery items wre ordered. By late October 1985 
construction of the KTW demonstration plant including 
functional testing was completed allowing commission-
ing work to start. The plant was started up in early 
1986. During several processing periods that have been 
conducted to date the researchers report that the 
demonstration plant has achieved good efficiency, com-
parable to pilot plant results. 

LARGE-SCALE TEST OF AUSTRALIAN BROWN COAL 
IN HTW GASIFIER IS PLANNED 

In April 1985, an agreement was reached between a 
consortium of German companies headed by Uhde 
GriThH and the Government of South Australia to test 
gasification of low-rank coal from Australia. Brown 
coal from the Bowmans deposit north of Adelaide is 
being tested in the High Temperature Winkler (HTW) 
gasification process. Additionally, a detailed design 
and feasibility study is being conducted to evaluate a 
600 megawatt integrated gasification combined-cycle 
(IGCC) power station. 

Approximately 10 tonnes of coal were shipped to West 
Germ 0 y, and were successfully gasified from August 
to October 1985 in a small-scale process development 
unit located at Aachen, Federal Republic of Germany. 
Tests using both the air- and oxygen-blown modes of 
operation were successful. High levels of mineral 
impurities in the coal were of concern to the research-
ers. These minerals could potentially produce acids 
that would cause excessive corrosion. However, gas 
analyses performed during the PDU tests did not detect 
hydrochloric acid in the product gases. 

Dependent on the results of corrosion tests currently in 
progress at Mannesmann Research Institute in Duisberg, 
FRG, the Consortium plan to gasify 1,000 tonnes of 
Bowmans coal in late 1986 in the Rheinbraun Pilot 
Plant at Frechen-Wachtberg, FRG. (See the companion 
article in this issue.) If satisfactory results are 
achieved in those tests, a report on project feasibility is 
due by mid-1988.	 # # #

PYROLSYSIS AND LIQUEFACTION PROCESSES 
EVALUATED FOR ALBERTA COALS 

As a part of a long range coal research program, a 
project to evaluate Alberta plains coals was initiated in 
1991 under the sponsorship of the Alberta/Canada 
Energy Resources Research Fund. The project goals 
were to establish methods of reliable laboratory assays 
and to select coal feedstocks best suited to specific 
processes. A report entitled "Evaluation of Alberta 
Plains Coals for Pyrolysis and Liquefaction Processes" 
that summarizes the results of the project was recently 
released by the Alberta Research Council. Eleven coal 
specimens were included in the project representing 
central Alberta coal deposits from the basin north to 
south and east to west of four major coal formations. 

Alberta coals underly at least 26 percent of the total 
area of the province, of which about 86,400 square 
miles are in the plains region. Mineable coal is found in 
two major stratigraphic horizons, namely, Lower Creta-
ceous (restricted to the mountain region) and Upper 
Cretaceous and Lower Tertiary (found in both the 
foothills and plains regions). 

By far the largest pecentage of mineable reserves are 
subbituminous C, B, or A. Three major plains zones are 
Oldman, Edmonton (Horseshoe Canyon) and Paskapoo. 
A fourth zone, Lower Cretaceous in age, underlies the 
plains at great depth. In the Alberta plains, the ASTM 
coal rank ranges from high volatile A subbitunlinous to 
lignite A. The highest rank is the deposit along the 
southwest boundary of the plains near the Rocky 
Mountain foothills, with rank decreasing eastward and 
northeastward. 

Test Coals 

For the project, 15 "coal regions" were delineated for 
studies suited to the liquefaction and pyrolysis process 
industry. As shown in Figure 1, these regions consist of 
57 "deposits." From 1981 to 1983, the Alberta Re-
search Council Coal Sample Bank collected representa-
tive specimens from 11 such deposits as reference sam-
ples. Figure 2 describes the location of coal specimens 
within a geological stratigraphic model. Table 1 gives 
the composition of the samples studied. 

All eleven coals were characterized by their pyrolysis 
behavior. For liquefaction studies, eight coals were 
tested by Alberta Research Council researchers and 
four coals by Japanese researchers. 

The petrographic compositions of all samples were 
determined independently at the Alberta Research 
Council laboratory, and of five samples (coals 1 and 5 
to 8) by the Japanese Geological Survey Laboratory. 
Using vitrinite content as a reactivity indicator for 
pyrolysis and liquefaction properties, the Horseshoe 
Canyon coals were more enriched with reactive macer-
als than the other three formations. The Oldman 
deposit ranks second, followed by the Paskapoo and 
Obed-Marsh deposits. 

4-54	 SYNTHETIC FUELS REPORT, JUNE 1986



EastlSouthea,t West/Northwest

year; tipperlLowor Paleocene 
2

Paleocene 

I. Smoky Tons 
2, Fos Cr•.k 
3, Judy Cisek 
4. E90 t.•k. 
5. HI9hvaI• 
6. Totl.Id.SouIi, 
T. Ardley 
I. Vest. 
9. Sheerness 
ID. BIaCkIool.W.sl 
I,. Sow Oily-Antelope 
- MOUNTAIN

REGION 
FOOTHILLS 
REGION 

O PLAINS 
REGION

Alberta Coal Deposits

FIGURE 2 

SPECIMEN LOCATION AND STRATIGRAPHIC MODEL

...NrumheIIer	 year 

TerIlary/Cretaceous boundaryOj (A3 ® 
"tvear 

Battle Formation (volcanic ash) 

Location of Test Samples 

1. Smoky Tower 2. Fox Creek 3. Judy Creek 4. Egg Lake 	 5. Highvale	 6. Totield•south 
7. Ardley	 8. Vesta	 9. Sheerness 10. Blackfoot-west II. Dow City 

.'	 ID 
0 

kI	 Ott 
0	 100 mIles 
to	 ihocm

C

4-55	 SYNTHETIC FUELS REPORT, JUNE 1986



TABLE 1 
The proximate and the elemental analysis of reference samples of Alberta plains coal deposits (percent) 

Sample specIficatIon
Capacity Volatile Find 

Nam. Number' RegIon' moisture' Ash' mattes carbon' Carbon' Hydrogen' Nitrogen' Sulfur' 
Smoky Tower 1 - 16.0 20.0 43.4 56.5 75.8 5.1 1.11 0.54 
Fox Creek 2 1 16.6 16.5 40.0 60.0 75.6 4.2 1.10 0.50 
Judy Creek 3 2 19.8 16.0 40.5 59.5 15.1 4.1 0.87 0.43 
Hlghvale 5 4 19.6 11.4 39.6 60.4 75.0 4.4 1.08 0.19 
Ardley 1 6 19.3 20.0 39.3 60.7 75.7 4.2 1.17 0.45 
Blackfoot 10 13 16.2 19.4 43.0 57.0 76.8 5.1 1.70 0.80 
Blackfoot (JM)' ba IS 20.2 8.3 44.2 55.8 71.5 4.1 1.82 0.41 
Blackfoot	 P)7 lOb 13. 19.0 7.0 41.3 58.7 74.1 4.3 2.00 0.48 
Egg Lake 4 7 25.2 14.6 43.2 56.8 74.2 4.5 1.62 0.42 
Tofleld 6 8 23.3 24.4 43.8 56.2 73.4 4.4 1.64 1.20 
Vests 8 9 24.6 12.2 41.9 58.1 74.4 5.0 1.50 0.63 
Sheerness 9 II 25.6 10.9 43.2 58.8 73.7 4.6 1.68 0.81 
Bow City 11 IS 15.7 13.7 47.1 52.9 75.8 5.4 1.83 0.89 

Sample Cation number - see figure 2 
'See Campbell 0 al. (1983). ARC Information SaSs 101. 

Weight percflge of wet coal. 
'Weight percentage 01 molstun4ree coal. 
I Weight percentage of moisture ssh4re. coal. 
• Blacidoot (Jerry mine). 
'Blacidoot (weal pit). 
Note: Oxygen content - 100 - (C + H + N + S) weight p.....9e of moisture. aeh.lre. coal. 

The other reactive macerals, particularly liptinite, also Five different process modes, summarized in Table 2, 
vary among the coals. 	 Liptinite may be responsible for provided variability in solvent properties, catalysts and 
tar yield in the pyrolysis process. 	 Deposits from the reducing atmosphere. 
Paskapoo Formation showed the highest concentration 
of liptinite.	 Obed-Marsh and Horseshoe Canyon coals TABLE 2 
had comparable	 liptinite	 distribution.	

The
	 Oldman Ponot,eIorsguetacta.,s 

Formation coals had the least liptinite content. 	 The ..	 te.e	 Pifl 

coals from the Oldman and Obed-Marsh Formations " 
showed the highest maturation. 	 The Horseshoe Canyon C.,3°*H.nre	 045	 X.470	 10.5 

coals are the least mature.	 Coals from the Paskapoo PC.l Ice')	 Cos. heesewed fl.a.e S. H, 
asu.o	 3°	 3°0	 10.5 

Formation are of medium rank between the Horseshoe 'C 

Canyon and Oldman formations. mctdr.3, ces	 a	 101 
Pl)	 C LIsela im n. K, -.	 iTt	 100	 10.5 

Coe - -. CO on. ace, 
peg, ,a	 50	 400	 7.0 

Experimental Procedures  PG	 Cot& fl.e	 . CO a.	 1.
Ic,

The ISO-approved Fischer-Schrader assay method was 
used to establish the pyrolysis behavior of eleven coals. 
A packed bed of coal is heated in an aluminum retort 
from ambient temperature to 550°C at a rate of 6.5C° 
per minute over 1.5 hours. The water and tar of the 
volatile products are condensed in a tar condenser at 
ice-bath temperature, high-resolution gas chromato-
graphy determined the gas composition, and the char 
samples were analyzed for proximate and elemental 
studies. Also, a programmable thermogravimetric 
analyzer examined the weight loss of the coal speci-
mens under defined conditions of sample size, particle 
size, carrier gas flow rate and heating rate. 

For the liquefaction experiments, all tests were con-
ducted in a one-litre stainless steel autoclave equipped 
with a magnetic stirring system and internal cooling 
coil. A mixture of pulverized coal, solvent (1 part daf 
coal, 2.5 parts solvent) and catalyst (1 part daf coal, 
0.03 to 0.05 part catalyst) was used in the tests.

Pyrolysis Results 

Using scouting experiments with the programmable 
thermogravimetric apparatus (TGA), the researchers 
determined parametric conditions that duplicated 
Fischer-Schrader results with TGA. The researchers 
were able to demonstrate that heating these coals to 
550°C in a static bed of bulk sample (20 to 30 grams) 
over a long period (6 Co per minute for 90 minutes), or 
rapid heating (500 per minute for 10 to 12 minutes) of a 
micro sample (20 to 30 milligrams), yielded comparable 
char and volatile materials. Also, the "fixed carbon" 
remaining in 4000 or 550°C chars is very close to ASTM 
fixed carbon of the original coal, indicating that net 
volatile yields from these coals are independent of 
particle size and mode of heating. Thus, the research-
ers conclude that flash heating or sequential heating to 
higher temperatures will not increase the yields of 
volatile products above ASTM volatile matter contents. 
Pyrolysis results at 550°C are given in Table 3. 
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TABLE 3 

Pycotis 530'C) product déltribu610n: c&cuSt.d .t,d .xp.qim.ttsl 

cc- lftawrstoh.. -r - tb66 
..A0p8 	 '.au46 ci.., W. Nos so c,.c. mi, • ii.s + ii. 04,T. 

64'd,y T	 264t6264 71.1 6.1 0.6 0.6 0.4 16.5 71.1 Li 12,2 7.1 
Ps C...&	 Na,lAsNal 
Cq,HN,.,5._4O, s.t,.mM

731 5.7 '.75 ON 0.4 3.7 74,1 6,7 IO.0 6,3 
.Jdy O..i	 6Sait.4 73.6 6.7 41 0.6 01 12,3 CmilnII,.,S..On	 np.S....flsi 74.5 4.7 11.6 LI 
Hlw.	 c, 
C,&l_N.3_aO,,	 l..0ffi16qt5j

747 
74,6

6.6 
6.'

1.3 0.4 0.4 '3.4 
12.7 34 

ISietis- 
C_Ol.,Il,.,3,.O,,

76,0 
75.'

10.3 U 04 0.4 11.1 
....,.._ 00,3 Ii.' 31 

V.	 NlMASW 
C,.HN,,,3,Ø,5

11.1 
66.6

6.6 3,6 0,6 0.3 14.2 
.46.,M,.6651 4.6 15.3 0.1 

650 154.	 csc.issd 71.0 10.1 3.4 as as 13.4 CvHSI,.,5.oO,, 	 fl4 70.7 10.6 12. ' 4.6 
65.d0006, Jsny '4016 0*00(41054 65.6 6.6 6.4 04 0.7 10.1 C,,H..N,.J,,o,,	 11p644016.15i 65.5 4.6 16.1 3.6 

PS	 NlINIsd 73.2 4.7 4.6 1.4 as 10.3 C.,01,M,.,&,0,..	 soonssoN 732 6.7 12,2 4.4 
60. Cly	 MSSIWW 

so$lth'nI
66.7 
66.5

7.2 
7.2

5,0 1.6 
I3.

0.5 16.9 
12.7 

Cntsi. 4..- an so - vs a .- '4- ll	 '401 - 

The gas compositions are shown in Table 4. The re-
searchers found that high values of carbon dioxide were 
compensated by low values of methane, and vice versa. 
This relation is not true for comparative yields of 
carbon monoxide and methane. From these results, the 
researchers believe that the oxidation state of volatile 
carbons in this set of coals has a specific distribution 
pattern--high oxidation states of volatile carbon struc-
tures are associated with high yields of carbon oxides, 

TABLE 4 
mon 6000016) 

- - P wasso, SUNNI,. Iw .Midy IN YIn '-.tr M7 6 
a'.. T.-

Oa 
CO 14.54 14.40 21.40 16.10 16.10 15.10 '4.60 15.10 17.10 1910 
CO. 45.24 64.40 44.50 66.0* 56,70 45.50 64.10 46.60 64.50 0010 
H. 6.77 2.10 4.0* 4.60 6.70 710 410 4.10 410 6.20 
04. 11.00 10.70 21.70 14.10 11.60 11.70 14.00 1010 01.50 14.50 
Cub 2.00 0.10 tX 110 1.10 2.0* I  2.10 1.54 2.16 
Coil,

 
IM 010 110 L10 013 1,43 0.46 110 L34 0.66 

Coil, Ia Mn 110 0.54 1.01 1.31 '.10 110 1.10 1.00 
004, III 0.66 -	 010 0.70 0.66 1.00 IN Ifl 019 010 

0.19 0.10 0.16 0.13 0.14 0.16 0.16 0.26 0.16 0.16 
Coil,.. 011 Om 0.50 0.04 014 0.0* On 0.0* ON 0.0* 
CJi. 0.64 0.11 019 0.46 0.61 0.74 to 0.51 010 0.11 
C.44.i" 010 IN Om 0.04 0.04 0.19 0.10 0.10 0.17 0.14 
04.5 019 019 a. 0.54 . 019 on 019 0.41 010 0.46 

0,0* 0.01 019 - 019 019 0.01 0.01 - 0,01

- - 

which proportionately depress the methane yields. Also 
a general trend of high tar yields from coals with low 
oxidation states of volatile carbons, and consequently 
low char yields, was observed but the relative standing 
of individual coals showed some anomaly. 

Liquefaction Results 

The experiments conducted to study the liquefaction 
properties of these coals simulated the process condi-
tions of the I. G. Farben process (PC-1), improved I. G. 
Farben process with dispersed catalyst (Pc-3), co-
STEAM process (PC-2), and innovative process using 
novel solvent or novel concept (Pc-4). The results are

summarized in Tale5 for conversion and Table 6 for 
liquefaction yield values. 

The spread between runs is indicative of process sensi-
tivity to variations in coals. PC-3, the improved I. G. 
Farben process with dispersed catalyst, displays the 
least sensitivity and PC-I, classical catalytic hydroli-
quefaction, the highest sensitivity. Process sensitivity 
is more pronounced with Paskapoo coals which are less 
reactive than the Horseshoe Canyon coals. 

From the standpoints of both conversion and liquid 
yields, the coals can be grouped into reactivity groups 
which coincide with geological formation; the Horse-
shoe canyon coal is more reactive than Paskapoo coal 
and the Smoky Tower (Obed-Marsh Formation) coal has 
intermediate reactivity. 

The processes, PC-3 (hydroliquefaction) and PC-2 (sol-
volytic liquefaction), gave the highest net liquid yields. 
PC-4-2 was particularly effective for low reactivity 
coals (Paskapoo Formation) when bitumen was used as 
solvent. In the novel solvent process, PC-4, carbon 
monoxide is more effective than hydrogen to generate 
liquids from coals. 

Discussion 

The pyrolysis results (Fischer-Schrader assay) showed 
that the char of the ten coal samples have identical 
carbon and hydrogen contents. The oxidation state of 
the volatile carbons determines the composition of 
gaseous products and the yield of tar. Of all elements, 
nitrogen is the least volatile and is preserved in non-
volatile char. 

The researchers assume that if at least one nitrogen 
atom is left behind from a hypothetical coal molecule, 
the equivalent weight of the char can be calculated 
from analysis of the char. Having established the unit 
weight of char, other volatile components can be added 
to synthesize the original hypothetical coal molecule. 

Thus, hypothetical unit structures of coals and their 
pyrolysis product distribution based on the elemental 
compositions of chars and coals are computed and given 
in Ie 3 and Figure 3. The computed oil and tar 
yields, which are two to three times higher than the 
experimentally determined tar yields, should include 
the gaseous hydrocarbons and phenols. The computed 
gas yield is therefore minimized. 

This study suggests that between 6 and 10 percent of 
coal mass is volatilized into light oil products, and the 
oil plus tar yields reported by Fischer Assay are gen-
erally low. 

This analysis produces the following decreasing pyroly-
sis reactivity order: 

High Bow city (20.5), Smoky Tower (17.1), Vesta 
(14.8), Egg Lake (14.0), Fox creek (14.2), 
Highvale (13.8), Judy Creek (13.1) 

Low Blackfoot (11.7), Ardley (11.5) 
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TABLE S
FIGURE 3 

COMPUTATIONAL DIAGRAM: 
COAL STRUCTURE AND PYROLYSIS PRODUCTS 

Connrlcn v.Jun (or Owflcton p.00060659)10094.100.1) 
Cod *0100 0*0000*0116 

PC-I PC-a PC-3 P0.4-I PC-I-a £n'oge 

Scroly To*or 60.6(4.0) 00.644.5) 62.5(0.7) 04.5(2.6) 54.5(0.0) 46 
true CipoS 77.5(5.5) 05.6(7.5) 06.0(0.0) 04.5(1.4) 67.0)1.4) 45 
J'idyC..64 75.5(5.3) 01.0(5.0) 065(2.5) 12.5(2.1) 12.5)01) 54 
KlOnaft fl70(,3) 76.3(12.1) 030(7.4) 03.0)21) 54.0(1.7) 75 

W32) 75.7(7.0) 06.1)1.2) 5534)5.3) 51.0(1.4) 75 
£99 Uk. 07.5(4.2) 05.3(0.6) 05.5(017) 03.7(12) 53.7)0.3) 03 
V.a 62.5(3.0) M0.6) 03,5(0.7) 04.0(3.0) 04.5(0.7) 05 
0600* PE..t 91,5(1.4) 03,0(0,7) 04.0(0,7) 02.5(07) 05.3(06) 03 
l	 1)4it*0ii ,.n.*	 *5	 4	 i i	 Ifl. 4i00 53.005. .1... a.i.io.' .. coin icon.'.).

TABLE 6 
NO 0sid y4.)ds bn.d an bias). run 0005&intion (9/1009 4*5 £0.1) 

OW	 P0-2	 OW 

Cieft 3. OSiidl 
(3.o s'.'sq.l	 50.0	 34.6	 54.0	 47.2 

Cod I	 56.0	 10.0	 55.0	 43,0 

Cal 6. 6 and - 
Final,105(696)	 01.5	 452	 40.0	 45.4 

Seenue	 *fl00000. 06	 04.1.116.1	 4.5cc 06	 04w,.. 
R	 am	 H.	 H,	 C044,O	 CC*4,O 

	

11.6*0a-a Worn 5.0006 c000riJo	 a6'nd 5.000,06000.1* on ..Woco 005 

The number in parenthesis represents potential yields of 
hydrocarbon gases, oil and tar from 100 parts of mois-
ture and ash-free coal materials This order can be 
correlated with the depositional history or geology of 
the coals. According to the researchers, although the 
porosities and surface areas do not affect the pyrolytic 
reactivity of these coals, the rank and composition of 
the macerals do influence product yields. 

The behavioral differences of the individual Cretaceous 
subbituminous coals subjected to solvolytic liquefaction 
can also be related to the depositional history or 
geology. The researchers found that, in general, lower 
ranks have looser chemical structures, consequently the 
coal is more reactive for solvolytic liquefaction. The 
researchers also found that thermal cleavage of oxygen 
functions apparently occurs more extensively in solvol-
ytic liquefaction (77 to 89 percent) than in pyrolysis (56 
to 76 percent). The loss of oxygen during liquefaction 
is not only higher, but also differs among specimens and 
process modes. Coals 7, 2, and 8 show increased 
conversion with increased loss of oxygen, but a reverse 
trend is observed with coals 1, 3, and 5 where higher 
deoxygenation accompanies lower conversion. 

The researchers also found that solvents act as one of 
the reactants and are transformed into products having 
different boiling points and other properties. Most of 
the transformed solvent, after reacting with coal, ap-
pears in the soluble products. 

Besides coal reactivity, solvent characteristics may 
also be responsible for the divergence in conversion 
data among the processes. Hydrogenation of anthra-
cene oil (PC-3) provided the highest solvolytic liquefac-
tion of this set of coals. Naphthenic solvent, derived by 
in situ reaction of coal and bitumen (PC-4-1), ranked 
second in conversion reactivity; and aromatic (anthra-
cene oil) solvent ranked last. This order of effective-
ness is derived from test runs with hydrogen as the 
reducing gas. However, anthracene oil and bitumen 
with carbon monoxide and steam gave comparable con-
version (87 +1-5 percent).	 Thus, efficiency of the
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process modes depends on the solvent and reducing 
atmosphere used. 

Liquefaction Reaction Model 

From these findings the researchers suggest a simple 
reaction model: the coal and the reacted solvent frag-
ments get locked into a postulated intermediate species 
which is a non-distillable but souble product. After 10 
to 30 minutes the intermediate gradually breaks down 
to gaseous hydrocarbons (Cl to C9), distillable liquids 
(HC), and extractable and non-extractable matter. 
Hydrocarbon gases (Cl to C4), which evolve along with 
carbon monoxide and carbon dioxide, may form pyroly-
tically from coal or from coal-solvent intermediate 
adducts. 

The researchers found that, for the whole set of coals, 
the physical properties such as porosity have very little 
effect on processing behavior. The expected increase 
in hydrocarbon product due to increased reactive mac-
eral content occurred win three coals: Ardley, Smoky 
Tower, and Bow City. Coals from other deposits 
(Highvale, Fox Creek, Judy Creek, Vests, and Egg Lake) 
did not exhibit this increase. Thus, the researchers 
conclude that maceral components, by their presence 
alone, can predict some conversion behavior, but not 
the total yield. 
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Also, a general trend of increased hydrocarbon yield by 
pyrolysis occurs with increasing huminite random re-
flectance (percent Its), but this does not hold for total 
liquefaction conversion. 

The coals responded to processing according to certain 
chemical parameters. With Increasing size of the coal 
molecule, the Fischer char yield Increased and hydro-
carbon gas, oil, and tar yields decreased. A similar 
trend, though not as prominent, was observed in lique-
faction reactions. Additionally, liquefaction conversion 
values decreased as aromaticity increased. Lastly, 
besides their molecular sizes, the orientation of the 
elements (especially oxygen) within the molecular 
framework may induce the individual heterogeneity of 
the coals.
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ENVIRONMENT 

COMPREHENSIVE STUDY ON POTENTIAL HEALTH 
EFFECTS OF COAL CONVERSION COMPLETED 

A major effort has recently been completed to compile, 
integegrate, and evaluate a chemical, physical, toxico-
logical, and engineering data base that has been devel-
oped over the last decade concerning the properties of 
coal conversion (liquefaction and gasification) mater-
ials. This effort was contracted by the United States 
Department of Energy (DOE) and involved several lab-
oratories, Organizations, and individuals. A paper pre-
sented at the Miami International Conference on Alter- 
native Energy Sources in December 1985 summarizes 
the results of the effort. 

Thi results indicate those properties/charcteristics 
(i.e., boiling point and degree of aromaticity) of coal 
conversion materials that most directly relate to toxic-
ological efects. Toxicological endpoints discussed by 
the researchers emphasize mutagenic and carcinogenic 
responses. 

Objectives of the effort were to (1) identify and evalu-
ate long-term health and environmental issues asso-
ciated with coal conversion, (2) evaluate options to 
permit environmentally acceptable design, and (3) as-
sess risk to man and the environment from deployment 
of a large-scale coal conversion industry. To achieve 
these objectives, working relationships were established 
between research laboratories and process developers. 
Materials were evaluated by the scientists that repre-
sented all major coal liquefaction and several gasifica-
tion process options. 

Reference material including shale oil, crude oil and 
refined petroleums, and pure forms of known chemical 
mutagens and carcinogens were studied concurrently 
for comparison purposes and to place results obtained 
with conversion materials in clearer perspective. 

Research Strategy 

Because no large-scale coal conversion facilities exist 
in the United States the scientists researched and 
assessed materials produced at small-scale facilities 
that were considered generically representative of 
large-scale operations. In this effort, health and envir-
onmental research accompanied engineering develop-
ment so that results might influence final process 
designs. 

Chemical fractionation and detailed chemical analysis 
were used to identify components of the coal-derived 
materials that were of greatest concern. Some mater-
ials were subjected to whole-animal studies to evaluate 
potential carcinogenicity, teratogenicity and/or other 
toxic effects. 

The influence of process or operational modifications 
and control technology options on potential health and 
environmental effects of coal conversion materials was 
also evaluated. Short-term assays, coupled with inte-
grated chemical factionation and analytical methods, 
were applied to determine which components of coal

conversion materials were responsible for toxicological 
activity. 

Results and Conclusions 

In general, carcinogenic activity of many crude coal 
conversion materials was greater thanthat observed for 
shale oil and petroleum. Carcinogenic activity of frac-
tions of some coal conversion materials was greater 
than that of unfractionated materials. 

Over the range of coal conversion materials analyzed, 
boiling point and extent of aromaticity (and thus hydro-
genation) were found to be the most reliable predictors 
of mutagenic and carcinogenic response. The research-
ers found that coal liquefaction materials with 95 per-
cent distillation temperatures above 700°F and having 
hydrogen/carbon ratios (a measure of aromaticity) less 
than 1.5 were consistently mutagenic and carcinogenic 
regardless of the process from which they were derived. 
Materials with 95 percent distillation temperatures be-
low 650°F and having aromaticity greater than 1.5 were 
generally inactive. Factors such as coal type and 
handling, specific process design and others appeared to 
have little influence on toxicological activity. 

Hydrotreatment reduced the mutagenic activity of 
higher-molecular-weight hydrocarbon (in cellular assays 
and carcinogenic activity in whole animal systems). 
Because of reduced aromaticity, hydrotreated products 
can have greatly reduced mutagenic or carcinogenic 
activity even though their 95 percent distillation tem-
peratures exceed 650°F. Reduced aromaticity after 
hydrotreatment reflects the destruction of higher mole-
cular weight polycyclic aromatic hydrocarbons (PAH), 
nitrogen-containing polyeyclic aromatic compounds 
(N-PAC), and related compounds that are responsible 
for mutagenic and carcinogenic activity. 

As part of the same study researchers at Pacific 
Northwest Laboratory recently proved the opposite to 
be true in the effect of catalyst deactivation. Their 
assessment of the effects of process in time (or cat-
alyst age) on coal-derived materials showed an increase 
in aromaticity and an increase in the proportion of 
material boiled above 975°F. This was due to increases 
in the compounds PAL-I and N-PAC, which also means 
an increase in the mutagenic and carcinogenic activity. 
The Pacific Northwest Laboratory scientists concluded 
that catalyst deactivation during the course of the 
runtime not only lowers coal conversion but also in-
creases toxicologic activity. 

The scientists feel that these findings have significant 
implications for coal conversion process developers and 
engineers concerned with preventing potential toxicolo-
gical problems in the work force and general populace. 
Short-term data from coal liquefaction pilot-scale faci-
lities are encouraging and suggest that if worker expo-
sures are monitored, and sound industrial hygiene pro-
cedures are applied, occupational health problems can 
be minimized.

-

- 
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Summary 

Potential health and environmental risks associated 
with development and deployment of a large-scale coal 
conversion Industry were assessed during the early 
stages of technology development. Although engineer-
ing and economic factors remain paramount, the health 
and environmental data base has been considered in the 
design and decision-making process. A diverse group of 
chemists, biologists, and engineers undertook a cooper-
ative interdisciplinary effort supported by the DOE to 
solve environmental problems before process designs 
were final and facility construction began. These 
efforts provided guidance for identifying commercial 
products with minimal health risks (e.g., selective dis-
tillation and hydrotreatment) to minimize adverse 
human health and environmental risks. Additionally, 
control technology options, mitigative strategies, and 
accident prevention, spill cleanup, and solid-waste dis-
posal procedures have been suggested. The scientists 
noted that except for acute toxicity, coal liquids cur-
rently projected for commercial use are not expected 
to have higher toxicological activity than shale oil or 
petroleum. 

REAGAN ADMINTRATION ENDORSE 
ACID RAIN REPORT 

In mid-March President Reagan endorsed the acid rain 
report prepared by Drew Lewis and William Davis, 
Special Envoys to the President and to Canadian Prime 
Minister Mahoney. This Joint Report of the Special 
Envoys regarding transboundary acid rain was issued on 
January 8, 1986. (See the March 1986 Pace Synthetic 
Fuels Report, page 4-40.) Reagan's endorsement of the 
Report, which concluded that acid rain is a serious 
environmental problem, is the first official acknow-
ledgement that the problem exists and that coal-fired 
power plants and industrial emissions are the basic 
cause.

In his official press release, the President stated that 
although emissions declined significantly from 1973 to 
1983, "more needs to be done." Therefore, he promised 
that "as recommended in the Joint Report, the Admi-
nistration will pursue a program to develop and demon-
strate innovative control technologies." He stated that 
the cost-shared industry/government Clean Coal Tech-
nology Program funded for nearly $400 million by Con-
gress will be implemented. (See the article entitled 
"DOE Receives 51 Proposals for Clean Coal Program" 
in the Government portion of this issue for the status of 
this program.) In reference to the Special Envoys' 
Report that recommended a $5 billion program for 
commercial demonstration of clean coal technologies, 
Reagan also pledged that "although it does not now 
have all of the funds, the Administration will seek to 
provide In the future the funding recommended in the 
Joint Report. We will also encourage states to under-
take similar efforts, as several have already done." 

The President also directed federal agencies to take the 
following steps to implement the cooperative activities 
and research recommendations of the Special Envoys: 

• identify and assess cost-effective and innova-
tive approaches leading to reduced emissions of 
pollutants linked to acid rain. 

• Strengthen bilateral consultation and informa-
tion exchanges with Canada. To this end, the 
Secretary of State was directed to establish an 
interagency advisory group on transboundary air 
pollution to provide advice to the President and 
to serve as a forum for discussion with a 
similarly constituted Canadian group. 

• Conduct a coordinated interagency review of 
relevant research. The Administration has re-
quested $85 million for FY 1987 to assess the 
causes, effects, and possible methods of mitiga-
ting the results of acid rain. 
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RESOURCE 

RECORD OF DECISION DOCUMENTS NEW FEDERAL 
COAL LEASING PROGRAM 

As described in the March 1986 Pace Synthetic Fuels 
Report on page 4-41, the Secretary of the Interior 
announced in February that competitive leasing of 
federal coal will be resumed following a two-year sus-
pension. His decisions regarding various aspects of the 
program were documented in a lengthy report entitled 
"Secretarial Issue Document—Federal Coal Manage-
ment Program." The program selected by the Secretary 
is the Bureau of Land Management's (BLM's) preferred 
option that was selected from four alternatives that 
were analyzed in the Environmental Impact Statement 
Supplement issued in October 1985. 

The Secretarial Issue Document (SID) presents and 
analyzes issues related to the leasing component of the 
federal coal management program. In the SID the 
Secretary is given the option to continue the 1979 
program, as modified; select an alternative leasing 
program; or decide not to adopt a federal coal leasing 
program at this time. The Secretary is also asked to 
decide on.specific major components of a federal coal 
leasing program; to concur with numerous other com-
ponents; and to decide on two program implementation 
issues. 

Regional coal leasing has been in abeyance since Sep-
tember 1983, when Congress imposed a moratorium on 
most forms of coal leasing. The SW is the culmination 
of a review of the federal coal leasing program that 
began with the establishment of the Commission on 
Fair Market Value Policy for Federal Coal Leasing (the 
Linowes Commission) over 2 years ago. In response to 
reports issued by the Commission and Congress' Office 
of Technology Assessment (OTA), the Interior Depart-
ment proposed a number of modifications to the coal 
program. The principal thrust of these reports was that 
the Department should: (1) temper its pace of coal 
leasing, (2) improve and better document its procedures 
for receiving fair market value, and (3) take care to 
balance competing resource uses in making leasing 
decisions. The BLM believes that the most effective 
way to comply with the Linowes Commission and OTA 
reports is to have a formal, comprehensive program in 
place to respond to market demand for federal coal 
leasing. 

The EIS upon which the Secretary primarily based his 
decision analyzed as its Proposed Action the environ-
mental impacts of continuing the modified regionally 
based federal coal leasing program. Three other alter-
natives to that program were also studied: leasing by 
application, preference right and emergency leasing 
only, and no new federal leasing. The analysis in the 
SID and the EIS concludes that no single environmental-
ly preferred alternative can be identified for the nation 
as a whole. 

As a final action in implementing the Linowes Commis-
sion and OTA Report recommendations, the Secretary 
was asked to decide several issues that were either 
found to be a source of controversy or that require

specific Secretarial-level guidance.	 These issues 
include: 

• Whether to continue to rely in any way on pre-
1976 land use plans that have been amended to 
comply with FLPMA, or to resume leasing only 
where post-FLPMA plans are completed. 

• How the Interior Department should protect 
resources not listed in the regulations as part of 
the federal coal program unsuitability criteria. 

• Whether to use a three-tiered system of market 
analysis to determine the amount of coal to be 
offered at lease sales. 

• What mechanism(s) to use to assure that coal 
leasing-related decisions are based on adequate 
data. 

• The degree to which the Secretary must accept 
recommendations from regional coal teams. 

• What strategy to adopt regarding negotiating 
the price of federal coal lease tracts. 

• In what form the minimum bid should be set for 
federal coal leases offered at competitive 
sales. 

• Whether bids below pre-sale appraised values 
should be used in calculating a post-sale aver-
age tract value to determine high-bid accep-
tance; if so, what should the cut-off point be. 

• The degree to which a few policy changes and a 
large array of procedures should be encom-
passed within regulations, or treated as internal 
bureau guidelines. 

• The timing of the resumption of coal leasing 
activities. 

The Secretary was also asked to concur with provisional 
decisions on non-controversial issues that originated 
from the reports by the Linowes Commission and OTA. 
The Secretarial Issue Document includes nearly 
30 pages of "Decision Sheets" that briefly describe 
Secretary Hodel's options regarding each of the various 
issues of the federal coal leasing program. These 
Decision Sheets provide a good summary of the current 
federal coal leasing program (as well as other potential 
options that were considered but rejected). The SID 
also includes detailed explanations of the options 
available to the Secretary, and the reasons for ELM's 
preferred choices. 

The most important decision the Secretary was asked to 
make was whether the Interior Department should 
maintain a program that would make regional coal 
leasing of federal coal possible when needed. The 
Decision Sheets do not ask for decisions on the location, 
quantity, or selection of tracts for lease sale. The 
ELM's analysis iii the EIS shows that adequate supplies 
of coal currently exist to meet anticipated demand for 
coal to the year 2000. These supplies may not, how-
ever, represent the lowest cost or most environmentally 
acceptable deposits. 
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Because of the time required to complete planning and 
environmental analysis, the earliest likely date for a 
resumption of a regional lease sales is late 1981. For 
regions that are farther behind In planning, regional 
lease sales night be held in 1988 or 1989, depending on 
decisions regarding sequencing of program implementa-
tion steps. New-mine leases issued in 1997 to 1989 
would just be producing by 2000. 

The final rulemaking implementing the changes to the 
federal coal leasing program approved by Interior Sec-
retary liodel was published in the May 23, 1986 Federal 
Register by the BLM. The rulemaking combines pro-
posed rules which appeared in the Federal Register on 
November 5, 1984 and on March 15, 1985. 

Other sections in the rulemaking which are being 
adopted as proposed include: 

• Replacing use of the term "preferred alterna-
tive" in the EIS decision-making process with 
the term "proposed action." 

• Adding a statement that the recommendations 
of Regional Coal Teams concerning leasing 
levels and regional lease sales will be accepted 
by the Secretary unless there are pee-eminent 
national interest considerations or if the Secre-
tary accepts a State Governors recommenda-
tion instead.

• Commencing regional activity planning with the 
Regional Coal Team's review of land use plan-
ning summaries and a market analysis. 

• Combining the call for coal resource Informa-
tion, made at the beginning of the land use 
planning process, with a call for other resource 
information relevant to evaluating lands for 
Potential coal lease offering. 

• Retaining a minimum bid of at least $100 per 
acre or its equivalent in cents per ton and 
requiring the minimum bid to be expressed 
regionally. 

• Continue to announce all bids at future federal 
coal lease sales when they are opened. How- 
ever, bid opening for single-bid tracts will be 
delayed until multiple-bid tracts have been ap-
praised and the results used to reappraise the 
one-bid tracts. 

• Reinstating the threshold concept, which refers 
to levels at which significant impacts to the 
environment occur as a result of mining. The 
final rulemaking also Includes a clarifying 
amendment stating that the analysis shall ap-
ply, where apropriate, to the region as a whole. 
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RECENT COAL PUBLICATIONS/PATENTS 

The following papers were presented at the Alternate Energy 1 86 Conference at Captive Island, Florida on May 18, 1986: 

Ab Flowers, "People's Republic of China: Coal Gasification." 
Minoru Yoneda, "Japan: Coal Conversion Technology Development." 
James H. Beard, "New Zealand: Methanol-to-Gasoline." 
C. Hoff Stauffer, at al, "Utility Load Growth Scenarios." 
Richard Harrington, "Status of the United States Clean Coal Program." 
Dwain F. Spencer, "IGCC Applications in the Electric Utilities." 
Robert Dietch, "Utilities' Attitudes Toward Synthetic and Advanced Fossil Fuels Technologies." 
R. A. Edelman, "Opportunities in the Industrial Sector." 
Dr. Brian Thompson, "British Gas/Slagging Lurgi." 
Dr. B. Holigtiaus, "Bottrop Pilot." 
Virgil Sabin, "Great Plains Gasification." 
Theo van der Pas, "SASOL Experience and Plans." 
Tetsuei Sueyama, "Ube Industries Ammonia from Coal." 
Dr. James Batchelor, "United States Department of Energy Coal Liquefaction Efforts." 

The following papers were presented at the American Chemical Society Meeting in New York, New York on April 13, 
1986:

J. B. Green, at al, "Separation and Analysis of Hydroxyaromatic Species in Liquid Fuels IL Comparison of 
ArOH in SRC-11 Coal Liquid, Wilmington, California, Petroleum and OSCR Shale Oil." 
H. P. Witschi, at al, "Comparative Toxicity of Crude and Refined Coal Liquids and Analogous Petroleum 
Products." 
B. Schoeny, at al, "Non-Additive Mutagenic Responses by Components of Coal-Derived Materials." 

M. Nishioka, at al, "Identification and Mutagenicity of Amino- and Hydroxy-Substituted Nitrogen and Sulfur 
Heterocycles in a Solvent-Refined Coal Liquid." 
R. F. Henderson, "Classes of Compounds Responsible for Mutagenic and Cytotoxic Activity in Tars and Oils 
Formed During Low BTU Gasification of Coal." 
C. P. Selby, at al, "Chemical Basis for,Photomutagenicity in Synthetic Fuels." 
W. H. Griest, at al, "Comparative Toxicity of Crude and Refined Coal Liquids and Analogous Petroleum 
Products: 11. Chemical Characterization." 
C. W. Wright, at al, "Process Related Effects on the Chemical and Toxicological Characteristics of Coal 
Derived Fuels."	 - 
W. N. Delgass, at al, "Iron Nitride Catalysts for Synthesis Reactions." 
D. J. Dwyer, at al, "The Surface Chemistry of Iron Fischer-Tropsch Catalysts." 

P. A. Montano, "In Situ Study of the Surface Interactions in Coal Liquefaction Catalysts." 
D. L. Roberts, at al, "Alcohol Reaction Kinetics on Copper/Zinc Oxide Surface." 
J. B. Monnier, at al, "Effect of Oxidation States on the Syngas Activity of Transition-Metal Oxide Catalysts." 
J. F. Edwards, at al, "Methanol Synthesis Studies Using In Situ FTIR Spectroscopy." 
H. H. Kung, "Active Sites in the Carbon Oxide Hydrogenation on Oxide Catalysts." 
D. F. Spencer, at al, "Integrated Coal Gasification Combined Cycles (IGCC) - An Emerging Commercial 
Option for the Power Industry." 
G. A. Bornemann, at al, "Commercialization of the Dow Gasification Process." 
W. B. Siegart, at el, "Texaco Coal Gasification Process: Commecial Plant Applications." 
W. S. Jones, at al, "Liquid Fuels from Coal Derived Synthesis Gas." 
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M E. Dry, "Recent Development in SASOL Fischer-Tropsch Technology." 
M. Greene, at al, "LCI Co-Processing: A Family of Technologies for Upgrading Low Grade Feedstocks." 
R. J. Parker, at al, "Coprocessing of Highvale Coal with Athabasca Bitumen in Syngas Mixtures." 
J. M. Lee, at al, "Recent Developments in Two-Stage Coal Liquefaction at Wilsonville." 
R. F. Sullivan, at al, "Refining Coal Liquids: Where We Stand." 
E. C. Moroni, "Direct Coal Liquefaction: Bridging the Gap Between R & D and Commerical Feasibility." 
S. S. Raj, "Pixe - A New Analytical Technique for the Analysis of Coal and Coal Derived Fuels." 
L. M. Stock, at al, "The Ruthenium (VIII)-Catalyzed Oxidation of Illinois No. 6 Bituminous Coal. An 
Application of GC-FTIR Spectroscopy for Structural Analysis." 
C. J. Chu, et al, "Matrix isolation SP It Studies of Coal Tar Molecules." 
D. L. Perry, "Functional Group Analysis of Coal and Coal Products by X-Ray Photoelecron Spectroscopy." 
M. S. Sundaram, at al, "Interaction Between Coal and Methane During Entrained-Flow Flash Pyrolysis in 
Relation to Enhancement in Ethylene Yield." 
M. Kaufman, at al, "Coal Liquefaction in a Fluorocarbon Medium. IL Kinetics of the 1,2,3,4-'Fetrahydroquino-
line Reaction." 

R. L. Miller, "Liquefaction Co-Processing of Coal and OR Shale." 
A. S. Hirschon, at al, "New Catalysts for Hyarotreating Coal Liquids." 
J. Youtcheff, at al, "FTIR Spectrscopic Studies of Coal Liquefaction Products." 
R. P. Warzinski, "Physical Beneficlation of Char and Chemically Conditioned Coal." 

The following papers were presented at the Ninth Annual Energy-Sources Technology Conference in New Orleans, 
Louisiana on February 23, 1986: 

J. W. Wilson, at al, "Overview of DOE/METC Coal Projects and Their Application to Petrochemicals 
Production," 

U. Femmer, at al, "Gasification of Brown Coal for Generation of Synthetic Gas." 
S. K. Jam, "Coal to Ammonia Via the Kellogg/KRW Process." 
G. J. Quardered, "Mixed Alcohols from Synthesis Gas." 

A. Paggini, "Mas Process: From Research to Commercialization." 
E. Supp, "Octomix: A New Technology for Mixed Alcohol Production." 
R. L. Mednick, "Progress in the La Porte LPMEOH PDU Project." 
T. Ohno, "Production of Cl - C6 Alcohols." 
J. R. Rostrup-Nielsen, "Conversion of Coal to Gasoline in One Single Synthesis Loop." 

W. E. Carroll, at al, "Supported Metal Cluster Catalysts for a Slurry-Phase Fischer-Tropsch Process." 
C. H. Bartholonew, at al, "Effects of Metal Crystallite Size and Metal Loading on CO Hydrogenation Activity 
and Physical/Chemical Properties of Iron on Carbon." 
C. N. Satterfield, "The Effect of Water on the Iron-Catalyzed Fischer-Tropsch Synthesis." 
M. F. Zarochaic, at a!, 'Slurry-Phase Fischer-Tropsch Synthesis Using Precipitated Iron Catalysts." 
S. L. Soled, "The Influence of Solid State Chemistry on the Behavior of Slurried Fischer-Tropsch Catalysts." 

N. Berkowitz, "The Chemistry of Coal," Coal Science and Technology. 

Cicero, D.C., at al, "Proceedings of the Fifth Annual Contractors Meeting on Contaminant Control in Coal-Derived Gas 
Streams," May 1985. 

Edwards, M., "Conversion of Methanol to Gasoline," August 1985. 

The following papers were presented at the Ninth Annual Energy Sources Technology Conference in New Orleans on 
February 23, 1986: 

V. J. Flanigan, at a! "Commercial Design of an Indirect-Fired Fluid Bed Gasifier System." 
B. J. Bodnaruk, "The Great Plains Coal Gasification Project Status." 
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The following papers were presented at the 13th Energy Technology Conference on March 17, 1986 in Washington, D.C.: 

Dr. Ghate, "Overview of Progress in Surface Coal Gasification." 

J. Ruether, "Overview of the United States Coal Liquefaction Program." 
E. H. Reichl, "General Comments on Synthetic Fuel." 
Kim Penland, "A Series of Options for the Utilization of Coal." 
J. C. Carman, "Simplified IGCC." 
L. M. Handley, "Fuel Cell Coal Gasification Systems." 
P. A. Berman, "PFB Systems for Power Generation." 
A. L. Lewis, "Phased GCC Capacity Addition." 
J. S. Halow, "A Low-Cost Approach to IGCC Power Generation." 

Electric Power Research Institute publications: 

Conrad Kulik, "Research to Support Development of the Liquid-Phase Methanol Synthesis Process." 
Wate Bakker, "Laboratory Study of Corrosion of High-Temperature Alloys/Coatings In Simulated Medium-
BTU Gas Atmospheres." 
B. Louks, "Competitiveness of Small Power Plants Using Ambient Pressure." 
William Rovesti, "Prediction of Emissions and Performance of Coal Liquids in Tangential- and Wall-Fired 
Boilers." 
Nando Hertz, "Thermal Upgrading of Low-Rank Coal: A Processing-Screening Study." 

Haas, Larry A., "Utilization of Simulated Coal Gases for Reducing Iron Oxide Pellets." 

The following papers were presented at the 1985 International Conference on Coal Science on October 28, 1985 in 
Sydney, Australia: 

G. Tomlinson, "The Impact of Rank-Related Coal Properties on the Response of Coals to Continuous Direct 
Liquefaction Processes." 
B. 0. Strobel, "Experiences from Continuous Hydrogenation of Various Coals." 

K. Hayakawa, "The Bench-Scale Liquefaction of Australian Wandoan Coal." 
Y. Ogo, "Non-Catalytic Reaction of Wandoan Coal with Tetralin Up to 60 MPa Pressure." 
R. Staker, "Hydrogenation Characteristics of Australian Coals —Response of Oil Yields to Process Condi-
tions." 

Xianbin Ye "Study on Direct Liquefaction of China's Yanzhow Bituminious Coal Using Continuous Bench Scale 
Unit." 
0. Okuma, "Dewatering and Liquefaction of Victorian Brown Coal in BCL Process." 
W. R. Jackson, "Hydroliquefaction Studies on Victorian Brown Coals." 
K. Boller, "Co-Processing of Lignite and Petroleum Residue with Different Reactant Gases." 
R. Yoshida, "Three Attempts at Co-Processing; Coal and Shale Oil, Coal and Tar Sand Bitumen, Coal and 
Petroleum Residue." 

P. M. Rahimi, "The Use of 112S as a Promoter in Coprocessing Low-Rank Canadian Coals and Bitumen." 
E. C. Moroni, "Direct Coal Liquefaction: New It & D Direction." 
J. A. Ruether, "Propsects for Coal Liquefaction Using an Aqueous Feed Stream." 
H. B. Wurfel, "On New Steps to Further Improve Coal Liquefaction." 
M. P. du Plessis, "Two-Stage Coprocessing of Alberta's Subbituminous Coals and Bitumen." 
I. Mochida, "Two-Stage Catalytic Upgrading of Coal Liquids." 
I. Rooney, "Particle Separation from Coal Liquefaction Products —Basic Parameters and Their Influence on 
Filtration." 

K. Chiba, "Coal Liquefaction Using Binary Solvent Systems." 
T. Sakabe, "Development of Victorian Brown Coal Liquefaction Process." 
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M. C. Strachan, "The Liquefaction of Victorian Brown coal by Three Different Processes." 
T. Kobe, "Studies on the Mechanism of Wandoan Coal Liquefaction by the Use of Tritium and 14 C Tracer 
Method." 
B. C. Bockrath, "Hydrogen Atom Reactions In Coal Liquefaction." 
A. Wilhelm, Physical and chemical Effects of Hydrogen and Hydrogen-Donors in Coal Dissolution." 
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COAL - PATENTS 

"Coal Liquefaction Process," Charles H. Wright - Inventor, Gulf Research & Development Company; Mitsui SRC 
Development Company Ltd; and Ruhrkohle AG, United States Patent No. 4,569,749, February 11, 1985. A process for 
the liquefaction of coal wherein raw feed coal is dissolved in recycle solvent with a slurry containing recycle coal 
minerals in the presence of added hydrogen at elevated temperature and pressure. The highest boiling distillable 
dissolved liquid fraction is obtained from a vacuum distillation zone and is entirely recycled to extinction. Lower boiling 
distillable dissolved liquid is removed in vapor phase from the dissolver zone and passed without purification and 
essentially without reduction in pressure to a catalytic hydrogenation zone where it is converted to an essentially 
colorless liquid product boiling in the transportation fuel range. 

"Bucketwheel Excavator with Oscillating Nozzles," Hartmut Grathoff (of West Germany) - Inventor, Maschinenfabrik 
Augsburg-Nurnberg AG, United States Patent 4,573,743, March 4, 1986. Instead of teeth or similar cutting or loosening 
means, oscillating nozzles are arranged on the outer backs and the outer side walls of the buckets of the bucketwheel of 
a bucketwheel excavator, the nozzles being capable of being supplied with liquid, in particular water, at high pressure. 
These nozzles enable the excavator to strip or mine deposits of high hardness and strength as well as highly abrasive 
deposits with reduced outage periods and reduced force required for digging as well as lower capital costs and operating 
costs. In addition to the oscillating nozzles, fixed nozzles may additionally be provided which produce cuts in the 
material to be excavated whereby the formation of large lumps is prevented. 
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"Formation of Disperse-Slurry of Coal Liquefaction Residue," Bober J. Corbeels and Stephen R. Vasconccllos - Inventors, 
Texaco Inc., United States Patent 4,575,381, March 11, 1986. The problem of creaming during formation of disperse- 
slurry of coal liquefaction residue by ball milling with water is eliminated by use, as an anti-creaming additive, of a 
quaternary amine such as tallow trimethyl ammonium chloride. 

"Combined Process for Coal Pyrolysis and Char Gasification," Everett Garin - Inventor, Conoco Inc., United States 
Patent 4,578,175, March 25, 1986. Finely divided coal is reacted in a combination of processes comprising flash pyrolysis 
and fluidized bed gasification of char from the pyrolysis. A portion of the char which is heated by the steam-oxygen 
gasification provides the heat for the pyrolysis step, which can be controlled to emphasize production of such materials 
as light olefins and BTX pyrolyzing at lower pressure and more severe temperature, or to emphasize production of a tar, 
suitable for processing as a synthetic crude oil, by pyrolyzing at higher pressure and less severe temperature. In either 
instance the fluidized bed gasification produces a useful synthesis gas. 

"Liquid Cooled Ball Valve," George B. Rabe - Inventor, Foster Wheeler Energy Corporation, United States Patent 
4,583,570, April 22, 1986. Apparatus for controlling the flow of a hot material, such as gases emanating from a coal 
gasification plant, in which a ball is rotatable in a housing having a passage therethrougti. Rotation of the valve aligns a 
passsage in the value with the passage in the housing to permit the passage of fluids through the assembly. Conversely, 
counterrotation of the ball closes the value to the passage of fluids. Both the housing and ball are provided with channels 
for the passage of a cooling fluid therethrough, which prevents destruction of rubber seals, reduces erosion by abrasive 
materials in the gases, and reduces the thermal distortion which results in poor sealing characteristics. 

"Process for the Production of Carbon Monoxide and Hydrogen from Carbonaceous Material," Nai Y Chen - Inventor, 
Mobil Corporation, United States Patent 4,583,993, April 22, 1986. Hydrogen and carbon monoxide are produced from 
coal, char or other carbonaceous material in a processing combination comprising a catalytic company generator 
employing as reactant materials, fluid carbon material and carbon dioxide production of the reaction with carbon 
monoxide to produce hydrogen and carbon dioxide. Carbon dioxide produced in the process is relied upon as the primary 
endothermic heat source in the fluid cogenerator.
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STATUS OF COAL PROJECTS 

COMMERCIAL PROJECTS 

ADVANCED COAL LIQUEFACTION PILOT PLANT -- Electric Power Research Institute (EPRI) and United States 
Department of Energy (DOE) (C-is) 

EPRI assumed responsibility for the 6 tons per day Wilsonville, Alabama pilot plant in 1974. This project had been 
initiated by Southern Company and the Edison Electric Institute in 1972. Department of Energy began cofunding 
Wilsonville in 1976. 

The initial thrust of the program at the pilot plant was to develop the SRC-I process. That program has evolved 
•	 over the years in terms of technology and product slate objectives. Kerr-McGee Critical Solvent Deashing was 
• identified as a replacement for filtration which was utilized initially in the plant and a Kerr-McGee owned unit was 

installed in 1979. The technology development at Wilsonville continued with the Installation and operation of a 
product hydrotreating reactor that has allowed the plant to produce a No. 6 oil equivalent liquid fuel product as:well 
as a very high distillate product yield. 

More recently, the Wilsonville Pilot Plant has been used to test the Integrated Two- Stage Liquefaction (ITSL) 
process. In the two stage approach, coal Is first dissolved under heat and pressure into a heavy, viscous oil. Then, 
after ash and other Impurities are removed in an intermediate step, the oil is sent to a second vessel where hydrogen 
is added to upgrade the oil into a lighter, more easily refined product. A catalyst added in the second stage aids the 
chemical reaction with hydrogen. Catalytic hydrotreatment in the second stage accomplishes two distinct purposes; 
(1) higher-quality distillable products are produced by mild hydroconversion, and (2) high residuum content, donor 
rich solvent is produced for recycle to the coal conversion first stage reactor. Separating the process Into two 
stages rather than one keeps the hydrogen consumption to a minimum. Also, mineral and heavy organic compounds 
in coal are removed between stages using Kerr-McGee's Critical Solvent Deashing unit before they can foul the 
catalyst 

Research indicates that 30 percent less hydrogen may be needed to turn raw coal into a clean-burning fuel that can 
be used for generating electricity in combustion turbines and boilers. Distillable product yields of greater than 
60 percent MAP coal have been demonstrated during stable operations on bituminous coal. Similar operations with 
sub-bituminous coal have demonstrated distillates yields of about 55 percent MAP. This represents substantial 
improvement over the current generation of coal liquefaction processes. 

Recent tests at Wilsonville are concentrated on testing from both types of coals with the deashing step relocated 
downstream of the catalytic hydrotreatment. Results showed that previous improvements noted for the two-stage 
approach are achievable (no loss in catalyst activity). Lower product cost is indicated for this reconfigured 
operation in that the two reactor stages may be coupled as part of one system. The results from the reconfigured 
operation also indicated the potential for further improvements in product quality and/or productivity through use of 
the coupled-reactor approach. This was confirmed in the latest test which used a truly cou pled, two-stage thermal-

Current research is exploring the potential benefits of adding catalyst to the first stage reactor. 
(Also refer to the Solvent Refined Coal Demonstration Plant (SRC-1) and the Integrated Two Stage Liquefaction 
projects.) 

Project Cost:	 Construction and operating costs (through calendar 1985): $97 million 

AECI AMMONIA/METHANOL OPERATIONS - AECI LTD. (C-li) 

AECI operates a 100 ton per day methanol facility and a 1,000 ton per day ammonia plant at its Modderfontein 
works near Johannesburg. The plant uses six Koppers-Totzek two-headed gasifiers operating at 1,600°C and 
atmospheric pressure to generate synthesis gas from sub-bituminous South African coal of low sulfur and high ash 
content. The ammonia plant, which utilizes conventional technology in the synthesis loop, has been in service since 
1974 while the methanol unit, which employs Id's low pressure process, has been running since 1976. The plant is 
operating very satisfactorily at full capacity. 

A fluidized bed combustion system is presently being commissioned at the plant to overcome problems of ash 
disposal. The proposed system will generate additional steam, lower utility coal consumption, and reduce 
requirements for land for ash handling and burial.
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STATUS OF COAL PROJECTS (Underline denotes changes since March 1986 

COMMERCIAL PROJECTS (Continued) 

AECI has successfully completed the piloting of a methanol to hydrocarbons process using Mobil zeolite catalyst. 
The design of a commercial scale ethylene plant using this process has been completed. 
AECI has also pursued development programs to promote methanol as a route to transportation fuel. Test programs 
include operation of a test fleet of vehicles on gasoline blends with up to 15 percent methanol, operation of other 
test cars on neat methanol, and operation of modified diesel trucks on methanol containing ignition promoters, 
trademarked "DIESANOL" by AECL "DIESANOL" has attracted worldwide interest and is currently being evaluated 
as a diesel fuel replacement in a number of countries. 

Project Cost:	 Not disclosed 

AQUA BLACKTM COAL-WATER FUEL PROJECT -- Gallagher Asphalt Company, Standard Havens, Inc. (C-23) 
In response to the United States Synthetic Fuels Corporation's solicitation for coal-water fuel projects, Standard 
Havens, Inc. has proposed that the current Aqua Black plant located at the site of the Gallagher Asphalt Company in 
Thornton, illinois in the Chicago metropolitan area be expanded in its production capability to match United States 
Synthetic Fuels Corporation specifications. The project would then produce 1,000 barrels crude oil equivalent per 
day of coal-water fuel utilizing Standard Havens' technology. Co-sponsor of the project is the Gallagher Asphalt 
Company. Project engineering, design, and procurement will begin shortly after February 21, 1985 and the upgraded 
plant will be fully operational by June 30, 1986. The fuel will be sold to a variety of industrial users. Fuel use 
applications are within an economic truck and barge shipping distance from the plant. 
On July 24, 1984 the SFC announced that the staff will recommend to the SFC Board that it designate the project as 
a qualified bidder under the solicitation. The SFC's January 15, 1985 decision to eliminate any SFC assistance for 
the "industrial" portion of the solicitation put the plans for an expanded CWS plant on hold. The existing 7 tons per 
hour CWS plant, located at Gallagher Asphalt Corporation, in Thornton, Illinois, may continue to produce CWS fuel 
for the 1986 asphalt production season The possibilities for coke/water fuel production are being studied.. 

Project Cost:	 Not Disclosed 

BEACH-WIBAUX PROJECT - (See Tenneco SNG from Coal Project) 

BOTTROP DIRECT COAL LIQUEFACTION PILOT PLANT PROJECT - Federal Ministry of Research and Development 
of West Germany, Ruhrkohle AG, VEDA Gel AG, and West German State of North-Rhine Westphalia (C-65) 

After 2 years of construction the 200 tons per day catalytic liquefaction pilot plant has been in operation since 
November 1981. (Investment: DM220 million (1984 DM)). By mid-February 1986 the coal oil pilot plant had 
operated with coal for about 20,000 hours. Total coal throughput was about 150,000 tons. 
During operation of the pilot plant the process improvements and equipment components have been tested. The 
operation of the large-size hydrogenation reactor with a volume of 15 cubic meters since March 1985 as an 
intermediate step toward industrial application has led to an increased oil yield. 
Besides an analytical testing program, the project involves upgrading of the coal-derived syncrude to marketable 
products such as gasoline, diesel fuel, and light heating oil. The hydrogenation residues are gasified either in solid or 
in liquid form in the Ruhrkohle/Ruhrchemie gasification plant at Oberhausen-Holten to produce syngas and 
hydrogen. 

The coal oil plant at Bottrop will run until early 1987 to optimize hydrogenation process and to ensure the planning 
of a reference coal oil plant on an industrial scale. 
The project is subsidized by the West German State of North-Rhine Westphalia and since mid-1984 by the Federal 
Ministry of Research and Development of West Germany. 

Project Cost:	 DM645 million (by end of 1985)
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STATUS OF COAL PROJECTS (Underline denotes changes since March 1986 

COMMERCIAL PROJECTS (Continued) 

BROKEN HILL PROJECT - The Broken Hill Proprietary Company Ltd. (C-75) 

Broken Hill Proprietary has been experimenting with a two stage continuous flow hydrogenation unit since 1976 at 
their Melbourne Research Laboratories in Clayton, Victoria. In the initial selection of processes, consideration was 
given to those that would produce good quality gasoline. However, the program has now been modified to put more 
emphasis on automotive diesel and aviation fuels. The unit has operated successfully for periods of up to five days 
continuous processing and a range of coals has been tested. Throughput Is 1 kilogram coal per hour. Near-
specification automotive distillates and jet fuels have been produced from coal-derived materials, and work 
continues to optimize the unit for the conversion of coal to transport fuels. The work Is supported under the 
National Energy Research Development and Demonstration Program (NERD&DP) administered by the Australian 
Federal Government. A program on the conversion of natural gas to synthetic crude and transport fuels has been 
running since 1978 and is studying routes based on Fischer-Tropsch synthesis, use of zeolite catalysts and thermal 
cracking. Most of this work is funded by Broken Hill Proprietary and some funding is obtained under the NERD&DP. 

Project Cost:	 Not disclosed 

BYRNE CREEK POWER PROJECT - (See Underground Coal Gasification - World Energy, Inc. Project) 

CAN DO PROJECT - Continental Energy Associates (C-as) 

Greater Hazleton Community Area New Development Organization, Inc. (CAN DO, Incorporated) built a facility in 
Hazle Township, Pennsylvania to produce low BTU gas from anthracite. Under the third general solicitation, 
CAN DO requested price and loan guarantees from the United States Synthetic Fuels Corporation (SFC) to enhance 
the facility. However, the SEC turned down the request, and the Department of Energy stopped support on April 30, 
1983. The plant was shut down and CAN DO solicited for private Investors to take over the facility. 

The facility is currently being converted into a 160 megawatt cogeneration plant. Gas produced from anthracite 
coal in both the original facility and in new gasifiers will be used to fuel turbo engines to produce electricity. The 
electricity will be purchased by the Pennsylvania Power & Light Company over a 20 years period. Steam will also be 
produced which will be available to Industries within Humboldt Industrial Park at a cost well below the cost of In-
house steam production. 

The project cost for this expansion is $39 million. The Pennsylvania Energy Development Authority authorized the 
bond placement by the Northeastern Bank of Pennsylvania and the Swiss Bank. 
The new facility will be operated by the Continental Energy Associates. 

Project Cost: 	 $5.5 million 

CATERPILLAR TRACTOR LOW BTU GAS FROM COAL PROJECT - Caterpillar Tractor Company (C-90) 
In April 1977, Caterpillar announced plans to construct two, two-stage coal gasifiers at its York, Pennsylvania plant 
to fuel heat treating furnaces. Gas with a heating value equivalent to about 2.2 million standard cubic feet per day 
of natural gas could be produced. The plant is a two-stage, low-pressure system complete with gas cleanup. Plant 
construction began in September 1977. Construction of a gasifier for the East Peoria, Illinois, plant has been 
deferred indefinitely although the York installation is successful. Plant was completed June 1979, with start-up for 
debugging in September 1979. Due to an eleven-week strike in the last quarter of 1979 and some minor equipment 
changes that had to be made, debugging was not resumed until May 1980. Tests have been run on existing radiant 
tubes using producer gas with no adverse effect. The system operated from February 1981, until the July vacation 
shut-down. After vacation, the system was started up but later shut down in September 1982 due to reduced 
production schedules. Start-up date is not firm; depends on the price of natural gas and Caterpillar's production 
schedules. 

Project Cost:	 *5-10 million. 

CHEMICALS FROM COAL - Tennessee Eastman Co. (C-Iso) 

Tennessee Eastman Company, a manufacturing unit of the Eastman Chemicals Division of Eastman Kodak Company, 
continues to operate its chemicals from coal complex at design rates in 1985. The Texaco coal gasification process 
is used to produce the synthesis gas for manufacture of 500 million pounds per year of acetic anhydride. Methyl 
alcohol and methyl acetate are produced as intermediate chemicals, and sulfur is recovered and sold. 

Project Cost:	 Unavailable
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STATUS OF COAL PROJECTS (Underline denotes changes since March 1986 

COMMERCIAL PROJECTS (Continued) 

CHIRIQUI GRANDE PROJECT - Ebasco Services Inc., United States State Department (Trade and Development 
Program) (C-155) 

Ebasco has delayed its plans to structure a $10 million, 18 month feasibility study of its 4 million tons per year 
methanol from coal project The delay is indefinite pending improved resolution of trade issues between the United 
States and Japan combined with Japan clarifying its forecasts for future energy development. 
The project, to be located at Chiriqui Grande, Panama, would use either Texaco or British Gas/Lurgi slagging 
gasification and ICI methanol synthesis. A dedicated pipeline would transfer the methanol from the Caribbean side 
of Panama to the PaciflO side for VLC tanker delivery to Pacific Rim countries. Feedstock is 20,000 tons per day of 
imported high-sulfur Illinois coal. The methanol product is slated for Japanese utility markets as a clean burning 
alternate fuel instead of direct firing of coal. The coal based methanol would be used in combined cycle power 
plants or for.repowering existing units. The economics of coal based methanol firing in combined cycle units and the 
associated reduced environmental impacts highly favor such use. 	 - 

Project Cost:	 $10. million (study) 
$3.2 billion (project) - 1984 dollars 

CIRCLE WEST PROJECT - Meridian Land and Mineral Company (C-lID) 
Meridian (a wholly owned subsidiary of Burlington Northern) has studied the feasibility of locating a proposed 
commercial plant for fertilizer and liquid fuels from coal on BN-owned Dreyer Brothers ranch near Circle, McCone 
County, Montana. Hoppers and Kellogg presented a preliminary engineering study to the Montana Department of 
Natural Resources and Conservation in February 1976 for a plant to produce 2,300 tons per day fertilizer grade 
liquid anhydrous ammonia, or 2,174 tons per day fuel-grade methanol, or about the same quantity of synthetic diesel 
fuel oil, or perhaps some combination of these possible products. 
Basin Electric Power Cooperative joined BN-Dreyer Bros. in September 1977, to evaluate the feasibility of a power 
plant having common coal mining facilities with BN plant. Lignite would be used in synthetic fuels or fertilizer 
plant or for Basin Electric plant. Sonie environmental work is currently ongoing. Main effort of ML&M was to 
complete a land exchange with the Department of Interior. The exchange was approved by DOl in late April 1983 
and accomplished in September 1983. 

Project Cost:	 Undetermined 

CITIES SERVICE/ROCKWELL PROCESS DEVELOPMENT -- Rockwell International (Energy Systems Group) and United 
States Department of Energy (C-180) 

The CS/R (Cities Service and Rockwell) process is based on flash hydropyrolysis (PHP) of finely pulverized materials 
(e.g., coal, peat, or oil shale) in single-stage, short-residence-time, entrained-flow reactors. The slate of synthetic 
fuels produced from coals depends on the severity of the FHP reactor operating conditions and the reactor residence 
time. Low'severities and very short times favor yielding an essentially liquid syncrude, along with modest yields of 
gases (e.g., CO, CH4, C2's, C3 1 s, etc.). High seventies and long residence times favor production of all gaseous 
products, predominantly CH4. At intermediate seventies and times, . the heavy syncrude components are 
hydrocracked to light, predominantly aromatic liquids. Under certain conditions, there is a substantial yield of high-
purity benzene as the sole by-product, and it can be upgraded readily to chemical-grade quality. 
Rockwell has studied coal hydroliquefaction and hydrogasification in 1/4- and 1-ton per hour engineering-scale 
reactor and process development systems under several DOE contracts. The liquefaction work, performed in four 
discrete phases beginning in 1975, was brought to a close in 1982 with the publication of two comprehensive final 
reports. These summary reports include a preliminary design study for a commercial CS/R hydropyrolysis coal 
liquefaction plant performed by Scientific Design Co., Inc., and significant work by Cities Service in characterizing 
FHP coal liquids. 
For high-BTU coal gasification, DOE awarded Rockwell an $18 million contract in 1978 to design, construct, and 
operate an 18-ton per day integrated hydrogasification PDU at Rockwell's Santa Susana Field Laboratory near 
Canoga Park, California. Construction of the IPDU was interrupted in FY 1982 when the facility was about 60 
percent completed. Rockwell has restructured the project into a proposed joint DOE/private industry program, with 
Rockwell heading a consortium of private sector participants. Currently, this program uses the existing I ton per 
hour process development system and involves a test program designed to thoroughly investigate recent process 
improvements proposed by Rockwell. The restructured program resumed in May 1983 with the design of facility 
modifications to permit short-duration (1 to 2 hours) hydrogasification testing. The facility will accommodate 
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hydrogasifier reactors with residence times in the range of 2 to 6 seconds when coal is fed at a nominal 1/2 ton per 
hour into reactors at 1,000 psia pressure. The program is schedule to extend through May 1985 and include 5 months 
of reactor performance testing. 

In May 1981, the C-E Lummus Company, under subcontract to Rockwell, completed the preliminary conceptual 
design of a 250-billion BTU per day, high-BTU coal gasification plant based upon the CS/R 1-lydrogasification 
Process. In addition to synthetic natural gas, the plant was designed to produce 5,310 barrels per day of chemical-
grade benzene. Lummus estimated the capital and operating costs for the commercial plant, and the resulting 20-
year average cost of gas was $3.68 per million BTU in mid-1979 dollars (C.F. Braun gas cost guidelines, utility 
financing). Subsequent process modifications have reduced the COG to $3.38 per million BTU. 

In October 1982, DOE awarded Rockwell a $0.6 million contract for experimental evaluation of hydroretortin of 
eastern oil shale in a CS/R hydropyrolysis reactor. Reactor testing covered a range of temperatures (1,098 to 
1,4220F) and residence times (67 to 211 ms) at a pressure of 1,000 psia. Carbon conversions as high as 70 percent 
were achieved with oil yields up to 19.0 gallons of raw liquid per ton of oil shale (50 percent above Fischer assay). 
Testing was followed by the performance of a conceptual process and economic study for a 50,000 barrels per day 
shale oil plant, using a selected operating point from the test data. The resulting 20 year average cost of product oil 
was estimated at $35.20 per barrel in first quarter 1983 dollars (C.F. Braun guidelines, utility financing). 

Project Cost: 	 $26.1 million (PDU Studies) 

COALPLEX PROJECT - AECI (C-190) 

The Coalplex Project is an operation of AECI Chlor-Alkali and Plastics, Ltd. The plant manufactures PVC and 
caustic soda from anthracite, lime, and salt. The plant is fully independent of imported oil. Because only a limited 
supply of ethylene was available from domestic sources, the carbide-acetylene process was selected. The plant has 
been operating since 1917. The five processes include calcium carbide manufacture from coal and calcium oxide; 
acetylene production from calcium carbide and water; brine electrolysis to make chlorine, hydrogen, and caustic; 
conversion of acetylene and hydrogen chloride to vinyl chloride; and vinyl chloride polymerization to PVC. Of the 
five plants, the carbide, acetylene, and VCM plants represent the main differences between coal-based and 
conventional PVC technology. 

Project Cost:	 Not disclosed 

COCA-i PROJECT - Coal Gasification (C-195) 

The lead sponsor for the COCA-i project is Coal Gasification of Des Plaines, Illinois. The project, to be located in 
Macoupin County, Illinois, would produce anhydrous ammonia from coal. Construction of the proposed plant was 
originally scheduled to begin in late 1984 or early 1985 with completion in 1987. Approximately 1.1 million tons of 
ammonia would be produced per year (3,200 tons per stream day) from synthesis gas produced from a U-Gas gasifier. 
Approximately 1.6 million tons per year of Illinois No. 6 bituminous coal would be provided from a nearby mine. 

The sponsors submitted a qualification proposal to the SFC under the competitive solicitation for projects utilizing 
bituminous coal from the Eastern Province or eastern region of the Interior Province, and resubmitted a proposal 
under the fourth general solicitation. 

In August 1985 a consortium headed by Coal Gasification submitted another proposal under the SFC's Eastern 
Bituminous Coal Gasification solicitation. On November 19, 1985 the SFC advanced the proposal as a qualified 
project in the solicitation. However, the SFC was terminated by Congress before any financial assistance was 
awarded to COGA-1. 

Project Cost:	 Not disclosed 

CONVENT, LA., PROJECT - (see Medium BTU Gasification Project.) 

COOL WATER COAL GASIFICATION PROJECT -- Participants (Equity Owners): Bechtel Power Corporation, Electric 
Power Research Institute, General Electric Company, Japan Cool Water Program (JCWP) Partnership, Southern 
California Edison, and Texaco Inc.; Contributors: Empire State Electric Energy Research Corporation (ESEERCO) and 
Sohio Alternate Energy Development Company (Sohio) (C-220) 

Participants have built a 1,000 tons per day commercial-scale coal gasification plant using the oxygen-blown Texaco 
Coal Gasification Process. The gasification system which includes two Syngas Cooler vessels, has been integrated 
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with a General Electric combined cycle unit to produce approximately 120 megawatts of gross power. The 
California Energy Commission approved the state environmental permit in December 1979 and construction began in 
December 1981. Plant construction which took only 2.5 years, was completed on April 30, 1984, a month ahead of 
schedule and well under the projected $300 million budget. A five-year demonstration period is underway. Once the 
first stage (demonstration) of the program is completed in June 1989, Southern California Edison plans to undertake 
commercial operation of the facility if the economics are favorable and permits for continued operations are 
received. 
A spare quench gasifier, which has been added to the original facility to enhance the plant capacity factor, was 
successfully commissioned in April 1985. 
A Utah bituminous coal will be utilized as "the Program" coal and will be burned at all times that the facility is not 
burning an alternate test coal. The Program will test up to S different coal feedstocks on behalf of its Participant 
companies. 

Texaco and SCE, which have contributed equity capital of $45 million and $25 million respectively to the effort, 
signed the joint participation agreement on July 31, 1979. The Electric Power Research Institute (EPRI) executed 
an agreement to participate in the Project in February 1980 and their current commitment is $69 million. Bechtel 
Power Corporation was selected as the prime engineering and construction contractor and also executed a 
participation agreement in September 1980 and have contributed $30 million to the project. General Electric signed 
a participation agreement in September 1980. In addition to contributing $30 million to the Project, GE will be the 
supplier for the combined cycle equipment. The JCWP Partnership, comprised of the Tokyo Electric Power 
Company, Central Research Institute of the Electric Power Industry, Toshiba COP Corporation and IHI Coal 
Gasification Project Corp. signed a participation agreement on Februrary 24, 1982 to commit $30 million to the 
Project. ESEERCO and Sohio Alternate Energy Development Company are non-equity contributors to the project, 
having signed contributor agreements on January 20, 1982, and April 10, 1984, respectively committing $5 million 
each to the Project. A $24 million project loan with a $6 million in-kind contribution by SCE of facilities at SCE's 
existing generating station in Daggett, California completes the $263 million funding. 
A supply agreement was executed with Airco, Inc. on February 24, 1984 for Airco to provide "over-the-fence" 
oxygen and nitrogen from a new on-site facility, thus reducing capital requirements of the Project. 
The Project applied to the United States Synthetic Fuels Corporation for financial assistance in the form of a price 
guarantee in response to the SFC's first solicitation for proposals. This was designed to reduce the risks of the 
existing Participants during the initial demonstration period. The Project was not accepted by the SEC because it 
did not pass the "credit elsewhere" test (the SPC believed sufficient private funding was available without 
government assistance). However, the sponsors reapplied for a price support under the SEC's second solicitation 
which ended June 1, 1982. OnSeptember 17, 1982, the SEC announced that the project had passed the six-point 
project strength test and had been advanced into Phase II negotiations for financial assistance. On April 13, 1983 
the sponsors received a letter of intent from the SEC to provide a maximum of $120 million in price supports for the 
project. On July 28, 1983 the Board of Directors of the SEC voted to approve the final contract awarding the price 
guarantees to the project. 
The gasifier was started up on May 7, 1984. On May 20, 1984 syngas was successfully fed to the gas turbine and the 
first combined cycle system operation was accomplished on May 31, 1984. On June 23, 1984 the ten continuous day 
SEC acceptance test was successfully completed and the Program was declared to be in initial production on 
June 24, 1984. 
In a June 25, 1985 press release, celebrating the first anniversay of its plant's commercial production commence-
ment date (June 24, 1984), the Program announced that among the accomplishments during the "highly successful" 
first year of operations were: generation of approximately 413 million kilowatt hours of electricity from about 
180,000 tons of coal; a California Department of Health Services finding that the Texaco Gasification Process slag 
was non-hazardous (the Program already sells its by-product elemental sulfur) and the successful commissioning of a 
spare gasifier. 

The plant is often referred to as "the worl'ds cleanest coal-fired utility plant" with operations data reflecting NOx 
emissions of 0.061 pounds per million BTU; sulfur dioxide emissions of 0.034 pounds per million BTU (97 percent 
removal), and particulate emissions of 0.0013 pounds per million BTU. These emissions average about one-tenth of 
the allowables under the United States Environmental Protection Agency's New Source Performance Standards for 
coal-fired power plants. 

Project Cost:	 $263 million
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DOW GASIFICATION PROCESS DEVELOPMENT - The Dow Chemical Company (C-242) 

Dow has developed a coal gasification process primarily for the gasification of lignite, western, and other low-rank 
coals. This development originated In a 12 tons per day air-blown pilot plant. In 1983 the pilot plant was modified 
to a 36 tons per day oxygen-blown unit and an 800 tons per day air-blown prototype plant was completed and started 
up. The prototype unit was modified to a 1,600 tons per day oxygen-blown configuration In early 1984. The 
prototype plant has operated at rates up to capacity during 1985. Data from the prototype plant were used to 
complete the design of the Dow Syngas Project (Dow Chemical Company C-245). The process incorporates a Dow-
developed entrained flow, slagging, slurry fed gasifier with a unique heat recovery technique for high efficiency on 
low-ranked coal. Also utilized is a newly developed, continuous-slag removal system. High temperature heat from 
the reactor off gas is recovered as high pressure superheated steam. A particulate removal system Is also 
incorporat'd as a basic part of the process. The particulate-free raw syngas is suitable for further processing by a 
wide variety of commercially available processes to provide medium-BTU gas. The medium-BTU gas may be used as 
fuel or further processed to provide chemical synthesis gas, SNG, or liquid fuels. 

The process development stage of this project has been completed. Both the pilot plant and the prototype plant are 
now inactive. Data from the plants have been incorporated Into the Dow Syngas Project. 

Project Cost: Unavailable 

DOW SYNGAS PROJECT - Dow Chemical Company (C-245) 

The Dow Chemical Company proposed a project to produce medium-BTU gas from lignite and other lower rank coals 
using its own technology. The proposed plant, to be sited at Dow's chemical plant in Plaquemine, Louisiana, has a 
nameplate capacity of 30 billion BTU of synthetic gas per day. Feedstock will initially be 2,300 tons per day of 
western sub-bituminous coal. Dow entrained-bed gasification, Dow Selectamine acid-gas removal, and Union Oil 
Selectox sulfur recovery will be used. In this application the Dow Gasification Process and the associated process 
units have been optimized for the production of synthetic gas for use as a combustion gas turbine fuel. The project 
requested price guarantees from the United States Synthetic Fuels Corporation under the third solicitation. During 
1983 the project passed the SEC maturity, strength, and technical evaluations and entered Phase II negotiations for 
assistance. The Board of Directors of the SEC instructed their staff on February 16, 1984 to negotiate a letter of 
intent for $620 million in price guarantees for the project. The letter of intent was issued on April 5 and a final 
contract awarding $620 million to the project was signed by the SEC Board on April 26, 1984. Overall responsibility 
for engineering and construction has been assigned to Dow Engineering Company. Engineering is complete and all 
ronstruetian contracts have been awarded. As of June 1. 1986 construction was 25 Dercent eomolete. Construction 

Project Cost:	 $75,000,000 

DUNN NOKOTA METHANOL PROJECT - The Nokota Company (C-250) 

The Nokota Company is the sponsor of the Dunn-Nokota Methanol Project, Dunn County, North Dakota. Nokota 
plans to convert a portion of its coal reserves in Dunn County, via coal gasification, into methanol and other 
marketable products, including carbon dioxide for enhanced oil recovery in the Williston and Powder River Basins. 
Planning for the project is in an advanced position. $20 million has been spent, and 12 years have been invested in 
site and feasibility studies. After thorough public and regulatory review by the state of North Dakota, air quality 
and conditional water use permits have been approved. The Bureau of Reclamation is scheduled to release the final 
Environmental Statement in 1986. The Federal Water Service Contract is expected to be approved in 1987. 
Operation of Phase I of the project is scheduled to begin in 1992. 

In terms of the value of the products produced, the Dunn-Nokota project is equivalent to an 800 million barrel 
proven oil reserve. In addition, the carbon dioxide product from the plant can be used to recover substantially more 
crude oil from oil fields in North Dakota, Montana, and Wyoming through carbon dioxide injection and crude oil 
displacement. 

TheDunn-Nokota plant is designed to use the best available environmental control technology. The impacts which 
will occur from the construction and operation of this project will be mitigated in accordance with sound operating 
procedures and legal and regulatory requirements. At full capacity, the plant will use the coal under approximately 
390 acres of land (about 14.7 million tons) each year. Under North Dakota law, this land is required to be reclaimed 
and returned to equal or better productivity following mining. Nokota will be working closely with local community 
leaders, informing them of the types and timing of socio-economic impact associated with this project. 
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Dunn-Nokota would produce approximately 81,000 barrels of chemical grade methanol, 2,400 barrels of gasoline 
blending stock (naphtha) and 300 million standard cubic feet of pipeline quality, compressed carbon dioxide per day 
from 40,000 tons of lignite (Beulah-Zap bed). 

Additional market studies will determine if methanol production will be reduced and gasoline or substitute natural 
gas coproduced. 

Normal electrical power requirements for the plant and the mine will be provided by in-plant generation 
(212 megawatts). 

Existing product pipelines and rail facilities are available to provide access to eastern markets for the project's 
output access to eastern markets for the project's output. Access to western markets for methanol through a new 
dedicated pipeline to Bellingham, Washington, is also feasible if West Coast market demand warrants. 

Construction employment during the six year construction period will average approximately 3,200 jobs per year. 
When complete and in commercial operation, employment will be about 1,600 personnel at the plant and 
500 personnel in the adjacent coal mine. 

Nokota's schedule for the project calls for phased construction and operation, with initial construction (site 
preparation) beginning in 1988 (fourth quarter) and mechanical construction beginning in 1989 on a facility producing 
at one-half the full capacity. Commercial operation of this phase of the project is scheduled for 1992. Construction 
of the remainder of the facility is scheduled to begin in 1991 and to be in commercial operation in 1994. This 
schedule is subject to receipt of all permits, approvals, and certifications required from federal, state, and local 
authorities and upon appropriate market conditions for methanol and other products from the proposed facility. 

Project Cost:	 $2.2 billion (Phase I and II) 
$0.4 billion (In-plant electrical generation) 
$0.2 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
$0.3 billion (mine) 

ELM WOOD COAL-WATER FUEL PROJECT --Foster Wheeler Tennessee, Inc. (C-265) 

Foster Wheeler Tennessee, Inc. was organized in September 1984 to produce coal water fuel. Construction of the 
plant was initiated mid-April 1985, and completed September 27, 1985. Production operation began on October 31, 

Shipments are continuing to be made by both tank trailer and railroad tank car. 

Project Cost:	 Not Disclosed 

FLASH PYROLYSIS OF COAL WITH REACTIVE AND NON-REACTIVE GASES - Brookhaven National Laboratory and 
United States Department of Energy (C-340) 

The purpose of this program is to perform a systematic generic study on the flash pyrolysis of coal with reactive and 
non-reactive gases. The result of this task is to establish a reli:ble data base for the rapid pyrolysis of coal over a 
range of reaction conditions which will be useful for development of processes based on these techniques. The yields 
and distribution of products are being performed in an entrained tubular reactor. The independent variables 
investigated include type of coal, process gas, pressure, temperature and residence time. Other dependent variables 
include coal particle size and gas-to-solid feed ratio. The non-reactive gases being investigated include the inert 
gases, He, N2 and Ar chosen for their wide range of physical properties. The reactive gases include H2, CO, H2O 
and CU4 chosen because they are usually produced when coal is pyrolyzed. The light gas and liquid analyses are 
performed with an on-line gas chromatograph and the heavier liquids and solids are collected at the end of a run to 
obtain a complete mass balance. The data is reduced, correlated, and applied to a kinetic model. The results 
indicate that there is a correlation of increasing hydrocarbon yields with heat transfer film coefficient depending on 
the type of gas used. The reaction of methane with coal indicated significant increases in benzene and ethylene 
yields. The process has been termed "flash methanolysis." 

Project Cost:	 $250,000
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FULARJI LOW BTU GASIFIER -- KRW Energy Systems Inc. (a subsidiary of Kellogg Rust Synfuels Inc.) and the Ministry 
of Machine Building Industry of the People's Republic of China (C-375) 

The KRW gasification process has been selected by the Ministry of Machine Building Industry in the People's 
Republic of Chania, for application at their First Heavy Machinery Works located in FularJi, Heilongjiang Province. 
The gasifier will utilize a domestic lignite coal to produce a medium heating value industrial fuel gas for use at this 
plant. 

The First Heavy Machinery Works is the largest heavy machinery plant in Asia. The initial plant was designed and 
built In the mid-1950s and has been expanded several times. Currently the plant employs approximately 
17,000 people. 

The Fularji plant utilizes a large quantity of fuel gas, primarily for their foundry, heating treating furnaces, etc. A 
series of 25 Russian designed fixed bed gasifiers has been built. 

In August 1985, a contract was signed by Kellogg Rust Synfuels, Inc. and the Ministry of Machine Building Industry 
to construct a KEW gasifier at the Fularji First Heavy Machine Works. Once proven, additional fluidized bed 
gasifiers will be installed to replace all of the existing fixed bed gasifiers at the Fularji plant. 

The project is envisioned to proceed in two phases. During Phase I, a single test gasifier will be installed to finalize 
design parameters at full scale and to verify Chinese equipment supply. Phase II would include the installation of 
additional gasifiers and other auxiliary facilities (waste water treatment, etc.). The preliminary schedule for 
Phase I requires completion of design and the initiation of hardware procurement in 1986 and completion of 
construction by late 1987. This early date will be the first commercial scale operation of the KEW gasifier.. 

The split of responsibility for Phase I is as follows: 

Kellogg Rust Synfuels, Inc. will provide all basic engineering services to include process design and 
analytical engineering, with detailed design of the gasifier to permit fabrication and construction by the 
First Heavy Machinery Works. Kellogg Rust Synfuels, Inc. will also provide specialized components of 
the gasifier and instrumentation not available in China and advisory services during construction, 
startup, and testing. 

The First Heavy Machinery Works will complete the detailed design of Phase I (except the gasifier) and 
will fabricate or supply and erect all equipment, using the specialized items provided by Kellogg Rust 
Synfuels, Inc. The First Heavy Machinery Works will also provide all necessary operating and 
maintenance manpower and materials necessary for startup and test operations. 

Each KEW gasifier at Fularji must produce 140 million OTt) per hour of fuel gas with a lower heating value of 
144 BTU per standard cubic feet. A single 3 meters (9.8 feet) gasifier operating at a pressure of 300 psig, will 
produce the fuel gas required for Phase I. 

Project Cost:	 Not disclosed 

GASIFICATION ENVIRONMENTAL STUDIES - University of North Dakota Energy Research Center (C-390) 

The University of North Dakota Energy Research Center (UNDERC) has onsite an oxygen-blown fixed-bed gasifier 
that is capable of operating on lignite. The slagging fixed-bed gasifier (SFBG) pilot plant provides a large-scale 
source of lignite-derived effluents for subsequent characterization and treatment studies. The ability to produce 
"representative samples" for treatment testing from lignite is critical, because lignite will be the feedstock for a 
number of the first-generation synfuels plants. 

The goals of work at IJNDERC are to develop public environmental data of effluent characteristics needed to satisfy 
permitting and siting requirements, and proof of concept on advanced control technologies for fixed-bed gasification 
of lignite. The principal area of uncertainty where research activities should be focused centers around the cooling 
tower. The most cost-effective approach is to feed water directly-from the extraction/stripping units to the cooling 
tower, without intermediate biological treatment. This wastewater, however, contains several thousand milligrams 
per liter of COD—after phenolics and other organics are reduced to low levels. The behavior of these previously 
uncharacterized species in a cooling tower with respect to drift, further biological activity, and associated fouling, 
and their effects on the solubility of dissolved solids is unknown. 

To establish the effect of various degrees of pretreatment, IJNDERC has installed wastewater treatment process 
development units which simulate commercially available technology. During the first phase of the program, 
wastewater was processed by solvent extraction and ammonia stripping before being fed to a cooling tower to 
simulate the processes to be employed at the Great Plains Gasification Plant (GPGP). In the second phase, 
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wastewater pretreatment was enhanced by the inclusion of activated sludge as processing, followed by granulated 
activated carbon (GAC) adsorption, in addition to extraction and stripping, before feeding the cooling tower. Phase 
II testing was intended to demonstrate that aqueous gasifier effluent can be used successfully as makeup to a cooling 
tower, provided adequate pretreatment has been performed. 

Results from Phase I testing indicated that minimally treated gasifier wastewater used without corrosion inhibitor 
and biocide addition is not a suitable feed for a cooling tower operating at 10 cycles of concentration. After 
operating the tower at 10 cycles for 50 days, severe fouling was noted on heat exchanger surfaces. Corrosion rates 
of 10 to 15 MPY were noted for carbon steel, as well as severe pitting (4 to 6 mils deep in the 50 day test). Results 
from exhaust sampling indicate a significant portion of the phenol and ammonia in the makeup water (91 and 
81 percent, respectively) were stripped into the atmosphere. Twenty-one percent of the methanol was also stripped. 

Phase II biotreatment of the pretreated (solvent extracted, ammonia stripped) gasifier liquid has been successful. 
The pilot activated sludge unit had a mean BOD reduction of 96 percent and the system displayed good resiliency. 
Stripped gas liquor further treated by activated sludge (AS) and granular activated carbon (GAC) was used as cooling 
tower feed in Phase II. Following these pretreatment steps, this water had a very low organic loading of 
approximately 150 milligrams per liter of COD. The Phase Il test was terminated April 30, 1984, after a 39 day run. 
Excessive corrosion rates and flow restrictions were the primary factors in the decision to stop the proposed 50 day 
test. The corrosion and fouling problems experienced in the Phase 11 test provide evidence that AS and GAC treated 
liquor cannot be used as cooling tower makeup without the addition of an appropriate corrosion inhibitor. 

A 50 thy Phase 10 cooling tower test was performed using AS and GAC treated liquor from slagging gasification 
with addition of a zinc-chromate corrosion inhibitor and a polyphosphonate solids dispersant. Using zinc and 
chromate dosages of 10 ppm in the cooling water, carbon steel corrosion decreased to approximately 25 percent of 
the rates observed in the Phase II system without corrosion inhibitor. At temperatures of 80 0 to 90°F, carbon steel 
corrosion did not exceed 7 MPY. Corrosion rates less than 1 MPY had originally been anticipated with the inhibitor 
dosages used in this system. However, analysis of zinc, chromium, and phosphate levels in the cooling water and in 
deposits showed evidence of polyphosphonate degradation. Because of this degradation, polyphosphonates were not 
able to stabilize zinc ion in the alkaline cooling water or effectively disperse solids. 

In order to determine water-specific effects of cooling tower wastewater reuse, a Phase IV test was performed using 
stripped gas liquor (SGL) generated at the Great Plains commercial lignite gasification plant in Beulah, North 
Dakota. This water had been treated by processes similar to those used in pre-treatment of the slagging gasifier 
wastewater used as makeup for the previous Phase I test The GPGP SOt contained phenol, fatty acid, and ammonia 
concentrations of 20 ppm, 700 ppm, and 1,300 ppm, respectively. In comparison, the SOt makeup used in Phase I 
contained roughly 150 ppm phenol, 300 ppm fatty acids, and 500 ppm ammonia. The average rate of heat transfer 
coefficient loss for carbon steel heat exchanger tubes was four times lower in Phase IV using GPGP SGL than in 
Phase I using slagging gasification SOL. Deposit accumulation in these tubes was also significantly slower; 1.0 gram 
deposit per square meter per day in Phase IV as compared to 9.5 grams deposit per square meter per day in Phase I. 
The microbial population maintained in the the Phase IV system (3 x 100 million per milliliter) was two orders of 
magnitude higher than that maintained during Phase I; this was found to be directly attributable to the high 
concentrations of biodegradable organic acids in GPGP SGL and the presence of sufficient phosphate for bacterial 
growth. Carbon steel corrosion in the Phase IV system was less severe than in Phase I. Rates varied from S to 
12 mpy, and corrosion was primarily the result of localized under-deposit attack. The fraction of phenol air-stripped 
into the atmosphere was similar in Phases I and IV. In both cases, 90 percent of the phenol entering the system was 
detected in the exhaust. 

A 50 day Phase V cooling tower test will be initiated February 18, 1986. This test will be performed using activated 
sludge treated stripped gas liquor (SGL) generated at the Great Plains Gasification plant in Beulah, North Dakota. 
This test will provide baseline data for comparison with Phase II and Phase III testing of UNDERC slagging fixed-bed 
gasifier AS/GAS treated SGL. 

Project Cost:	 $1.6 million for annual research Year 2 (April 1984-April 1985) 
$0.9 million for annual research Year 3 (April 1985-June 1986) 

GEGAS-D PROJECT - (See 10CC Simulation) 

GFK DIRECT LIQUEFACTION PROJECT - West German Federal Ministry for Research and Technology and 
Saarbergwerke AG (C-400) 

Until 1984 GfK Gesellsehaft fur Kohleverflussigung MbH, a subsidiary of Saarbergwerke AG, has dealt with the 
single stage, severe hydrogenation, which is still uneconomic due to high hydrogen consumption and high pressure. 
Furthermore only expensive low ash-coals can be processed. 
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For this reason since 1984 GfK has conceived a unique process called PYROSOL which can produce liquid fuels at 
prices competitive to crude oil of $30 per barrel. The PYROSOL process is two-stage, comprising a mild 
hydrogenation in the first stage followed by hydropyrolysis of the residue in a second stage. 
At present activities are directed to install hydropyrolizer in the 6 tons per day liquefaction unit. Data to plan a 
large demonstration pinat are expected to be available by the end of 1989. 

Project Cost:	 Not disclosed 

GREAT PLAINS GASIFICATION PROJECT - United States Department of Energy (C-420) 
Initial design work on a coal gasification plant located near Beulah in Mercer County, North Dakota commenced in 
1973. In 1975, ANG Coal Gasification Company (a subsidiary of American Natural Resources Company) was formed 
to construct and operate the facility and the first of many applications were filed with the Federal Power 
Commission (now FERC). The original plans called for a 250 million cubic feet per day plant to be constructed by 
late 1981. However, problems in financing the plant delayed the project and in 1976 the plant size was reduced to 
125 million cubic feet per day. A partnership named Great Plains Gasification Associates was formed by affiliates 
of American Natural Resources, Peoples Gas (now MidCon Corporation) Tenneco Inc., Transco Companies Inc. (now 
Transco Energy Company) and Columbia Gas Systems, Inc. Under the terms of the partnership agreement, Great 
Plains would own the facilities, ANG would act as project administrator, and the pipeline affiliates of the partners 
would purchase the gas. 

In January 1980, FERC issued an order approving the project. However, the United States Court of Appeals 
overturned the FERC decision. In January 1981, the project was restructured as a non-jurisdictional project with 
the SNG sold on an unregulated basis. In April 1981, an agreement was reached whereby the gas would be sold under 
a formula that would escalate quarterly according to increases in the Producer Price Index and the price of No. 2 
Fuel Oil, with limits placed on the formula by the price of other competing fuels. During these negotiations, 
Columbia Gas withdrew from the project. On May 13, 1982, it was announced that a subsidiary of Pacific Lighting 
Corporation had acquired a 10 percent interest in the partnership; 7.5 percent from ANR's interest and 2.5 percent 
from Transco. 

Full scale construction did not commence until August 6, 1981 when DOE announced the approval of a $2.02 billion 
conditional commitment to guarantee loans for the project. This commitment was sufficient to cover the debt 
Portion of the gasification plant, Great Plains' share of the coal mine associated with the plant, an SNG pipeline to 
connect the plant to the interstate natural gas system, and a contingency for overruns. Final approval of the loan 
guarantee was received on January 29, 1982. The project sponsors were generally committed to providing one dollar 
of funding for each three dollars received under the loan guarantee up to a maximum of $740 million of equity funds. 
The project, produces an average of 125 million cubic feet per day (based on a 91 percent onstream factor) of high 
BTU pipeline quality synthetic natural gas, 93 tons per day of ammonia, 88 tons per day of sulfur, 200 million cubic 
feet per day of carbon dioxide, potentially for enhanced oil recovery, and other miscellaneous by-products including 
tar, oil, phenols, and naphtha to be used as fuels. Approximately 14,000 tons per day of North Dakota lignite is 
required as feedstock. 

Since August 1, 1985 when the sponsors withdrew from the project and defaulted on the loan, DOE has been 
operating the plant under a contract with the ANG Coal Gasification Company. The plant has successfully operated 
throughout this period and earned revenues in excess of operating costs. For the period January through March 1986 
the plant produced an average of 141.0 million standard cubic feet per day of high BTU substitute natural gas 
(103 percent onstream factor). The gas is marketed through a 34 mile long pipeline connecting the plant with the 
Northern Border pipeline running into the eastern Unite States. 

In parallel with the above events, DOE/DOJ filed suit in the United States District Court in the District of North 
Dakota (Southwestern Division) seeking validation of the gas purchase agreements and approval to proceed with 
foreclosure. On January 14, 1986 the North Dakota Court found: 

• That state law is not applicable and that plaintiffs (DOE/DOJ) are entitled to a summary judgment for 
foreclosure. A foreclosure sale is currently scheduled for June 30, 1986. 

• The defendant pipeline companies are liable to the plantiffs (DOE/DOJ) for the difference between the 
contract price and the market value price and granted the motion for summary judgment determining 
the validity of the gas purchase contract. The pipeline companies have paid all past due amounts. 

DOE is continuing to evaluate various options for disposition of the plant. 

Project Cost:	 $2.1 billion
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GREEK LIGNITE GASIFICATION COMPLEX -- Nitrogenous Fertilizers Industry SA (AEVAL) (C-430) 
AEVAL, a Greek state-owned company, is planning to replace its lignite gasification and ammonia plants at its 
existing fertilizer complex , near Ptolemais, Greece. 
Following a 5,000 tonne full-scale industrial test of Greek xylitic type lignite conducted by TECHNOEXPORT, a 
Czech state-owned company, at an existing gasification plant near Usti Czechoslovakia, TECHNOEXPORT has 
submitted an offer for the gas production part of the complex. The technology offered is a fixed-bed gasification 
technology. 
AEVAL has engaged Lummus Crest Inc. (USA) as a technical and economic consultant in order to conduct a detailed 
feasibility study and evaluate the TECHNOEXPORT proposal. 

Project Cost:	 $480 million 

HUENXE COT COAL GASIFICATION PILOT PLANT - Carbon Gas Technology (COT) GmbH, a joint venture of 
Deutsche Babcock AG, Gelsenberg AG, and Manfred Nemitz Industrieverwaltung (C-472) 

COT was established in 1977, with the goal of developing a coal gasification process to the point of commercial 
maturity and economic utilization. The COT coal gasification concept consists of the combination of two principal 
processes of coal gasification in a specially developed reactor. The characteristic feature of the COT Process is the 
integrated fluidized bed and dust gasification stages. The coal is fed into the fluidization zone of the reactor, and 
fluidized and gasified by the addition of the gasification media (steam and oxygen) through side nozzles. The 
unconverted fines exit the reactor with the 1,000°C hot product gas and are separated in a downstream cyclone as 
coke dust. The hot coke dust is cooled and stored in bunkers. The coke dust is then fed to the dust gasification 
stage at the top of the reactor and gasified with steam and oxygen in a cooled combustion chamber. The product 
gas exiting the combustor at high speed is directed to the fluid bed. The ash melted in the combustor flows down 
into the fluidized bed and is drawn off through the slag outlet. The coupling of a fluidized bed with entrained flow 
gasification under pressure leads to a higher specific throughput capacity with simultaneously higher efficiency. 
The production of tar-free product gas at the relatively low temperature of the reactor leads to various 
simplifications in gas purification. 
The overall program for the development of the COT process consists of three stages. Step 1: (1978-1981)---Plan-
ning, construction, and management of checkout tests of key components of the technical process. Step 2: (1981-
1986)—Planning, construction and operation of a 4 tons per hour operating system. Step 3—Demonstration of the 
process at commercial scale. For the component test program, in 1979 a cold flow pressurized fluid bed facility and 
one for an atmospheric pressure dust gasification stage were erected. In 1981, planning began for building a 4 ton 
per hour test facility for a multi-stage COT gasification process. The process design was agreed to in September 
1982 and construction of the facility was completed on schedule in mid-1983. The component test facility and the 
4 tons per hour pilot plant were erected at the site of the BP Ruhr refinery at Huenxe. The test work comprises a 
conceptual test program to the end of 1986. After bringing the facility on line and operating the combined fluidized 
bed with entrained flow gasification, the complete working of the test facility with a reference coal will be carried 
out over the entire operating range. In the following test phases the suitability of different feed coals will be 
checked out. In connection with the systematic test program, gasification tests with client coals for specific 
applications are planned. 

Project Cost:	 Not disclosed 

10CC EXPERIMENTAL SIMULATION - General Electric Company (C-480) 
GE is using a 24 TPD, 20 atmosphere coal gasification facility to provide an accurate simulation of an integrated 
gasification, combined cycle (10CC) power generation system. The plant, located at GE's Research and 
Development Center at Schenectady, New York, was first operated in 1976. The facility incorporates a fixed bed 
gasifier developed by GE, to study the gasification of highly caking fuels at reduced steam/air ratios under 
clinkering conditions. In addition complete fuel gas physical and chemical clean-up equipment is included, and a 
turbine simulator is used to evaluate combustion characteristics. 
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The entire system Is fully operational and has been evaluated over a wide spectrum of operating conditions and with 
a range of coal types. A test series was completed In which the gasification and cleanup system supplied clean coal-
derived fuel to a turbine simulator operating at advanced gas turbine firing conditions of 2,600°F turbine inlet 
temperature and a pressure ratio 12 to 1. A $9.3 million DOE program is currently underway to develop the 
technology base needed to ensure compatibility with the constraints imposed by end-use applications. These 
constraints include dynamic load response to variations in end-use demand, and compliance with environmental 
regulations. The first two years of this program resulted in significant achievements in these areas. Operation with 
sulfur capture in excess of 90 percent was maintained throughout a wide range of system conditions, and during 
major component and system steady state and transient tests. System liquid effluent was characterized, and the 
parametric influence of operating conditions on effluent flow rate and composition was examined. Concepts for 
further improvement in emissions performance were evaluated at a laboratory scale and facility based experiments 
were planned. Verification of the component models by means of realistic tests on representative hardware has 
provided verified dynamic models of components of an IGCC power generation system. 

Demonstration of operation of an IGCC power plant in a typical utility environment was accomplished in 1983. The 
fuel plant was integrated with a software simulation of combined cycle power generation equipment. The 
combination was linked by means of controls logic typical of a full scale IGCC plant. The resultant power plant 
simulation was subjected to imposed transient demands, contingencies and emergencies of the type that could be 
encountered in a utility application. 

Project Cost:	 $9.3 million 

INTEGRATED TWO-STAGE LIQUEFACTION - Cities Service/Lummus and United States Department of Energy (C-490) 
A program has been initiated between DOE and Cities Service/Lummus for study on the chemistry, mechanisms, and 
process conditions for the expanded bed upgrading of coal extracts. This study will be combined with the 
exploratory development of an Integrated Two-Stage Liquefaction (ITSL) process. No effect of solvent boiling range 
(500-8500F to 740-8500F) was noted for 8500E-i conversion at a 780°F operating temperature. The denitrogenation 
was improved with a heavier boiling solvent. The thermal effect upon 8500F+ SRC-I coal extract conversion using a 
calcined extrudate (no metals loading) is less than would have been expected from petroleum residuum considera-
tions. A substantial portion of the 850°F+ conversion of coal extracts is catalytic in nature. The first phase of a 
parametric study on total reactor pressure, space velocity, and temperature has been completed. The high chloride 
content of SRC-1 coal extracts obtained from the Pyro and Lafayette mines has essentially no effect on the LC-
Fining hydroprocessing. The influence of diffusion on catalyst performance is being measured by comparing the 
results from three different sized extrudates. 

In the Integrated Two-Stage Liquefaction process, the non-catalytic short contact time (SCT) coal dissolution and C-
E Lummus antisolvent deashing (ASDA) have been successfully combined. 
Using Indiana V coal, this portion of the program has demonstrated the following results: the distillate (C5-8500p) 
product contains less than 0.2 percent nitrogen and 0.2 percent sulfur; overall distillate yield is 3 barrels per ton of 
moisture free coal; the LC-Finer catalyst activity has been maintained for over 1300 pounds of 850°F+ feed per 
pound of catalyst with a maximum reactor temperature of 780 017; the SCT reaction is in solvent balance and 
achieves over 90 percent conversion of MAP coal with a chemical hydrogen consumption of less than one percent; 
the heavy oil product from LC-Fining is an excellent hydrogen donor for the SCT reaction. 
C-E Lummus and DOE have signed a $10.31 million contract to extend the work on ITSL for an additional two years 
beginning July 1, 1982. Cities Service will assume an expanded role for data analysis, correlations and report 
writing from the ITSL pilot unit. The new contract will allow additional coals (including Western coals and cleaned 
Eastern coals) to be tested in the 1/3 tons per day PDU. 
Recycling hydrogenated solvent from the upgrading unit together with liquefying coal at 800 0F and 1 to 5 minutes in 
the first stage results in essentially no hydrogen being injected into the liquefier when processing Illinois No. 6 coal. 
The solvent is hydrogenated while the syncrude is being upgraded in the second stage. As with Indiana No. 5 coal, 
about 3.2 barrels of naphtha and middle distillate are produced per ton of MAP coal containing less than 0.2 percent 
nitrogen, 0.1 percent sulfur, and 0.5 percent oxygen. 

A year-long run in the PDU processing Illinois No. 6 coal has clearly demonstrated that the catalyst will be an 
insignificant part of the cost of producing coal liquids. Each pound of catalyst had been exposed to 2,000 pounds of 
coal extract. Catalyst deactivation is circumvented by lower temperatures and higher solvent quality. 
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Run 3LCF9 was continued for eight months using a modified flowscheme wherein the deasher was placed 
downstream of the LC-Finer. The conversion activity of the extract made from Illinois No. 6 coal declined at the 
same rate that had been observed earlier in the run with the deasher upstream of the LC-Finer. The hydrogenation 
rate was unaffected by the ashy feed. The overall distillate yield, however, was higher than for the standard 
.flowscheme because of a reduced extract loss in the deasher underflow. The deashing performance was superior to 
the standard flowscheme due to the improved fluidity of the deasher feed. 
At the end of this subtask using a modified flowscheme, the SCT reactor was operated at (a) 1,000 psij outlet 
pressure and (b) longer residence time and lower temperature. The low pressure had no effect on operability and 
yields; the longer residence time yielded more gaseous products and the extract product contained less hydrogen at 
slightly higher conversion to quinoline solubles. 
A Wyodak sub-bituminous coal was then processed in the PDU at C-E Lummus, New Brunswick, New Jersey. The 
integrated operation with Wyodak coal achieved 90 percent conversion to quinoline solubles. Hydrogen-transfer 
from molecular hydrogen was essentially zero, while the recycle solvent contributed almost twice the hydrogen that 
had been transferred during SCT runs with bituminous coals. The extract is reactive, requiring LC-Finer 
temperatures 500 to 70°F lower than for bituminous coals. The overall distillate (C4-850°F) yield was 2.8 barrels per 
ton MAF coal at a chemical hydrogen consumption of 4.2 pounds per 100 pounds MAP coal. 
Several preliminary conclusions may be obtained from a comparison of Wyodak sub-bituminous coal versus Illinois 
No. 6 bituminous cost-
1. Wyodak coal requires less hydrogen consumption and has a higher hydrogen utilization efficiency. 
2. Wyodak extract is a more reactive feed to LC-Fining--.can attain a high 850°F+ conversion at the same space 

velocity and a lower temperature. 
3. For Wyodak operation, coking of ASDA underf low appears to be an effective way of increasing liquid product 

yields. 
4. For a fixed product rate, Wyodak requires 11 percent more coal if coking is used and 33 percent more if it is 

not 
The last programs in these series of contractswere directed toward reducing the capital cost of an ITSL commercial 
plant. The SCT section was operated at 500 psig with no reduction in coal conversion or change in yield structure. 
This demonstrated that the recycle solvent provides all the hydrogen required for coal dissolution, which can 
henceforth be accomplished at low pressure. 

The LC-Fining section was then operated at a three-fold increase in space velocity. Excellent 850°+F recycle 
solvent was produced. The impact of this development Is that the volume of the second stage expanded bed reactors 
can be reduced by a factor of at least three with no adverse effect on solvent quality, resulting in a significant 
capital reduction. The -8500+F LC-Fining product was then hydrogenated/liydroeracked in a conventional fixed bed 
reactor to produce a -650°F net product with less than 100 ppm sulfur plus nitrogen. The unconverted 650°+F feed 
to the fixed bed unit became the distillate portion of the SCT recycle solvent. However, before recycling, this 
stream Is suitable as the antisolvent in the deashing step. This reduces capital and operating costs further, by 
eliminating all the distillation equipment previously needed for recovery of antisolvent and allows the settler to be 
operated at atmospheric pressure. 
The final program of this development was a bench deashing study, which showed that upflow velocity could be 
substantially increased while maintaining effective deashing. This will reduce the size of the settler. 

Project Cost:	 $24.2 million 

JAPANESE BITUMINOUS COAL LIQUEFACTION PROJECT - New Energy Development Organization (NEDÔ) (C-505) 
Basic research on coal liquefaction was started in Japan when the Sunshine project was inaugurated in 1974, just 
aftr the first oil crisis in 1973. NEDO assumed the responsibility for development and commercialization of coal 
liquefaction and gasification technology. NEDO plans a continuing high level of investment for coal liquefaction 
R&D, involving two large pilot plants. A 50 tons per day brown coal liquefaction plant is under construction in 
Australia, and a 250 tons per day bituminous coal liquefaction plant is planned in Japan. 
The pilot plant in Australia Is described in the project entitled "Victoria Brown Coal Liquefaction Project." The 
properties of brown coal and bituminous coal are so different that different processes must be developed for each to 
achieve optimal utilization. Therefore, NEDO has also been developing a process to liquefy sub-bituminous and low 
grade bituminous coals. NEDO had been operating three process development units utilizing three different 
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concepts for bituminous coal liquefaction: solvent extraction, direct liquefaction, and solvolysis liquefaction. These 
three processes have been integrated into a single new process and NEDO has intended to construct a 250 tons per 
day pilot plant. 
In the proposed pilot plant, bituminous coal will be liquefied in the presence of activated Iron catalysts. Synthetic 
iron sulfide or iron dust will be used as catalysts. The heavy fraction (-540°C) from the vacuum tower will be 
hydrotreated at about 350 0C and 100-150 atm in the presence of catalysts to produce hydrotreated solvent for 
recycle. Consequently, the major products will be light oil. Residue-containing ash will be separated by vacuum 
distillation followed by steam stripping. 
Basic design of the new pilot plant has started, it is expected that the pilot plant will start operation In 1990. The 
total cost, including operations, is expected to be $400 million. 

Project Cost:	 $400 million, not Including the three existing PDU 

KANSK-ACRINSK BASIN COAL LIQUEFACTION PILOT PLANTS -- Union of Soviet Socialist Republics (C-495) 
The Soviet Union Is building a large coal-based project referred to as the Kansk-Achinsk Fuel and Energy Complex 
(KATEK). The project consists of a very large open pit mine (the Berezovskly-1 mine), a 6,400 megawatt power 
plant, and a coal liquefaction facility. Additionally, the small town of Sharypovo Is being converted into a city with 
new schools, stores, housing, and transportation. 
A pilot plant referred to as an ST-75 installation is being built at KATEIC to test a catalytic hydrogenation process. 
Construction of the unit began in 1982. Start up of the unit was originally planned for 1984, but has been postponed 
to 1985 due to equipment design and delivery delays. Preliminary tests indicate that five tons of Kansk-Achinsk 
brown coal can produce one ton of liquid products at a cost that is 25 to 30 percent less than products that are 
refined from crude oil from remote Siberian regions. 
Additionally, a second unit referred to as the ETKh-175 is being built to test rapid pyrolysis of brown coal from the 
Borodinskoye deposit. The test unit will have a capacity of 175 tons of coal per hour. The process will produce 
coke, tar, and combustible gases. Construction of the unit was completed in December 1983, and testing using inert 
materials began in the Spring of 1984. However, a facility to convert the coal tar into fuels and chemicals has not 
been built. Therefore, the tar will be burned as fuel in the adjacent utility. 
A third experimental coal liquefaction unit, ST-5, is under construction at the Belkovskaya mine of the 
Novomoskovsk Coal Association. The unit is intended to demonstrate a relatively low pressure hydrogenation 
process that reportedly operates at approximately 1,500 psig and 400°C. A catalyst is used in the process to enhance 
the hydrogenation of coal into high octane gasoline. The liquid and solid are separated, and the solids are combusted 
to recover the catalyst Startup of ST-5 was to occur in 1984. 

Project Cost:	 Not disclosed 

KENNEDY SPACE CENTER POIJYGENERATION PROJECT - National Aeronautics and Space Administration (C-502) 
NASA presently purchases liquid hydrogen and liquid oxygen Space Shuttle propellants and purge gaseous nitrogen 
for the Kennedy Space Center. NASA studies in the last two years by Scientific Design Company have indicated 
that the most secure, low-priced supply could be achieved through coal gasification in a multi-product plant at KSC. 
It was concluded that the plant might be optimized to supply some or all of NASA's electric power requirements. 
Results of the analyses suggest that a coal gasification polygcneration plant can be built by the government or 
industry at KSC to significantly reduce the cost of Space Shuttle launches over the next twenty years. The actual 
saving will depend on the replacement costs of the products as they increase over the years, the process technology 
chosen, the exact mix of plant products, and the number of launches per year. 
The polygeneration project is under active consideration by NASA management. A final decision will be made based 
primarily on the results of a Solicitation for Information (SFi) released on March 8, 1985. This SF1 was issued to 
apprise industry of a contemplated long-term procurement for products from a polygeneration facility and to obtain 
responses and comments from potential sources regarding their interest. As requested in the SF!, responses were 
received by April 19, 1985. These responses are currently being reviewed by NASA. 

NASA has concluded that Space Shuttle propellants, purge gaseous nitrogen, and electrical power should be provided 
by the private sector and that the feedstock and technology should be determined b y market conditions. 

Project Cost:	 Not yet determined
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KEYSTONE PROJECT - The Signal Companies (C-Sin) 
In response to the United States Synthetic Fuels Corporation's fourth general solicitation that ended June 29, 1984, 
the Signal Companies proposed a coal-to-fuel gas project. The proposed project would produce 128 millionstandard 
cubic feet per day of fuel gas from 2,125 tons per day of high sulfur, caking bituminous westein Pennsylvania coal. 
This fuel gas would be used in an adjacent combined cycle power plant to produce approximately 190.kilowatts of 
electricity. To be located near Johnstown, Pennsylvania, the project would use the KEW Energy System Inc., fluid 
bed coal gasification technology. Construction was originally scheduled to begin in November 1985 with initial 
production commencing in July 1988. Loan and price guarantees were requested from the SFC. On January 15, 1985 
the project was determined to be a 'qualified project" under the terms of the solicitation. On July 10, 1985 the 
project was also submitted in response to the SFC's solicitation for Eastern bituminous coal gasification projects. 
The SFC determined that Keystone was a qualified project under the solicitation. However, the SFC was abolished 
by Congress on December 19, 1985 before financial assistance could be awarded to the project. Since that time, 
Signal has been evaluating options for restructuring the project. A modified project may be submitted to DOE's 
Clean Coal Technology Program. 

Project Cost:	 Not Disclosed 

K-FUEL COMMERCIAL FACILITY -- Energy Brothers Inc. (C-518) 
Energy Brothers, licensor of the K-Fuel process, is building a plant located next to the Fort Union Mine near 
Gillette, Wyoming. The plant will use the process invented by Edward Koppelman and developed further by SRI 
International. In the K-Fuel process, low-grade coal or peat is dried and mildly pyrolyzed in two coupled reactors 
that operate at elevated temperatures and at a pressure of 800 psi. The process produces a pelletized coal, and by-
product water and fuel gas. K-Fuel pellets contain 60 percent more energy (approximately 27 million BTU per ton) 
and 40 percent less sulfur than the raw coal. The fuel gas from the process is utilized on site to provide the needed 
heat for the process. The proposed facility will utilize 4.rnodules each capable of producing 350,000 tons per year 
of K-Fuel. 
Wisconsin Power and Light has agreed to a 10-year purchase agreement for "a substantial portion" of the output of 
the plant. The K-Fuel will be tested at Wisconsin Power and Light's Rock River generating station near Debit in 
south-central Wisconsin. For the test Wisconsin Power and Light will purchase the fuel at the cost of production, 
which has yet to be determined but is estimated to be over $30 per ton. lfthe test is successful, Wisconsin Power 
and Light has the option to Invest in the process. The utility is expected to begin taking shipments of K-Fuel in 
May 1988. 
Wisconsin Power and Light is interested in burning K-Fuel to eliminate the need to install expensive equipment to 
reduce sulfur emissions from the power plant. The upgraded coal is also less expensive to ship and store due to its 
improved heating value. 

Project Cost:	 $90 Million 

KILnGAS PROJECT - Allis-Chalmers, KILnGAS R & D, Inc., State of Illinois, United States Department of Energy, 
Electric Utility participants are: Central Illinois Light Company, Electric Power Research Institute, Illinois Power 
Company, Monongahela Power Company, Ohio Edison Company, The Potomac EdisonCompany, Union Electric Company, 
West Penn Power Company (C-520)	 - 

The KILnGAS process is based on Allis-Chalmer's extensive commercial experience in rotary kiln, high temperature 
minerals processing. A 600 tons per day KILnGAS Commercial Module (KCM) has been installed near East Alton, 
Illinois adjacent to Illinois Power's Wood River Power Station. The plant provides low-BTU (160 BTU per standard 
cubic foot) gas to the Wood River station. Gilbert/Commonwealth Associates, Inc., was the architect-engineer. 
Construction management was provided by J.A. Jones Construction. Scientific Design contributed to the process 
design. 
The KCM includes a pressurized gasifier which is a 170 foot long by 12 foot diameer rotary kiln. Coal, transported 
through the gasifier by inclination and rotation of the kiln, is progressively dried, pre-heated, and devolatilized by 
counterflowing hot gases. Air and steam is injected through a unique system of ports located along the length of the 
gasifier and reacts chemically with carbon in the hot coal to form hydrogen and carbon monoxide, the primary 
combustibles in low-BTU gas. The gas, which leaves by both the feed and discharge end of the gasifier, is cooled and 
passed through a sulfur removal process. Particulates and tars, which are rich in carbon, are separated from the gas 
and recydled to the gasifier to improve carbon conversion efficiency. 
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The objectives of the KILnGAS program are: (1) demonstrate system performance in a utility environment; (2) obtain 
data to confirm process design; (3) utilize KCM operating data to forecast commercial gas generation costs; and (4) 
establish a data base to proceed with design of commercial plants In the 2,000 to 5,000 tons per day range. The 
KCM, for which construction was completed in mid-1983, is used to support these objectives. 
Spanning a period from mid-1983 through late 1985, the KCM has undergone performance testing, demonstration 
runs, and is currently in the first phase of a Reliability, Availability, and Maintainability Program, RAM I. The more 
significant accomplishments to date are: (a) high-sulfur Illinois coal has been successfully gasified; (b) an Illinois 
Power Company boiler has been successfully fired from KCM-generated gas; (c) carbon conversion efficiencies 
exceeding 90 percent have been achieved; (d) an average of 90 percent total sulfur removal has been accomplished; 
(e) a wide range of performance, reliability, availability and maintainability improvements has been designed, 
installed, commissioned, and is undergoing evaluation testing as part of RAM I; (0 excellent winter startup and cold 
weather operating experience under RAM I has been gained for commercial design use. 

The RAM I program concluded in April 1986. A second Phase, RAM II, will extend the program through mid-1987. 
Total funding for the program, through Ram I is shown as follows. Funding of $14.91 million for RAM II has been 
appropriated by Congress to match continuing support from electric utilities and the State of Illinois; federal funds 
are administered through the United States Department of Energy. 

Funding through RAM 1: 
Electrical Utility	 $ 42.0 million 
State of Illinois	 28.3 million 
Allis-Chalmers 	 115.3 million 
United States Department of Energy	 7.4 million 
EPRI (testing only) 	 5.8 million 

Total	 $204.3 million 

KLOCKNER COAL GASIFIER - CRA (Australia), Kleckner Kohiegas, West German Federal Government (C-535) 
A 850,000 tonnes per year commercial plant using the Kleckner coal gasification process is under construction at 
Bremen, West Germany. Approximately 1.7 billion cubic meters of gas Is the anticipated product. Start-up is 
scheduled for 1985. A currently-operating pilot plant has reported up to 90 percent lower sulfur emissions. 
The project is receiving $80 million from the West German government. When operational, the plant will be the 
second large-scale gasification plant in Germany (see Itheinbraun HTW Project for details of the larger facility). 
The Kleckner Kohlegas molten iron bath technology has been proposed for the Penn/Sharon/Klockner project in the 
United States. 

Project Cost:	 $325 million 

KRW ENERGY SYSTEMS INC. ADVANCED COAL GASIFICATION SYSTEM FOR ELECTRIC POWER GENERATION - 
Kellogg Rust Inc., United States Department of Energy, and Westinghouse Electric (C-gao) 

In April 1984 Westinghouse sold controlling interest in the Synthetic Fuels Division and its coal gasification 
technology to Kellogg Rust Inc.; the new name is KEW Energy Systems Inc. DOE awarded a $27 million contract to 
KEW Energy Systems to fund continued development of the KEW coal gasifier. KEW will also contribute 
$8.7 million to the 32-month effort, which will be conducted largely at the Waltz Mill test facility southeast of 
Pittsburgh, Pennsylvania. The present program will focus on linking the 25 tons per day gasifier to an advanced hot 
gas cleanup system for applications to integrated coal gasification combined cycle power generation. The hot gas 
cleanup technology to be tested is a process developed at DOE's Morgantown Energy Technology Center using 
regenerable zinc ferrite to absorb hydrogen sulfide. Other components of the program include a study of multiple 
injection ports for the gasifier and in-bed sulfur removal by injecting limestone. 

The KEW coal gasification pilot plant, located at the Waltz Mill Site near Pittsburgh, Pennsylvania has been 
operated since 1975 and has accumulated more than 10,000 hours of hot operation with a broad range of coals. The 
range of coal types includes highly caking eastern bituminous, western subbituminous, and lignites, high ash and low 
ash, high moisture and low moisture. 

The pilot plant utilizes a single stage fluidized bed gasifier with ash agglomeration and hot fines recycle. The pilot 
gasifier is operated at temperatures between 1,550°F and 1,950°F and pressures between 130 psig and 230 pslg, with 
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air feed to produce low-BTU gas and oxygen feed to produce medium-BTU gas. Pilot plant coal capacity ranges 
between 20 and 35 tons per day, depending on coal type. The pilot plant has been integrated with prototype 
combustion turbine test passages, and tests were conducted with coal gases covering a broad range of heating 
values. In 1983, successful tests were conducted to demonstrate hot fines recycle. They showed a 23 percent 
increase in carbon conversion for Wyoming Sub-C coal (8 percent for Pittsburgh No. 8), and a 38 percent decrease in 
oxygen consumption (26 percent for Pittsburgh No. 8). A commercial gasifier-size cold flow fluidized bed scale-up 
facility began operation in 1981, the purpose being to develop a data base sufficient to reduce risks associated with 
scale-up to acceptable levels. 
Several commercial demonstration projects are currently being evaluated for application of the KEW coal 
gasification system to various industrial and utility applications. Included is the Keystone Project which is to be 
located near Johnstown, Pennsylvania involving a coal gasification combined cycle facility. 

The first commerical-scale operation of KEW gasification will take place in the Peoples Republic of China at Fularji 
in northeast China. (See the Fularji Low-BTU Gasifier project). 

Project Cost:	 Not disclosed 

LAPORTE LIQUID PHASE METHANOL SYNTHESIS - Air Products & Chemicals, Chem Systems Inc., Electric Power 
Research Institute, Fluor Engineers and Constructors, and United States Department of Energy (C-550) 

Air Products is testing a 5 tons per day PDU located near LaPorte, Texas. The unit is being run as part of a program 
sponsored by the DOE and will be used to evaluate the liquid phase methanol synthesis technology developed by 
Chem Systems. In the process, synthesis gas is injected in the bottom of a reactor filled with light oil in which a 
methanol synthesis catalyst is suspended. The oil acts as a large heat sink, thus improving temperature control and 
allowing the use of more active catalysts and/or a more concentrated synthesis gas. 

Additionally, a wider range of synthesis gas compositions can be used, thereby allowing the use of low 
hydrogen/carbon ratio gases without the need for synthesis gas shift to produce more hydrogen. While the 
technology is particularly suitable to syngas derived from coal, the concept will be tested initially using hydrogen 
and carbon monoxide produced from natural gas. 

In spring 1985, the liquid phase methanol PDU located near LaPorte, Texas was started, with the initial objective of 
a 40 day continuous run. During the run, the LaPorte unit was operated under steady-state conditions using carbon 
monoxide-rich gas representative of that produced by advanced coal gasifiers. During the run, the plant achieved a 
production rate of up to 8 tons per day with a total production of approximately 165 tons of methanol 
(50,000 gallons). The plant, including the slurry pump and a specially designed pump seal system, operated very 
reliably during the run. Additional testing of the unit is currently underway. 

A 10-day test in July 1985 was conducted at higher catalyst concentrations (35 to 45 weight percent). The unit was 
operated with balanced gas for 1 day, and carbon monoxide-rich gas for 9 days. The PDU demonstrated excellent 
operability with 100 percent on-stream reliability, but catalyst activity maintenance was somewhat lower than 
laboratory predictions. 
The next step is scale-up to a larger unit. TVA's facility at Muscle Shoals, Alabama, where actual synthesis gas 
from a Texaco gasifier could be used, is a potential host site. 

Project Cost:	 DOE: $15.6 million 
Private participants: $1.8 million 

LFC COAL LIQUEFACTION/COGENERATION PLANT —501 International (C-557) 

501 International is developing a 30.75 megawatts electric cogeneration and coal liquids production facility to be 
located near Colstrip, Montana. This facility is designed to utilize the Liquids from Coal (LFC) process, developed 
by 501 International. An LFC/cogeneration plant consists of an electric generation unit combined with LFC process 
equipment in one cogenerating system. 

According to the developers, SGI's LFC process is an adaptation of existing reliable equipment and utilization of 
state-of-the-art technology. Compared with other coal conversion processes where high temperatures and pressures 
are required, the LFC process operates at low pressures and less severe thermal process conditions, some of which 
require only low-grade and medium-grade heat (140° to 6000F). In the system, the electric generation unit supplies 
waste heat to meet these LFC process thermal loads, white the solid waste by-products from the LFC process are 
used to fuel the electric generation unit.
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501 has obtained a long-term (35 year) power sales agreement with Montana Power Company. The estimated project 
cost is $72.5 million. Dravo Engineers, Inc. of Atlanta, Georgia has been selected by 501 International to perform 
the design and construction of the LFC Cogeneration Plant. Proposals will soon be solicited for major equipment 
components leading to placement of orders in the fall of 1986. Site work is scheduled to commence in mid-1986 
with the entire facility complete by mid-1988. Once in full operation, the facility will employ a staff of 30 to 35. 

Project Cost:	 See above 

LULEA MOLTEN IRON COAL GASIFICATION PILOT PLANT - KHD Humboldt Wedag AG and Sumitomo Metal 
Industries, Ltd (C-580) 

KHD and Sumitomo have agreed to jointly build and operate a 240 tonnes per day pilot plant to test the molten iron 
coal gasification processes independently developed by both companies. Construction of the pilot plant was 
completed In Lulea, Sweden at the country's steel research center in mid-1985, with operation scheduled to last 
through 1987. 
The pilot plant will be designed for operation at pressures up to 5 atmospheres. In the process, pulverized coal and 
oxygen are injected into a bath of molten iron at temperatures of 1400 to 1600°C. Potential advantages of the 
technology Include simple coal and oxygen feed controls and low carbon dioxide production. 

Project Cost:	 Not Disclosed 

LU NAN AMMONIA-FROM-COAL PROJECT -- China National Technical Import Corporation (C-587) 

The China National Technical Import Corporation awarded a contract to Bechtel for consulting services on a 
commercial coal gasification project in the People's Republic of China. Bechtel will provide assistance in process 
design, design engineering, detailed engineering, procurement, construction, startup, and operator training for the 
installation of a Texaco gasifier at the 200 metric tons per day Lu Nan Ammonia Complex in Tengxian, Shandong 
Province. When completed in early 1987, the Lu Nan modification will replace an obsolete coal gasification facility 
with the more efficient Texaco process. 

Project Cost:	 Not Disclosed 

MINING AND INDUSTRIAL FUEL GAS GROUP (MIFGA) GASIFIER - American Natural Service Company; Amerigas; 
Bechtel Incorporated; Black, Sivalls, Bryson; Burlington Northern; Cleveland-Cliffs Iron Company; Davy McKee Corpora-
tion; Dravo Corporation; EPRI; The Hanna Mining Company; Peoples Natural Gas Company; Pickands Mather & 
Company; Reserve Mining Company; Riley Stoker Corporation; Rocky Mountain Energy; Stone and Webster; USBM-Twin 
City Metallurgical Research Center; United States Department of Energy; U.S. Steel Corporation; Western Energy 
Company; Weyerhaeuser (C-630) 

The then Pellet Energy Group, United States Bureau of Mines, and DOE installed a 36 tons per day Wellman-Galusha 
coal gasifier at the Twin Cities Metallurgical Research Laboratory (Minn.) in March 1977. The 6' 6" diameter 
gasifier, supplied by Hanna Mining Co., provides low-BTU fuel gas for a 12 tons per day pilot grate-kiln taconite 
pellet induration furnace presently operating at the Center. The Bureau of Mines' goal is to determine whether iron 
ore pellet firing with raw, low-BTU coal gas is technically feasible and practical, while DOE and participating 
companies are interested in gasifier operations and technology. 
First shake-down test of gasifier was undertaken on November 13, 1978. Four 120-hour tests were completed in 
November and December 1978 with Kentucky bituminous, Western sub-bituminous and North Dakota lignite in 
September-October 1979. A test with "briquetted" sub-bituminous coal fines was started October 1979, but was 
aborted after 10 hours. 
Modifications to the gasifier facility were completed and testing began in October 1980. A 30 day continuous 
operation with North Dakota "Indian Head" lignite was completed in November 1980. The test used approximately 
1,000 tons of lignite, and included pellet testing. Ten day around-the-clock tests completed in mid-1981 included 
tests with North Dakota "Indian Head" lignite fines (3/4" x 1/4"), Texas lignite, and Colorado sub-bituminous coal. 
"Simplex" Briquettes testing was performed in October 1981. 
In May 1982, Black, Sivalls & Bryson, Incorporated (BS&B) was awarded the operational contract to plan, execute, 
and report gasification test performance data from this small industrial fixed-bed gasification test facility. BS&B 
has teamed with the Particle Technology Laboratory of the University of Minnesota who is primarily responsible for 
gas sampling including the data acquisition and analysis. BS&B is responsible for program administration, test 
planning, test execution, and all documentation of program activities and test reports. 
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BS&8 has initiated an effort to identify and contact all State Agencies associated with the promotion of coal 
utilization within the continental United States. The objective is to solicit the widest variety of coals which are 
potential feedstock for industrial fixed-bed gasifiers applied within and beyond metallurgy processing throughout the 
United States. 
Major advancements have been made with the gasifier operation and gas sampling and analysis system. Quality of 
the data derived from testing has significantly improved. Tar/oil from high volume bituminous coals are 
consistently in the range of 15 to 16 percent. 
The 1983 test series involved a total of 108 days of testing using 8 different coals/solid fuels. Gasification testing in 
1984 has involved five different fuels with a total of 40 days testing. 
During the next several months, the facility will be upgraded for the 1985 test series. The 1985 test series will 
include fundamental studies of gas clean-up, desulfurization, and utilization of gaseous and liquid fuels derived from 
coal. 
DOE funded: $5,176,000 corresponding to 7 years of Industrial coal gasification research and development. 

MIFGA member contributions have amounted to approximately $2,596,150. 
Bureau of Mines: $4,559,760. 

Project Cost:	 $12,331,910 (spanning 7 years) 

MONASH HYDROLIQUEFACTION PROJECT - BP United Kingdom Ltd. and Monash University (C-665) 

The Chemistry, Chemical Engineering, and Physics Departments at Monash University at Clayton, Victoria are 
conducting a major investigation into hydroliquefaction of Victorian brown coal. Both batch autoclave studies and 
continuous hydrogenation in a bubble column and a stirred tank reactor are being conducted. 
BP United Kingdom Ltd. is continuing to fund for an additional two years a collaborative research project with 
Monash University on brown coal conversion using synthesis gas. Substantial funding for the continuous flow 
research has been provided by the Australian Government's National Energy Research, Development and Demonstra-
tion Council. The batch autoclave work has been largely supported by the Victorian Brown Coal Council. 
Batch autoclave studies have established that Victorian brown coal ion-exchanged with iron- or tin-salt solutions 
shows enhanced activity for hydrogenation in tetralin compared with untreated coal. The Monash studies show that 
a mixed metal catalyst system, which is predominantly iron-based with trace amounts of tin, displays a significant 
synergistic effect when compared with hydrogenation results for experiments using only iron- or tin-based catalysts 
of comparable metal concentrations to the mixed metal system. Mosauer studies are helping to understand the 
role of iron and tin in the early stages of reaction. Other mixed metal systems, some with an iron base, are also 
showing good catalytic activity. The studies have now been extended to the use of coal-derived solvents rather than 
tetralin. 
The continuous bench-scale bubble-column and stirred tank reactor facility has been successfully operated at 1 to 
2 liters per hour of coal slurry using tetralin as the vehicle solvent in the presence of hydrogen gas. This unit is 
providing data on the effects of temperature, residence time, and catalytic treatment on coal conversion and 
product yields, together with providing reasonable quantities of products for further studies. Coupling of the two 
reactors in series has been achieved and conversion studies began in coal-derived solvents other than tetralin. 
Mathematical modelling of the process has also proved successful. 

Project Cost:	 $1.8 million (Australian) since commencement 

MOUNTAIN FUEL COAL GASIFICATION PROCESS - Ford, Bacon & Davis; Mountain Fuel Resources, Inc.; United 
States Department of Energy (C-670) 

The sponsors constructed a process development unit for research and development on components of a high 
temperature, oxygen blown, entrained flow gasifier. The gasifier operates at slagging temperatures (about 2,8000F), 
and 300 psig. The plant produces 2 million cubic feet per day of 300 BTU gas. Both radiant and convective heat 
exchangers are used to recover heat from the process. 
An $8.9 million, 52 month cost-sharing contract was awarded. Construction was completed in October and start-up 
tests started in November 1982. The unit has been running on coal since February 1983, conducting component and 
process evaluation tests. Coal variation tests, sustained operation tests, and all experimental works were completed 
in November 1984. The project was completed and the final report issued to DOE in April 1986. 

Project Cost: $8.9 million
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NATIONAL COAL BOARD LIQUID SOLVENT EXTRACTION PROJECT -- British Department of Energy and National 
Coal Board (C-690) 

The British Department of Energy is co-sponsoring pilot plant evaluation of the Liquid Solvent Extraction Process 
developed in a small pilot plant capable of producing 0.2 tons per day of liquids. In the process, a hot, coal-derived 
solvent is mixed with coal. The solvent extract is filtered to remove ash and carbon residue, followed by 
hydrogenation to produce a syncrude boiling below 300°C as a precursor for transport fuels and chemical feedstocks. 
Economic studies, supported by Badger, Ltd. have confirmed that the process can produce maximum yields of 
gasoline and diesel very efficiently. Work on world-wide coals has shown that it will liquefy economically most 
coals and lignite and can handle high ash feed stocks. The National Coal Board is proceeding with the design and 
construction of a 2.5 tons per day plant at the Point of Ayr site financed by the National Coal Board with support 
from the European Economic Community. Limited private industry and British Department of Energy support is 
under discussion. Following a preliminary design phase carried out by Babcock Woodall-Duckham Ltd., construction 
started at the beginning of 1986. 

Project Cost:	 16 million British pounds (1985 prices) construction cost plus 16 million British pounds (1985 
prices) operating costs 

NATIONAL COAL BOARD LOW BTU GASIFICATION PROJECT - British Department of Energy and National Coal Board 
(C-700) 

The National Coal Board is developing a fluidized bed gasifier to produce a low-BTU gas, primarily intended, 
combined with fluidized bed combustor for firing a gas turbine for power generation, or generally standing alone for 
onsite generation of gas for industrial application. Small pilot-plant studies leading to the design of a 
pilot/demonstration plant of a capacity of S ton per hour of coal are in hand. A joint study with the Central 
Electricity Generating Board led to recommendations to proceed but it is likely that work on this application will be 
limited to design studies over the next few years. Work is being concentrated by the NCB on developing the gasifier 
for the industrial market. A 0.5 ton per hour demonstration plant financed by the NCB and the European Economic 
Community is now being tested. 

Project Cost:	 Construction and testing of 0.5 ton per hour plant -2 million British pounds 

NATIONAL SYNFUELS PROJECT - Elgin Butler Brick Company and National Synfuels Inc. (C-705) 
The NSI gasifier has been installed at Elgin Butler Brick Company's brick making plant in Elgin, Texas. Production 
of 30 million BTU per hour low-BTU gas is expected from lignite feedstock. NSI technology uses a multi-stage 
gasifying process, physically segregating steps for fuels drying/devolatilization, char gasification, and thermally 
cracking pyrolysis tars and oils. The gasifier was to start up during April 1984, with full operation anticipated by 
year end. However, a number of mechanical problems prevented full startup in 1984. Recent tests and operation 
indicate 150 BTU per standard cubic feet gas can be available. Further development is still in progress. 

Project Cost:	 $2 million 

NEW MEXICO COAL PYROLYSIS PROJECT - Energy Transition Corporation (C-710) 

Energy Transition Corporation (ETCO) has proposecl.a coal pyrolysis project to be built in northwest New Mexico. 
The proposed plant would use Union Carbide's hydrocarbonization pyrolysis process to convert 20,000 tons per day of 
coal into crude oil and char. Coal for the project would be supplied by Utah International's Navajo Mine, and 
product char would be used at nearby electric power generation plants. A study conducted by ETCO for the New 
Mexico Energy Research and Development Institute indicated the plant would achieve a favorable economic return 
at $28.50 per barrel for product oil and $0.70 per million BTU for coal/char. 

Tests using the Navajo coal were conducted in a modified synthanc PDU operating at hydrocarbonization conditions 
at DOE's Pittsburgh Energy Technology Center during January 1985. ETCO is seeking additional equity partners for 
the project. 

Project Cost:	 $770 million 

NYNAS ENERGY CHEMICALS COMPLEX -- AGA, A. Johnson & Company, Superfos Group, and the Swedish Investment 
Bank (C-754) 

A group of four Danish and Swedish companies has agreed to build a coal-based ammonia plant in Sweden. The 
Nynas Energy Chemicals Complex (NEX) will utilize the Texaco coal gasification process to produce synthesis gas 
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for ammonia production. Initially, the facility will produce 450,000 tonnes of ammonia per year, hot water for the 
Southern Stockholm district heating system, and industrial gases (oxygen, nitrogen, and argon). Also, Nynas 
Petroleum's refinery in Nynashamn will switch to fuel gas from NEX. Other related process options will be 
implementated later. The plant is scheduled to go on stream in the Fall 1989 at a cost of $450 million (United 
States dollars). 
Participants in the project are: AGA, the Swedish industrial gas group; A. Johnson and Company, a privately-owned 
Swedish trading and industrial group; the state-owned Swedish Investment Bank; and the Superfos Group, Denmark's 
largest industrial group and one of Europe's leading producers of fertilizers. 
The Investment Bank and Johnson are equal partners in a new company, Nynas Kombinate AB, which will own 
30 percent of HEX. AGA, whose stake in HEX will be 30 percent, will build on their own the air separation plant for 
the facility. Superfos, will have a 20 percent interest in the HEX with an option for an additional 10 percent, and 
will purchase a major portion of the plant's ammonia production under a long-term contract. The remaining 10 to 
20 percent of HEX will be divided among a number of other shareholders. 

Project Cost:	 $450 million (1984 dollars) 

OBERHAUSEN COAL GASIFICATION PROJECT - Ruhrkohle Oil & Gas GmbM, Ruhrchemie AG (C-755) 

A coal gasification pilot plant was commissioned at the Oberhausen site in April 1978, built and operated jointly by 
Ruhrkohle and Ruhrchemie. A total of 22,000 hours of operation was achieved; the longest run lasted 1,500 hours. 
Seventeen different coals and residues from coal liquefaction processes (described under Bottrop Project) were 
successfully gasified. Good yields were obtained and no technological problems occurred. The coal-based synthesis 
gas was fed to Ruhrchemle's oxo-synthesis plant and was judged to be well suited. Much of the pilot plant costs 
were funded by the West German Ministry of Science and Technology. In the meantime pilot plant operation has 
been terminated. 
Ruhrchemie and Ruhrkohle Get & Gas are now building a commercial coal gasification plant at Rhurchemie's 
Oberhausen oxo-synthesis facility. Using Texaco's gasification process and a feed rate of 30 tons per hour coal, 
estimated production would be 50,000 cubic meters per hour SNG of which 18,000 cubic meters per hour will be 
converted to hydrogen. The plant is scheduled to come onstream in 1986. (See the Synthesegasanlage Ruhr project.) 

Project Cost:	 $10 million (pilot plant) 
$80 million (commercial facility) 

OHIO-I COAL CONVERSION PROJECT -- Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth 
Brothers Incorporated (C-756) 

Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers Incorporated proposed a project 
to produce energy-grade methanol (METHYL FUEL) and anhydrous ammonia. The project will be constructed on a 
site in Lawrence County in southern Ohio. This plant will use high grade sulfur coal from existing mines in the area. 
The project will consist of one production module for the gasification of a pproximately 1.800 tons per day of Ohio 
coal, to produce 500 tons (150,000 gallons) per day of METHYL FUEL and 500 tons per day of anhydrous ammonia. 
Based on an average sulfur content of 3 percent, the daily quantity of high purity elemental sulfur will be 
approximately 54 tons. 

The proposed project would utilize a High Temperature Winkler (HTW) fluidized bed gasifier to produce raw 
synthesis gas. The gas is cleaned by use of one or more cyclones and subsequent scrubbing. The cleaned gas is then 
cooled in a steam generator or boiler feed water heat exchanger to recover available energy for use in the plant. 

- Solids removed by the cyclone(s) are recycled to the gasifier to improve the carbon conversion efficiency. Carbon 
conversions of approximately 96+ percent are expected. The raw gas, cleaned of particulate matter, Is next 
processed in the synthesis section. The gas undergoes a water-gas shift reaction to increase the amount of 
hydrogen. The shifted gas then enters a Rectisol system which produces several streams: sulfur-free carbon dioxide, 
a by-product stream with a high concentration of hydrogen sulfide and some carbon dioxide, and high purity 
hydrogen (or hydrogen and carbon monoxide) that will be used for producing anhydrous ammonia and METHYL FUEL. 
In the methanol fuel section of the plant, the ratio of hydrogen and carbon monoxide is first adjusted as needed. The 
gases are then catalytically reacted to produce METHYL FUEL (a mixture of methanol, higher alcohols, and a small 
quantity of water) and anhydrous ammonia. 

Construction is scheduled to start early in the third quarter of 1987, with completion and initial operation scheduled 
for the first quarter of 1989.
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This plant has been estimated to cost $275 million. 

Project Cost:	 $275 million 

PRENFLO GASIFICATION PILOT PLANT -- Gesellschaft fuer i{ohle-Technologie mbH (GIlT) (C-798) 

GET, of Essen, West Germany are presently operating a 48 tons per day demonstration plant and designing a 
1,000 tons per day demonstration module for the PRENFLO process. The PRENFLO process is a pressurized version 
of GKT's Koppers-Totzek (LIT) entrained flow gasifier. 

In 1973, the parent company of GIlT started experiments using a pilot LIT gasifier with elevated pressure. In 1974, 
an agreement was signed between Shell Internationale Petroleum Maatschappij BV and GIlT for a cooperation in the 
development of the pressurized version of the LIT process. A demonstration plant with a throughput of 150 tons per 
day bituminous coal and an operating pressure of 435 psia was built and operated for a period of 30 months. After 
completion of the test program, Shell and GIlT agreed to continue further development separately, with each 
partner having access to the data gained up to that date. GIlT's work has led to the PRENFLO process. 

GIlT has decided to continue development with a test facility of 48 tons per day coal throughput. The plant Is 
located at Puerstenhausen, West Germany. Simultaneously with the pilot test program, the design and engineering 
of a demonstration plant with a capacity (coal feed rate) of 1,000 tons per day will be carried out. The engineering 
of the 1,000 tons per day gasifier module ("ready for construction") is expected to be completed in 1988. 

Project Cost:	 Not disclosed 

RHEINBRAUN HIGH-TEMPERATURE WINKLER PROJECT - Rheinische Draunkohlenwerke AG, Uhde GmbH, West 
German Federal Ministry for Research & Technology (C-803) 

Rheinbraun and Uhde have been cooperating since 1975 on development of the High Temperature Winkler fluidized 
bed gasification process. 

On the basis of preliminary tests in a bench scale plant at Aachen Technical University near Cologne, the sponsors 
commissioned a pilot plant in July 1978 at the Wachtherg plant site near Cologne. Following an expansion In 
1980/1981, feed rate was doubled to 1.3 tons per hour dry lignite. By end of June 1985 the test program was finished 
and the plant was shut down. From 1978 until June 1985 about 21,000 tonnes of dried brown coal were processed in 
about 38,000 hours of operation. The specific synthesis gas yield reached 1,580 standard cubic meters per tonne of 
brown coal, MAP, corresponding to 96 percent of the thermodynamically calculated value. At feed rates of about 
1,800 kilograms per hour coal, the synthesis gas output of more than 7,700 standard cubic meters per hour per square 
meter of gasifier area was more than threefold the values of atmospheric Winkler gasifiers. 

Rheinbraun has been constructing a demonstration plant for the production of 300 million cubic meters syngas per 
year. All engineering for gasifier and gas after-treatment including water scrubber, shift conversion, gas clean up 
and sulfur recovery was performed by Uhde; Linde AG is contractor for the Rectisol gas cleanup. The synthesis gas 
to be produced at the site of Rheinbraun's Ville/Berrenrath briquetting plant is to be pipelined to Rheinbraun's Union 
Kraftstoff subsidiary for methanol production. 

Project Cost: 	 Undisclosed 

RHEINBRAUN HYDROGASIFICATION OF COAL TO SNG - Rheinische Braunkohlenwerke AG, Lurgi GmbH, Ministry of 
Research & Technology of the Federal Republic of Germany ((5-475) 

The hydrogasification process developed by Rheinbraun is a pressurized fluidized bed technique. Engineering partner 
in this project is Lurgi. The project is subsidized by the Ministry of Research & Technology of the Federal Republic 
of Germany. A PDU for the hydrogasification was engineered and built by Lurgi company, Frankfurt, on the site of 
Union Kraftstoff at Wesseing.
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This plant with a throughput of about 5 tons per day dried brown coal or anthracite has been operated from 1975 to 
September 1982. More than 1,780 tons of dried brown coal and about 14 tons anthracite have been gasified during 
12,235 hours at temperatures between 8200 to 1,000°C and pressures between 55 and 95 bar. A methane content of 
nearly 50 percent by volume in the dry crude gas has been reached. The longest continuous test period of operation 
has been 31 days. 
A pilot plant with a throughput of about 240 tons per day of dried brown coal at pressures up to 120 bar was 
constructed from 1979 to 1982. This pilot plant includes an Amisol plant for washing out sour gas components and a 
Linde cryogenic separation unit for isolation of SNG from hydrogen for recycle into the gasifier. 

For large-scale plants the hydrogen needed additionally can be generated in the HTW process with a following shift 
conversion of the carbon monoxide in the raw. gas to hydrogen, or a part of the produced methane is catalytically 
converted in a methane stream reformer being heated with process heat from a high temperature gas cooled nuclear 
reactor. 
The pilot plant went onstream in Spring 1983. Up to the end of April 1986 about 26,300 tons of dried brown coal 
were processed in about 5,800 hours of operation. 
The selected process design as a whole has proved successful; especially under 120 bar gasification pressure 

recovering of unconverted hydrogen In a cryogenic separation unit and returning it to the gasiitcauon process. 

Up to 100 bar nearly the same efficienc y data were reached as in the small PDU, for 120 bar even better results as 
above mentioned. So the upscaling of the process was successful. 

Project Cost:	 Not disclosed 

SASOL TWO AND SASOL THREE - Sasol Limited (C-820) 
Sasol Two and Three are commercial projects, based on the success of Sasol One, for the manufacture of mainly 
liquid fuels, ethylene, tar products, ammonia, sulfur, and other chemicals. The plants are situated on the eastern 
high veld of Transvaal. Coal (low grade) consumption at full production is 30 million tons per year from the Secunda 
Collieries. The facilities include boiler house, Lurgi gasifiers, oxygen plant, Rectisol gas purification, synthol 
reactors, gas reformers, and refineries. The hydrocarbon synthesis uses Sasol's Synthol process. Managing 
contractor was Fluor Engineers. Construction of Sasol Two is completed and all units were commissioned by the end 
of 1980. Production of first "crude" oil at Sasol Two started on March 18, 1980. Sasol Three is completed and began 
producing synthetic oil on May 10, 1982. Refined products from this plant have been marketed since the beginning 
of August 1982. 

Project Cost:	 SASOL Two	 $2.9 Billion 
SASOL Three	 $3.8 Billion 

At exchange rates ruling at construction 

SCOTIA COAL SYNFUELS PROJECT - DEYCO (A Federal Crown Corporation); Alastair Gillespie & Associates 
Limited; Gulf Canada Products Company (a subsidiary of Gulf Canada Limited); NOVA, an Alberta Corporation; Nova 
Scotia Resources Limited (a Provincial Crown Corporation); and Petro-Canada (a Federal Crown Corporation) (C-822) 

The consortium is conducting a feasibility study of a coal liquefaction plant in Cape Breton, Nova Scotia using local 
coal to produce gasoline and diesel fuel. The plant would be built either in the area of the Gulf Point Tupper 
Refinery or near the coal mines. The 25,000 barrels per day production goal would require approximately 2.5 million 
tonnes of coal per year. The plant start-up could be in 1989/1990. Additional funding of $750,000 requested from 
the Oil Substitution Fund (a fund jointly administered by the Canadian Federal Government and the Provincial 
Government of Nova Scotia) to evaluate two-stage process options was announced by the Nova Scotia government on 
October 3, 1984. 
A contract has been entered into with Chevron Research Inc. to test the coals in their two-stage direct liquefaction 
process (CCLP). 
Feasibility report has been completed. Financeability options are being discussed with governments concerned and 
other parties. 

Project Cost:	 Approximately $4 million for the feasibility study 
Approximately $1.5 billion for the plant 
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SCRUBGRASS - Scrubgrass Associates (C-825) 

Scrubgrass Associates (SGA) planned to build a 2,890 barrels per day coal-to-methanol-to-gasoline (and other 
products) plant, to be located in Scrubgrass Township, Venango County, Pennsylvania. The sponsors submitted a 
request for loan and price guarantees from the United States Synthetic Fuels Corporation under the solicitation for 
Eastern Province or Eastern Region of the Interior Province Bituminous Coal Gasification Projects. The technology 
consists of three basic processes: high pressure GIlT entrained-flow coal gasification, ICI methanol synthesis, and 
the Mobil methanol-to-gasoline (MTG) process. On November 19, 1985, the SFC dropped the project from further 
consideration. 

No federal assistance of any kind is sought. 

The estimated totalproject costs, including start-up, commisslonlng engineering, procurement, and construction, 
and financing costs, are $195,000,000. Financial closing is anticipated prior to the end of 1986. 

Project Cost:	 See above 

SHELL COAL GASIFICATION PROJECT - Royal Dutch/Shell Group and Shell Oil Company (U.S.) (C-840) 

Shell Oil Company (U.S.) and the Royal Dutch/Shell Group are continuing joint development of the pressurized, 
entrained bed, Shell Coal Gasification Process. A 6 tons per day pilot plant has been in operation at Shell's 
Amsterdam laboratory since December 1976. A number of different coals and petroleum cokes have been 
successfully gasified at 300 to 600 psi. This pilot plant has now operated for over 10,000 hours. 

A 150 tons per day prototype plant has been operating at the German Shell Hamburg/Harburg refinery since 1978 
with over 6,000 hours of operation logged. Its experimental program now complete, the plant has successfully 
gasified different types of coal in runs as long as 1,000 hours and has demonstrated the technical viability of the 
process. Further development of the Shell process is continuing through active pursuit at other Shell facilities. 

Shell Oil Company, The Electric Power Research Institute, and Lummus Crest, Inc., recently announced plans to 
build a demonstration unit for making medium-BTU gas, using the Shell Coal Gasification Process. Engineering was 
done by Lummus Crest's Bloomfield Division to incorporate all the advanced features of the Shell process and will be 
located at Shell's Deer Parkt Manufacturing Complex. Lummus Crest, Inc., is a subsidiary of Combustion 
Engineering, Inc. Shell Development Company, a division of Shell Oil, will operate the facility. 

The facility's gasifier will use pure oxygen and is designed to process a broad range of coals, including about 250 tons 
per thy of high sulfur bituminous coal, or about 400 tons per day of lignite. The medium-BTU gas and steam 
produced will be consumed within Shell's adjacent manufacturing complex. Construction is underway with startup 
planned for early 1987. 

Project Cost:	 Not disclosed 

SLAGGING GASIFIER PROJECT - British Gas Corporation (C-850) 

The British Gas Corporation (BGC) constructed a prototype high pressure slagging fixed bed gasifier in 1974 at 
Westfield, Scotland. (This gasifier has a throughput of 350 tons per day.) The plant has been successfully operated 
since that date on a wide range of British and American coals, including strongly caking and highly swelling coals. 
The ability to use a considerable proportion of fine coal in the feed to the top of the gasifier has been demonstrated 
as well as the injection of further quantities of fine coal through the tuyeres into the base of the gasifier. By-
product hydrocarbon oils and tars can be recycled and gasified to extinction. The coal is gasified in steam and 
oxygen. The slag produced is removed from the gasifier in the form of granular frit. Gasification is substantially 
complete with a high thermal efficiency. A long term proving run on the gasifier has been carried out successfully. 
A new phase started in November 1984, is the demonstration of a 600 tons per day (equivalent to 70 megawatts) 
gasifier with a nominal I.D. of 8 feet. Within this demonstration program a three month run will be carried out to 
demonstrate gasifier operability, gas purification, and methanation to make SNG. It is also planned to carry out a 
number of tests for EPRI and the Gas Research Institute, Integrated combined cycle tests will be carried out with 
an SK 30 Rolls Royce Olympus turbine to generate power for the grid. The turbine will be supplied with product gas 
from the plant. It has a combustor temperature of 1,960°F, a compression ratio of 10, and a thermal efficiency of 
31 percent.
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BCG is prepared to grant licenses for plants utilizing Slagging Gasifiers of sizes up to 8 feet diameter and will 
provide full commercial guarantees. 

Project Cost:	 Not available 

SOLVENT REPINED COAL DEMONSTRATION PLANT (SaC-I) - International Coal Refining Company (Air Products and 
Chemicals lnc./Wheelabrator-Frye Inc., partnership), Kentucky Energy Cabinet, and United States Department of Energy 
(C-aGO) 

An SEC pilot plant was operated on the site of Southern Company's E.C. Gaston Steam Plant near Wilsonville, 
Alabama. It was designed, built, and is operated by Catalytic, Inc. under funding of the Electric Power Research 
Institute and DOE. The process dissolves coal under pressure in the presence of hydrogen. The products are clean 

• solid and liquid fuels with heating values of approximately 16,000 BTU per pound (150,000 STUper gallon) and 
gasoline naphtha. The sulfur content is reduced to a maximum of 0.8 percent. Plant capacity is 6 tons per day of 
coal. Data from the Wilsonville, and Ft. Lewis, Washington, SRC plants have been correlated, and eleven coals 
tested. 

The conceptual design of a 6000 tons per day SRC-I demonstration plant was completed July 31, 1979 and submitted 
to DOE. To carry out the project, Air Products and Wheelabrator-Frye established the International Coal Refining 
Company (ICRC). Under terms of a cost sharing agreement, ICRC will invest $90 million in the project, the 
Commonweath of Kentucky will invest $30 million and the Department of Energy will fund the balance. A site for 
the demonstration plant at Newman, Daviess County), Kentucky is under option. Feedstock is 6,000 tons per day 
high-sulfur Illinois basin coal. Products include 20,000 barrels per day (oil equivalent) of solids, liquids, and gases. 
SRC fuel in the 850°F and lighter fractions will be used to displace No. 6 fuel oil. SRC liquids include heavy oil (650° 
to 850°F fraction oils), a 4000 to 600°F middle distillate that can replace No. 2 fuel oil, and naphtha (C5-400°P 
fraction oils) for reformer feed for high-octane, unleaded gasoline blendstock or BTX chemicals. The Final 
Environmental Impact Statement was released in July 1981. 
The project baseline was transmitted to Congress in May 1982. The DOE allocated funds to continue detailed design 
and generic coal liquefaction technology development. This work was completed in December 1984. The revised 
cost estimate specified in the report indicates project costs to be $2.2 billion (escalated for inflation). Although 
previous cost estimates were approximately $2.0 billion, the project revenues are expected to exceed expenditures 
by $200 million in the first 2 1/2 years of operation. Plant startup is contingent upon future government funding. 

Estimated Project Cost:	 $2.2 billion (Demonstration Project) 

SOUTH AUSTRALIAN COAL GASIFICATION PROJECT - Government of South Australia (C-865) 

The South Australian Government is continuing to assess the feasibility of building a coal gasification plant utilizing 
the low rank brown coal of the Northern St. Vincent Basin deposits, north of Adelaide. The plant being studied 
would be integrated with two 300 MW combined cycle power station modules and is one possible option for meeting 
additional power station capacity requirements in the mid- 1990s. 

Coal has been tested in a number of processes including the Sumitomo CGS (molten iron bath), Westinghouse, Shell-
Koppers and Texaco, and studies are continuing in conjunction with Sumitomo, Uhde-Steag, and Krupp-Koppers. 

Project Cost:	 DM 7.5 million 

SYNTHESEGASANLAGE RUHR (SAR) - Ruhrkohle Gel and Gas GmbH Ruhrchemie AG (C-869) 

Based on the results of the pressurized coal-dust gasification pilot plant using the Texaco process, which has been in 
operation from 1978 to 1985, the industrial gasification plant Synthesegasanlage Ruhr is near completion on 
Ruhrchemie's site at Oberhausen-Holten.
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The Synthesegasanlage Ruhr will go on-stream by mid-1986. Approximtely 250,000 tons of German hard coal will be 
gasified per year to produce 400 million cubic meters synthesis gas and hydrogen yearly for chemical use. The 
project is subsidized by the Federal Minister of Economics and by the West German State of North-Rhine 
Westphalia. 

Project Costs:	 DM220 million for construction 

TENNECO SNG FROM COAL - Tenneco Inc. (C-870) 

Tenneco, through subsidiary companies intake Water Company and Tenneco Coal Company, has been acquiring and 
developing resources necessary as feedstocks for a coal gasification plant on the state-line near Wibaux, Montana 
and Beach, North Dakota. Intake holds water rights to 80,650 AFY from the Yellowstone River with plans for a 
diversion works, aqueduct and off-stream storage system to serve Dawson and Wibaux Counties, Montana and Golden 
Valley County, North Dakota. The final Environmental impact Statement for the diversion works and the selected 
reservoir site has been issued by the Bureau of Reclamation, and the diversion works and the selected reservoir site 
has been Issued by the Bureau of Reclamation, and Section 10 and 404 permits have been Issued by the Corps of 
Engineers. Tenneco Coal Gasification Company, a subsidiary of Tenneco, Inc., filed its first annual Long-Range Plan 
under the Montana Major Facility Siting Act in April 1980 for a gasification plant to produce 280 million cubic feet 
per day pipeline quality gas using Lurgi coal gasification technology. Feedstock would be approximately 40,000 tons 
per day lignite from Wibaux County and Golden Valley (North Dakota). 

Tenneco tiled its latest annual Long-Range Plan in April 1984 calling for full gas production by the end of 1994. 
However, on July 25, 1984 tenneco announced the closing of its Glendive, Montana office and suspension of all 
activities associated with the gasification project. This suspension is due to the static demand for natural gas, flat 
energy prices, and the lack of national dedication to energy independence for the United States. The project will 
remain shelved until there is a change in the energy picture. Tenneco does not expect to file another Long-Range 
Plan for tour or five years—approximately 10 years before the facility's forecasted in-service date. 

Tenneco Coal Company will maintain its coal leases, and Intake Water Company will continue to perfect its water 
rights, all being done from the Tenneco Corporate headquarters in Houston, Texas. 

Project Cost:	 $2.8 billion in 1982 dollars 

TEXACO COAL GASIFICATION PROCESS - Texaco Inc. (C-890) 

The commercial status of the Texaco Coal Gasification Process has been a result of extensive development at 
Texaco's facility in Montebello, California since the 1973 oil embargo. During this period, Texaco spent more than 
$8 million to expand and improve its existing gasification facilities at Montebello. There are now two complete 
gasifier trains, each capable of processing more than 20 tons per day coal, at pressures ranging from 300 to 
1,200 psig, in either the quench or gas cooler modes of operation. The facilities include coal grinding, slurry 
preparation, and gas scrubbing units which are capable of producing a clean syngas product in continuous operation. 
This pilot plant has processed a wide variety of coals and has provided design information for a number of 
commercial projects in operation and under construction. in addition, pilot plant operations are conducted to 
improve and enhance Texaco's gasification technology. 

Texaco's development activities were complemented during the 1978 to 1985 period by operations at three licensed 
demonstration plants. These plants are owned by Ruhrkohle AGfftuhrchemie AG, Tennessee Valley Authority, and 
Dow Chemical, and are located in Oberhausen—Holten in the Federal Republic of Germany, Muscle Shoals, 
Alabama, and Plaquemine, Louisiana, respectively. 

The Texaco Coal Gasification Process is currently employed for the commercial production of electric power and a 
variety of products, and has application for a wide range of chemicals which can be manufactured from synthesis 
gas. Commercial projects currently in operation utilizing the Texaco Coal Gasification Process include the 900 tons 
per day Tennessee Eastman plant which manufactures methanol and acetic anhydride, the 1,000 tons per day Cool 
Water plant which manufactures electricity, and the 1,650 tons per day Ube Ammonia plant which manufactures 
ammonia. Additionally, the 770 tons Der da y SAR olant in Oberhausen. West ermnnu iq crhednlad fn hanin 

Project Cost:	 Not applicable
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TOSCOAL PROCESS DEVELOPMENT -- Tosco Corporation (C-900) 
TOSCO has completed development in 1983 of an atmospheric, low-temperature (800-970°F) coal pyrolysis system, 
named the TOSCOAL Process, at their 25 tons per day pilot plant facilities, located near Golden, Colorado The 
TOSCOAL Process is an adaptation of the TOSCO II oil shale retorting process to coal carbonization. The process 
products are char for power plant consumption, high-BTU gas, and oil. Coals tested in the pilot plant to date are 
Wyodak sub-bituminous, Illinois No. 6 bituminous, and Utah bituminous coal. Process evaluations show that a plant 
designed to process nominally 10,000 tons per day of coal will produce as major products 7,800 tons of readily 
combustible char, 11,500 barrels of hydrotreated oil, 500 barrels of vacuum residual and fuel gas. Economic 
analyses indicate that, relative to coal liquefaction technologies, the capital cost per daily barrel of product from 
the TOSCOAL Process is substantially less. TOSCO is actively seeking industrial and utility participation in the 
demonstration and commercialization of the TOSCOAL process. 

Project Cost:	 Undetermined 

TVA AMMONIA FROM COAL PROJECT - Tennessee Valley Authority (C-940) 
The TVA is conducting an ammonia-from-coal project at its National Fertilizer Development Center, located at 
Muscle Shoals, Alabama. A Texaco Partial Oxidation Process coal gasifier was retrofitted to an existing 225 tons 
per day ammonia plant. Plant construction was completed in mid-1980. Capital costs total $46 million. Brown and 
Root of Houston held the $25.6 million contract for the construction of the eight ton per hour coal gasifier. The air 
separation plant was built by Air Products and Chemicals, Inc. at a cost of $5 million. The remainder of the work 
was done by TVA. The coal gasifier can provide 60 percent of the gas feed to the existing ammonia plant. The 
existing plant retains the option of operating 100 percent on natural gas, if desired. The initial feed to the coal 
gasifier was Illinois No. 6 seam coal. 
The gasifier was dedicated and started up at the TVA's 13th Demonstration of Fertilizer Technology conference in 
October 1980 and continued in itermittent operation until 1981. However, actual production of feed gas for 
ammonia manufacturer was not accomplished because of mechanical problems. The plant was shut down while 
modifications were made to the gasifier and other downstream processes and equipment. 
The plant was restarted in April 1982. Operations continued intermittently through November 1982 and culminated 
in a 5-day performance test. Although the plant did not meet all the contract performance requirements, 
particularly in the sulfur recovery area, the facility did provide synthesis gas for the production of ammonia. Plant 
operations continued for 12 days, prior to being shut down at the end of the performance test. Total operating time 
was approximately 1,600 hours. 
The plant was not operated again until July 1983 primarily because of budget limitations. A 5-day coal test was 
made in July and was followed by a 20-day test using EDS residues. Additional tests were made in late 1984, and 
others are planned for 1985. The plant was restarted and operated for 20 days in mid-1984. TVA hopes to attract 
additional private sponsors to join the project. 

Project Cost:	 $60 million total 

TWO-STAGE LIQUEFACTION - (See Integrated Two-Stage Liquefaction) 

USE AMMONIA-FROM-COAL PLANT -- Ube Industries, Ltd. (C-952) 
Ube Industries, Ltd., of Tokyo recently completed the world's first large scale ammonia plant based on the Texaco 
coal gasification process ("TCGP"). There are four complete trains of quench mode gasifiers in the plant. in normal 
operation three trains are used with one for stand-by. Ube began with a comparative study of available coal 
gasification processes in 1980. In October of that year, the Texaco process was selected. 1981 saw pilot tests run 
at Texaco's Montebello Research Laboratory, and a process design package was prepared in 1982. Detailed design 
started in early 1983, and site preparation in the middle of that year. Construction was completed in just over one 
year. The plant was commissioned in July 1984, and a first drop of liquid ammonia from coal was obtained in early 
August 1984. Those engineering and construction works and commissioning were executed by Ube's Plant 
Engineering Division. Ube installed the new coal gasification process as an alternative "front end' of the existing 
steam reforming process, retaining the original synthesis gas compression and ammonia synthesis facility. The plant 
thus has a wide range of flexibility in selection of raw material depending on any future energy shift. It can now 
produce ammonia from coals, naphtha and LPG as required.	 - 
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The gasification plant has operated using four kinds of coal—Canadian, Australian, Chinese, and South African. The 
overall cost of ammonia Is said by Ube to be reduced by more than 20 percent by using coal gasification. 
Furthermore, the coal gasification plant is expected to be even more advantageous if the price difference between 
crude oil and coal increases. 

Project Cost - Not disclosed 

UNIVERSITY OF MINNESOTA LOW-BTU GASIFIER FOR COMMERCIAL USE -- United States Department of Energy 
and University of Minnesota (C-970) 

In February 1977, DOE awarded a five-year cost-sharing contract to the University of Minnesota for design, 
construction, and operation of a 72 tons per day Foster Wheeler Stoic gasifier to be located at Duluth, Minnesota. 
Foster Wheeler provided the engineering services. The two-stage gasifier utilizes technology licensed by Foster 
Wheeler from Stoic Combustion Ltd. of Johannesburg, South Africa. The 180 BTU per standard cubic feet gas is 
used to fire a boiler for heating/cooling of campus buildings. The process produces fuel oil as a coproduct which will 
be used as boiler fuel during gasifier maintenance. The Stoic gasifier was started initially in October 1978. 
Altogether five different western sub-bituminous coals have been fed to the Duluth unit. The heavy coal oil 
recovered by means of electrostatic precipitation has been stored and fired successfully in the University's boilers. 
The gasifier is now fully operational, and on an extended run providing partially the fuel needs for the campus 
heating plant. 

Operation changes from western coal to Western Kentucky Bituminous coal to improve economics of operation. 
Cooperative agreement with Department of Energy ended August 1982. Plant operation now entirely funded by 
University of Minnesota. 

Project Cost:	 $6,401,557.30; DOE share $2,818,940.00 

VICTORIA BROWN COAL LIQUEFACTION PROJECT - Brown Coal Liquefaction (Victoria) Pty. Ltd. (C-gm) 

BCLV is constructing a pilot plant at Morwell in southeastern Victoria to process the equivalent of 50 tons per day 
of dry ash free coal. BCLV is a subsidiary of the Japanese-owned Nippon Brown Coal Liquefaction Company 
(NBCL), a consortium involving Kobe Steel, Mitsubishi Chemical Industries, Nissho lwai, Idemitsu Kosan, and Asia 
Oil. 

The project is being run as an inter-governmental cooperative project, involving the Federal Government of 
Australia, the State Government of Victoria, and the Government of Japan. The program is being fully funded by 
the Japanese government through the New Energy Development Organization (NEDO). NDCL is entrusted with 
Implementation of the entire program, and BCLV will carry out the Australian components. The Victorian 
government is providing the plant site, the coal, and some personnel. 

Construction of the drying, slurrying, and primary hydrogenation sections comprising the first phase of the project 
began in November 1981 and is now in operation stage. The remaining sections, consisting of solvent deashing and 
secondary hydrogenation, are expected to be completed during 1986. The planned life of the pilot plant is five 
years, with NEDO providing the estimated A$100 million necessary to cover operating costs during this period. 
(Construction Cost: A$145 million). 

The aim of the pilot plant is to provide data on a Catalytic Solvent Refined coal liquefaction process developed 
since 1971 by members of the consortium. Tentative plans call for construction beginning near the end of this 
decade of a demonstration plant consuming about 5,000 tons per day of dry coal equivalent, this being the first unit 
of a six unit commercial plant. 

The pilot plant is being built adjacent to the Morwell open cut brown coal mine. Davy McKee Pacific Pty. Ltd., is 
providing the Australian portion of engineering design procurement and construction management of the pilot plant. 

Project Cost:	 Undisclosed 

WUJING TRIGENERATION PROJECT --Shanghai Wujing Chemical Corporation (C-992) 

The Shanghai Wujing Chemical Corporation (SWCC) is considering a trigeneration project to produce coal-derived 
fuel gas, electricity, and steam. The proposed plant will be constructed near the Shanghai Coking and Chemical 
plant in Wujing, a suburb south of Shanghai. SWCC intends to contract with a United States firm (or joint venture of 
firms) to conduct a technical and economic feasibility study of the project. 
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The proposed project will consist of coal gasification facilities and other processing units to be installed and 
operated with the existing coke ovens in the Shanghai Coking and Chemical Plant. The facility will produce 
3 million cubic meters per day of 3,800 Kcal per cubic meter of town gas (106 million cubic feet per day of 427 BTU 
per cubic foot); 50 to 60 megawatts of electricity; 100 metric tons per hour of low pressure steam; and 
300,000 metric tons per yea of 99.85 percent purity chemical grade methanol. The project will be constructed in 
stages. 
It is anticipated that the study will be approximately six months in duration. Firms will be paid from a $600,000 
grant to SWCC from the United States trade and development program (TDP), International Development 
Cooperation Agency. 

Project Cost:	 Not disclosed 

UNDERGROUND COAL CONVERSION PROJECTS 

UNDERGROUND COAL GASIFICATION, BRAZIL -- Companhia Auxiliar de Empresas Electricas Brasileiras and United 
States Department of Energy (C-1002) 

On January 21, 1985 the United States and Brazil signed a bilateral agreement to jointly study underground coal 
gasification (UCG). The objective of the agreement is to undertake a joint analytical and test program for the 
development of UCG technology utilizing the site of the Triunfo coal deposits in Rio Grande do Sul. The program 
will consist of three phases of work: (1) coal and site characterization; (2) test design and feasibility studies; and, (3) 
test operations and evaluation. 
During the first phase DOE will provide geologic specifications, preliminary evaluations of samples of Brazilian 
coals, technical experts on site, site characterization methods and tools, and data evaluation to develop a 
preliminary process design. CAEEB will provide needed data to DOE and will be responsible for actual site 
characterization studies and field tasks such as drilling and seismic studies. 
During the test design and feasibility study phase (Phase 2), DOE will provide information and technical experts to 
assist in the preparation of the preliminary design of an actual field test. During this second phase CAEEB agrees to 
be in charge of the preliminary feasibility test program, and for all subcontracting. 
In Phase 3, which consists of test operations and evaluation, DOE agrees to provide technical experts to the CAEEB 
during the operation and evaluation of the UCG test. DOE may also loan data aquisition hardware and software and 
related instrumentation to assist in monitoring the test. CAEEB will provide to DOE all information on the design 
and results of the field test. 
DOE and CAEEB will each bear their own costs of their participation in the activities under the agreement. The 
agreement will continue for a five year period, and may be extended by mutual agreement of both countries. 

Project Cost:	 Not Disclosed 

UNDERGROUND COAL GASIFICATION, BYRNE CREEK -- Dravo Constructors, Inc. and Energy Investments, Inc. 
(C-lola) 

On August 31, 1981, Extractive Fuels executed a 50-50 joint venture agreement with World Energy, Inc. of Laramie, 
Wyoming. Extractive Fuels agreed to put approximately 26,000 acres of its coal property located in the Southern 
Powder River basin into the joint venture and World Energy, Inc. has committed the use of their licenses and 
patents, and technical application ability in the in situ coal gasification technology for the express purpose of 
developing and building the first commercial in situ gasification synfuels plant. The companies have further agreed 
to share the organizational cost on an equal basis. 
World Energy applied to the SFC for loan guarantees and price supports for an underground gasification project. 
According to the original SFC application, the Fischer-Tropsch synthesis would be used for the production of 
refinable liquids; However, they did not meet the SFC deadline for additional information. The project sponsors 
reapplied for a loan guarantee under the SFC's second solicitation ending June 1, 1982. The revised project proposed 
to utilize UCG technology to produce 14 billion BTU of SNG and 436 barrels of light oils per day. The project did 
not pass the SFC's project maturity test.
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Under the SFC's third solicitation, the sponsors proposed to develop an underground coal gasification project to 
produce 198 million KWH annually (450,000 BOB per year) of electricity, 46,000 barrels per year of light oils (44,000 
ROE per year) and 110,000 tons annually of carbon dioxide. The facility will be located in Uintah County, Wyoming 
near Evanston. Feedstocks will be 614 tons per day coal and 300 tons per day oxygen. Construction is planned for 
May 1985 pending acquisition of all necessary state permits, with plant start-up projected for Spring 1987. In March 
1983 the project passed the SFC's maturity review. On May 26, 1983 the project passed the SFC strength evaluation 
and was advanced into Phase II negotiations for financial assistance. Loan and price guarantees were requested. On 
February 24, 1984 the SFC announced that the project had been dropped from further consideration under the third 
solicitation. The sponsors resubmitted a proposal to the SFC for loan and price guarantees under the fourth general 
solicitation that closed June 29, 1984. However, on January 15, 1985 the project was again dropped from further 
consideration. 

Project Cost: 	 $89 million 

UNDERGROUND COAL GASIFICATION OF DEEP SEAMS - Groupe d'Etudes de In Gazeification Souterraine (GEGS) 
consisting of Bureau de Rccherches Geologiqucs et Minieres, Charbonnagcs de France, Gaz de France, and Institut 
Francais du Petrole (C-hOD) 

The goal of the GEGS (Study Group on Underground Gasification of Coal) project is to achieve gasification of coal at 
depths of approximately 1,000 meters which is inaccessible, on an economic and human point of view, by current 
mining methods. In France and in west European countries, the coal reserves of this type are rather large. In 
France, they are estimated at about 2 billion tons. The process investigated involves in situ gasification with oxygen 
to obtain a high BTU gas by further enrichment above ground. Because at great depth the coal permeability to gas 
is very low, the process requires a first step of creating a link between the two wells of tho injection-production 
doublet. 

The program of research has a total duration of six years, from 1979 to 1985. It includes theoretical studies 
(modelling), laboratory work, and experiments on site. 

The first tests on site were conducted from March 1980 to July 1981 from a deep level of an existing conventional 
mine just before its closure (Bruay-en-Artois) in the Nord-Pas de Calais mining region. 

The different steps of these tests consisted in: (1) geological and structural appraisal of the site, (2) creating a link 
between the wells by hydraulic fracturing, and (3) initiation of a reverse combustion. 

A new site, operated directly from above ground, was selected in the Nord-Pas de Calais mining region (Haute-
Deule). Three exploratory wells were drilled at this new site in 1982 and two of them equipped as injection-
production wells; the spacing between these wells is 60 meters. The tests, scheduled to last three years, will be 
more ambitious than at the Bruay site. The two first steps of drilling/geological reconnaissance of the site and of 
creating a link by hydraulic fracturing were achieved with good results. The third step, reverse combustion, 
occurred at the end of 1984. Results were not sufficient to carry on with the fourth step (gasification). 

Additionally, tests have been conducted in 1982 and 1983 in a shallow coal seam in the Loire mining region (I'Echaux) 
to study the technical feasibility of electrolinking. Such a linking was successfully achieved between two wells 
located 10 meters apart. 

The design of a new experimental program is now planned for the gasification of rather thick (about 10 meters) coal 
seams. The linking between the wells will be achieved by the technique of horizontal drilling. 

A call for new partners sent by GEGS at the end of 1985 has not brought positive answers up to now. GEGS has 
decided to postpone all operations until an agreement has been reached to finance the new program. 

Project Cost (1979-1985): 	 Approximately $28 million 
Proposed Project Cost (1986-1988): Approximately $10 million 

UNDERGROUND COAL GASIFICATION, JOINT BELGO-GERMAN PROJECT - Belgium, European Economic Com-
munity, and Federal Republic of Germany (C-1150) 

A Belgo-German trial project is being conducted in Belgium at Thulin, in a coal deposit at 860 meter depth. The 
goal of the trials is to create an underground gas generator which can operate at a pressure of 20 to 30 bar. 
Investigation of the potential for developing underground gasification of deposits at great depth was begun in 
Belgium at the end of 1974. The first effort has grown since 1976, when a Belgo-German cooperation agreement 
was signed which resulted in the execution of an experimental underground gasification project sited at Thulin. The 

4-101	 SYNTHETIC FUELS REPORT, JUNE 1986



STATUS OF UNDERGROUND COAL CONVERSION PROJECTS - (Continued) 

(Underline denotes changes since March 1986) 

site chosen lies at the western end of the Borinage coalfield, in an area where the deposits are still unworked 
because of the considerable tectonic disturbances present between the surface and the 800 meter level. Work began 
in 1979 and is planned to continue into 1987. 
The first reverse combustion experiment was executed from April to October 1982 without the formation of a 
linking channel. The test had to be halted due to self-ignition of the coal, after 3.5 days. In November 1982 the fire 
was extinguished by injection of water and nitrogen. 
Before starting a second experiment of reverse combustion, the wells have been restored and various improvements 
were brought to the equipment to eliminate the self-ignition of the coal in the vicinity of the injection hole and to 
prevent the accumulation of water at the bottom of the gas recovery hole. This second experiment started in 
September 1982 and was stopped in early May 1984. The experiment suffered from 4 interruptions due to tubing 
breakage by corrosion. 
The trials demonstrated that it is not possible to avoid self-ignition of the coal in the vicinity of the injection well, 
but after scattering of this fire, the oxygen content of the exhaust gases increased to a level where it should be 
possible to again develop reverse combustion starting from the recovery well. 
The trials made during February-May 1984 demonstrated that this concept can be successful. It was possible to 
start coal burning by self-ignition in the vicinity of the recovery well on March 20 and April 19, injecting ca., 
500 cubic meters per hour air and 50 cubic meters per hour carbon dioxide under 250 bar and keeping a backpressure 
of 100 bar at the outlet. 
During the last trial, the combustion evolved to gasification, producing 150 cubic meters per hour of lean gas during 
12 days. A careful analysis, however, of the available data (flow/pressure, tracer tests) did not show any evidence 
that a channel had been started. The experiment has been stopped, while intensive work is devoted to solving the 
corrosion problems (the tubing has to withstand both cold and hot corrosion), and to preparing a trial with strongly 
deviated drillings, starting from the existing wells. 
This trial has been made with success in September 1985: a drainhole of 40 meters length (27 meters in coal) has 
been drilled from Well I in the direction of Well II, and a flexible liner has been set inside this drainhole. However, 
the azimuth control was poor. It is planned to drill a sidetrack from Well It and to link it with the drainhole in early 
1986; this delay is due to the long delivery time of the special, corrosion resisting material to be set inside Well II. 
In December 1985 and January 1986, a sidetracked hole was drilled from the level 670 of Well II and crossed the 
seam at about 1 meter from the drainhole. The coal plug between the wells has been expelled by high pressure 
water on February 4, 1986. The gasification trial is planned for the second quarter 1986. 

Project Cost:	 $24 million 

UNDERGROUND BITUMINOUS COAL GASIFICATION PROJECT - Morgantown Energy Technology Center and United 
States Department of Energy (C-1070) 

The Morgantown Energy Technology Center is continuing R & D activities to assess the potential of using 
underground coal gasification to provide clean gaseous fuels from Eastern bituminous coals. The overall goal for the 
research oriented project is to establish a data base for the recovery of energy from swelling bituminous coals that 
are presently uneconomical to mine and use by current conventional methods. Project emphasis is on the deep, thin 
seam, swelling, high sulfur bituminous coals located in the eastern half of the United States. 
In 1982, a study performed by Williams Brothers Engineering Company for DOE revealed UCG-amenable bituminous 
coal resources in ten states. The report suggested prime target resources for field test sites in Illinois, Kentucky, 
and Ohio. Responses from a widely advertised request for expressions of interest indicated high interest in 
cooperative support for this project, including the states as well as several industrial and private concerns. 
The intial site selection effort involved the screening of over forty potential outcrop/highwall and deep seam test 
sites which were recommended by the three states. Evaluation of these sites, using available geographic, geologic, 
and hydrologic data, resulted in a ranking relative to the desirability for use as a test site. Final selection will be 
made upon ascertaining the availability of the sites and the interest in project participation by the coal owners. 
Assessing viable quantities of coal in an economically and environmentally acceptable manner must be considered 
thoroughly. Large areas may be required for the eventual commercialization of bituminous coal seams and these 
areas may extend under rough terrain or near regions of relatively high population density. Therefore, site selection 
and characterization is a critical factor prior to the proposed field research activities. 
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Establishing and maintaining a permeable channel between process wells must be evaluated also. Of prime interest 
is the application of directional drilling techniques to establish long horizontal boreholes within the coal seam. By 
investigating various borehole channel length-to-diameter ratios, through laboratory and outcrop tests, a viable 
channel may be established to permit continuous gasification with tar condensation In this swelling resource. 
Stabilizing the link through reverse combustion or electrolinking techniques may also be required. 

A data base will be developed through a coordinated program consisting of (1) supporting research involving 
laboratory studies and modeling, and (2) field tests involving open seam outerop/highwall tests, and deep seam tests. 
A strong initial federal role is planned; however, as the technical risks are reduced, a decreasing federal role with an 
Increasing role by the state and industrial participants is anticipated. The METC Bituminous 11CC Project was 
funded in fiscal year 1983 and fiscal year 1984 to determine the potential for the project, to select a site for field 
testing, and to establish the supporting research activities. 

Project Costs: $0.450 million, fiscal year 1983 
$0.825 million, fiscal year 1984 
$0.900 million, fiscal year 1985 

*UNDERGROUND COAL GASIFICATION, LLNL STUDIES --Lawrence Livermore National Laboratory (C-1092) 

The LINL project goal is to develop the technological understanding of the underground coal gasification (UCG) 
process to establish the engineering and process requirements for commercialization decisions by industry. A 
combined program of field experiments, laboratory experiments and theoretical modelling is used to . gain the 
required knowledge of the process. 

Over twenty field tests and twelve years experience in the United States, including five tests by LLNL have 
demonstrated the technical feasibility of UCG. The product gas quality is comparable to that produced from 
gasification of coal on the surface. The UCG process is quite stable; experiments have typically run continuously 
for 30 to 60 days and consumed 2,000 to 4,000 tons of coal. Cost estimates are very favorable: fuel gas is estimated 
to cost $4 to $5 per million BTU and methanol costs are estimated at 50 to 60 cents per gallon. Large scale tests to 
verify these projections are planned by both industry and DOE, but are not likely to be completed with the present 
economic and budgetary restrictions. 

The results of the Centralia Partial Seam test of the Controlled Retracting Injection Point (CHIP) technology, which 
was completed in November 1983, were analyzed and reported in FY 1984. Also, during FY 1984 LLNL continued 
model development, including a 2-D packed bed model (GSF), adding gasification kinetics. Preliminary design for 
the Simulated Coal Seam Facility to be built at Site 300 was also completed. A new burn cavity growth simulator 
that assumes non-uniform flow properties in the rubble-filled cavity was developed in FY 1985 and new sub-models 
of cavity wall and roof growth mechanisms are being studied. Laboratory experiments are being designed to 
measure the properties associated with these mechanisms. 

The United States State Department intends to fund a feasibility study for the development of underground coal 
gasification in Brazil. LLNL will have a major role in this study if final agreement can be reached. Other foreign 
activities include consulting with the Belgian-German project and with the French project. DOE has official 
agreements through the State Department with both Spain and India, and LLNL is collaborating with the programs in 
both countries as the technical representative for DOE. 

LLNL is supporting the Rocky Mountain 1 joint industry-DOE field test to be completed in late 1987. LLNL is 
providing the data acquisition and gas analysis facilities and direct support in test design and operation. Test 
management is under direction of the consortium headed by the Gas Research Institute. The Rocky Mountain 1 
project will field test two modules. 

Project Cost:	 Not disclosed 

UNDERGROUND COAL GASIFICATION, LEIGH CREEK --State Government of South Australia (C-1097) 

A study sponsored by the State Government of South Australia projects favorable economics for underground 
gasification to coal to produce electric power from the Leigh Creek deposit. Confirmatory drilling to test 
geotechnical assumptions made for the feasibility study was conducted during October 1984. Because significant 
capital is required and because government and utility trust expenditures are presently committed to other coal-
related programs, the test panel burn that was planned for 1986/1987 has been postponed. However, discussions with 
Shedden Pacific are continuing.
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Shedden Pacific Pty. Ltd., conducted the feasibility study, which found that at least 120 million metric tons of coal 
at Leigh Creek could be used for 13CC. These reserves are unlikely to be economically recoverable by open pit or 
underground mining methods, and would support a 250 megawatts power station for approximately 25 years. 
The preliminary design laid out in the study is based on a gasification panel consisting, of a coal seam 13 meters 
thick, with dip angle of 10 to 130, into which one blast air borehole and two production boreholes are drilled 
horizontally. Each panel is 400 meters long and 80 meters wide with the blast air borehole located along the central 
axis and the production bores spaced equally on either side. 
The blast air and production boreholes are drilled down dip using deviated drilling techniques. At the down dip end 
of the panel are located four vertical ignition bores equally spaced across the panel. A blast borehole in the seam 
has the great potential advantage that, provided that it does not burn back by reverse burn, it will always deliver the 
blast to the bottom of the active gasification zone. 

Project Cost:	 Approximately $1 billion (1983 Australian dollars) total capital costs 

• UNDERGROUND COAL GASIFICATION - ENGLISH MIDLANDS PILOT PROJECT -- National Coal Board (C-1098) 
The United Kingdom's National Coal Board (NCB) Is planning a test of underground coal gasification (UCG). The 
experimental project will be located in the English Midlands near Newark. Up to 60,000 tonnes of coal will be 
gasified in a test program lasting five to six years. The tests will use deviated drilling techniques to access a 
six foot thick coal seam at a depth of 2,000 feet. Estimated cost of the program is 15 million pounds sterling 
(approximately $22 million). 
The purpose of the tests is to develop methods to exploit coal deposits located offshore under the North Sea. Very 
large reserves of coal (reportedly billions of tonnes) are located in the undersea deposits in seams up to 70 feet 
thick. 
Previous tests of UCG were conducted in the Midlands in the late 1950s. Results of the PS trial at Newman Spinney 
were not particularly encouraging in that the product gas had a low heating value. However, the coal seam used in 
the test was only 3 feet thick. The researchers believe that the thicker coal seam to be used in the newly proposed 
tests, in combination with recent advances in UCG technologies, will produce more favorable results. 

Project Cost:	 $22 million 

UNDERGROUND GASIFICATION OF ANTHRACITE, SPRUCE CREEK -Spruce Creek Energy Company: a joint venture 
of Oilman Company, Geosystems Corporation, and Bradley Resources Corporation (C-1100) 

Spruce Creek is planning a test of underground gasification of anthracite at a site near Tremont in eastern 
Pennsylvania. The technology to be used will be similar to the gasification-of-steeply-dipping-beds technique used 
by Gulf at tests near Rawlins, Wyoming. The volatiles and sulfur content of the anthracite is low, thus reducing the 
costs of treating the product gas. Preliminary drilling at the site was originally scheduled for mid-1984, but 
permitting delays forced the drilling to be rescheduled for early spring 1988. The tests are expected to last until 
mid-1987. 

Project Cost: Not disclosed
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A-C Valley Corporation Project A-C Valley Corporation June 1984, page 4-59 
Acurex-Aerotherm Low-BTU Gasifier Acurex-Aerotherm Corporation September 1981; page 4-52 

for Commercial Use Glen-Gery Corporation 
United States Department of Energy 

ADL Extractive Coking Process Arthur D. Little, Inc. March 1978; page 8-23 
Development Foster-Wheeler 

United States Department of Energy 
Agglomerating Burner Project Battelle Memorial Institute September 1978; page B-22 

United States Department of Energy 
Air Products Slagging Gasifier Air Products and Chemicals, Inc. September 1985; page 4-61 

Project 

Alabama Synthetic Fuels Project AMTAR Inc. June 1984; page 4-60 
Applied Energetics Inc. 

Amax Coal Gasification Plant AMAX, inc. March 1983; page 4-85 
Arkansas Lignite Conversion Dow Chemical Company, December 1984; page 4-64 

Project Electec Inc. 
International Paper Company 

Australian SRC Project CSR Ltd. September 1985, page 4-62 
Mitsui Coal Development Pty, Ltd. 

Beacon Process Standard Oil Company (Ohio) March 1985, page 4-62 
TRW, Inc. 

Bell High Mass Flux Gasifier Bell Aerospace Textron December 1981; page 4-72 
Gas Research Institute 
United States Department of Energy 

Beluga Methanol Project Cook Inlet Region, Inc. December 1983; page 4L77 
Placer U. S. Inc. 

BI-CAS Project United States Department of Energy March 1985, page 4-83 
Breckinridge Project Bechtel Petroleum, Inc. December 1983; page 4-78 
Burnham Coal Gasification El Paso Natural Gas Company September 1983; page 4-62 Project 

Calderon Fixed-Bed Slagging Project Calderon Energy Company December 1985, page 4-73 
Car-Mox Low-BTU Gasification pike Chemicals, Inc. March 1980; page 4-53 Project 

Catalytic Coal Liquefaction Gulf Research and Development December 1978; page B-25 
Celanese Coastal Bend Project Celanese Corporation December 1982; page 4-83 
Celanese East Texas Project Celanese Corporation December 1982; page 4-83 
Central Arkansas Energy Project Arkansas Power & Light Company June 1984; page 4-63 
Central Maine Power Company Central Maine Power Company June 1984; page 4-63 Sears Island Project General Electric Company 

Stone & Webster Engineering 
Texaco Inc. 

Chemically Active Fluid Bed Central & Southwest Corporation (four December 1983; page 4-80 Project utility companies) 
Environmental Protection Agency (EPA) 
Foster Wheeler Energy Corporation 

Chemicals from Coal Dow Chemical USA March 1978; page 8-24 
United States Department of Energy 

Cherokee Clean Fuels Project Bechtel Corporation September 1981; page 4-55 
Mono Power Company 
Pacific Gas & Electric Company 
Rocky Mountain Energy
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Chesapeake Coal-Water Fuel ARC-COAL, Inc. March 1985; page 4-64 
Project Bechtel Power Corporation 

COMCO of America, Inc. 
Dominion Resources, Inc. - 

Chokecherry Project Energy Transition Corporation December 1983; page 4-81 
Clark Synthesis Gas Project Clark Oil and Refining Corporation December 1982; page 4-85 
Clean Coke Project United States Department of Energy December 1978; page 8-26 

U.S. Steel 
USS Engineers and Consultants, Inc. 

Coalcon Project S	 . Union Carbide Corporation December 1978; page B-26 	 - 
Coalex Process Development Coalex Energy. December 1978; page B-26 
COGAS Process Development COGAS Development Company, a joint December 1982; page 4-86 

- venture of: 
Consolidated Gas Supply Corporation - 
FMC Corporation	 . . 

• Panhandle Eastern Pipeline Company 
Tennessee Gas Pipeline Company 

Columbia Coal Gasification Columbia Gas System, Inc. September 1982; page 4-72 
Project 

Combined Cycle Coal Gasification Consumer Energy Corporation December 1982; page 4-86 
Energy Centers 

Composite Gasifier Project . British Gas Corporation September 1981;-page-4-56 - •. British Department of Energy . 
Conoco Pipeline Gas bemonstra- Conoco CoalDevelopment Company September 1981; page 4-57 

tion Plant Project Consolidated Gas Supply Company .. 
Electric Power Research Institute 
Gulf Mineral Resources Company 
Natural Gas Pipeline Co. of America 
Panhandle Eastern Pipeline Company 
Sun Gas Company 
Tennessee Gas Pipeline Company 
Texas Eastern Corporation - -	 - Transcontinental Gas Pipeline Corporation 
,United States Department of Energy 

Cresap Liquid Fuels Plant Fluor Engineers and Constructors December 1979; page 4-67 
United States Department of Energy 

Crow Indian Coal Gasification Crow Indian Tribe December 1983; page 4-84 
Project United States Department of Energy 

Crow Indian Coal-to-Gasoline Crow Indian Tribe September 1984; page C-8 
Project TransWorld Resources 

CS/a Hydropyrolysis Process	 - Cities Service Research & Development September 1981; page 4-58 
Development Rockwell International 

DeSota County, Mississippi	 - Mississippi Power and Light September 1981; page 4-58 
Coal Project Mississippi, State of -: 

Ralph M. Parsons Company 
Dow Coal Liquefaction Process Dow Chemical Company December 1984; page 4-70 

Development	 - 
EDS Process Anaconda Minerals Company June 1985, page 4-63 

ENI 
Electric Power Research Institute 
Exxon Company USA 
Japan Coal Liquefaction Development Co. - 
Phillips Coal Company 
Ruhrkohle A.G. 
United States Department of Energy
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Emery Coal Conversion Project Emery Synfuels Associates: December 1993; page 4-84 
Mountain Fuel Supply Company 
Mono Power Company 

Enrecon Coal Gasifier Enrecon, Inc. September 1985, page 4-66 
Exxon Catalytic Gasification 

Process Development
Exxon Company USA December 1984; page 4-73 

Fairmont Lamp Division Project Westinghouse Electric Corporation September 1982; page 4-76 
Fast Fluid Bed Gasification Hydrocarbon Research, Inc. December 1982; page 4-90 

United States Department of Energy 
Flat/Ansaldc' Project Ansaldo March 1985; page 4-66 

Fiat VFG 
KEW Energy Systems, Inc. 

Flash Pyrolysis Coal Occidential Research Corporation December 1982; page 4-91 Conversion United States Department of Energy 
Florida Power Combined Cycle Florida Power Corporation December 1983; page 4-87 Project United States Department of Energy 
Fuel Gas Demonstration Plant Foster-Wheeler Energy Corporation September 1980; page 4-68 Program United States Department of Energy 
Gas Turbine Systems Development Curtiss-Wright Corporation December 1983; page 4-87 

United States Department of Energy 
General Electric Company 

Grants Coal to Methanol Project Energy Transition Corporation December 1983; page 4-89 
Grefco Low-BTU Project General Refractories Company December 1983; page 4-91 

United States Department of Energy 
Gulf States Utilities Project KRW Energy Systems March 1985, page 4-74 

Gulf States Utilities 
Hampshire Gasoline Project Kaneb Services December 1983; page 4-91 

Koppers Company 
Metropolitan Life Insurance Company 
Northwestern Mutual Life Insurance 

H-Coal Pilot Plant Ashland Synthetic Fuels, Inc. December 1983; page 4-92 
Conoco Coal Development Company 
Electric Power Research Institute 
Hydrocarbon Research Inc. 
Kentucky Energy Cabinet 
Mobil Oil Corporation 
Ruhrkohle AG 
Standard Oil Company (Indiana) 
United States Department of Energy 

Hillsborough Bay Coal-Water 
Fuel Project

ARC-Coal Inc. September 1985; page 4-69 
Bechtel Power Corporation 
COMCO of America, Inc. 

Howmet Aluminum Howmet Aluminum Corporation March 1985, page 4-74 
H-K International Syngas Project H-K International, Inc. December 1985, page 4-80 

The Slagging Gasification Consortium 
Hydrogen from Coal Air Products and Chemicals, Inc. December 1978; page 8-31 

United States Department of Energy 
HYGAS Pilot Plant Project Gas Research Institute December 1980; page 4-86 

Institute of Gas Technology 
United States Department of Energy 

ICGG Pipeline Gas Demonstra- 
tion Plant Project

flllnois Coal Gasification Group September 1981; page 4-66 
United States Department of Energy
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ITT Coal to Gasoline Plant 

Kaiparowits Project 

Ken-Tex Project 

King-Wilkinson/Hoffman Project 

Lake DeSmet SNG from Coal 
Project 

Latrobe Valley Coal Lique-
faction Project 

LC-Fining Processing of SRC 

Liquefaction of Alberta 
Subbituminous Coals, Canada 

Low-BTU Gasifiers for Com-
mercial Use-Irvin Industries 
Project 

Low/Medium-BTU Gas for Multi-
Company Steel Complex 

Low-Rank Coal Liquefaction 
Project 

Lummus Coal Liquefaction 
Development 

Mapco Coal-to-Methanol Project 

Mazingarbe Coal Gasification Project 

Medium-BTU Gas Project 

Medium-BTU Gasification Project 

Memphis Industrial Fuel Gas 
Project 

Methanol from Coal 

Methanol from Coal 

Midrex Electrothermal Direct 
Reduction Process 

Millmerran Coal Liquefaction

International Telephone & Telegraph
	

December 1981; page 4-93 
J. W. Miller 
United States Department of Energy 

Arizona Public Service 	 March 1978; page 8-19 
San Diego Gas and Electric 
Southern California Edison 

Texas Gas Transmission Corporation 	 December 1983; page 4-95 

E. J. Hoffman	 March 1985, page 4-80 
King-Wilkinson, Inc. 

Texaco Inc.	 -	 December 1982; page 4-98 
Transwestern Coal Gasification Company 

Rheinische Braunkohlwerke AG	 December 1983; page 4-96 

Cities Service Company 
United States Department of Energy 

Alberta/Canada Energy Resources 
Research Fund 

Alberta Research Council 

Irvin Industrial Development, Inc. 
Kentucky, Commonwealth of 
United States Department of Energy 

Bethlehem Steel Company 
United States Department of Energy 
Inland Steel Company 
Jones & Laughlin Steel Company 
National Steel Company 
Northern Indiana Public Service Company 
Union Carbide Corporation 

United States Department of Energy 
University of North Dakota 

Lummus Company 
United States Department of Energy 

Mapco Synfuels 

Cerchar (France) 
European Economic Community 
Gas Development Corporation 
Institute of Gas Technology 

Columbia Coal Gasification 

Houston Natural Gas Corporation 
Texaco Inc. 

CBI Industries Inc. 
Cives Corporation 
Foster Wheeler Corporation 
Great Lakes International 
Houston Natural Gas Corporation 
Ingersoll-Rand Company 
Memphis Light, Gas & Water Division 

UGI Corporation 

Wentworth Brothers, Inc. 
(19 utility and industrial sponsors) 

Georgetown Texas Steel Corporation 
Midrex Corporation 

Australian Coal Corporation

December 1983; page 4-96 

March 1985, page 4-81 

June 1979; page 4-89 

December 1983; page 4-98 

March 1984; page 4-49 

June 1981; page 4-74 

December 1983; page 4-98 

September 1985, page 4-73 

September 1979; page 4-107 

December 1983; page 4-99 

June 1984; page 4-79 

March 1978; page 8-22 

March 1990; page 4-58 

September 1982; page 4-87 

March 1985; page 4-82 
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Minnegasco High-BTU Gas 
from Peat 

Minnegasco Peat Biogasificatlon 
Project 

Minnegasco Peat Gasification 
Project 

Mobil-M Project 

Molten Salt Process Development 

Mulberry Coal-Water Fuel Project 

NASA Lewis Research Center 
Coal-to-Gas Polygeneratlon 
Power Plant

Minnesota Gas Company 
United States Department of Energy 
Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy 
Gas Research Institute 
Institute of Gas Technology 
Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy 
Mobil Oil Company 

Rockwell International 
United States Department of Energy 

CoaLiquid, Inc. 

NASA Lewis Research Center

March 1983; page 4-108 

December 1981; page 4-88 

December 1983; page 4-101 

September 1982; page 4-88 

December 1983; page 4-101 

March 1985, page 4-85 

December 1983; page 4-102 

New England Energy Park Bechtel Power Corporation December 1983; page 4-104 
Brooklyn Union Gas Company 
Eastern Gas & Fuel Associates 
E G & G 
Westinghouse Corporation 
United States Department of Energy 

New Jersey Coal-Water Fuel Ashland Oil, Inc. March 1985; page 4-86 
Project Babcock & Wilcox Company 

Slurrytech, Inc. 
Nices Project Northwest Pipeline Corporation December 1983; page 4-104 
North Alabama Coal to Methanol Air Products & Chemicals Company March 1985; page 4-86 

Project Raymond International Inc. 
Tennessee Valley Authority 

North Dakota Synthetic Fuels lnterNorth December 1983; page 4-106 
Project Minnesota Gas Company 

Minnesota Power & Light Company 
Minnkota Power Cooperative 
Montana Dakota Utilities 
North Dakota Synthetic Fuels Group 
North Dakota Synthetic Fuels Project 
Northwestern Public Service 
Ottertail Power Company 
Wisconsin Power & Light 

Ohio I Coal Conversion Alberta Gas Chemicals, Inc. March 1985; page 4-88 
North American Coal Corporation 
Wentworth Brothers 

Ohio Valley Synthetic Fuels Consolidated Natural Gas System March 1982; page 4-68 
Project Standard Oil Company of Ohio 

Ott Hydrogeneration Process Carl A. Ott Engineering Company December 1983; page 4-107 
Project 

Peat-by-Wire Project POW Corporation March 1985; page 4-89 
Peat Methanol Associates Project ETCO Methanol Inc. June 1984; page 4-85 

J. B. Sunderland 
Peat Methanol Associates 
Transco Peat Methanol Company 

Penn/Sharon/Klockner Project Kleckner Kohlegas GmbH March 1985; page 4-72 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation
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Philadelphia Gas Works Synthesis Philadelphia Gas Works December 1983; page 4-108 
Gas Plaift	 - United States Department of Energy 

Phillips Coat Gasification Phillips Coal Company September 1984; page C-28. 
Project 

Pike County Low-BTU Gasifier Appalachian Regional Commission June 1981; page 4-78 
for Commercial Use Kentucky, Commonwealth of 

- United States Department of Energy 
Plasma Are Torch Swindell-Dresser Company December 1978; page 8-33 

Technology Application Service 
Corporation 

Port Sutton Coal-Water Fuel Project ARC-Coal, Inc. December 1985, page 4-86 
COMCO of America, Inc. 

Powerton Project Commonwealth Edison March 1979; page 4-86 
Electric Power Research Institute 
Fluor Engineers and Constructors 
Illinois, State of 
United States Department of Energy 

Purged Carbons Project Integrated Carbons Corporation December 1983; page 4-108 

Pyrolysis Demonstration Plant Kentucky, Commonwealth of December 1978; page 8-34 
Occidental Research Corporation 
Tennessee Valley Authority 

Pyrolysis of Alberta Thermal Coals, Alberta/Canada Energy Resource March 1985, page 4-90 
Canada Research Fund 

Alberta Research Council 
Riser Cracking of Coal Institute of Gas Technology December 1981; page 4-93 

United Sates Department of Energy 
RUHR100 Project Ruhrgas AG September 1984; page Cr29 

- Ruhrkohle AG 
Steag AG  
West German Ministry of Research 

and Technology -	 - 
Saarbergwerke-Otto Gasification Saarbergwerke AG June 1984; page 4-86 

Process - Dr. C. Otto & Company 
Savannah Coal-Water Fuel Projects Foster Wheeler Corporation September 1985, page 4-77 
Sesco Paoject Solid Energy Systems Corporation December 1983; page 4-110 
Sharon Steel Klockner Kohlegas GmbH March 1985; page 4-92 

Pennsylvania Engineering Corporation - 
Sharon Steel Corporation 

Slagging Gasification Consortium Babcok Woodall-Duckham Ltd. September 1985; page 4-78 
Project Big Three Industries, Inc. 

The SOC Group plc 
British Gas Corporation 
Consolidation Coal Company 

Sohio Lima Coal Gasification/ Sohio Alternate Energy Development March 1985; page 4-93 
Ammonia Plant Retrofit Project Company 

Solution-Hydrogasification General Atomic Company September 1978; page 8-31 
Process Development Stone & Webster Engineering Company 

Southern California Synthetic C. F. Braun March 1981; page 4-99 
Fuels Energy System Pacific Lighting Corporation 

Southern California Edison Company 
Texaco Inc. 

Steam-Iron Project Gas Research Institute December 1978; page B-35 
Institute of Gas Technology 
United States Department of Energy
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Synthane Project United States Department of Energy December 1978; page 8-35 
Syñthoil Project Foster Wheeler Energy Corporation December 1978; page 8-36 

United States Department of Energy 
Sweeny Coal-to-Fuel Gas Project The Signal Companies, Inc. March 1985; page 4-94 
Tennessee Synfuels Associates Koppers Company, Inc. December 1983; page 4-112 

Mobil-M Plant 
Transco . Coal Gas Plant Transco Energy Company December 1983; page 4-113 

United States Department of Energy 
Tri-State Project Kentucky Department of Energy December 1983; page 4-113 

Texas Eastern Corporation 
Texas Gas Transmission Corporation 
United States Department of Energy 

TRW Coal Gasification Process TRW, Inc. December 1983; page 4-114 
Two-Stage Entrained Gasification Combustion Engineering Inc. June 1984; page 4-91 

System Electric Power Research Institute 
United States Department of Energy 

Underground Coal Gasification United States Department of Energy June 1985, page 4-75 
University of Texas 

Underground Coal Gasification, Alberta Research Council September 1984; page C-37 
Canada 

Underground Coal Gasification, Rocky Mountain Energy Company June 1985, page 4-75 
Hanna Project United States Department of Energy 

Underground Coal Gasification Lawrence Livermore Laboratory December 1983; page 4-119 
Hoe Creek Project United States Department of Energy 

Underground Coal Gasification Mitchell Energy March 1985, page 4-98 
Republic of Texas Coal Company 

Undergiound Coal GasifiCation ARCO December 1983; page 4-120 
Rocky Hill Project 

Underground Gasification of Basic Resources, Inc. December 1983; page 4-121 
Texas Lignite, Tennessee 
Colony Project 

Underground Gasification of Texas A & M University December 1983; page 4-121 
Texas Lignite 

Underground Coal Gasification, In Situ Technology March 1985, page 4-102 
Thunderbird II Project Wold-Jenkins 

Underground Coal Gasification, Sandia National Laboratories March 1983; page 4-124 
Washington State UCG Site 
Selection and Characterization 

Underground Gasification of Basic Resources, Inc. March 1985, page 4-101 
Texas Lignite, Lee County Project 

Union Carbide Coal Conversion Union Carbide/Linde Division June 1984; page 4-92 
Project United States Department of Energy 

University of North Dakota United States Department of Energy June 1978; page 8-33 
University of Minnesota University of Minnesota March 1983; page 4-119 

Low-BTU Gasifier for Commer- United States Department of Energy 
cial Use 

Utah Methanol Project Questar Synfuels Corporation December 1985, page 4-90 
Verdigris Agrico Chemical Company September 1984; page C-35 
Virginia Power Combined Cycle Project Consolidation Coal December 1985, page 4-90 

Electric Power Research Institute 
Slagging Gasification Consortium 
Virginia Electric and Power Company
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Watkins Project 
Westinghouse Advanced Coal 

Gasification System for 
Electric Power Generation 

Whitethorne Coal Gasification 
Wyoming Coal Conversion Project 

Zinc Halide Hydrocracking
Process Development

Cameron Engineers, Inc. 
KRW Energy Systems Inc. 

United Synfuels Inc. 
WyCoalGas, Inc. (a Panhandle Eastern 

Company) 
Conoco Coal Development Company 
Shell Development Company

March 1978; page 8-22 
September 1985; page 4-80 

September 1984; page C-36 
December 1982; page 4-112 

June 1981; page 4-86 

N

.1 
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Company or Organization Project Name 

AECI Ltd. AECI Ammonia/Methanol Operations 4- 91 
Coalplex Project 4- 51 

AGA Nynas Energy Chemicals Complex 4- 71 

Air Products and Chemicals, Inc. Laporte Liquid Phase Methanol Synthesis 4- 88 
Solvent Refined Coal Demonstration Plant (SRC-l) 4- 96 

A. Johnson & Company Nynas Energy Chemicals Complex 4- 91 

Allis-Chalmers KILnGAS Project 4- 86 
American Natural Service Company Mining and Industrial Fuel Gas Group Gasifier 4- 89 

Amerigas, Inc. Mining and Industrial Fuel Gas Group Gasifier 4- 89 
Asia Oil Victoria Brown Coal Liquefaction Project 4- 99 
Australia, Federal Government of Victoria Brown Coal Liquefaction Project 4- 99 

Bechtel Inc. Cool Water Coal Gasification Project 4- 75 
Mining and Industrial Fuel Gas Group Gasifier 4- 89 

Belgium, Government of Underground Coal Gasification, Joint Belgo-German Project 4-101 
Black, Sivalls & Bryson, Inc. Mining and Industrial Fuel Gas Group Gasifier 4- 89 

BP United Kingdom, Ltd. Monash Hydroliquefaction Project 4- 90 

Bradley Resources Corporation Underground Gasification of Anthracite, Spruce Creek 4-104 

British Department of Energy National Coal Board Liquid Solvent Extraction Project 4- 91 
National Coal Board Low-BTU Coal Gasification Project 4- 91 

British Gas Corporation Slagging Gasifier Project 4- 95 
Broken Hill Pty. Broken Hill Project 4	 73 

Brookhaven National Laboratory Flash Pyrolysis of Coal with Reactive and Non-Reactive Gases 4- 78 
Brown Coal Liquefaction Pty. Ltd. Victoria Brown Coal Liquefaction Project 4- 99 
Burlington Northern, Inc. Circle West Project 4	 74 

Mining and Industrial Fuel Gas Group Gasifier 4- 89 
Bureau de Recherches Geologiques Underground Coal Gasification of Deep Seams 4-101 et Minieres 

Carbon Gas Technology Huenxe CGT Coal Gasification Pilot Plant 4- 82 
Caterpillar Tractor Company Caterpillar Tractor Low BTU Gas From Coal Project 4- 73 
Central Illinois Light Co., Inc. KILnGAS Project 4- 86 
Charbonnages de France Underground Coal Gasification of Deep Seams 4-101 
Chem Systems, Inc. Laporte Liquid Phase Methanol Synthesis 4- 88 
China National Technical Import Lu Nan Ammonia-from-Coal Project 4- 89 Corporation
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Cities Service Integrated Two-Stage Liquefaction 4- 83 

Cleveland-Cliffs Iron Company Mining and Industrial Fuel Gas Group Gasifier 4- 89 

Coal Gasification COCA-i Project 4- 75 

Companhia Auxiliar de Empresas Underground Coal Gasification, Brazil 4-100 
Electricas Brasileiras 

Continental Energy Associates Can Do Project 4- 73 

CRA (Australia) Kloechner Coal Gasifier 4- 87 

Davy McKee Corporation Mining and Industrial Fuel Gas Group Gasifier 4- 59 

Deutsche Babcock AG Huenxe CGT Coal Gasification Pilot Plant 4- 82 

DEVCO Scotia Coal Synfuels Project	 . 4- 94 

Dow Chemical Dow Gasification Process Development 4- 77 
Dow Syngas Project 4- 77 

Dravo Engineers and Constructors Mining and Industrial Fuel Gas Group Gasifier 4-89 
Underground Coal Gasification, Byrne Creek 4-100 

Ebasco Services, Inc. Chiriqui Grande Project 4- 74 

Electric Power Research Institute Advanced Coal Liquefaction Pilot Plant 4- 71 
Cool Water Coal Gasification Project 4- 75 
KILnGAS Project 4- 86 
Laporte Liquid Phase Methanol Synthesis 4- 88 
Mining and Industrial Fuel Gas Group Gasifier 4- 89 

Elgin Butler Brick Company National Synfuels Projects 4- 91 

7	 Empire State Electric Energy Cool Water Coal Gasification Project 4- 75 
Research Corporation (ESEERCO) 

Energy Adaptors Corporation Ohio-I Coal Conversion Project 4- 92 

Energy Brothers Inc. K-Fuel Commercial Facility 4- 86 

Energy Investment Inc. Underground Coal Gasification, Byrne Creek 4-1000 

Energy Transition Corporation 	 . New Mexico Coal Pyrolysis Project 4- 91 

European Economic Community Underground Coal Gasification, Joint Belgo-German Projeèt 4-101 

Fluor Engineers and Constructors Laporte Liquid Phase Methanol Synthesis	 - 4- 88 

Ford, Bacon & Davis Mountain Fuel Coal Gasification Project 4- 90 

Foster Wheeler Tennessee Inc. Elmwood Coal-Water Fuel Project 4- 78 

Gallagher Asphalt Company Aqua-Black Coal-Water Fuel Project 4- 72 

Gaz de France Underground Coal Gasification of Deep Seams 4-101 

Gelsenberg AG Huenxe CGT Coal Gasification Pilot Plant 4- 82 

General Electric Company Cool Water Coal Gasification Project 4- 75 
IGCC Simulation 4- 82 

Geosystems Corporation Underground Gasification of Anthracite, Spruce Creek 4-104
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4- 93 

4- 94 

4-104 

4-101 

4- 94 

4- 89 

4- 92 

4- 99 

4- 86 

4- 86 

4-101 

4- 96 

4- 86 

4- 99 

4- 75 

4- 79 
4- 87 

4- 96 

4- 89 

4- 86 

4- 87 

4- 99 

4- 79 

4-103 

4- 83 

4- 93 

4- 82 

4- 74 

4- 79 

4- 99 

4- 90 

Company or Organization 	 Project Name	 Page 

Gescllsehaft fur Rohle-Technologic 

Gillespie, Alastair & Associates, Ltd. 

Gilman Company 

Group d'Etudes de la Gazeification 
Souterraine (GEGS) 

Gulf Canada Products Company 

Hanna Mining Company 

Hoechst-Uhde Corporation 

Idemitsu Kosan 

Illinois Power & Light Company 

Illinois, State of 

Institut Francais du Petrole 

International Coal Refining Co. 

Iowa Power & Light Company 

Japan, Government of 

Japan Cool Water Program 
(JCWP) Partnership 

Kellogg Rust Inc. 

Kentucky, Commonwealth of 

KHD Industries 

KILnGAS ft & D, Inc. 

Klochner Roblegas 

Kobe Steel 

Raw Energy Systems Inc. 

Lawrence Livermore Laboratory 

Lummus Company 

Lurgi Kohle & Mineraloltechnik, GmbI-1 

Manfred Nemitz Industrieverwaltung 

Meridian Land and Mineral Company 

Ministry of Machine Building Industry 

Mitsubishi Chemical Industries 

Monash University

PRENFLO Gasification Pilot Plant 

Scotia Coal Synfuels Project 

Underground Gasification of Anthracite, Spruce Creek 

Underground Coal Gasification of Deep Seams 

Scotia Coal Synfuels Project 

Mining and Industrial Fuel Gas Group Gasifier 

Ohio-I Coal Conversion Project 

Victoria Brown Coal Liquefaction Project 

KILnGAS Project, 

KILnGAS Project 

Underground Coal Gasification of Deep Seams 

Solvent Refined Coal Demonstration Plant (SRC-I) 

KILnGAS Project 

Victoria Brown Coal Liquefaction Project 

Cool Water Gasification Project 

Fularji Low BTU Gasifier 
KRW Energy Systems Inc. Advanced Coal Gasification 

System for Electric Power Generation 

Solvent Refined Coal Demonstration Plant (SRC-1) 

Lulea Molten Iron Pilot Plant 

KILnGAS Project 

Klochner Coal Gasifier 

Victoria Brown Coal Liquefaction Project 

KRW Energy Systems Inc. Advanced Coal Gasification 
System for Electric Power Generation 

Underground Coal Gasification - LLNL Studies 

Integrated Two-Stage Liquefaction 

Rheinbraun Hydrogasification of Coal to SNG 

I-luenxe CGT Gasification Pilot Plant 

Circle west Project 

Falarji Low BTU Gasifier 

Victoria Brown Coal Liquefaction Project 

Monash Hydroliquefaction Project
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Monongahela Power Company KILnGAS Project 4- 86 

Morgantown Energy Technology Center Underground Coal Gasification - Bituminous Project 4-102 

Mountain Fuel Supply, Inc. Mountain Fuel Coal Gasification Process 4- 90 

National Aeronautics and Space Kennedy Space Center Polygeneration Project 4- 84 
Administration 

National Coal Board Underground Coal Gasification English Midland Pilot Project 4-104 

National Synfuels Inc. National Synfuels Projects 4- 91 

New Energy Development Organization Japanese Bituminous Coal Liquefaction Project 4- 83 

Nippon Brown Coal Liquefaction Co. Victoria Brown Coal Liquefaction Project 4- 99 

Nissho Iwai Victoria Brown Coal Liquefaction Project 4- 99 

Nitrogenous Fertilizers Industry SA Greek Lignite Gasification Complex 4- 82 

Nokota Company Dunn Nokota Methanol Project 4- 77. 

North-Rhine Westphalia, State of Bottrop Direct Coal Liquefaction Pilot Plant 4- 12 
Synthesegasanlage Ruhr (SAR) 4- 96 
Texaco Coal Gasification Process	 . .	 4- 97 

NOVA Scotia Coal Synfuels Project 4- 94 

Nova Scotia Resources Limited Scotia Coal Synfuels Project 4- 74 

Ohio Edison Company KILnGAS Project 4- 86 

Peoples Natural Gas Company Mining and Industrial Fuel Gas Group Gasifier 4- 89 

Petro-Canada Scotia Coal Synfuels Project 4- 94 

Pickands Mather & Company Mining and Industrial Fuel Gas Group Gasifier 4- 89 

Potomac Edison Company KILnGAS Project 4- 84 

Reserve Mining Company Mining and Industrial Fuel Gas Group Gasifier 4- 89 

Rhelnische Braunkohlwerke Rheinbraun Hydrogasification of Coal to SNG 4- 93 
Rheinbraun High Temperature Winkler Project 4- 93 

Riley Stoker Corporation Mining and Industrial Fuel Gas Group Gasifier 4- 89 

Rockwell International Cities Service/Rockwell Process Development 4- 74 

Rocky Mountain Energy Company Mining and Industrial Fuel Gas Group Gasifier 4- 89 

Royal Dutch/Shell Group. Shell Coal Gasification Project	 . 4_ 95 

Ruhrkohle AG Texaco Coal Gasification Process 4- 97 

Ruhrkohle Gel & Gas GmbH Bottrop Direct Coal Liquefaction Pilot Plant Project 4- 72 
Oberhausen Coal Gasification Project 4- 92 
Synthesegasanlage Ruhr (SAR) 4- 96 

Ruhrchemie AG Oberhausen Coal Gasification Project 4- 92 
Synthesegasanlage Ruhr (SAIl) 4- 96 
Texaco Coal Gasification Process 4- 97 

Saarbergwerke AG GFK Direct Liquefaction Project 4- 80
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Sasol Limited Sasol Two and Sasol Three 4	 94 
Scrubgrass Associates Scrubgrass Project 4- 95 
Sc! International LFC Coal Li quefaction/Cogcncration Plant 4- 88 
Shanghai Wujing Chemical Corporation Wujing Trigeneration Project 4- 99 
Shell Oil Company Shell Coal Gasification Project 4- 95 
Signal Companies, The Keystone Project 4- 86 
Sohio Alternate Energy Development Cool Water Coal Gasification Project 4- 75 Company 

South Australia, Government of South Australian Coal Gasification Project 4- 99 
Underground Coal Gasification, Leigh Creek 4-103 

Southern California Edison Cool Water Coal Gasification Project 4- 75 
Spruce Creek Energy Company Underground Gasification of Anthracite, Spruce Creek 4-104 
Standard Havens, Inc. Aqua Black Coal-Water Fuel Project 4- 72 
Stone & Webster Engineering Group Mining and Industrial Fuel Gas Group Gasifier 4- 89 
Sumitomo Metal Industries, Inc. Lulea Molten Iron Pilot Plant 4- 89 
Superfos Group Nynas Energy Chemical Complex 4- 91 
Swedish Investment Bank Nynas Energy Chemicals Company 4- 91 
Tenneco, Inc. 5MG from Coal 4- 97 
Tennessee Eastman Company Chemicals From Coal 4- 73 
Texaco Inc. Cool Water Coal Gasification Project 4- 75 Texaco Coal Gasification Process Development 4- 97 
TOSCO Corporation TOSCOAL Process Development 4- 98 
Twin Cities Metallurgical Mining and Industrial Fuel Gas Group Gasifier 4- 89 Research Center 

TVA TVA Ammonia-from-Coal Project 4- 98 
Ube Industries, Ltd. Ube Ammonia-from-Coal Plant - 4- 98 
Uhde GmbH Rheinbraun High Temperature Winkler Project 4- 93 
Union Electric Company I{ILnGAS Project 4- 86 
Union of Soviet Socialist Republics Kansak-Achjnsk Basin Coal Liquefaction Pilot Plants 4- 85 
University of Minnesota University of Minnesota Low-BTU Gasifier for Commercial Use 4- 99 
University of North Dakota Gasification Environmental Studies 4- 79 
USBM - Twin Cities Metallurgical Mining and Industrial Fuel Gas Group Gasifier Research Center 4- 89 

United States Department of Energy Advanced Coal Liquefaction Pilot Plant 
Cities Service/Rockwell Process Development 4- 71 

4- 74 
Flash Pyrolysis of Coal With Reactive and Non-Reactive Gases 4- 78 
Great Plains Gasification Project 4- 81
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Integraged Two-Stage Liquefaction 4- 83 
KILnGAS Project 4- 86 
KEW Advanced Coal Gasification System for 

Electric Power Generation 4- 87 
Laporte Liquid Phase Methanol Synthesis 	 . 4- 88 
Mining and Industrial Fuel Gas Group Gasifier 4- 89 
Mountain Fuel Coal Gasification Process 4- 90 
Solvent Refined Coal Demonstration Plant (SRC-1) 4- 96 
University of Minnesota Low-BTU Gasifier for 

Commercial Use 4- 99 

Underground Coal Gasification 
Brazil Project 4-100 
Bituminous Coal Project 4-102 

United States State Department Chiriqui Grande Project 4- 74 

U.S. Steel Corporation Mining and Industrial Fuel Gas Group Gasifier 4- 89 

Veba Oil GmbH Bottrop Direct Coal Liquefaction Pilot Plant Project 4- 72 

Victoria, State Government of Victoria Brown Coal Liquefaction Project 4- 99 

Wentworth Brothers Inc. Ohio-I Coal Conversion Project 4- 92 

Western Energy Company Mining and Industrial Fuel Gas Group Gasifier 4- 89 

West German Federal Government Kloeckner Coal Gasifier 4- 87 
Texaco Coal Gasification Process 4- 97 
Underground Coal Gasification, Joint Beige-German Project 4-100 

West German Federal Ministry for Bottrop Direct Coal Liquefaction Pilot Plant Project 4- 72 
Research & Technology GRE Direct Liquefaction Project 4- 80 

Rheinbraun High Temperature Winkler Project 4- 93 
Rheinbraun Hydrogasification of Coal to SNG 4- 93 
Synthesegasanlage Ruhr (SAR) 4- 96 

West Penn Power Company KILnGAS Project 4- 86 

Westinghouse Electric I{RW Advanced Coal Gasification Systernfor Electric Power 
Generation 4	 87 

Weyerhaeuser Mining and Industrial Fuel Gas Group Gasifier 4- 89 

Wheelabrator-Frye Solvent Refined Coal Demonstration Plant (SRC-1) 4- 96
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