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HIGHLIGHTS 

Capsule Summaries of the More Significant Articles in this Issue 

Annual Reports Reflect Continued Interest in Synthetic Fuels Technology 

Pace has reviewed the Annual Reports of many companies involved in synthetic 
fuels. As described on page 1-1, these Annual Reports indicate that companies 
continued to be interested in developing improved synthetic fuels technologies. 
However, the interest in synthetic fuels projects has declined significantly since 
the early 1980s. 

Seventeen Projects Remain Before the SFC 

At the end of May, the United States Synthetic Fuels Corporation (SF C) was 
monitoring or evaluating 17 projects. Three projects Union Phase I, Cool 
Water, and Dow Syngas—have received awards. Of the remaining 14 projects, 
five are oil shale projects, one is a heavy oil project, and eight are coal 
conversion projects. During the second quarter, three oil sands projects were 
withdrawn by the sponsors or were dropped by the SEC. These projects are 
Kentucky Tar Sands, Enpex-Syntaro, and HOP Kern River. The status of the 17 
remaining projects is discussed beginning on page 1-10. 

SFC Preparing Comprehensive Strategy Report for Congress 

The SEC is preparing a Comprehensive Strategy Report that it will submit to 
Congress in lieu of a Recommended Comprehensive Strategy report that is 
required by legislation. In a draft of the Report, described on page 1-17, the 
SEC Board concludes that a federal program to assist the synthetic fuels 
program can be justified. Other preliminary conclusions include: the production 
goals of the Energy Security Act cannot be economically achieved; small 
projects are generally more cost-effective to the government; and the $8 billion 
available to the SEC is adequate to achieve its Phase I Business Plan. 

BLM Issues Program Requirements for Land Use Planning 

The United States Bureau of Land Management is soliciting comments on a 
draft "Supplemental Program Guidance" document for use in its resource 
management planning activities. The purpose for the document is discussed on 
page 1-22, the sections pertaining to oil shale on page 2-6, the sections 
pertaining to tar sands on page 3-15, and those for coal on page 4-23. 

Conoco Forecasts Increased Dependence on Interruptible Supplies 

Conoco Inc.'s April 1985 world energy forecast shows United States net energy 
imports rising from 4.5 million barrels per day to 7.5 million barrels per day by 
2000. They do not see a significant contribution by synthetic fuels. See 
page 1-23 for a summary. 

Cyclic Nature of Energy Demand Emphasizes Strategic Importance of Domestic 
Supplies 

Few people realize that much of the oil reaching United States Gulf Coast ports 
must pass through a number of narrow straits in a Caribbean area that is 
becoming increasing subject to political influences unfavorable to the United 
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States. As noted on page 1-26, these straits would be as easily mined as the 
Straits of Hormuz. Long-term national security considerations point to the 
importance of domestic energy sources. 

Dow Mixed Alcohol Process Suggested for Gasoline Blending 

Dow Chemical has described a new catalytic process for producing mixed 
alcohols from synthesis gas. The economic results on page 1-29 indicate a cost 
of 65 cents per gallon for material with an octane blending value of 124.6 when 
the syngas is produced by methane reforming. 

Nitrogen Compound Type Affects Poisoning of Cracking Catalysts 

Research at Phillips Petroleum Company has shed new light on the mechanism 
by which nitrogen compounds, such as are present at high levels in shale oil, can 
act to poison fluid catalytic cracker catalysts. Results, discussed on page 1-32, 
show that simple analysis for nitrogen content is insufficient to predict the 
performance of any particular feedstock. 

Bacterial Process Developed for Gas Desulfurization 

Dowa Mining Company of Japan has developed a biological system for removing 
sulfur from gas streams containing hydrogen sulfide. As described on 
page 1-34, the system utilizes the bacteria species "theobacillus ferrooxidans" 
to oxidize ferrous sulfate to ferric sulfate, which reacts with hydrogen sulfide. 

Canadian Federal and Provincial Governments Approve the Western Accord 

The Canadian federal government and the provincial governments of Alberta, 
Saskatchewan, and British Columbia recently approved a comprehensive oil and 
natural gas agreement. The agreement—The Western Accord—is designed to 
revitalize the Canadian energy industry. See page 1-35 for details of crude oil 
price deregulation, natural gas pricing, and fiscal principles. 

Research Agreement Signed by United States and China 

On April 16, 1985 representatives of the United States and the People's 
Republic of China signed an agreement to exchange fossil energy research data, 
equipment, and personnel. As explained on page 1-38, the 5 year agreement 
covers scientific and technological exchanges in coal, oil shale, and enhanced 
oil recovery, with possible extensions to other areas. 

SFC Finds Environmental Factors Not Limiting Synfuels Industry 

The SFC recently released a draft of an appendix to their Comprehensive 
Strategy Report. As explained on page 1-42, the draft appendix discusses the 
SEC's environmental review process, the conclusions they have drawn from 
proposal reviews and project experience, and their views on environmental 
monitoring. The SEC has found that, in general, permitting, socioeconomic 
impacts, and water supply requirements have not limited the development of 
the synthetic fuels industry in the United States. 

Unocal Eludes Pickens Takeover Threat 

In an event of potential significance to oil shale development, Unocal, parent of 
Union Oil Company, reached a standoff agreement with a hostile takeover 
group led by Mesa Petroleum Company's chairman, T. Boone Pickens, Jr. 
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(page 2-4). It was thought by many that a successful takeover by the group 
would have brought an end to Unocal's long-term oil shale investment 
activities. 

Gary Refinery Files for Bankruptcy 

Gary Refining Company shut down its refinery at Fruits, Colorado and filed 
under Chapter 11 of the United States Bankruptcy Code in March. As explained 
in more detail on page 2-4, Gary had been anticipating the receipt of shale oil 
from Union Oil's Parachute project, but found themselves unable to continue 
when Union was unable to get production started after more than a year. 

EPA Outlines Oil Shale Research Activities 

Although greatly reduced in scope because of budget cutbacks and changes in 
priorities, some oil shale research continues at the United States Environmental 
Protection Agency. A summary of current programs may be found in the 
article on page 2-5. 

Oil Shale Mining Costs Could Be Reduced 

In a paper presented to the 18th Oil Shale Symposium, I.G. Studebaker argues 
that considerable improvements in mining productivity and efficiency are 
possible. His remarks, summarized on page 2-13, indicate a theoretically 
achievable productivity of 200 tons per man-shift. 

New Fluid Bed Retort Exchanges Solids But Not Gas 

A new fluidized bed oil shale retorting system has been developed at the 
University of Queensland, Australia. As illustrated on page 2-14, it consists of 
two adjacent fluidized beds that exchange solids but not gases. There are no 
moving parts. 

Fluid Bed Retorting of Eastern Shale with Steam no Better than with Nitrogen 

Experiments at the Kentucky institute for Mining and Minerals Research have 
tackled the question of whether steam has a beneficial effect when used as a 
fluidizing medium in the retorting of oil shales from the eastern United States. 
Conclusions seem to be that steam is no better than nitrogen or other inert 
gases (page 2-16). 

High Yield Potential for Fluid Bed Retorts Confirmed at LLNL 

Recent work at Lawrence Livermore National Laboratory has lent further 
support to the conclusion that yields of 110 percent of Fischer Assay should be 
achievable with Western United States oil shales in fluidized bed retorts. As 
discussed on page 2-17, their kinetic analysis indicates that these yields will 
require longer residence times in the fluid bed than would be predicted on the 
basis of data from experiments using slow heat-up rates. 

Shale Oil Achieves High Combustor Life Rating in Turboprop Tests 

A Garrett T76 turboprop engine was used to evaluate hot-section performance 
and durability when burning several alternate fuels. While some fuels appeared 
to have a highly deleterious effect on combustor liner life, the shale oil-derived 
fuel appeared to produce a slight increase in liner life (page 2-18). 
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LLNL Identifies Iron Oxide as Major Reactant with Hydrogen Sulfide in Retort 
Off-Gas 
When oil shale is retorted by mixing with hot oxidized shale, the hydrogen 
sulfide concentration in the retort gas stream is lower than when heat is 
supplied by other means. Lawrence Livermore National Laboratory has now 
shown that this is due primarily to reaction of hydrogen sulfide with iron oxide, 
and only secondarily to reaction with dolomite (page 2-19). 

Brazil May Add Fluidized Bed Combustion to Petrosix Process 

Fluidized bed combustion is being studied as a complement to the Petrosix 
process, to obtain heat and electricity in a total energy recovery scheme for oil 
shale. An article starting on page 2-23 discusses the options being considered, 
and notes that as much as a 50 percent increase in process efficiency could be 
obtained. 

Morocco's T3 Pilot Plant in Startup Phase 

The T3 process pilot plant at Timandit was completed in 1984 with funding from 
the World Bank. So far, only preliminary retorting tests have been completed 
(page 2-25). 

Chinese Oil Shale Industry Set for Future Expansion 

A summary of the oil shale industry in the People's Republic of China 
(page 2-26) indicates current and continuing research on methods of retorting 
and on methods of upgrading. With this kind of interest, and with several 
hundred oil shale researchers, China is in a good position to rapidly expand the 
use of its tremendous oil shale resources. 

Same-Site Construction Reduces Costs for Petrosix Commerical Module 

By utilizing the existing infrastructure at the pilot plant site, contracting out 
for mining services, and sharing some pilot plant facilities, the specific 
investment cost for the Petrosix commercial module is expected to be only 
$22,000 per daily barrel. Construction status for the various parts of the 
project may be found on page 2-28. 

50 Year Old Oil Shale Waste Pile Shows No Weathering 

A spent shale waste pile dumped by the Bureau of Mines near Rulison, Colorado 
in the 1920s was cored and analyzed. Results, discussed on page 2-30, show no 
evidence for migration of chemical species out of the pile during 50 years of 
weathering. Thus spent shale piles in this region are likely to remain stable for 
many years. 

Alkaline Scrubbing of Retort Off-Gas Successful at Geokinetics 

The Environmental Protection Agency's mobile wet scrubber was tested on a 
slipstream from the Geokinetics horizontal true in situ retorting operation. 
Test results, outlined on page 2-33, show that sulfur removal efficiencies of 
over 90 percent can be obtained with a simple alkaline scrubbing system. 

Air Force Studies Toxicology of Shale-Derived Fuels 

Long-term inhalation tests with a variety of military fuels are described in the 
article on page 2-35. Thus far there appears to be no distinction between 
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shale-derived and conventional jet fuels. All appear to have an unexplained 
effect on the kidneys of male rats, but not on the other species tested. 

Pennsylvanian Age Oil Shales Studied in Indiana 

Although the Devonian oil shales of the eastern United States are widely known, 
there is a relatively unknown group of oil shales present in rocks of Pennsyl-
vania age. Results of a recent study by the Indiana Geological are quoted on 
page 2-41. The oil content of these shales is typically very low, but individual 
samples with oil yields as high as 20 gallons per ton by Fischer Assay were 
found. 

IBLA Upholds BLM Decision to Drop South Shale Ridge as WSA 

The Interior Board of Land appeals upheld Bureau of Land Management action 
in dropping the South Shale Ridge unit from further consideration as a 
Wilderness Study Area. As noted on page 2-45, the oil shale resources in this 
unit are too sparse to be of interest for oil shale development. 

Ladd Petroleum Abandons HOP Kern River Project 

Ladd Petroleum Corporation has withdrawn its application for support from the 
United States Synthetic Fuels Corporation, closed down the HOP Kern River 
mining-assisted pilot project, and turned the project acreage back to Shell Oil 
Company. As reported on page 3-1, Ladd suggested that the pilot was shut 
down because it was not producing enough to meet operating expenses. 

ERCB Approves Amoco Elk Point Project 

The Alberta Energy Resources Conservation Board has approved the first phase 
of Amoco's Elk Point steam injection project. As described on page 3-2, 
construction of the project was delayed approximately one year awaiting ERCB 
approval of several environmental aspects of the project. 

Noreen Energy Resources to Start New Heavy Oil Steam Pilot 

Norcen Energy Resources Limited has begun a new cyclic steam/steam drive 
thermal pilot in the Boda field of Alberta. As explained on page 3-5, the 
20 acre inverted 9 spot production pattern was chosen to give an exact 
comparison with the pilot fireflood operation already in the same area. 

Murphy's Lindbergh Project to be On Stream Next Year 

The article beginning on page 3-6 describes Murphy Oil Company's Lindbergh 
heavy oil project in Alberta. Cyclic steam injection will be used in Phase 1 of 
the four-phase project. Each phase is expected to produce 2,500 barrels per 
day. 

SFC Releases New Draft Solicitation for Tar Safids Projects 

The SFC released a draft solicitation for projects that utilize mining and 
surface extraction of tar sands resources in the United States. To be eligible, 
projects must be capable of producing "commercial" quantities of bitumen, 
must begin operation by 1990, and must operate for 20 years. Either a loan 
guarantee, a price guarantee, or a combination loan/price guarantee will be 
awarded to one or more projects that must compete for a financial award. The 
draft solicitation is summarized beginning on page 3-13. 
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Inpro Claims Cost Saving with Mobile Extraction Plants 

A new processing concept, utilizing in-pit mobile extraction plants, is claimed 
by the developer, Inpro Engineering, Ltd., to offer a reduction in capital and 
operating costs of 15 to 20 percent. The concept is explained in the article on 
page 3-20. 

Productivity Enhancements Possible in Mining Oil Sands 

Although most people assume that the Suncor and Syncrude projects are 
probably using the most efficient mining machinery possible, this may not 
necessarily be true. The article on page 3-22 explores some of the options now 
available that could lead to lower mining costs. 

Grain Shapes Affect Bitumen Recovery from Oil Sands 

Some innovative research on the effect of sand grain shapes shows that the 
shape of the grains (smooth and rounded versus rough and irregular) has an 
effect that is distinct from grain size. The article on page 3-25 explores some 
of the findings and the possible interpretations of those findings. The results 
may be of use in developing mining plans. 

Emulsions May be Means of Pipelining Heavy Oils 

Because the viscosity of an emulsion more closely resembles the viscosity of 
the continuous phase, the viscosity of a heavy crude oil-in-water emulsion is 
dramatically less than the viscosity of the straight crude. The University of 
Alberta believes that this could be the basis for an economical heavy oil 
transportation scheme (page 3-27). 

Bacterial Action Ages Oil Sands During Storage 

Work reported by the Alberta Research Council indicates that even a brief 
exposure to air when a sample is obtained will set in motion a biological 
degradation mechanism which can have an appreciable effect on first-stage 
recovery from the hot water process when the samples are tested months later. 
It is suggested (page 3-29) that freezing the samples during storage is the only 
way to assure that their properties will not change over a period of months. 

Mobil Patents Aromatic/Acid Pretreatment System for In Situ Recovery 

On page 3-30 is a description of a Mobil patent for in situ recovery of heavy, 
viscous, asphaltic oil. A synergistic viscosity-lowering effect is found when 
thermal recovery methods are used in conjunction with the injection of an 
aromatic solvent/acid mixture. 

World Bank Assists Heavy Oil Projects 

The World Bank is assisting heavy oil EOR type projects in Turkey, Romania, 
Madagascar, Hungary, and China. Brief descriptions of these projects are given 
on page 3-32. 

Trace Metal Studies of Fort McKay Indian Band Inconclusive 

The Fort McKay Indian Band of Alberta has complained of health and 
environmental problems that they believe to be associated in some way with the 
Syncrude and Suncor oil sands plants which are 10 and 17 kilometers away, 
respectively. Analysis of trace metals present in children's hair has given 
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inconclusive results (page 3-36). Although lead levels appear higher at Fort 
McKay than at the other two villages studied, the levels are still typical o 
rural North America residents in other locations. 

Shea Coal Gasification Demonstration Unit to be Built 

Shell Oil Company, the Electric Power Research Fstitute, and Lummus Crest, 
Inc., are jointly funding and building a demonstration unit for the Shell coal 
gasification process. As described on page 4-2, the unit will process up to 
250 tons per day of bituminous coal or up to 400 tons per day of lignite. The 
unit, to be located at Shell's Deer Park, Texas chemical complex, will begin 
operation in early 1987. 

Polygeneration Project Could be Used for NASA's Space Shuttle 

The National Aeronautics and Space Administration is considering the use of a 
coal gasification complex for its space shuttle program. This concept, referred 
to as polygeneration, would supply hydrogen and oxygen for fuel, nitrogen for 
purge gas, and electricity. See page 4-2 for details of the project. 

DOE Submits Clean Coal Technologies Report to Congress 

In May 1985 the United States Department of Energy (DOE) issued its report 
entitled Report to Congress on Emerging Clean Coal Technologies. The Report 
summarizes 176 responses that DOE received in response to its request for 
information regarding companies' interest in developing technologies that could 
utilize coal in a more environmentally acceptable manner. The article 
beginning on page 4-8 summarizes DOE's report 

SFC Requests Restructure of Great Plains Loan Repayment Schedule 

As described on page 4-17, the SFC has requested that DOE restructure the 
debt repayment schedule of the Great Plains project. The SFC had previously 
issued a letter of intent of up to $790 million in price guarantees to the project. 
However, the debt on DOE's $2.02 billion loan guarantee would require very 
high payments by the SFC, with no assurance of prolonged plant operation after 
the payments are completed. 

SFC Issues Solicitation for Eastern Coal Gasification Projects 

A new SFC solicitation, described on page 4-17, establishes three technology 
categories for gasification projects that utilize eastern bituminous coal. The 
solicitation provides for at least one award of financial assistance in each 
category (if eligible projects are proposed). The technology categories are: (1) 
pressurized slagging fixed bed gasification, (2) pressurized fluidized bed gasifi-
cation, and (3) pressurized dry feed entrained flow gasification. 

Underground Coal Gasification May Be Economic at Current Conditions 

An economic analysis by Gulf Research and Development indicates that 
underground coal gasification in steeply dipping beds may be able to compete 
with natural gas reforming at SNG prices of $3.00 per million BTU. See 
page 4-28 for a summary of their economic analysis. 

CANMET Co-Processing Yields No. 6 Fuel Oil from Lignite and Vacuum 
Bottoms 

The Canada Centre for Mineral and Energy Technology has found that once-
through co-processing of Cold Lake vacuum bottoms with Saskatchewan lignite 
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yields a product with hydrogen/carbon ratio very similar to No. 6 fuel oil. 
Boiling points are similar also. Other data are given on page 4-30. 

Breakthrough Seen in Cleanup Process for Gas Turbine Power Generation 

Researchers at the Department of Energy's Morgantown Energy Technology 
Center have developed a hot gas cleanup system to remove sulfur and 
particulates from a gasifier product stream without having to first cool the gas. 
This system, described on page 4-32, would make it possible to build a more 
efficient integrated coal gasification combined cycle power plant. 

Minimally Cleaned Low-BTU Coal Gas Tested for Gas Turbines 

A test program at General Electric has demonstrated the technical feasibility 
of burning hot, low_BTTT coal gas directly in an industrial gas turbine, with only 
a cyclone separator between the coal gasifier and We turbine. As noted on 
page 4-33, however, such a system would produce excessive emissions of both 
nitrogen oxides and sulfur oxides, and some method of controlling these 
substances would be required. 

Industrial Turbine Successfully Burns 150 BTU Gas 

An experimental program at General Electric tested the performance of the 
well-proved LM2500 gas turbine operating on a 150 BTU simulated coal gas. As 
reported on page 4-36, the large air supply capacity of the LM2500 makes it 
feasible to operate with such a fuel. 

Ube Ammonia-from-Coal Plant A Commercial Success 

Ube Industries, Ltd. of Japan built and started up its ammonia-from-coal plant 
in slightly more than one year. The project, described on page 4-38, utilizes 
three Texaco gasifiers to produce synthesis gas for ammonia production. Ube 
claims the overall cost of ammonia production has been reduced 20 percent 
through the use of coal gasification. 

PRENFLO Pilot Plant Due for Completion in November 

As described on page 4-39, GKT of West Germany is building a 48 tons per day 
pilot plant to test the PRENFLO coal gasification process. The process is a 
pressurized version of the Koppers-Totzek entrained flow gasifiers. Pilot plant 
testing to demonstrate the process is expected to last three years. 

Great Plains Wastewater Tested in Pilot Cooling Tower 

Wastewater from the dry-bottom fixed-bed Lurgi gasifiers at the Great Plains 
project is used as a source of makeup water to the plant's cooling tower. 
Recent tests in a pilot cooling tower indicate that this wastewater, which has 
been partially treated, is less corrosive and causes less fouling than wastewater 
from a pilot slagging fixed-bed gasifier. However, as described on page 4-47, 
extensive stripping of phenolic compounds, methanol, and ammonia from both 
types of wastewaters occurs in the cooling tower. 
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CORPORATIONS 

SYNFUELS TECHNOLOGY DEVELOPMENT, 
NOT COMMERCIAL PROJECTS, EMPHASIZED 
IN ANNUAL REPORTS 

The decline in industry support of commercial synthetic 
fuels projects that began in 1982 continued during 1984. 
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, the 
worldwide recession reduced many companies' revenues, 
thus reducing their capability to fund major capital 
expenditures. Third, interest rates remained high, thus 
increasing the cost of financing large projects. 

Pace has acquired 1984 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 1984 annual 
reports. Additional annual reports will be reviewed in 
the September 1985 issue of the Pace S ynthetic Fuels 
Report 

MR PRODUCTS AND CHEMICALS, INC. 

Our acquisition of Stearns-Roger in 1982 strengthened 
the positions we had in the engineering and construction 
industry with our subsidiary—Catalytic, Inc. —and com-
plements the activities of our other operating groups. 

During the recent depressed environment for engineer-
ing services, we restructured the two companies and, in 
1984, formed Stearns Catalytic World Corporation. It 
is focusing on markets where we have strong posi-
tions—oil and gas processing, pharmaceuticals, plant 
maintenance and operation, coal-based power genera-
tion, minerals recovery,synthetic fuels and chlorine 
production—and on developing opportunities in environ-
mental and waste management 

ALBERTA ENERGY COMPANY LTD. 

1984 was a year of both achievement and challenge at 
Syncrudc, the world's largest synthetic crude oil faci-
lity. AEC owns 10 percent of the plant, and also 
retains an average 7 percent gross overriding royalty on 
an additional 10 percent of production. 

Outstanding production results were achieved during 
the second quarter, with a new 3 month high being

recorded. However, total 1984 production reached only 
5.0 million cubic metres compared with 6.5 million 
cubic metres in 1983. This year's production was 
adversely affected by a fire in mid-August which 
caused extensive damage to one of the two fluid eokers. 
The other coker, shut down as a precautionary measure, 
returned to operation in mid-September, whereas the 
damaged coker came back onstream December 21. 

Effective January 1, 1983 the Alberta government 
amended the Syncrude Crown Agreement for a 5 year 
period permitting a portion of the Crown payments to 
be deferred. This encouraged an aggressive capital 
investment program to improve plant reliability and 
efficiency and to increase production capacity. 

The first stage of increasing the production capacity by 
1,750 cubic metres per day will be completed in 1985. 
The facilities for an additional 2,960 cubic metres per 
day of production have been designed. If the Syncrude 
owners decide to proceed with construction in 1985, the 
total plant designed capacity will be 22,000 cubic 
metres per day by 1987. 

A further development opportunity exists. The current 
infrastructure and operating experience make Syncrude 
the most effective location for the next major addition 
of oil sands synthetic oil production. Discussions have 
been held with the Alberta and federal governments 
regarding an additional 50 percent expansion of Syn-
crude, which would increase total plant production 
capacity to about 32,000 cubic metres per day. The 
expansion would cost an estimated $4 billion and create 
75,000 man-years of Canadian employment during con-
struction and 1,200 permanent operating jobs. Detailed 
design engineering work could commence in 1985 as the 
forerunner to a construction decision, pending satisfac-
tory resolution of fiscal terms with the two levels of 
government. 

Syncrude supplied 6 percent of the country's 1984 oil 
requirement. 

During the past year, AEC significantly increased its 
investment in pipelines. Existing systems were expand-
ed to meet increased transportation requirements, with 
the major expenditures being incurred for the Cold 
Lake Bitumen Pipeline expansion. 

Alberta Oil Sands Pipeline Ltd., a wholly-owned subsi-
diary of AEC, operates the 430 kilometre pipeline 
which transports synthetic crude oil from the Syncrude 
operation near Fort McMurray to Edmonton. 

A pipeline lateral to supply synthetic crude oil to a new 
Edmonton area refinery was commissioned in July. A 
significant portion of the refinery's feedstock is trans-
ported through this lateral. 

It is anticipated that the daily capacity of the oil sands 
pipeline will be expanded during 1985 to meet projected 
increased throughput requirements. The extent of such 
additions has not been decided. 
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Cold Lake Bitumen Pipeline throughput averaged 
4,023 cubic metres of bitumen blend per day. The 
throughput capacity of the system was enhanced during 
1984 with the installation of a temporary mid-point 
pumping station. 

In early 1984, the Energy Resources Conservation Board 
approved construction of a major expansion to the 
pipeline system. As well, a lateral pipeline to transport 
bitumen from a new heavy oil plant near Wolf Lake also 
was approved. Total value of the new pipeline facilities 
will be approximately $100 million. The expansion will 
raise the daily capacity of the system to 15,900 cubic 
metres and provide an ultimate daily volume of appro-
ximately 47,700 cubic metres. Development of further 
heavy oil projects in the Cold Lake area will increase 
the utilization of the expanded pipeline system. 

AMERICAN NATURAL RESOURCES COMPANY 

The Great Plains coal gasification plant, now substant-
ially completed on time and under budget in North 
Dakota, is a highly complex facility that includes some 
23 different process units involving gases, liquids, and 
solids. ANR owns a 25 percent interest in Great Plains 
Gasification Associates (Great Plains). 

Despite its first-of-a-kind nature, the plant's Initial 
operations are progressing smoothly. Limited produc-
tion of substitute natural gas is advancing toward the 
design capacity of 125,000 cubic feet per day, and 
management has been turned over to a permanent 
operating organization. 

Under the loan guarantee agreement with the Depart-
ment of Energy (DOE), the partners have the right to 
cease making investments in Great Plains if partners 
holding 45 percent or more of the partnership interests 
in good faith determine that any one or more of four 
conditions exist Two of such conditions are that there 
no longer exists reasonable assurance that the project 
will generate cash suffcient (1) to permit Great Plains 
to make distributions to the partners during the 10 year 
period following the in-service date at least equal to 
the total amount contributed by the partners to Great 
Plains equity, or (2) to pay when due all principal of, 
and interest on, all then outstanding indebtedness guar-
anteed by the DOE. 

In September 1983 Great Plains projected partnership 
losses of $1.3 billion during the first 10 years of opera-
tion. The occurrence of such losses would result in no 
distributions to partners during that period. In Novem-
ber 1983 each of the partners notified DOE of its belief 
that the project will not generate sufficient cash to 
repay the DOE guaranteed indebtedness when due. 

In April 1984 Great Plains partners reached a prelimi-
nary agreement with the United States Synthetic Fuels 
Corporation for price supports, which is still subject to 
reaching a definitive agreement and receiving final 
approvals. Under the terms of the proposed price 
support agreement, the SFC would commit up to 
$790 million over ten years to support the price of the 
project's gas. Great Plains partners pledge $100 million

in new' equity and the reinvestment of the project's 
after-tax cash flow during the first three years of 
operation. 

A new subsidiary, ANR Venture Management Company, 
is headed by Noel F. Mermer, who directed the Great 
Plains effort. The firm will offer management and 
energy services in three areas: 

• The Project Management Division will offer 
other projects the same comprehensive services 
rendered for Great Plains: procurement disci-
plines, design and engineering, construction 
monitoring and cost control. 

• The Venture Development Division will organ-
ize, structure, finance, own, and operate plants 
providing energy to a variety of industries. 
These plants will include cogeneration units, 
low-BTU coal gasification, and coal combustion 
plants. ANR will participate in equity owner-
ship of such plants when appropriate. 

• The Environmental Division will develop sys-
tems and apply technologies for the clean-up of 
hazardous wastes. 

ATLANTIC RICHFIELD COMPANY 

It was a year of progress for ARCO Chemical's OXINOL 
blending component, a mixture of tertiary butyl alcohol 
and methanol. With growing acceptance by the auto 
industry, sales increased in the eastern United States 
and are expected to grow further in response to the 
Environmental Protection Agency's proposal to curtail 
sharply the use of lead in gasoline. A proper methanol 
blend eliminates the need for lead, raises gasoline 
octane levels and causes it to burn cleaner, thereby 
improving engine performance. Methanol blends have 
been accepted in Europe for several years and are now 
found in much of the gasoline sold in Northern Europe. 
Usage is expected to spread throughout Europe as the 
European Economic Community restricts the sale of 
leaded gasoline. 

CHEVRON CORPORATION 

Worldwide energy developments have altered Chevron's 
overall view of synthetic fuels during the past few 
years. The reduced demand for energy and excess 
supply of crude oil and natural gas have made it clear 
that development of synthetic fuels will have to be 
pushed back, at least to the end of the century. 

However, to be ready when the demand for energy 
catches up with the supply, testing of the Chevron 
Research proprietary oil shale retorting process con-
tinued at the new semiworks plant in Salt Lake City, 
Utah. Conoco is a 30 percent partner in the $200 mil-
lion project. 

Chevron is the largest private holder of oil shale 
property in the United States. Inaddition, Gulf, 
through the Rio Blanco Shale Oil Company, has a 
50 percent share in a large federal lease of oil shale 
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property. These properties, combined with the land 
Chevron owns with Conoco, contain enough oil shale to 
produce an estimated 10 billion barrels of oil.

For the Department of Energy we developed conceptual 
designs for commerical-scale high-temperature dcsul-
furization systems that would be used with integrated 
gasification-fuel cell systems. 

EXXON CORPORATION 

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, build-
ing on Exxon's long experience with the use of fluidized 
beds in 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. 

FLUOR CORPORATION 

In Canada, prospects are improving dramatically, parti-
cularly in heavy oil upgrading. During 1984, Fluor won 
front-end contracts for heavy oil upgraders planned by 
Syncrude Canada, Ltd., Husky Oil Company and New 
Grade Energy, Inc. These projects present major oppor-
tunities, near term, for sizable follow-on work. 

FOSTER WHEELER CORPORATION 

Foster Wheeler Tennessee, Inc., was formed during the 
year to pursue our commitment to Carbogel coal-water 
fuel technology. This company will own and operate a 
55,000 ton per year semi-commercial coal-water fuel 
plant in Elmwood, Tennessee. 

GILBERT ASSOCIATES, INC. 

Clean, efficient use of coal was a focus of advanced 
energy assessment and engineering projects. Gilbert/-
Commonwealth continues at the leading edge of emerg-
ing technologies, and in 1984 we extended our record of 
effectively transferring these technologies to com-
mercial facilities. 

One such facility was the Idaho National Engineering 
Laboratory's fluidized bed combustion plant, which be-
gan commercial operation. A joint venture design and 
construction project, the coal-fired plant is the first 
commercial facility of its type in the United States 
with normal boiler warranties. We also continued as 
one of the Department of Energy's principal technical 
support services contractors for FBC programs, and 
worked with various other domestic and international 
clients on fluidized bed applications. 

Coal gasification was a second major area of involve-
ment New projects included conceptual gasification 
plant designs for an Australian manufacturer; concep-
tual design of small-capacity gasification plants for the 
Electric Power Research Institute (EPRU; and alterna-
tive energy assessments for Japanese and Korean 
clients. The assessments considered coal gasification 
as well as fluidized bed combustion, fuel cells, and 
other emerging technologies.

GULP CANADA LIMITED 

Production of heavy oil increased 42 percent, to 
831 cubic metres per day, including 125 cubic metres 
per day from Gulf Canada Resources Inc.'s (OCRI) 
Pelican Lake in situ fire-flood project in the Wabasca 
oil sands deposit of northeastern Alberta. 

Gulf Canada's 9.03 percent share of Syncrude's produc-
tion declined by 23 percent to 1,237 cubic metres per 
day, from the record 1983 level of 1,600 cubic metres 
per day. 

The Syncrudc participants applied, in 1984, for approval 
to increase the project's synthetic crude oil production 
level to 8 million cubic metres per year by 1987. At 
the new permit level approved by the Alberta Energy 
Resources Conservation Board, GCRFs share of produc-
tion would rise to 1,980 cubic metres per day. 

HOUSTON NATURAL GAS CORPORATION 

During the last five months of 1984, HNG divested 
itself of most of its non-core businesses and acquired 
some key natural gas transmission companies to put 
together a pipeline system stretching from coast to 
coast with key markets in Texas, California, and Flor-
ida—three of the fastest growing states in the nation. 
The Company also has the potential to develop new 
markets in certain states along its transmission net-
work. 

In order to concentrate our efforts on improving perfor-
mance in our historic areas of expertise, HNG sold its 
industrial gases business and the bulk of its inland 
marine and coal operations and entered into a joint 
venture with the assets of its offshore marine service 
fleet 

The sales of Federal Barge Lines, Inc. and Zeigler Coal 
Company, which had been less profitable recently, also 
have been completed. Eastern Gas and Fuel Associates 
purchased Federal Barge on December 31 for approxi-
mately $40 million, and Zeiglcr's four operating mines 
were sold in January 1985 for approximately $55 million 
in a leveraged buy-out to a group led by Zeigler's senior 
management. 

(Editor's Note: This restructuring program resulted in 
HGN's withdrawal from the North Alabama Coal-to-
Methanol project.) 

HUSKY OIL LTD. 

The 81-Provincial Project, sponsored by Husky, is an 
integrated heavy oil production and upgrading project 
that will produce and process 54,000 barrels per day of 
heavy oil from the Lloydminster and Cold Lake areas of 
Alberta and Saskatchewan. 
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Currently most of Canada's heavy oil production is 
exported to the United States market, where it is used 
to produce asphalt and heavy fuel oils and where some 
refineries have the capability of upgrading heavy oil to 
produce lighter products. The upgrader facility will 
process this heavy oil to produce a high quality synthe-
tic crude oil that can then be conventionally refined 
into a full range of transportation fuels and heating 
products. With Canada's conventional light crude pro-
duction declining, the synthetic crude oil should be 
readily marketable in Canada and will contribute to 
domestic energy self sufficiency. 

Once the upgrader comes on stream, project heavy oil 
produced in the region surrounding Lloydminster will be 
blended with diluent and transported by pipeline to the 
upgrader complex. There the diluent will be recovered 
and returned to the field to be reblended with more 
heavy oil. The synthetic crude oil from the upgrader 
will be pipelined to Hardisty where it will enter Inter-
provincial Pipe Line's system for transport to refineries 
in eastern Canada or possibly the United States. Prior 
to upgrader start up, project production will continue to 
be marketed as blended heavy oil. 

Husky and the Governments of Canada, Alberta, and 
Saskatchewan have agreed to profits based royalties 
and taxes and a financing package for the project With 
this stable, predictable fiscal regime, the investment 
environment for Husky's significant heavy oil land base 
in Saskatchewan and Alberta has been greatly en-
hanced. 

Over the next five years, capital requirements for the 
total Bi-Provincial Project are projected to be $1.4 bil-
lion for the upgrader plus $900 million for heavy oil 
production facilities. 

With expected partner participation Husky's share of 
this overall capital requirement will be in the order of 
$1.3 billion, $750 million of which will be project fin-
anced. The remaining funds will come from Husky's 
existing cash flow, plus the new cash flow generated by 
the project. Once the upgrader starts up, project 
capital requirements to maintain ongoing heavy oil 
feedstock production will be provided by project gener-
ated revenue. 

Of the 54,000 barrels per day of heavy oil production 
required for the Bi-Provincial Project, about 
33,750 barrels per day, or approximately 65 percent, is 
expected to be produced by Husky, with the Company's 
ultimate share being determined by final partner parti-
cipation in the project. Husky's current heavy oil 
production is approximately 32,000 barrels per day, 
about 70 percent of which is produced in Saskatchewan, 
with the remainder being produced in Alberta. 

The upgrader facility, which will resemble a large 
refinery, will be located in Saskatchewan near Lloyd-
minster and will be integrated with Husky's existing 
Lloydminster refinery. In addition to asphalt produced 
at the refinery and synthetic crude oil produced by the 
upgrader, by-products will include high quality coke and 
sulfur. 

The upgrading process selected is a combination of the

11-011 hydrocracking process (a hydrogen addition pro-
cess) and delayed coking (a carbon rejection process). 
Hydrogen used in the upgrading process will be gener-
ated from natural gas utilizing steam methane reform-
ing. 

Work is well underway on the upgrader. Initial design 
work and project planning have been completed, the 
upgrading technology has been chosen, some of the 
engineering contractors have been selected and detail 
design work has been initiated. Project activity 
through 1985 will focus on detailed engineering and 
initiation of procurement activities for major equip-
ment items. Major construction will start in 1986 with 
completion and plant start up occurring in 1989. 

Another important activity through 1985 will be the 
completion of the Environmental Impact Assessment 
process. 

KERR-MC GEE CORPORATION 

Kerr-McGee continued to sponsor an active research 
and development program in 1984. A coal-liquefaction 
program was concluded, with sufficient data obtained 
to support commercial development should the need 
arise in the future. At this time, however, coal-
liquefaction products cannot compete with petroleum 
products. 

MURPHY OIL COMPANY LTD. 

Until 1984 Murphy held back investment in the heavy 
oil area to roughly the order of cash flow generated by 
the Lloydminster division. More favorable government 
policy and a growing awareness that heavy oils offer a 
special opportunity for future resource development in 
Canada, have influenced the strategy of the Company 
to the extent of accelerating development of heavy oil 
and bitumen in an area of activity that stretches from 
Bodo and Eyehill in the south, through Lloydminster to 
the southern reaches of Cold Lake. 

The Eyehill combustion pilot was expanded during 1984 
converting the central pattern to a nine spot cofigura-
tion. This project contributed profit during the year. It 
is also providing valuable technical information for 
projection of full scale development of this reservoir 
and similar occurrences in the area. Murphy is partici-
pating in an evaluation that is likely to lead to a steam 
pilot at Bodo joint ventured with AOSTRA. The Com-
pany has identified steam test locations at Senlac and 
Lloydminster. 

With a most significant potential to impact future 
performance of Murphy, the Company has organized 
plans to expand the Lindbergh pilot, initiated in 1974 in 
Cold Lake, to a commercial scale. 

• The pilot was enlarged by two seven spot pat-
terns in 1984 and early results confirm favor-
able performance. A long pilot history indi-
cated an expectation of recoveries of a magni-
tude that can add economic reserves under 
favorable government policy. 
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• With the approval of FIRA, Murphy acquired all 
outstanding shares of F.W.B. Resources, Ltd., 
whose principal asset was Lindbergh area lands 
held jointly with the Company, thus consolidat-
ing land ownership to 23 sections of 100 percent 
leases and other holdings in the area varying 
from 50 to 75 percent. 

• Royalty and fiscal agreements have been nego-
tiated with governments and an application is 
before the Energy Resources Conservation 
Board of Alberta for project approval. 

The Lindbergh project, if economics and market oppor- 
tunities permit full development, involves four 
400 cubic meters per day stages. The first of these is 
scheduled for 1985 with investment of more than 
$30 million. Expansions are likely to be added in 
roughly two year increments. If all targets are met, 
commercial scale Lindbergh production and reserves 
should be added by year-end 1985. 

Exploration successes and an acceleration of heavy oil 
activities have increased development investment op-
portunities for the Company. During 1985 Murphy 
expects to continue the trend of increasing oil produc-
tion. Coupled with the Lindbergh project, capital 
spending will increase significantly through the new 
year. 

THE NORTH AMERICAN COAL CORPORATION 

The Coteau Properties Company's Freedom Mine ship-
ped 3.7 million tons of lignite in 1984, up from 
600,000 tons in 1983. Lignite was delivered to the 
Antelope Valley Station owned by the Basin Electric 
Power Cooperative and to the Great Plains Gasification 
Associates' plant, which is adjacent to Antelope Valley 
and the mine. Great Plains is owned by a consortium of 
four natural gas transmission companies and a public 
utility. 

The Great Plains Project, the nation's first effort to 
produce commercial quantities of synthetic natural gas 
from coal, is a huge project with a design capacity of 
125 million cubic feet of gas per day. 

During 1985, the Freedom Mine is expected to nearly 
double its annual production to about 7 million tons 
with most of the increase slated for the gasification 
plant The second of Antelope Valley's two 450 mega-
watt generating units is expected to go into commercial 
operation in 1986, which should further accelerate coal 
shipments. 

OCCIDENTIAL PETROLEUM CORPORATION 

During 1984, Occidental and its partner, Tenneco Inc., 
signed a memorandum of intent with Peter Kiewit 
Sons', Inc., whereby a subsidiary of Kiewit would join 
Occidental and Tenneco as a 10 percent general partner 
in the Cathedral Bluffs Shale Oil Company project, in 
Rio Blanco County, Colorado.

Following the receipt in 1983 of a letter of intent from 
the United States Synthetic Fuels Corporation (SFC) to 
provide for up to $2.2 billion in loan and price guaran-
tees for the commercial production of shale oil, nego-
tiations with the SFC were halted in mid-1984 due to a 
lack of quorum of the SFC board as well as to the 
introduction of several proposed federal resolutions 
calling for rescission of synthetic fuels funding. 

After Congressional action in October 1984 to preserve 
funding with the SFC for those projects that previously 
had received letters of intent, negotiations with the 
SFC were resumed. Meanwhile, routine maintenance 
and environmental monitoring continues at the site. 

At Occidental's Logan Wash oil shale research site in 
Garfield County, Colorado post-operational monitoring 
continues. Retorts 7 and 8, Occidental's last two 
commercial-sized underground retorts, produced more 
than 200,000 barrels of shale oil, most of which was 
sold. About 20 to 25 percent of the oil recovered was 
of such high quality that it could be used in our diesel 
equipment without further refining. Company engi-
neers estimate that, by using the Occidental modified 
in situ process, it would be possible to recover about 
4.7 billion barrels of shale oil from the C-b tract, which 
Occidental and Tenneco share 50/50. 

PACIFIC LIGHTING CORPORATION 

Pacific Lighting owns 10 percent of the Great Plains 
Coal Gasification plant in North Dakota and to date 
have invested $66 million. This will be the first large-
scale commercial coal gasification plant in the United 
States. 

The Great Plains plant was successfully tested in 1984 
and began its first deliveries of synthetic gas in July. 
Before full commercial operations begin in 1985, we 
and our partners hope to reach final agreement with the 
United States Synthetic Fuels Corporation (SFC) on 
guaranteed prices for the gas produced. The gas is 
being purchased by the other partners, and we do not 
plan to buy any of it 

When full production is reached, the plant will consume 
14,000 tons of low-grade coal daily from nearby mines 
to produce 125 million cubic feet of pipeline-quality 
synthetic gas. 

President Reagan appointed three new members to the 
SFC's board of directors late last year. Great Plains 
then resumed discussions to finalize terms of the price 
guarantee agreement reached with the SFC last April. 
The agreement called for a guaranteed price of $10 per 
million BTU for up to seven more years, up to a 
maximum of $790 million in price support payments. 

With the decline in the price of oil, price guarantees of 
this magnitude are necessary to permit economic com-
mercial operation of the plant 

-
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PAN CANADIAN PETROLEUM LIMITED 

The Company's share of permitted Syncrude reserves 
was 58.4 million barrels of synthetic crude oil. Coal 
reserves amounted to 2.1 billion short tons. 

At year-end, Pan Canadian's total reserves before 
royalty, including synthetic crude oil, were 903.2 mil-
lion barrels of oil equivalent representing a 5.6 percent 
increase when compared with the 1983 total of 
855.0 million barrels of oil equivalent. 

Development of Cretaceous heavy oil reserves under-
lying Pan Canadian lands in the Lindbergh field adja-
cent to the town of Elk Point in east-central Alberta 
continued. During 1984, 26 wells were drilled by Pan 
Canadian and of these, 18 were on production by year-
end. Another seven successful wells were drilled by 
partners on Pan Canadian lands. Drilling and revisions 
added a total of 14 million barrels to Pan Canadian's 
reserves at Lindbergh during the year. The Company's 
share of production was approximately 1,490 barrels per 
day by year-end. 

Steam stimulation testing conducted to date at Lind-
bergh has been very encouraging. The Company's 1985 
development program provides for the continuation of 
these tests, the drilling of 20 development wells and the 
construction of a 3,150 barrel per day heavy oil clean-
ing plant 

Two of the three oil wells drilled at Bodo in 1984 are on 
primary production. The thick Cretaceous channel sands 
of this area contain heavy oil. Applications of steam 
and other enhanced recovery techniques are being stud-
ied. A nine well drilling program is planned for 1985. 

Prior to a fire on August 15, 1984 the Syncrude plant 
had been operating at record rates. The fire resulted in 
extensive damage to one coker and a complete plant 
shutdown until late September. The second coker was 
brought on stream late in December, resuming full 
production by year-end. 

RAYMOND INTERNATIONAL INC. 

The Great Plains Coal Gasification Project at Beulah, 
North Dakota, the United States' first commercial-
scale synthetic fuels plant, is scheduled to be in full 
production of pipeline-quality gas by the end of 1984. 
The plant will produce 125 million cubic feet of gas per 
day, the energy eqivalent of 20,000 barrels of oil and an 
important factor in the United States' search for self-
sufficiency in energy. 

The high-BTU gas will leave the plant via a new 35 mile 
pipeline that connects with the Northern Border Pipe-
line, which distributes gas throughout the Midwest The 
plant also will produce a number of by-products, includ-
ing carbon dioxide, sulfur, phenols, tars, naphtha, and 
ammonia. Some of these have commercial value. 
Phenols, tars, and naphtha will be upgraded for use as 
fuel within the plant. Anhydrous ammonia will be sold 
as a fertilizer.

Cost of the mnegaproject is estimated at $2.1 billion. 
Not only is Great Plains America's first synfuels pro-
duction operation, it will also be the country's biggest 
construction job to be completed in 1984. Last year, 
over 5,000 craftworkers and construction supervisors 
under the direction of the Henry J. Kaiser Company, a 
subsidiary of Raymond Kaiser Engineers, were busy at 
the 350 acre complex. The Henry J. Kaiser Company 
built 50 percent of the complex during the seven month 
1983 construction season. Overall, the construction 
schedule from groundbreaking to startup and commis-
sioning will be just 40 months. 

Raymond Kaiser Engineers' work on the trailblazing 
project has been critical to the success of keeping the 
complex on schedule and within budget. Raymond 
Kaiser Engineers was selected in 1973 to devote three 
million man-hours to designing all facilities outside the 
process area. The Henry J. Kaiser Company was sel-
ected to supply 15 million construction man-hours to 
bring the plan to reality. 

A key decision by the client in 1974 was to accept 
Raymond Kaiser Engineers' recommendation to test the 
burning qualities of the lignite before final design was 
begun. As a result, 12,000 tons of lignite were shipped 
to South Africa where tests verified the quality of the 
coal and demonstrated that fewer gasifiers than initial-
ly planned were needed, saving millions of dollars. 

SHELL CANADA LIMITED 

Technology is the key component of Shell's successful 
steam drive bitumen recovery project at Peace River in 
northern Alberta. Agreements with governments in 
1984 enable the Corporation to proceed toward com-
mercial development of this major oil sands accumula-
tion. The expansion is an important step in Shell's 
program to increase crude oil reserves and production 
potential. Reserve additions associated with the Peace 
River expansion are estimated to be 7.2 million cubic 
metres. 

The $1.4 billion Scotford, Alberta refinery and petro-
chemical plant, the largest single project in Shell 
Canada's history, was completed on schedule and under 
budget and was officially opened in September 1984. 
Start-up of both was under way by late summer and 
production reached anticipated levels by year-end, de-
spite supply concerns and unseasonably cold weather in 
the fourth quarter. 

State-of-the-art technology and equipment have been 
installed in the Scotford project. The new refinery is 
the world's first to process synthetic crude oil exclu-
sively. Using feedstock from Alberta oil sands, it 
provides Shell with significant cost efficiencies through 
higher yields and competitive product quality. 

Initial process capacity of the refinery is 8,000 cubic 
metres per day, with the capability to expand to 
11,000 cubic metres daily. It is producing mainly 
transportation fuels for markets from northwestern 
Ontario through Western Canada, semi-finished feed-
stock for the Shellburn refinery in British Columbia and 
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benzene for the styrene monomer plant. In spite of 
lower-than-anticipated growth in the Western Canadian 
economy and continuing over-capacity, the refinery is 
expected to reach 25 percent of capacity in 1985. 

SHELL OIL COMPANY 

Late in the year, Shell and two partners reached 
tentative agreement to build a demonstration plant for 
making synthetic gas through the Shell Coal Gasifica-
tion Process. The Shell process is a low cost, environ-
mentally sound method for producing synthetic gas that 
can be used as fuel for generating electric power or as 
a feedstock for manufacturing hydrocarbon or petro-
chemical products. 

THE SIGNAL COMPANIES, INC. 

Kellogg Rust Synfuels established a dominant position 
in synfuel technology through the acquisition of 80 per-
cent of the Westinghouse coal gasification demonstra-
tion unit outside Pttsburgh. Funded with more than 
$25 million from the Department of Energy, KEW 
Energy Systems Inc., is on the cutting edge of new 
technology for the conversion of coal and for burning 
coal in a way that removes pollutants. 

Kellogg Rust has established a new marketing position 
in China, taking the first steps to establish joint ven-
ture relationships with Chinese corporations. The goal 
is to broaden penetration of China markets and to assist 
China in generating foreign exchange. On a contractual 
basis, Kellogg has projects to modify four fertilizer 
plants, expand an ethylene plant and complete con-
struction of a petrochemical plant. One promising joint 
venture involves a new coal gasification facility using 
Signal technology. 

SOUTHERN CALIFORNIA EDISON COMPANY 

The Cool Water Coal Gasification facility, located at 
the Cool Water Generating Station near Daggett, Cali-
fornia, went into operaton in July 1984, ahead of 
schedule and under budget. The facility converts 
1,000 tons of coal per day into a clear-burning gas used 
to produce 100 megawatts of electricity. It is the first 
plant licensed in California to use coal to generate 
electricity. A 5 year test and evaluation program is 
underway to determine its commercial viability. 

The facility represents a milestone in the use of Amer-
ica's abundant coal resources in an environmentally 
acceptable manner and may be a significant new ap-
proach to producing electricity from coal. 

STANDARD OIL COMPANY (INDIANA) 

Capital and exploration expenditures rose 24 percent to 
$170 million. This reflected a policy of selective 
investment in oil-prone areas and focusing on projects 
with the greatest earnings potential under existing 
Canadian pricing, royalty, and taxation regimes. This

strategy resulted in the discovery and initial develop-
ment of the Senex oil field in northern Alberta and the 
initiation of the Elk Point terminal oil sands recovery 
project in northeastern Alberta, which is expected to 
add to future production and reserves. 

As part of our synfuels research, for the first time we 
are able to determine the distribution of the aliphatic 
carbon in coal. Progress toward improved methods for 
coal liquefaction depends on more detailed knowledge 
of the structure of coal. 

STANDARD OIL COMPANY (OHIO) 

Sohio continues to see promise in a variety of new 
energy technologies. While the time horizon has been 
extended for commercialization of programs such as 
the production of oil from shale or tar sands and coal 
gasification, other programs such as cogeneration, 
alternate automotive fuels and supplements, and 
coal/water mixtures offer promising opportunities at 
today's energy prices. 

At the White River Shale Project in Utah, in which the 
company has a one-third interest, a 5,500 foot mine 
entry to the shale resource zone was completed in 1984. - 
Further work at the mine depends on the development 
and prove-out of technology that will allow commer-
cialization. 

Work continued in 1984 to develop coal/water mixtures 
that may be used to replace residual oil. Advanced 
Fuels Technology (AFT), Sohio's coal/water mixtures 
development program, completed several successful 
test burns in plants of potential customers. AFT also 
continued cooperative developmental work with its Eur-
opean licensee. 

A five year market research and development program 
was established. It includes evaluation of potential 
sites for AFT's first commercial plant. 

SUN COMPANY, INC. 

An $18 million control center is new at the oil sands 
plant in Alberta. The center uses advanced process 
control systems to monitor and control the operations 
which upgrade the oil that has been extracted from the 
oil sands. The new center is part of the Plant Integrity 
Program which was initiated in 1982 to improve the 
reliability of oil sands production. 

Significantly improved safety records are resulting 
from a Suncor-wide effort which involves training, 
communications, inspections, and a comprehensive data 
management system. The Sunoco Group which includes 
marketing and the Sarnia refinery, the Resources Group 
which performs exploration and production, and the Oil 
Sands Group upgrading area all experienced fewer and 
less severe accidents as a result of the program. 

SUNCOR INC. 

The Oil Sands Group contributed $96.2 million to Sun-
cor's earnings in 1984, down 11 percent from 1983. The 
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reduction was due largely to increased maintenance 
costs and lower production, offset in part by higher 
selling prices resulting from an improvement in the 
quality of the plant's output and more favorable ex-
change rates. 

One of the most important 1984 accomplishments was 
the achievement of more reliable operation in the 
upgrading area of the plant, thereby avoiding the pro-
duction of partially processed synthetic crude oil. The 
volume of fully processed synthetic crude oil increased 
19 percent from 1983. The efficient operation of the 
upgrading area also enabled Suncor to process some 
surplus bitumen from the Syncrude plant after its 
upgrading operations were damaged by fire in August 
1984. A total of 436,000 barrels of bitumen was 
processed for Syncrude by Suncor and shipped through 
our pipeline to Edmonton. 

The Oil Sands Group is currently pursuing a four-part 
strategy consisting of: maximizing plant reliability; 
Improving occupational health and safety; controlling 
costs and manpower levels; and increasing commitment 
and productivity among employees. 

When this strategy was first established in 1983, 17 
Special Emphasis Areas were identified where oppor-
tunities for improvement existed. These areas ranged 
from the environment and safety to housekeeping and 
management of human resources. 

Employees were asked to participate in the develop-
ment of recommendations for each of these areas. Two 
hundred people volunteered from all levels of the 
organization to form Employee Action Committees. By 
the end of 1984, 11 of these committees had presented 
their recommendations to the Management Committee 
for approval and over 300 recommendations were being 
implemented. The remaining committees will report by 
June 1985. 

Oil sands mining and steam and electrical generation 
reached record levels in 1984. However, several fac-
tors combined to reduce 1984 synthetic crude produc-
tion below 1983 levels: bitumen extraction was slowed 
by lower-grade ore; mine equipment experienced higher 
than expected rates of down time; and a fire in April 
damaged coker equipment resulting in a 10 day shut-
down. 

Steps were taken to rectify these problems. In the 
mining area, additional emphasis has been placed on 
equipment maintenance and timely replacement. In the 
extraction area, more efficient steam and water utili-
zation and increased pumping capacity on the tailings 
lines should help to process lower-grade ore more 
effectively. 

The Oil Sands Group is continually searching for ways 
to upgrade it operating effectiveness. A number of 
improvements were introduced in 1984 including: 

• Completion of a new control room for the 
upgrading area. 

• Rebuilding boiler #2 at a cost of approximately 
$16 million to improve reliability of steam and

power production for the plant. 

• Design and installation of skimmers on the 
tailings lines and modifications to the design of 
the separation cells to improve bitumen recov-
ery. 

• Improvements to the "scavenger" process in the 
extraction area which will boost recovery in 
1985. 

• Implementation of phases one and two of a new 
Materials Management/Maintenance Informa-
tion System to improve plant availability, re-
duce materials inventory and improve the con-
trol of maintenance activities. 

• Installation of facilities in the upgrading area 
to handle bitumen shippped from off-site. 

Further projects are now in progress: 

• A new tailings pond, the third, will go into 
service in 1985. 

• Steam boiler #3 will be rebuilt at a cost of 
approximately $16 million thereby completing 
the $225 million Plant Integrity Program 
launched in 1982. 

• Steaming and feedwater capacity will be in-
creased at a cost of about $15 million to im-
prove synthetic crude production starting in 
late 1986. 

• A new mine plan developed by the engineering 
group will save $8 million by mining around a 
waste zone which borders on a water-saturated 
aquifer. 

A small plant has been constructed to test tertiary 
recovery techniques which, if successful, could provide 
a substantial increase in the total recovery rate. As-
sessment of the tests should be completed in 1985. 

Another pilot project is testing the potential of a 
process to recover bitumen from the sludge found at 
the bottom of the two tailings ponds. The sludge is fed 
into a rotating tumbler and then onto a belt which 
attracts the oil, while allowing water and minerals to 
escape. Results from this project will be evaluated in 
1985. 

During 1984, the oil sands plant's three environmental 
licenses were renewed by the Alberta government for 
the customary five year period and Suncor is committed 
to meet the standards contained in these licenses. 

One area requiring improvement is the performance of 
the electrostatic precipitator system installed in 1979 
to remove fly-ash from the utilities plant smokestack. 
A task force of Suncor personnel assessed the problems 
and determined that the precipitators themselves could 
be made to meet environmental standards with modifi-
cations. To provide long-term reliability and improve 
the working environment, induced draft fans will be 
installed in 1985 and 1986 at a cost of about $20 mil-
lion. 

Environmental consultants conducted their annual as-
sessment of the vegetation in the area surrounding the 
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oil sands plant. There was no damage attributable to 
Suncor's operations. 

TOSCO CORPORATION 

Tosco has a large low-cost position in oil shale proper-
ties and technology which it is maintaining until such 
time as oil prices reach the stable higher levels needed 
for economic development. The Company holds inter-
ests aggregating 45,600 net acres of fee, leased and 
unpatented oil shale properties in Utah and Colorado. 
Approximately 20,450 acres are leased from the State 
of Utah, and 2,950 acres are owned in fee in Colorado. 
Tosco owns, or controls with options to purchase, 
approximately 22,200 net mineral acres of unpatented 
oil shale mining claims. The unpatented claims and like 
claims of others are involved in litigation with the 
Department of the Interior. Several issues have been 
resolved in favor of the claimants with the balance of 
the outstanding issues now pending before a federal 
district court in Colorado. 

Tosco's wholly-owned subsidiary, The Oil Shale Corpor-
ation (Oil Shale), owned a 40 percent undivided interest 
in the Colony Shale Oil Project, a venture formed to 
construct and operate an oil shale mine and processing 
plant in western Colorado. In addition, Tosco's wholly-
owned subsidiary, Tosco Communities Corporation, 
owned a 40 percent interest in the Battlement Mesa 
community organized to develop housing for the em-
ployees of the Colony Shale Oil Project. 

On May 2, 1982 Oil Shale's joint venture partner, Exxon 
Corporation, notified Oil Shale that it would terminate 
the funding of the Colony Shale Oil Project and related 
community development activities, after which Oil 
Shale exercised its right to sell its interest in Colony to 
Exxon under terms previously negotiated between the 
parties. On June 22, 1982 approximately $388,659,000 
was received as a result of the sale of Colony. The sale 
resulted in net income of approximately $110 million 
($4.84 per share). The pre-tax gain on the sale of 
Colony was net of repayment in full of government-
guaranteed loans amounting to $475,357,000, recovery 
of Tosco's investment in Colony amounting to 
$122,945,000, and accruals for certain costs of sale. 

TRANSCO ENERGY COMPANY 

• Construction of the Great Plains coal gasifica-
tion plant was virtually completed in 1984, on 
schedule and under budget. 

• Great Plains produced its first pipeline-quality 
gas. 

• Great Plains is working to complete price guar-
antee negotiations with the United States Syn-
thetic Fuels Corporation. 

Transco Coal Gas Company has a 20 percent interest in 
the nation's first large-scale operation designed to 
produce pipeline-quality synthetic gas (methane) from 
coal (lignite). Construction of the $2.1 billion Great 
Plains coal gasification project in Beulah, North

Dakota, is almost complete. When fully operational, 
the plant will convert approximately 14,000 tons per 
day of North Dakota lignite into 125 million cubic feet 
per day of synthetic gas. Transco Gas Pipe Line will 
purchase one-quarter of the plant's output. At year-
end, Transco's investment in Great Plains was approxi-
mately $104 million, and investment and energy tax 
credits were $46 million. 

The intent of the Great Plains coal gasification project 
is to supplement the nation's natural gas supply with an 
alternative, synthetic fuel source. Initial plans for the 
Great Plains project tied the price for its synthetic gas 
in the early years of production to the price of oil. As 
the price of oil continued to drop worldwide, the 
economic viability of the Great Plains project was 
adversely affected. 

In April 1984, the United States Synthetic Fuels Cor-
poration (SFC) executed a non-binding letter of intent 
to negotiate a price guarantee agreement. Under the 
terms of the letter, the SEC would provide as much as 
$790 million for up to 10 years to support the price of 
the project's gas. Great Plains partners would pledge 
an additional $100 million in new equity and reinvest 
the project's after-tax cash flow benefits. The 
$100 million and the reinvestment of the after-tax cash 
flow benefits would be applied over the first three 
years to reduce the debt guaranteed by the Department 
of Energy, after project expenses were covered. Once 
the guaranteed debt was paid off, the SEC would 
collect about 50 percent of the after-tax cash flow as 
revenue sharing payments. 

UNOCAL CORPORATION 

The company made progress in commissioning equip-
ment at the 10,000 barrel per day shale project in 
Colorado, the first commercial shale oil venture in the 
United States. 

During equipment testing and start-up this year, the 
redesigned scraper system, the retort and rock pump 
worked well, and it appears these components will 
perform as designed. Continuing problems in the 
retorted shale cooling system, caused by unexpectedly 
high levels of fines, prevented continuous full-scale 
operation. Modifications have improved the cooler 
performance considerably, but further changes in oper-
ations and components will be required. This work is 
underway. 

During prior retorting runs, enough shale oil was ac-
cumulated to conduct a short test of the upgrading 
plant with crude shale oil late in 1984. This successful 
run confirmed earlier tests, run with conventional fuel 
stocks, that the upgrade plant works efficiently. 

Research and development work also involved alternate 
energy sources. Basic laboratory studies and pilot scale 
operations helped provide design improvements for the 
retort at the company's shale oil project. 
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GOVERNMENT

TABLE I 
SEVENTEEN PROJECTS REMAIN BEFORE THE SPC 

As of the end of May 1985 the United States Synthetic 
Fuels Corporation (SEC) was monitoring or evaluating 
17 projects that had applied for financial assistance. 
Three projects, one oil shale and two coal gasification 
projects, have received awards totaling up to $1.14 bil-
lion. The remaining 14 projects are in various stages of 
negotiations with the SEC. At the end of May, the SEC 
was negotiating with the sponsors of five oil shale 
projects (one utilizing eastern oil shale and four utiliz-
ing western oil shale), one heavy oil project, and eight 
coal or peat projects (including four coal-water fuel 
projects). 

As of the end of May 1985, the SFC is presently 
involved with six oil shale projects, one heavy oil 
project, and ten coal/lignite/peat projects. Three of 
these 17 projects have received financial assistance 
from the SEC. The 17 active projects now before the 
SEC are listed in Table 1. These 17 active projects and 
3 projects that were recently dropped by the SEC are 
shown in Figure 1. Additionally, the status of every 
project that applied to the SEC for assistance is 
depicted in Figure 2. Recent changes in the status of 
the projects are shown in Figure 2 by dashed lines. 

OR Shale 

The four meetings held by the SEC Board during March 
through May did not significantly change the status of 
the six oil shale projects that remain under considera-
tion by the SEC. 

The relatively minor SEC Board actions that affected 
the oil shale projects during March through May are as 
follows: 

• Seep Ridge—Further action delayed until ap-
proximately July 1985 or until either the SEC 
resolves its overall shale program or the spon-
sors develop more advantageous marketing al-
ternatives 

• Paraho-Ute---Decision postponed to consider 
new information 

• American Synenide/Indiana—Milestone dates 
revised (full equity commitment by July 16, and 
key financial terms determined by August 20, 
1985) 

• Cathedral Bluffs—Reviewed revised proposals. 

Of these actions, the most notable is the SEC's acknow-
ledgement that the sponsors of the Cathedral Bluffs 
project have been discussing revised proposals with the 
SFC. As described on page 2-2 of the March 1985 Pace 
Synthetic Fuels Report, the Cathedral Bluffs project 
may be restructured to utilize the Paraho retorting 
process rather than the Union B process.

STATUS OF ACTIVE PROJECTS THAT 
APPLIED TO THE 51W FOR ASSISTANCE 

Project	 solicitation	 Status 

OIL SHALE 

Union Oil: 
Phase I Transferred from DOE Awarded $400 million Price 

Guarantee 
Phase II Third General Letter of Intent Signed 

Cathedral Bluffs Third General Letter of Intent Signed 
Seep Ridge Third Genaral Letter of Intent signed 
Paraho-Ute Third General Decision Pending 
American syn- Fourth General Qualified Project 

Crude/Indiana 

OIL SANDS/HEAVY OIL 

Forest Hill Third General Letter of Intent Proposed 

COAL/LIGNITE/PEAT 

Cool-Water Second General Awarded $120 Million Price 
Guarantee 

Dow Syngas Third General Awarded $620 Million Price 
Guarantee 

Northern Peat Third General Letter of Intent signed 
Great Plains Competitive Gasification Letter of Intent signed 
Hillsborough Day Competitive Coal-Water Qualified, But Deferred 
Port Sutton Competitive Coal-Water Qualified, But Deferred 
Mobile-Utility Competitive Coal-Water Qualified, But deferred 
Savannah-Utility Competitive Coal-Water Qualified, But Deferred 
Keystone Fourth General Qualified Project 
Utah Methanol Fourth General Qualified Project

Oil Sands/Heavy Oil 

From March through May 1985, three of the four 
remaining oil sands/heavy oil projects that had applied 
to the SEC were withdrawn by the sponsors or were 
dropped by the SEC. Prior to the SFC Board of 
Directors meeting on March 19, 1985 Texas Gas Devel-
opment Corporation withdrew the Kentucky Tar Sand 
project from the Third General solicitation. Also at the 
March meeting, the SEC Board decided to drop the 
Enpex-Syntaro project from further consideration under 
the Third and Fourth General solicitations, Lastly, 
prior to the SFC Board meeting on April 22, 1985 the 
HOP Kern River project was withdrawn from the Third 
General solicitation by Ladd Petroleum Corporation. 
(As described in this issue in the article entitled "Ladd 
Petroleum Abandons HOP Kern River Project," Ladd 
sold the project acreage and facilities to Shell Oil 
Company, but retained the rights to the HOP techno-
logy.) 

As a result of the actions by the projects' sponsors and 
the SFC Board, only one oil sands/heavy oil project is 
now under consideration for SEC assistance. This 
remaining heavy oil project, Forest Hill, is sponsored by 
Greenwich Oil Company. Greenwich has requested up 
to $60 million in loan and price guarantees in the Third 
General solicitation. At the March 19 meeting, the 
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SFC Board instructed their staff to "proceed expedi-
tiously" with negotiations with the project sponsors. To 
date, the project has a proposed, but unsigned, letter of 
intent with the SFC. 

The status of the other three projects before they were 
withdrawn or dropped was as follows: 

• Kentucky Tar Sands had a proposed SEC letter 
of intent for a price guarantee of up to 
$543 million 

• MOP Kern River had received a signed SEC 
letter of intent on .June 22, 1984 for loan and 
price guarantees of up to $100 million 

• The sponsors of the Enpex-Syntaro project had 
requested a price guarantee under both the 
Third and Fourth General solicitations. 

Although only one project now remains under considera-
tion, the SFC has initiated plans to solicit proposals for 
tar sands projects that utilize mining and surface 
processing technologies. Details of the solicitation, 
which was only in the draft stage in May, are explained 
in this issue in the article entitled "SEC Releases New 
Draft Solicitation for Tar Sands Projects." 

Coal/Lignite/Peat 

The SEC continued to evaluate or monitor ten coal, 
lignite, and peat projects during the second quarter of 
1985. The SFC monitored the progress of two projects, 
Cool Water and Dow Syngas, that have received awards 
of financial assistance. Negotiations continued with 
four other projects that are under consideration in 
three separate solicitations. These projects are: 
Northern Peat, Great Plains, Keystone, and Utah Meth-
anol. Decisions regarding four coal-water fuels pro-
jects continue to be deferred by the SEC Board of 
Directors. 

Although the status of these ten active coal projects 
remained relatively unchanged during the quarter, the 
SEC Board made one major decision regarding the 
Great Plains project. On May 21, 1985 the SEC Board 
decided to request that the United States Department 
of Energy (DOE) restructure the debt repayment sche-
dule for Great Plains. As explained on page 4-1 of the 
March 1982 issue of the Pace Synthetic Fuels Report. 
the sponsors of the Great Plains project received a loan 
guarantee for $2.02 billion from DOE on January 29, 
1982. The project subsequently received a letter of 
intent for up to $190 million in price guarantees from 
the SEC. The SEC Board's recent decision, which is 
explained in the Government portion of the Coal sec-
tion in this issue, will now require that new negotiations 
be initiated between the SFC, DOE, the Federal Fin-
ancing Bank, and the sponsors of Great Plains. 

Other actions by the SEC Board during the period from 
March through May 1985 that affected other coal, lig-
nite, and peat projects are as follows: 

• Northern Peat—Granted a 60 day delay on 
March 19 to complete additional verification 
work

• Keystone—Milestone dates revised (full equity 
commitment by July 16, and key financial 
terms determined by August 20, 1985) 

• Utah Methanol—Milestone dates revised (same 
dates as Keystone) 

• Hillsborough Bay, Port Sutton, Mobile, and 
Savannah Coal-Water Fuel Projects—Decision 
to amend or cancel the solicitation was defer-
red. 

SEC COMPREHENSIVE STRATEGY REPORT 
BEING PREPARED FOR CONGRESS 

The Energy Security Act of 1980 (Public Law 96-294) 
created the United States Synthetic Fuels Corporation 
(SFC) to provide financial assistance to synthetic fuel 
projects. The Act also established a national synthetic 
fuel production goal of at least 500,000 barrels per day 
(crude oil equivalent) by 1981 and of at least 2 million 
barrels per day by 1992. The Board of Directors of the 
SEC is required by the Act to submit to Congress a 
comprehensive strategy to achieve the national synthe-
tic fuel production goal. 

Although the Board believes that it is not possible to 
accomplish the national production goal under current 
conditions, the SEC is preparing a Comprehensive 
Strategy Report. The Report will to the extent pos-
sible, provide the information and recommendations 
that the SEC is directed to include in the comprehen-
sive strategy. In the past few months the SEC has been 
refining drafts of the Report. The most recent draft, 
which will likely be modified further before it is 
submitted to Congress, was released on June 3, 1985. 
The SEC expects to submit the final Report to Congress 
by June 30, 1985. 

Summary Conclusions 

The draft Report describes tour principal SEC Board 
conclusions: 

• Despite dramatic improvements in the near-
term energy situation over the past five years, 
the United States still faces the near-certainty 
of increasing energy prices and growing oil 
imports before the end of the century, as well 
as the possibility of unexpected disruptions in 
energy markets at any time. 

• It will take a decade or more todevelop the 
knowledge and experience with commercial 
production that can give the nation a viable 
synthetic fuels option. Under current condi-
tions the private sector will not undertake the 
needed investments on its own to develop the 
capability the nation needs in a timely, cost-
effective and environmentally-acceptable man-
ner. 

• The two-phase structure and provisions of the 
Energy Security Act provide a sound and logical 
basis for implementing a synthetic fuels pro-
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grain. In Phase I the emphasis is on exploring 
diverse options and gaining experience with 
synthetic fuel technologies; the second phase 
(Phase II) is to begin when Congress approves 
the comprehensive strategy. 

The ultimate cost, scale, and timing of the 
nation's synthetic fuels industry cannot be pre-
dicted now, because they will depend on many 
unpredictable factors. However, the financial 
resources currently available to the SFC (ap-
proximately $8 billion) are adequate to imple-
ment a Phase I program that will take the 
nation a long way toward the objective of 
having a viable synthetic fuels option in the 
1990S. 

Summary Recommendations 

On the basis of these conclusions, the draft presents 
tour principal Board recommendations: 

• The national synthetic fuels program be contin-
ued under the provisions of the Energy Security 
Act without regard for the dates specified for 
submission of a comprehensive strategy or for 
accomplishing specific national production 
levels. 

• The SFC proceed to implement the Phase 1 
Business Plan adopted by the Board in February 

.1985, under which the Board intends to assist a 
Portfolio of synthetic fuels projects. 

• The financial obligation authority of the SPC be 
maintained at its current level, until the SFC is 
able to provide a more accurate estimate of 
what will be required to implement its Phase I 
Business Plan. 

• Prior to the end of 1988, the Board submit to 
Congress a Second Comprehensive Strategy Re-
port describing progress to date, recommending 
whether and how to proceed with the program, 
and addressing when and how the SFC's involve-
ment should be limited and ultimately termi-
nated. 

The Board expects that, with no more obligation 
authority than the $8 billion (approximately) currently 
available, the SFC will be able to implement a sound 
and effective program. The Board hopes to be able to 
recommend in its Second Comprehensive Strategy Re-
port that government involvement in synthetic fuels 
development be greatly reduced. However, there are 
many uncertainties that will affect both what the SFC 
will be able to accomplish and the market outlook for 
the industry. 

Plan of the Report 

This report builds directly on the Statement of Objec- 
tives and Principles adopted by the Board in Jan- 
uary 1985 and the Phase 1 Business Plan adopted by the 
Board in February 1985. The final version of the 
Report will consist of seven sections:

I	 Introduction 
II	 The Energy and Synthetic Fuels Outlook 
III	 Experience Under the National Synthetic 

Fuels Program 
IV	 The National Synthetic Fuel Production 

Goal 
V	 A Synthetic Fuels Program Appropriate 

Under Current Conditions 
VI	 Implementing the Phase I Program 
VII	 The Board's Conclusions and Recommenda-

tions. 

Approximately I  appendices to the Report will contain 
background material, including the reports required by 
the Act to be part of the comprehensive strategy. 

The Energy and Synthetic Fuels Outlook 

Section 11 sets forth the Board's views on the current 
energy outlook and some of the implications for the 
synthetic fuels program. 

Since the Energy Security Act was passed in 1980, 
supply and demand in world oil markets have resulted in 
an improvement in the energy situation. Most current 
forecasts project oil prices to remain essentially un-
changed over the rest of the 1980s and to increase only 
slowly in the 1990s. The SFC Board believes these 
positive developments tend to mask some less-apparent 
factors that have disturbing implications for the longer 
run. Among these factors are: 

• World oil prices also drifted down for several 
years following 1972/1973, only to nearly dou-
ble again in 1979/1980; it can and probably will 
happen again. 

• Oil reserves are not being replaced in the 
United States as fast as they are being de-
pleted. 

• With the inevitable growth of oil demand in the 
1990s, OPEC will once again be in a strong 
position. 

• The Strategic Petroleum Reserve (SPR) and 
private reserves will always be inadequate to 
deal effectively with a reduction in supply that 
lasts a year or more. 

Market equilibrium is reached when owners of depict-
able natural resources expect prices to rise just fast 
enough that leaving their resource in the ground is 
expected to pay off as well as, but no better than, 
selling it and putting the money in the bank. For a 
"pure" depleting resource such as the Middle East oil 
reserves, this theory suggests that the price will in-
crease at the rate of interest. Other fossil fuel 
resources, particularly coal and oil shale, will not 
experience these "scarcity price" increases for many 
decades, because they are so plentiful relative to any 
reasonable expectation of demand. Natural gas appears 
to be somewhere in between "scarce" oil and "plentiful" 
coal and oil shale. The draft of the Report notes that 
there are complicating factors, but the theory helps 
explain some important features of the energy market, 
including: 
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• World oil prices have no necessary relationship 
to production costs. 

• Synthetic fuels are almost certain to become 
economic within a few decades because the 
price of oil and (to a lesser extent) natural gas 
must rise relative to more plentiful fossil fuel 
resources. 

• Demonstrating the future capability to produce 
large quantities of synthetic fuels even without 
producing much now, can have a moderating 
effect on current oil prices because owners will 
have less reason to withhold supplies from the 
market now. 

The SFC Board believes that the desire to avoid depen-
dence on unstable imports still provides a compelling 
case for developing the option to produce large quanti-
ties of economical and clean energy as an alternative to 
these imports in the future. However, due to the 
reluctance of energy companies to take on large, risky 
ventures with long-term payoff, investing in the synthe-
tic fuel technologies is faring poorly in corporate 
capital allocation decisions. 

The draft of the Report lists the following lessons that 
have been learned from synthetic fuels feasibility study 
and pioneer plants that have been built. 

• Estimates of the capital costs have increased as 
designs have become more detailed, but those 
projects that have been constructed have gen-
erally met construction budgets and schedules 
based on detailed engineering design. 

• Capital cost estimates based on. detailed engi-
neering indicate that coal and oil shale plants 
that are sized to capture the maximum econo-
mies of scale (about 50,000 barrels per day) will 
cost $3 to $4 billion for shale plants and $4 to 
$5 billion for coal plants; smaller projects that 
sacrifice some economies of scale cost less in 
total, but much more on a "dollars per unit of 
capacity" basis. 

• Projects using in situ processing of tar sands 
and heavy oil (and perhaps even true in situ 
processing of shallow oil shale) appear to have 
significantly lower unit capital costs, and can 
be much smaller than surface coal and oil shale 
projects without sacrificing economies of scale. 

• It will take some years of extended operation of 
pioneer plants before it will be known how well 
any particular plant will operate; hence, the 
industry will need experience with different 
types of plants to determine which are best. 

• Several of the pioneer projects that have been 
built have encountered problems that have 
highlighted the risks involved in pioneer pro-
jects. 

• Pioneer plants that have performed as expected 
are suggesting ways to improve cost and perfor-
mance significantly in follow-on plants. 

• The pioneer plants have demonstrated that syn-
thetic fuel projects can meet environmental 
standards.

The SFC Hoard believes that the developments in 
energy markets and in synthetic fuels projects have the 
following implications for the United States synthetic 
fuel program: 

• The production of marketable synthetic fuels 
(at least from coal or oil shale) will not be a 
large-scale economical alternative to natural 
fuels for a decade or more—assuming no signi-
ficant disruptions in energy supplies. 

• Unit production costs in pioneer projects are 
not a good guide to what it will ultimately cost 
to produce synthetic fuels. 

• It will take ten years or more to develop the 
base of knowledge and experience that will give 
the private sector the confidence to expand 
synthetic fuels production rapidly and to a large 
scale when the price is right. 

• Under current conditions, it would be very 
costly to force the production of synthetic fuels 
on a large scale in the near term. 

• Although tar sands and heavy oil resources may 
be more economic sources of synthetic fuels 
than coal and oil shale, the resources are much 
smaller in size, and hence do not offer the same 
potential as large-scale, long-run alternative 
sources of fuel. 

• There are a few specialized situations in which 
coal synthetic fuel technologies may be nearly 
economic. 

Experience Under the National 
Synthetic Fuels Program 

Section III of the Comprehensive Strategy Report de-
scribes the experience that the SFC has had since it 
was formed in 1980. This experience includes the three 
projects—Colony, Parachute Creek Phase I, and Great 
Plains—initiated by the Department of Energy (DOE) 
before the SFC initiated its program. Additionally, the 
Report describes more recent experience with the Cool 
Water and Dow Syngas projects. The SFC Board 
believes that this experience with actual pioneer plants 
suggests that the multi-billion dollar projects contem-
plated in 1980, designed to take advantage of econo-
mies of scale, are neither appropriate nor necessary 
under current technological and market conditions. 

National Synthetic Fuel Production Goal 

The SFC has analyzed in quantitative terms what would 
be required to accomplish the national production goal 
of the Energy Security Act. This analysis indicates that 
under current price and cost forecasts, even the full 
$88 billion authorized by the Act (of which only about 
$8 billion is currently available) would not be adequate 
to induce private investment on the required scale. 

The plan, which will be described in detail in an 
appendix to the final version of the Report, to achieve 
the national production goal is not recommended by the 
Board. It is intended only to illustrate the magnitude of 
what would be required if the nation should choose to 
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Report containsquantitative analyses of both types of 
benefits, which will be refined further before the 
Report is submitted to Congress. 

pursue the national production goal. Some of the key 
features of this plan which will be expanded and modi-
fied before the Report is submitted to Congress are: 

• To approach the 1987 goal of 500,000 barrels 
per day would require widespread use of proven 
in situ technologies on tar sands and on certain 
heavy oil resources. Only the coal and oil shale 
projects now beginning or soon to begin opera-
tions could contribute toward the 500,000 bar-
rels per day goal, and no other coal or oil shale 
projects could be producing by 1987. 

• To approach the 1992 goal of 2 million barrels 
per day would require maximum development of 
tar sands and heavy oil resources, and simultan-
eous investments in dozens of multi-billion dol-
lar coal and shale oil plants. 

• The projects that would be needed to accom-
plish the national production goal should be able 
to cover operating costs; thus, if the capital 
costs were fully subsidized, further operating 
subsidies should not be required. 

Other plans to reach a national production level of 
2 million barrels per day as quickly as possible would 
have to involve the simultaneous investment in dozens 
of duplicative projects using unproven and/or unim-
proved technology. It is the Board's judgment that any 
such plan would involve unacceptable costs and risks. 
Therefore, the Board does not recommend that the 
national production goal be maintained as the objective 
of the national synthetic fuels program, even with 
relaxed deadlines and increased financial resources. 

Synthetic Fuel Program Appropriate 
Under Current Conditions 

Section V presents the Board's views on the rationale 
for a continued synthetic fuel program, the kinds of 
projects that can be cost-effective under current condi-
tions, and the objectives, schedule, and strategy that 
are appropriate under current conditions. According to 
the SFC the basic rationale for using governmental 
authorities and taxpayers' money to encourage private 
investment in synthetic fuels projects is that such 
projects will yield benefits to the nation that are not 
limited to only the investors in the projects. These 
"external" or "social" benefits are of several possible 
types: the economic and political benefits of decreased 
reliance on foreign oil supplies; the possibility that 
near-term world oil prices may be lower if the nation 
has a credible long-term synthetic fuels option; and the 
ability to increase synthetic fuels production more 
quickly and economically when and if it becomes desir-
able to do so. 

The most important external benefit from a synthetic 
fuel project is the value of the learning resulting from a 
pioneer plant. By enhancing national capability to 
produce synthetic fuels in large quantities in the future, 
pioneer synthetic fuel projects can produce two types 
of external benefits: (1) reduced oil prices now and in 
the future, and (2) lower costs to the nation if and when 
a large synthetic fuels production capacity is actually 
put in place. The draft of the Comprehensive Strategy

The May 19 draft of the Report further describes the 
kinds of plant that can best yield these benefits. The 
Board has reached the following conclusions relating to 
the kinds of projects that are likely to add to the 
nation's synthetic fuels capability in the most cost-
effective way: 

• The nation should obtain commercial production 
experience with at least one technology for 
processing each of the most promising synthetic 
fuel resources; once this is assured, experience 
with additional technologies may be sought for 
the most important resource categories or sub-
categories, or additional experience may be 
sought for the most promising technologies. 

• Projects large enough to take advantage of 
economies of scale, even when technological 
risks are small, are not profitable at present 
and are too large for private sponsors to under-
take for the experience. 

• Smaller projects using commercial processes 
and commercial-scale equipment appear to pro-
vide a more cost-effective route. 

• At this point in the development of some pro-
mising synthetic fuel technologies, the appro-
priate next step involves projects that are large 
enough and operate long enough to remove 
technological and environmental uncertainties 
from larger, follow-on projects, and are for 
commercial production as long as they operate. 

• There are real trade-offs involved in choosing 
between larger and smaller plants; these trade-
of Is must be evaluated on a case-by-case basis. 

Implementing the Phase I Program 

Section VI of the Report was not available in the draft 
released on June 3. However, a previous draft on 
May 19 summarized the SYC's plan. This plan for the 
Phase I program closely parallels the SFC's Business 
Plan that was approved by the Board on February 19, 
1985. (See page 1-11 of the March 1985 Pace Synthetic 
Fuels Report.) The list in the draft of the "priority" 
technologies and the "secondary priority" techno-
logy/resource combinations, including examples, is sum-
marized in Table 1. 

Board Conclusions and Recommendations 

Section VII of the Report was also not available in the 
draft on June 3. However, the May 19 draft indicates 
that this section very closely resembles the "Summary 
Conclusions" and "Summary Recommendations" that are 
listed at the beginning of the draft Report. 
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TABLE 1 

SEC PHASE 1 BUSINESS PLAN IMPLEMENTATION PROGRAM 

Technologies	 Status 

Priority Coal 
Dry Bottom, High Pressure Fixed Bed Gasification 
Slogging Bottom, High Pressure Fixed Bed Gasification 
High Pressure Fluidized Bed Gasification 
Slurry Feed High Pressure Entrained Solids Gasification 

Dry Feed High Pressure Entrained Solids Gasification 

Priority Oil Shale 
Underground Mining/Surface Retorting of Western Shale 

Modified In Situ Recovery of Western Shale 

Priority Oil Sands/Heavy Oil 
In Situ and/or Surface Recovery 

Secondary Priorities 
Surface Mining and Retorting of Eastern Shale 
True In Situ Processing of Western Shale 
Synthetic Fuel From Peat 
Direct Coal Hydrogenation 
Coal-Water Fuel for Electric Utilities

Great Plains in operation 
SFC solicitation issued 
Keystone project proposed under existing solicitation 
Cool Water in operation; Dow Syngas beginning construc-

tion 
Utah Methanol project proposed under existing soiciation 

Parachute Creek Phase I in startup phase; Cathedral 
Bluffs and Parachute Creek Phase II proposed under 
existing solicitation 

Cathedral Bluffs proposed under existing proposal 

Forest Hill project proposed under existing proposal; 
mining/surface extraction solicitation in preparation 

Several projects under consideration 
Letter of intent issued to Seep Ridge 
Letter of intent issued to Northern Peat 
Preliminary discussion held with several project sponsors 
Solicitation inactive 

Appendices 

The Comprehensive Strategy Report will include ap-
proximately 11 appendices. Seven of these have been 
identified by the Board as follows: 

• The National Production Goal 
• Technology Analyses 
• Learning Benefits 
• Energy Projections 
• Solicitations 
• History of Projects 
• Environmental. 

As of the end of May, only the Environmental appendix 
has been released to the public. The environmental 
appendix is summarized in this issue in the article 
entitled "SFC Finds Environmental Factors Not Limit-
ing Synthetic Fuels."

TWO COMPETITIVE SOLICITATIONS ISSUED BY SEC 

In May 1985 the United States Synthetic Fuels Corpora-
tion (SFC) issued two new competitive solicitations. A 
draft solicitation for projects that involve tar sands 
mining and surface extraction was released on May 21, 
1985. Similarly, a final solicitation was issued by the 
SEC for coal gasification projects that would utilize 
eastern bituminous coal. Both solicitations are 
explained in detail in this issue of the Pace Synthetic 
Fuels Report in the Government portions of the Oil 
Sands and Coal sections. 
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MILESTONE DATES AMENDED FOR SPC 
FOURTH GENERAL SOLICITATION 

At their meeting on May 21, 1985 the Board of Direc-
tors of the United States Synthetic Fuels Corporation 
(SFC) voted to amend the milestone dates of the Fourth 
General solicitation. The new dates are as follows: 

• July 16, 1985—projects must have full commit-
ment of equity and must demonstrate accept-
able progress toward negotiating an assistance 
agreement 

• August 20, 1985—key financial terms of assist-
ance must be agreed to by SFC staff personnel. 

The schedule for the Fourth General solicitation origin-
ally required that projects demonstrate full equity 
commitments by October 18, 1984 and that term sheets 
for financial assistance be negotiated by November 15, 

1984. Hence, the original schedule has slipped approxi-
mately nine months (approximately the same amount of 
time that the SFC Board was incapacitated due to 
resignations). Details of the Fourth General solicita-
tion were explained on page 1-12 of the March 1984 
Pace Synthetic Fuels Report. 

Of the 18 projects that were submitted in response to 
the solicitation, 3 projects still remain under considera-
tion in the Fourth General solicitation. The three 
projects that will be affected by the amended milestone 
dates are Keystone, Utah Methanol, and American 
Syncrude/Indiana. 

BLM ISSUES PROGRAM REQUIREMENTS FOR 
LAND USE PLANNING 

By notice in the Federal Register on March 13, 1985 the 
United States Bureau of Land Management (BLM) an-
nounced the availability of a draft "Supplemental Pro-
gram Guidance" document. Public comment on the 
document is being solicited. According to the BLM, 
this is not a change in the Bureau's regulations or its 
existing planning manual, but simply sets forth program 
requirements in planning for specific activities. 

These activities include: coal, fire management, fluid 
minerals, forestry, lands, non-energy leasable minerals, 
oil shale, rangeland resources, rights-of-way, tar sands, 
wild hones and burros, and wildlife. Supplemental 
guidance on other program activities will be developed 
at a later date. 

The BLM noted that a request for public comment at 
this stage of the process is a departure from usual 
federal agency procedures. Normally, the public has no 
opportunity to comment on these kinds of internal 
guidelines. 

This guidance, when adopted, will supplement the pro-
cedural and plan content requirements established in 
the Bureau of Land Management's planning regulations 
(43 CFR Part 1600) and related Manual Sections.

The 1620 series is organized by "program activity." 
These are the categories employed within the agency to 
organize and define resource management and resource 
management support activities such as wildlife habitat 
management and non-energy minerals leasing. 

Each of the program activity components of the 1620 
Series follows a standard format comprised of four 
sections. The purpose and use of each of these sections 
is described below. 

Determinations 

This section describes the determinations or type of 
decisions that are required during resource management 
planning for the individual program activity. In every 
resource area in which the program activity is present, 
the land use planning determinations listed in this 
section must be either explicity stated in the plan or 
derivable from the plan's multiple use prescriptions. 
This documentation requirement applies regardless of 
whether the program activity is associated with an 
identified planning issue. 

Analysis 

This section describes those factors that must be con-
sidered in making the determinations described in the 
preceding section. Generally speaking, these "factors" 
are activity-specific considerations for which there is a 
specific statutory, regulatory, or court ordered docu-
mentation requirement. How these factors were con-
sidered during a planning effort must be clearly docu-
mented either in the plan itself or in its supporting 
record. 
Information 

This section outlines the type of activity-specific infor-
mation that generally should be available to the mana-
ger and interdisciplinary team members during a plan-
ning effort. 

Notices, Consultations, and Hearings 

This section identifies program specific notice, consul-
tation, and hearing requirements, if any, that must be 
fulfilled during resource management planning. 

The guidance set forth in the 1620 series of the ELM 
Manual is intended to supplement the Bureau's basic 
planning procedures. 

The 1620 series does not provide specific policy guid-
ance on resource use priorities for the public lands. 
Such direction is regularly issued by the Bureau's Direc-
tor and State Directors. The 1620 series has been 
designed to facilitate the incorporation of such 
direction into ongoing and future planning efforts. 

The sections on Determinations, Analysis, Information, 
and Notices which apply to coal, oil shale, and tar sands 
are presented in those respective sections of this issue 
of the Pace Synthetic Fuels Reoort. 
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ENERGY POLICY & FORECASTS 

CONOCO FORECASTS INCREASED DEPENDENCE 
ON INTERRUPTIBLE SUPPLIES 

Conoco Inc.'s Coordinating and Planning Department, 
Wilmington, Delaware released its latest world energy 
forecast in April 1985. 

Retracing recent history and extending through the 
year 2000, the study observations and predictions 
include; 

• Rising dependence on interruptible energy sup-
plies for the world in general and the United 
States in particular. 

• Restoration of OPEC to a more powerful posi-
tion in world oil markets. 

• Complacency regarding energy security issues 
has tended to grow during periods of softer 
pricing. 

Key Factors 

Excess crude production capacity has favored lower 
prices in the recent past but in the 1990s is expected to 
rise slightly faster than inflation. 

Economic growth in the non-Communist world is ex-
pected to grow at just over 3 percent per year through-
out the 1980s and a bit slower in the 1990s according to 
the Conoco study. 

Natural gas and coal prices will maintain traditional 
competitive positions versus oil products. 

Coal prices will favor its use in new electric utility 
boilers but near term industrial boilers favor use of oil 
or gas. 

Nuclear power costs have escalated in all world areas 
and will continue to have a decreasing advantage over 
coal for new electrical generating plants. In the United 
States this has eliminated the choice of nuclear power 
for new plants. 

World Energy Supply/Demand 

Energy demand in the non-Communist world will con-
tinue upward at about 2 percent per year in the 1980s 
but will slow to 1.5 percent during the 1990s. 

Most of this growth will be in developing nations due to 
electrification and deployment of more energy inten-
sive processes than currently being used. 

Total world demand is expected to grow from 96 million 
crude oil equivalent barrels per day in 1984 to 108 mil-
lion COIl barrels per day in 1990, and 128 million COE 
barrels per day in 2000.

In Conoco's analysis a declining energy requirement per 
unit of economic activity is expected for all major 
world sectors. The reasons include: 

• Migration of energy intensive industries 
• Saturation of energy consuming goods in some 

areas 
• Continuing response to the price shocks of the 

past. 

World energy demand and economic activity is shown in 
Figure 1. 

The energy supplies meeting world demand will depend 
heavily on coal and nuclear power although the current 
shift away from oil and gas energy sources will be 
slowed. In the last decade of this century oil will in 
fact be added at the same proportion of total world 
energy as in the late 1980s. 

World oil supplies will be met by a higher dependence 
on OPEC crude which will increase from only 41 per-
cent at present to over 50 percent as shown in Figure 2. 

Nuclear power is expected to rise more rapidly than any 
other energy form in the 1980s but in the 1990s coal 
will supply most of the incremental world energy 
growth. 
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World Oil Supply/Demand 

World oil demand will expand from 46 million barrels 
per day in 1984 to 49 million barrels per day in 1990, 
and only 54 million barrels per day by 2000. 

In the under-developed countries the demand for oil will 
not keep pace with total energy demand. In spite of 
this, most of the actual expansion in oil markets is 
expected to occur in developing countries as shown in 
Figure 3. 

Oil demand is projected to be affected by several 
factors including: 

• Saturation of automobile markets in developed 
areas

FIGURE 3 
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• Fewer opportunities for fuel switching in estab-
lished industrial markets 

• Use of gas and electricity for heating 
• Expansion due to world trade and enhanced 

demand for chemical feedstocks 
• Adequate world refining until the early 1990s 

when some additional residual fuel oil conver-
sion capacity will be required. 

Non-OPEC oil production will continue to increase in 
the near future but will eventually peak in the 1990s 
and OPEC production of oil and natural gas liquids will 
continue to expand, reaching 28 million barrels per day 
by 2000—up from 19 million barrels per day in 1984. 

Most of Conoco's expected decline in non-OPEC oil 
supply can be accounted for by 15 to 20 percent reduc-
tions in United States and North Sea production. Dur-
ing the 1990s the only non-OPEC countries which 
Conoco sees likely to contribute significant new crude 
production will be Norway and Mexico. 

Less than 500,000 barrels per day can be expected from 
enhanced oil recovery projects in 2000 and synthetic 
fuels projects are not counted on for a significant. 
portion of supply. 

An overview of non-OPEC oil supply is presented in 
Figure 4.
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United States Energy Supply/Demand 

Conoco expects United States energy demand to grow 
at1 percent per year, to 42 million COE barrels per day 
by the end of the century. Most of the growth will be 
supported by higher consumption of coal and nuclear 
energy but oil is expected to show modest gains. 
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Policy Implications 

This relatively low increase in energy demand is sup-
ported by: 

• Replacement of capital stock with more energy 
efficient stock 

• Changes in industrial sector 
• Saturation of some end use markets 
• Population shifts to warmer climates. 

Demand for United States coal will grow at 2.5 percent 
annually spurred primarily by use for electrical power 
generation. Conoco lists factors which will affect coal 
markets, including: 

• Slower electrical demand growth in the 1990s 
• Potential acid rain legislation 
• Construction of new industrial boilers 
• Completion of industrial boiler conversions to 

coal 
• Limited growth in export steam coal until the 

1990S. 

Nuclear power generation is expected to increase at 
9 percent per year in the late 1980s but growth will 
stop in the 1990s as expansion ceases. Conoco also 
expects nuclear load factors to decrease in the 1990s as 
reactors age, this leading to some decline in generation 
before the end of the century. 

United States natural gas consumption is forecasted to 
rise slightly from 17.5 trillion cubic feet in 1984 to 
18 trillion cubic feet by 1990, then decline to about 
17 trillion cubic feet by 2000. Conoco points out that 
natural gas supply currently exceeds demand although 
imports now make up about 1 trillion cubic feet of 
deliveries. By 2000 imported natural gas is expected to 
rise to 2.5 trillion cubic feet. Natural gas supply/de-
mand balance is illustrated in Figure 5. 

FIGURE 5 

U.S. NATURAL GAS SUPPLY
AND DEMAND 
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United States oil demand growth is expected to be 
steady but slow, going from 16 million barrels per day 
in 1984 to only 16.5 million in 1990, and 17 million 
barrels per day by 2000. Primary factors shaping this 
slow growth include, 

• Lower gasoline consumption 
• increased air travel offset by fuel economy 
• Distillate tied to transportation 
• Some growth in heating fuels 
• Growth in bunker fuels 
• Petrochemical feedstock requirements. 

Oil supplies required to meet this modest forecast of 
future requirements are not going to be satisfied by 
declining domestic production. Domestic production is 
forecasted to fall at 1 percent per year, requiring an 
even higher dependence on imported supplies than at 
the present. 

Synthetic liquids in the Conoco study are classified as 
non-commercial and are placed at less than 0.1 million 
barrels per day in 2000. 

Net imports are expected to rise from 4.5 million 
barrels per day at present to 7.5 million barrels by 
2000. This is illustrated in Figure 6. 
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Conoco concludes that the attention of the country has 
shifted away from energy availability and is becoming 
increasingly dependent on foreign oil supplies. The 
study outlook states that it is imperative that the 
nation take steps to reduce vulnerability to future oil 
supply interruptions. 
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CYCLIC NATURE OF ENERGY DEMAND 
EMPHASIZES STRATEGIC IMPORTANCE 
OF DOMESTIC SUPPLIES 

In a paper titled "Oil Shale and Evolving National 
Security Issues," Paul A. Petzriek of COMPASS Corpor-
ation notes that developments on the international 
scene, namely the Persian Gulf and increased belliger-
ence of Communist countries in the wider Caribbean 
region, require a review of our energy security. 

Petzrick recalls as one example that in the fourteenth 
century, Persian civilization was at its peak. It was the 
commercial center of the world based on extensive 
irrigation of their desert lands. In 1380, Tamberlane, 
with a few Mongol barbarians destroyed the irrigation 
works and put an end to the Persian civilization. 
History is replete with examples of civilizations suc-
cumbing to an Achilles heel. A present-day example of 
an Achilles heel is the position of the free world being 
tied to a life-line of oil and gas which is threatened by 
some of the most deeply rooted disputes that exist 
among nations. A quarter of the free world's oil comes 
from the unstable Middle East. Twenty percent must 
pass through the Straits of Hormuz. Five percent 
passes the disputed Rock of Gibraltar. Europe has tied 
itself to Soviet gas pipelines. 

The United States has recently done substantially bet-
ter in lessening its dependence on imported oil. Unfor-
tunately, our reduced imports have resulted from an 
overall reduction in the quantity of petroleum used, 
probably due to recession as much as conservation. 

A less recognized but very important aspect of our 
petroleum situation is that domestic production has 
stayed virtually flat for the last five year period in 
spite of enormous investments in exploration and devel-
opment. The upturn in imports at the end of this period 
in 1983 and 1984 suggests that imports will again rise 
steeply as economic recovery places a demand for 
increased energy production. 

Petzrick presented data from the International Institute 
for Applied Systems Analysis concerning historical 
energy use. On a long-term basis energy use has 
increased both on an absolute and per capita basis. The 
oscillations about the trend, however, are very impor-
tant. These oscillations have had a regular cycle over 
the last 150 years. 

The cycle appears to be immutable (see Figure 1) 
resulting from elementary decisions of society In 
general responding to antecedent forces not yet under-
stood. World energy use and economic activity follow 
the same cycle. If, as this cycle portends, we enter a 
period of substantial growth in energy use in the 1990s, 
it is problematical whether world petroleum production 
and certainly United States petroleum production can 
keep up. 

The Institute also notes that the use of alternate 
sources of energy is imbricated (see Figure 2) in such a 
way as to suggest that world use of petroleum is 
maturing and that as we approach the end of" the 
century alternative sources such as nuclear, solar, and

FIGURE 1 
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fusion will replace oil and gas. Unfortunately it does 
not appear that this displacement will be smooth and 
without shortages. 

One of the important events of the past five years has 
been the growth in the Strategic Petroleum Reserves. 
However, we are continuing to produce from the Naval 
Petroleum Reserves to the point they are no longer 
effective defense reserves. Teapot Dome is down to a 
few thousand barrels per day by enhanced recovery. 
Elk Hills has passed its peak production of 180,000 bar-
rels per day in 1984. Production has already dropped to 
135,000 barrels per day and will continue to drop 8 or 
9 percent per year. Wartime defense needs are 
expected to be in the range of 2 million barrels per day. 
Unquestionably, the reduced dependence on OPEC oil 
over the last five years is of critical importance. 

Petzrick points out that as we diversify away from 
Arab oil we increase our dependence on South and 
Central America. The sources of this oil appear 
relatively stable for now but there is little recognition 
of the threat to the sea lanes by which it is delivered to 
US. 

FIGURE 2 
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Since the Arab embargo water-borne oil trade in the 
wider Caribbean region has grown in volume and strate-
gic significance. The Washington Consulting Group 
recently completed a study for the Coast Guard, of oil 
movements in the wider Caribbean region to help the 
littoral countries and islands prepare oil pollution con-
tingency plans. Reviewing a portion of that study from 
a national security point of view, and keeping in mind 
the recent clandestine mining of the Persian Gulf, 
generates a very discomforting picture. 

It is important to remember the trouble spots: Cuba, 
Grenada, Nicaragua, and others which have recently 
made the news. The study assembles three sets of data: 
(1) sea routes used in transporting petroleum and petro-
leum products in the wider Caribbean region, (2) vol-
umes of crude and refined oil shipped over these routes, 
and (3) frequency of transit through straits of least 
width within the region according to different sizes of 
cargo laden tankers. 

The study identifies eleven choke points or straits of 
least width through which the oil trade passes. Three 
of these, including the most crucial one to the United 
States, border on our main trouble spot and source of 
Communist influence, Cuba (Figure 3). Alaskan oil 
going to the Gulf and East Coasts must navigate past 
Cuba after it comes through the Panama Canal, a 
prmary choke point itself. Crude from the West Coast 
of South America is similarly threatened. 

FIGURE 3 
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significant part of our Middle East oil imports arrive 
through the wider Caribbean region. 

Similarly oil trade coming from North Africa and West 
Africa is required to pass through this region to reach 
United States Gulf Coast ports. The pervasive influ-
ence of the wider Caribbean region on our oil trade has 
received increased recognition. That recognition, how-
ever, falls short of matching the strategic importance 
of the region to oil trade. Even North Sea oil is 
affected. 

The most used and crucial area is the Yucatan Channel 
where 1,313 tankers pass per year. The Persian Gulf 
which Iraq apparently mined, is 115 miles wide. The 
Yucatan Channel is just about 115 miles wide too. We 
can only conclude that any meaningful analysis of 
trade-offs relative to the United States energy policy 
must include consideration of the cost of protecting the 
sea lanes by which oil is delivered to us and our allies. 

Heavy dependence upon imported oil for national 
energy needs brings with it, inexorably, the need for 
security measures and the threat of war. Measures to 
reduce such dependency likewise tend to reduce the 
need for security forces, as well as to lessen the threat 
of war. Similarly the issues of whether to conserve 
energy or to develop new resources and which new 
resources are debated in an adversary fashion while in 
reality, particularly in the area of mobility fuels, our 
situation probably demands simultaneous advances on 
all fronts. 

If we look at the world from a petroleum point of view, 
it is quite clear that the Arab world is the center of the 
universe. It is oil shale, however, that places the 
United States at the center of the universe and tips the 
balance of energy resources in favor of this continent. 

Petzrick argues that if we combine all of our energy 
resources we get a much more balanced picture of the 
world; and one in which there is much less cause for 
tension, at least over energy supplies. With less cause 
for world tension, we might then be in a position to 
further improve the national security situation by pay-
ing more attention to strengthening our economic base 
and having less need for direct defense spending. 

PACIFIC 
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Mexico is convenient for us, but supplies to our allies 
are threatened. Expected growth in Mexican produc-
tion increases the importance of this source. Little 
recognized but of critical importance is the fact that a

SECURITY OF PERSIAN/ARABIAN 
GULF OIL ASSESSED 

A reassessment of the security of oil supplied from the 
Persian-Arabian Gulf was presented at Synfuels 1 85 by 
Dr. Ewan Anderson, of the University of Durham (Eng-
land). 

Dr. Anderson asserts that until the middle of the next 
century the world is expected to become increasingly 
dependent on Middle East oil; the most uncertain com-
ponent of regional supply is generally ascribed to the 
Gulf States. 
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Persian/Arabian Gulf Oil 

Oil from the Gulf will continue to be vital to Western 
interests. Following price moves, curtailed consump-
tion, and conservation trends, production of Gulf oil has 
declined to only 590 tonnes per year, or 55 percent of 
the peak amount registered in 1979. 

Although the region now supplies only about 4 percent 
of United States consumption, current supply amounts 
to 29 percent of West European consumption and 
66 percent of Japanese consumption. Even with pro-
duction now cut almost in half, Gulf region oil remains 
an important key in the overall world energy balance. 

The present reduction in world energy trade is likely to 
persist for only the short to medium term. The primary 
factor seen by the author for increasing dependence on 
Gulf production is that the region contains over 54 per-
cent of published proved reserves in the world. This 
factor, coupled with relatively small populations, Lead 
to the conclusion that Gulf oil will continue to be pro-
duced long after other major world sources are 
exhausted. 

Japan, Western Europe, and newly developing regions 
will continue to be more dependent on the Gulf states 
than the United States because these regions do not 
possess sufficient alternative energy sources. 

Outside interference from major world powers such as 
the Soviet Union has been interpreted in various ways. 
Anderson believes that the Soviets want to be posi-
tioned to capitalize on the natural instability of the 
region. He points out that the United States is seen as 
a destabilizing factor because of its support of Israel 
and its potential for military action. 

In spite of conflicting alliances, a pro-Western attitude 
continues because the Arab states believe the United 
States will likely play a major role in any resolution of 
the Israel situation. 

Threats to the Gulf: Regional and Internal 

Interstate problems are described as being a greater 
threat to regional instability than outside interference. 
These include: 

• Movement of labor 
• Boundary disputes 
• Ideological differences 
• Internal political structures. 

Any potential interstate conflict could interrupt oil 
flow due to interruption of production installations or 
transportation facilities. As more oil flows from the 
region by pipeline, the vulnerability to interrupted 
supply will increase. 

Possible Responses 

In the very short term strategic stockpiles by countries 
dependent on oil from the region may be an adequate 
measure.

A permanent offshore naval presence could help avoid 
direct confrontation with the Soviets yet serve as a 
signal that foreign military incursions will not be toler-
ated by Western interests. 

Remedies of longer-term mineral shortages in the world 
are dependent on substitution technologies. This will 
become vital as the energy supply gap becomes more 
acute near the end of this century. Anderson concludes 
that coal, tar sands, and oil shales form the essential 
basis for such developments. 
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ECONOMICS 

DOW MIXED ALCOHOL PROCESS SUGGESTED FOR 
GASOLINE BLENDING 

At a March 1985, San Antonio, Texas conference on 
alcohol use as an octane enhancer a new technology was 
presented which produces a low water content product 
containing typically 20 to 80 percent methanol and 20 
to 80 percent higher alcohols. 

Researchers from Dow Chemical USA, Michigan 
Applied Science & Technology Laboratories described 
the process which has been developed by Dow pointing 
out that it could possibly provide future gasoline blend-
ing stocks. 

A typical analysis of the mixed alcohol product is shown 
in Fable 1.

TABLE I 

TYPICAL MIXED ALCOHOL PRODUCT 
FROM THE DOW PROCESS 
(Component Weight Percent) 

Methanol 49 
Ethanol 26 
Propanols 13 
Butanols 6 
Pentanols 3 
Hexanols and Hgher 2 
Others 1-2

Dow suggested this product mix shows promise as a 
blending component because it exhibits a high water 
tolerance in finished blends, and therefore produces 
final blends which are not susceptible to the phase 
separaton problems which are experienced with metha-
nol/gasoline blends. 

Chemistry of Mixed Alcohols 
Synthesis 

Key to this development is a highly selective series of 
catalysts for converting mixtures of carbon monoxide 
and hydrogen (syngas) to mixed alcohols. Dow indicates 
these catalysts have proven to be long lived, resistant 
to coking, and mechanically durable. 

Removal of product water is done by a non-distillation 
process and appears to be critical to overall process 
economics. Dow is confident that water control has 
been demonstrated, however did not elaborate on what 
method was used. 

Synthesis of mixed alcohols is via a Fiseher-Tropsch 
type catalyst. The catalyst used can be made in either 
supported or unsupported forms. Various types of

supports have been evaluated. Production from syngas 
follows a chain-growth mechanism in which hydrogen 
and carbon monoxide co-react to form linked CH2 
groups of varying lengths. 

Mixed alcohols selectivities on a carbon dioxide free 
carbon basis range from about 60 to 90 percent. Con-
versions in the range of 20 to 25 percent per pass have 
been demonstrated. Carbon dioxide in the reactor 
effluent normally represents 20 to 40 percent of the 
carbon from the reacted carbon monoxide. 

The major non-alcohol, oxygen-containing product is 
carbon dioxide, giving a hydrogen:carbon monoxide 
usage ratio which is relatively low at about 1.2:1. Thus, 
syngases produced from hydrogen-deficient feedstocks 
such as coal produce hydrogen:carbon monoxide ratios 
which approximate stoiehiometric needs of this process. 

Because carbon lay-down is not an apparent problem in 
this process very low hydrogen:carbon monoxide ratios 
(e.g., 0.7:1) have been used without difficulty. 

Other oxygenates have been observed at low levels. 
Methyl acetate at 1 to 2 weight percent and other 
esters and ketones in the range of 0.01 to 0.1 weight 
percent. 

Process Design 

Two process designs completed to date were based on 
partial oxidation of methane although other feedstocks 
could apparently have been chosen. 

Evaluation of the mixed alcohol product has been based 
on its value as a gasoline blending stock. The primary 
performance criteria being: 

• Blending octane value 
• Effect on Reid Vapor Pressure 
• Water tolerance of alcohol/gasoline blends. 

The blending octane value of mixed alcohols appears to 
vary with composition of base gasoline stock. Observa-
tions are in agreement with previously published data. 
Calculated blending value for the mixed alcohols pro-
duct is 124.6 (R+M/2). The blending octane value 
appears to be significantly higher than the blending 
value for 50/50 mixtures of methanol and tertiary butyl 
alcohol according to Dow. 

Product Value 

A series of blends containing 1 to 15 percent mixed 
alcohols were prepared. In these evaluations butane 
was backed out of the blends as necessary to maintain a 
Reid Vapor Pressure specification of 11.55 psi. 

Based on reformer economics, Dow used an incremental 
octane value of $0.28 per octane number-barrel. For a 
10 percent alcohol blend this is reported to produce a 
typical product which has an incremental value over a 
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non-alcohol containing blend of $0.024 per gallon. 

Process Economics 

Economic analysis for a mixed alcohols synthesis plant 
sized at 14,000 barrels per stream day has been based 
on a methane feedstock. 

A summary of Dow's economic evaluation is given in 
Table 2.

TABLE 2. 

MIXED ALCOHOLS ECONOMIC SUMMARY 

Million $ 

Capital Required 
Direct Fixed Capital	 250 
Working Capital 	 30 

Total Capital	 280 

$/Gallon 

Costs for Sale 
Raw Materials 0.379 
Manufacturing Costs 0.205 
Sales, Administrative & Res. 0.068 

Total Cast for Sale 0.652

Total capital required for sale is reported to be $19,500 
per barrel per stream day, and the forecasted return on 
investment is 36 percent on a before tax basis. Costs 
were based on the fourth quarter of 1982. Alternate 
economies have been developed showing equal sensitivi-
ties to product value and capital. The process is 
reported to be less sensitive to alternate feedstock 
values.
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TECHNOLOGY 

SYNFUELS TESTED IN ROLLS ROYCE VINE 
COMBUSTOR 

Shell Research Limited, Thornton Research Centre, 
Chester, United Kingdom, has examined the combustion 
performance of a wide range of fuel types in a single 
combustor can from a Rolls-Royce Tyne gas-turbine 
engine. The results suggest that fuel total hydrogen 
content provides a better indication of fuel combustion 
performance than does aromatic content. However, an 
even better prediction of fuel combustion performance 
is given by smoke point. 

Aviation kerosenes derived from unconventional sources 
and non-traditional processes may have compositions 
significantly different from those of traditional turbine 
fuels. There is a concern that the present specification 
requirements, particularly those related to combustion 
quality, may be inappropriate when applied to these 
newer fuel components. 

It has been suggested that a specification requirement 
based on fuel total hydrogen content would be less 
restrictive, in terms of fuel composition, yet be more 
closely related to fuel composition and more precisely 
measureable than the traditional inspection properties. 

Combustion tests were carried out on fuels having a 
wide variation in hydrogen content, aromatic content, 
smoke point, and naphthalene content. Fuel sources 
included petroleum, petroleum-based blending streams, 
oil shale, oil sands, and coal. Additionally, a series of 
test fuels blended with single ring aromatics, tetralin, 
and 1-methylnaphthalene were evaluated. 

The results of the combustion tests are given in 
Table 1. Exhaust soot is shown plotted against hydro-
gen content, aromatic content, and smoke point in 
Figure 1. The correlation lines drawn are those 
obtained from the fuels blended with single-ring aroma-
tics. 

The results suggest that, for the wide range of fuels 
tested, hydrogen content provides a better prediction of 
fuel combustion performance than does aromatic con-
tent. Smoke point is a better predictor than either 
hydrogen content or aromatic content, although the 
poor precision of the smoke point test raises doubts 
regarding its use as a primary specification parameter. 

Clearly, however, hydrogen content was not able to 
predict the performance of all fuel types. The results 
of earlier blended fuel studies have suggested that it is 
those fuels with high naphthalene and/or tetralin con-
centration whose combustion performance is not pre-
dicted by their hydrogen contents. 

In this study all of those fuels whose combustion 
performance is not predicted by hydrogen content have 
significantly higher concentrations of naphthalenes, 
tetralins, and other polycyclic aromatics than have the 
two conventional fuels. It should be emphasized that a 
high polycyclic aromatic content does not necessarily 
indicate unacceptable combustion performance. The

results simply demonstrate that for fuels of low smoke 
point and low hydrogen content none of the inspection 

TABLE 1 

RESULTS OF COMBUSTION TESTS WITH
TYNE COMBUSTOR

(Pressure = 1.0 M pg; Inlet Air
Temperature = 330'C, APR = 60/1)

Normalized 
Normalized Exhaust 

Flame	 Soot 
Radiation Concentration 

Avtur 1.0 1.0 
Avtur + 5% Kerex 1.09 1.20 
Avtur * 10% Kerex 1.10 1.30 
Avtur *15% Kerex 1.14 1.45 
Avtur + 20% Kerex 1.25 1.47 
Avtur + 25% Kerex 1.31 1.78 
Avtur + 5% Tetralin 1.15 1.42 
Avtur + 10% Tetralin 1.24 1.43 
Avtur + 15% Tetralin 1.31 1.81 
Avtur + 5% 1-Methylanaphthalene 1.14 1.35 
Avtur + 7.5% 1-Methylanaphthalene 1.24 1.51 
Avtur + 10% 1-Methylanaphthalene 1.41 1.88 
Mexican MOO 1.50 2.20 
SASOL 0.63 0.26 
Monogas 1.29 1.70 
50/50 Blend 0.64 0.40 
Diesel 1.51 2.70 
EBBS 1.67 2.70 
EBBS 1.58 2.60 
Mexican Kerosene 1,00 1.07 
North Sea MOO 1.50 2.20 
Jet Al 1.03 1.00 
Jet Al 0.87 0.76 
BS1 1.12 1.30 
BS 0.90 0.74 
B53 1.37 1.73 
B54 0.96 0.85 
BS 0.98 0.92 
BS 0.97 0.91 
Jet Al 0.92 0.81 
Jet Al 1.02 1.15 
Oil Sands Kerosene 1.22 1.35 
JP 5 (Oil Shale) 1.06 1.19 
High Naphthalene Kerosene 1.13 1.28 
Avcat 1.06 1.20 
North Sea LGO 1.03 1.17

properties normally utilized adequately describes fuel 
combustion quality. 

The results obtained with the blended fuels and the high 
naphthalene kerosene indicate that naphthalene con-
tents greater than those presently allowed, 3 percent 
volume, do not, per se, lead to an unacceptable combus-
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tion performance. It also appears possible that the 
presence of quite low concentrations of high molecular 
weight polycyclic aromatics, i.e., those having more 
than two fused rings, may have a large unfavorable 
effect upon fuel sooting tendency in gas-turbine equip-
ment 

NITROGEN COMPOUND TYPE AFFECTS POISONING 
OF CRACKING CATALYSTS 

C. M. Fu and A. M. Shaffer of Phillips Petroleum Com-
pany have recently elucidated the way in which cataly-
tic cracking is affected by the presence of various 
nitrogen compounds. it has long been recognized that 
basic nitrogen compounds can poison acid cracking 
catalysts. As indicated by Table 1, nitrogen poisoning 
will become even more important if heavy oil, shale oil, 
tar sands liquids, and direct coal liquids become avail-
able as refiner feedstocks.

NITROGEN CONTENT OF VARIOUS FEEDSTOCKS 

Nitrogen 
Feedstock Content 

(Weight 96) 

East Texas Gas Oil 0.07 
Arabian Light 6500+l' 0.10 
West Texas Topged Crude 0.18 
North Slope 650 +F 0.21 
Direct Coal Liquids 0.30 
Gulf of Suez 6500+? 0.37 
Tar Sands Liquids 0.40 
Off-Shore California 0.90 
Monagas 650°+F 0.91 
San Joaquin 650°+P (California) 1.02 
Paraho Shale Oil 2.10

Although there have been a number of studies on 
nitrogen poisoning of acidic catalysts, Fu and Shaffer 
point out that none of them used realistic FCC feeds or 
zeolitic cracking catalysts. 

The extent of nitrogen poisoning depends on the speci-
fic nitrogen compounds in the catalytic cracker 
feed. Recently, there has been progress in character-
izing not only the type of nitrogen compound but even 
the individual compounds themselves. Most of 
the basic nitrogen compounds are present as alkylpyri-
dines or alkylquinones while non-basic nitrogen com-
pounds are generally pyrroles or carboxamides. The 
type of nitrogen compounds in the catalytic cracker 
feed will also depend on processing conditions, particu-
larly if the feed is hydrotreated before it is cracked. 

Fu and Shaffer studied the effects of various nitrogen 
compounds on a steam-aged fresh FCC catalyst and 
two metals-contaminated equilibrium FCC catalysts, in 
a bench-scale fluidized reactor with a gas oil feed. The 
nitrogen compounds studied as additives were represen-
tative of nitrogen compounds found in petroleum, coal, 
and shale liquids. They found that the effect of a 
nitrogen compound on cracking yields strongly depends 
on its molecular structure. Such factors as type of 
heterocyclic, molecular size, number of nitrogens in 
ring, extent of saturation, and presence of alkyl substi-
tuents are important. 

Two types of heterocyclic nitrogen compounds, pyrrolic 
and pyridinic, were studied. The results, shown in 
Table 2, clearly demonstrate the strong poisoning 
character of the pyridinic type of nitrogen compounds 
on a cracking catalyst. For example, there is a 10 per-
cent difference in conversion between a five-member 
heterocyclic such as indote (conversion 49.6 percent 
volume) and a six-member heterocyclic such as quino-
line (conversion of 39.2 percent volume). 

1-32	 SYNTHETIC FUELS REPORT, JUNE 1985 



EFFECT OF NITROGEN SUBSTITUTION IN 
AROMATIC RING ON CRACKING ACTIVITY 

(Volume Percent) 

Gasoline 
Additive Conversion Yield 

None 58.4 50.7 
Aniline 52.7 48.3 
Benzene 51.8 41.6 
Pyrrole 54.1 44.2 
Pyrrolidine 50.3 40.9 
Pyrazine 52.6 40.8 
Pyridine 51.4 41.7 
Piperidine 49.5 39.0 
Naphthalene 52.2 42.6 
Indole 49.6 41.3 
Quinoxaline 43.2 34.1 
Quinoline 39.2 28.5 
1,2,3,4-THQ 38.6 27.0 
5,6,7,8-THQ 36.4 27.2 
Anthracene 54.3 42.2 
Carbazole 51.7 43.8 
1,2,3,4-TI-IC 50.0 36.9 
Phenazine 42.0 30.8 
Acridine 34.7 18.0 

As also shown in Table 2, the addition of one or two 
fused rings to pyridine substantially increases the poi-
soning effect.	 The	 conversion	 decreases with	 the 
addition of both the first and the second fused benzene 
ring as is seen	 in	 the	 series pyridine	 (conversion of 
51.4 volume percent), quinoline (39.2 volume percent), 
and acridine (34.7 volume percent).

It has been postulated previously that aromatic com-
pounds facilitate coke formation which in turn could 
deactivate the catalyst. In order to differentiate 
catalyst poisoning caused by nitrogen bases and by 
coke-forming ability, aromatic compounds, with and 
without nitrogen were tested. As seen in Table 2, the 
study confirmed that the nitrogen-containing hetero-
cyclics are stronger poisons than the pure aromatic 
compounds. 

Most nitrogen compounds found in petroleum, coal, and 
shale oil contain alkyl side chains. These aI•.kyl groups 
increase poisoning. Moreover, conversion decreases in 
a fairly regular fashion with the size of the side chain. 

Selectivity as well as conversion is affec ted by the 
structure of the nitrogen compound. In general, gaso-
line selectivity (i.e., gasoline yield divided by conver-
sion) decreases as nitrogen poisoning increLses. For 
example, gasoline selectivities with no addi live, pyri-
dine, quinoline, and acridine are 87, 81, 73, a nd 52 per-
cent, respectively (Table 2). The coke yield (not the 
coke selectivity) was found to be relatively cc instant. 

The authors state that there is a strong influence of 
cracking temperature on catalyst poisoning. Decreases

in conversion and gasoline yield were much smaller at 
1,050°F than at 950°F. This is in agreement with the 
concept that nitrogen adsorption (or the number of acid 
sites covered by nitrogen) decreases at higher tempera-
ture. 

The nitrogen concentration also affects conversion and 
gasoline yield. At nitrogen concentrations less than 
about 2,000 pm, the conversion is inversely proportional 
to the nitrogen concentration. However, at higher 
nitrogen concentrations, the conversion remains ap-
proximately constant. 

There appear to be at least three independent para- 
meters that can determine the extent of nitrogen 
poisoning: the strength of the nitrogen base; the nature 
of the FCC catalyst; and the inherent properties of a 
feedstock. 

The poisoning power of a nitrogen base apparently can 
be related, with few exceptions, to its proton affinity; 
i.e., a base with a higher proton affinity is also a 
stronger poison (Table 3). However, proton affinities 
alone cannot explain the differences in selectivity 
among the nitrogen bases. The results of this study 
clearly emphasize that it is not sufficient to use the 
total nitrogen (or even basic nitrogen) concentration to 
predict the poisoning effect of nitrogen in an FCC feed. 
The authors says that quantitative predictions require a 
still better understanding of both the specific struct-
ures of the nitrogen compounds in the feed and the 
acidic property of the cracking catalyst. 

TABLE 3 

COMPARISON OF PROTON AFFINITIES
WITH CONVERSION 

Proton Affinity 
(kcal/mol) 

Fun- Meet- Conver-
Compound mski Ner Lau sion 

(Vol %) 

Benzene 188.7 51.9 
Naphthalene 199.8 52.2 
Anthracene 210.0 54.3 
Pyrrole 211.6 210.4 54.1 
Pyrazine 210.8 52.6 
Aniline 213.5 215.5 213.9 54.5 
Quinoxaline 217.1 43.2 
Pyrrolidine 222.0 50.3 
Pyridine 222.8 222.0 223.6 51.4 
Piperidine 223.0 230.7 49.5 
Phenazine 224.8 42.0 
Quinoline 228.4 227.6 39.2 
2,6-di- ter t- 232.0 34.1 

Butylpyridine 
Acridine 233.8 233.0 34.7

* The proton affinity, PA, defined as the enthalpy
change for the gas phase reaction BH+ = B + H+. 
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BACTERIAL PROCESS DEVELOPED FOR GAS 
DESULFURIZATION 

Down Mining Company of Japan has developed a biolog- 
ical system for removing sulfur from hydrogen sulfide 
containing gases, employing bacteria in place of chemi-
cal neutralizing agents such as caustic soda. Low 
temperature operation possible with this bacterial pro-
cess means costs can be reduced to approximately one-
third. 

The bacteria adopted for this unique pollution control 
system is "theobacillus ferrooxidans," a species often 
found inhabiting mining areas. It gains its vital energy 
by consuming divalent iron ion and oxidizing this into a 
trivalent form. 

Feeding this bacteria with large amounts of iron and 
repetitively selecting those of high activity for further 
culture, the company has been able to obtain a "super 
bacteria" strain possessing twice the propagating ability 
of the normal type. Also, in a similar way, bacterial 
strains having greater resistance to heavy metals, halo-
gens, etc., can be developed. 

In the processing of hydrogen sulfide gases ferric sul-
fate produced by the organism reacts with the waste 
gas component to generate ferrous sulfate, sulfuric 
acid, and sulfur. From this mixture, first sulfur is 
removed. Next, by introducing air and bacteria to the 
remaining products, ferric sulfate and water are syn-
thesized. Thus, by recycling the ferric sulfate, a 
continuous cycle is possible which removes solid sulfur 
from hydrogen sulfide. 

The system consists of reactors for hydrogen sulfide 
and bacteria, and equipment to recover sulfur and the 
microbes. The system is said to be easy to handle, 
compact in size, energy-saving, as well as considerably 
cheaper than existing desulfurization techniques.
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INTERNATIONAL 

CANADIAN FEDERAL GOVERNMENT AND 
PRODUCING PROVINCES ANNOUNCE THE 
WESTERN ACCORD 

On March 28, 1985 the governments of Canada and the 
energy-producing provinces of Saskatchewan, Alberta 
and British Columbia announced a comprehensive oil 
and natural gas agreement designed to revitalize the 
Canadian energy industry. The agreement—The West-
ern Accord—calls for the total deregulation of Canad-
ian crude oil pricing and marketing, takes steps to make 
the natural gas industry more market-oriented, and 
eliminates a number of federal oil and gas taxes or 
charges, including the Petroleum and Gas Revenue Tax 
(PORT), the Petroleum Compensation Charge (PCC), 
and the Canadian Ownership Special Charge (COSC). 
The four governments agreed to replace existing ar-
rangements covering the pricing and fiscal treatment of 
oil and gas with provisions that deal with: 

• Deregulation of Crude Oil Prices 
• Domestic Natural Gas Pricing 
• Fiscal Principles. 

Crude Oil Price Deregulation 

Canada has had a system of administered oil prices 
since September 1973. This system, which maintained 
the domestic price of crude below its international 
market value, is now being dismantled. Beginning 
June 1, 1985 the market will determine the price of oil.

The system now being dismantled began in 1973 with 
the freezing of domestic prices of all crude oil. How-
ever, to attract investment in new supplies of oil, "New 
Oil" was granted international prices. This provision 
was first applied in 1978 to production from the Syn-
crude plant and later to the Suncor plant. Then, from 
January 1982, it applied to oil discovered after Decem-
ber 31, 1981. Gradually, the categories of qualifying oil 
were expanded to the point in 1985 where more than 
50 percent of the oil produced in Canada received the 
international price. Including imports, more than 
80 percent of oil consumed in Canada received some 
form of compensation. 

Also in 1973, controls were imposed on oil exports. All 
oil exports were subject to license, issued by the 
National Energy Board (WEB), imposing volume, price, 
and other restrictions on the terms of export contracts. 
Export charges were levied to make up the difference 
between controlled domestic prices and those available 
in export markets. With deregulation the WEB will no 
longer determine the prices of exported oil nor require 
prior approval of light crude and oil product export 
contracts of less than one year and heavy crude oil 
export contracts of less than two years. Exports of a 
longer duration will not be possible without government 
approval. 

The above measures on oil exports and domestic pricing 
will mean several significant changes to the petroleum 
industry in Canada. These changes are summarized in 
Table 1. 

TABLE 1 
COMPARISON OF CANADIAN CRUDE PRICE REGULATIONS 

Market System Under 
Old Administered System The Western Accord 

Petroleum Compensation - All domestic and foreign crude oil - No longer imposed. 
Charge (PCC) and	 imported	 petroleum	 products 

consumed in Canada bore the PCC, 
currently at $41.14 per cubic metre. 

- Exports of products were eligible 
for rebates of the PCC. 

Petroleum Levy Offset - The last increase in the Petroleum - Program	 ends	 with 
Prowam (PLOP) for Petro- Compensation Charge was $17.50 elimination of PCC. 
Chemical Producers per cubic metre	 on November 10, 

1984 (as announced in the Economic 
Statement of November 8, 1984). 

- PLOP	 provides an	 offset	 against 
that increase for certain primary 
petrochemical products.
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Primary Industry Levy 	 - As part of the Fuel Tax Rebate 
Offset Program Program those in primary industries 

(farmers, fishermen, and those 
Involved in logging, mining, hunting 
and trapping) are eligible for a 1.8c 
per litre PCC rebate.

The 1.8C per litre FCC 
rebate ends with 
elimination of PCC. 

The 3.0 per litre 
Federal Sales Tax 
rebate continues. 

	

Controlled Prices on - The price of oil discovered prior to 	 - Producers sell their oil 
Conventional Old Oil 	 1974 is controlled by agreement 	 at market price. 
(COOP)	 with the provinces at below world	 - Refiners pay market 

levels,	 price. 
- Government does not 

	

- About 45 per cent of domestic oil is 	 set the price. 
affected. 

New Oil Reference Price - Producers	 of	 synthetic	 crude - Price -set	 by	 mar-
(NORP) for Synthetic eligible for the international price ketplace,	 not	 by 
Crude Oil and receive compensation based on government. 

a	 complex	 calculation	 similar	 to - No	 compensation 
that employed for conventional new required. 
oil. 

New Oil Reference Price - Producers of qualifying new oil in - Producers sell their oil 
(NORP) for Conventional five	 producing	 provinces	 and	 the at market price. 
Crude 

Oil
territories	 are	 paid	 compensation 
for difference between international - Refiners	 pay	 market - 
price and controlled domestic price, price.

	

- Compensation based on 81 different	 - Government does not 

	

NORP prices calculated from prices 	 set the price or pay 

	

of 54 foreign crudes at Montreal,	 any compensation. 
subject	 to	 detailed	 federal-
provincial administrative manual. 

Oil Import Compensation 
Program (OICP)

- No import compensa-
tion necessary. 

- No restrictions on 
imports. 

- Payments made to oil importers 
based on the difference between the 
average cost of foreign and 
equivalent-quality Canadian crude 
oil at Montreal. 

- To protect markets for Canadian 
production, access to international 
market was restricted. 

Domestic Transfer 	 - Compensation granted for costs of	 - Such movements will 
Compensation	 moving domestic crude to refineries	 be on a commercial 

east of Montreal.	 basis. 

Crude Oil Export flarge	 - A charge is recommended by the	 - Export	 charges 

	

National Energy Board on all 	 eliminated. 
exported crude oil and petroleum 
products. The level is equal to the 
difference between the selling price 
and the lower Canadian-controlled 
price.
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- Export charge revenues on crude oil 
split 50-50 with the province of 
production. 

- The revenues on products accrued 
entirely to the federal government. 

Crude Oil Export Licences	 - NEB licence required for all crude 	 - Monitoring of exports 

	

oil exports and for most petroleum	 will continue but prior 
products. approval will not be 

required for exports of 
light crude oil and 
petroleum products 
less than one year, and 
heavy crude less than 
two years, in duration. 

Import Ucences

	

	 - NEB licences required on imports of 	 - No licences required. 
heavy fuel oil. 

Natural Gas Pricing	 industry. Legislation to implement the agreed fiscal 
changes will be introduced as soon as possible. 

Since 1975, the prices of Alberta natural gas sold in 
Saskatchewan, Monitoba, Ontario and Quebec have been 
linked to crude oil prices. From 1975 to 1981 natural 
gas prices were set at about 85 percent of crude prices; 
from 1981 to the end of 1984 the relationship was 
65 percent. Under the Western Accord the Canadian 
federal government and the producing provinces have 
now agreed to develop a market-responsive pricing 
system to be implemented on or before November 1, 
1985. A task force of senior officials will be estab-
lished to advise on the implementation of the new 
system. The objective is to allow prices to be nego-
tiated between buyers and sellers of natural gas. For 
the interim period, April 1 to November 1, the govern-
ments of Canada and Alberta have agreed to freeze the 
Alberta Border Price of gas at its current level. 

Other items regarding natural gas pricing that will be 
affected by the Western Accord include: 

• The subsidy under the federal Transportation 
Assistance Program will be terminated in con-
junction with the elimination of the Canadian 
Ownership Special Charge. 

• The Natural Gas Market Incentive Plan under 
which Alberta producers provide a price dis-
count to industrial customers in eastern Canada 
will be extended until April 30, 1986. 

• The Market Development Incentive Payments 
by Alberta to the Government of Canada will 
terminate following payments for gas delivered 
up to April 30, 1986 or to a maximum level of 
$160 million in additional payments, whichever 
comes first.

The Western Accord also includes provisions to: 

Fiscal Measures	 • Monitor industry reinvestment in energy 

The new energy pricing and taxation agreement is
	 • Reduce the PGRT burden on small producers 

designed to stimulate investment in the oil and gas

The Canadian federal government agreed to remove the 
following taxes or charges: the Natural Gas and Gas 
Liquids Tax, the Incremental Oil Revenue Tax, the 
Canadian Ownership Special Charge, Export Charges on 
both product and crude exports, and the Petroleum 
Compensation Charge. The Petroleum Incentives Pro-
gram (PIP), which provides cash incentives to petroleum 
companies exploring for oil and gas, will continue until 
March 31, 1986. PIP will then be terminated except for 
eligible exploration expenses incurred in drilling fron-
tier wells during a grandfathering period which will 
extend to no later than December 31, 1987. 

The current rate of PGRT is 16 percent, with an 
effective rate, after resource allowance where applic-
able, of 12 percent on conventional oil and gas and 
8 percent (to the end of 1985) on synthetic oil. Ap-
proved enhanced oil recovery projects are able to 
deduct eligible capital costs against project revenues, 
thus permitting elimination of PGRT until the project 
attains payout. Under the terms of the Western Ac-
cord, the PGRT is to be totally eliminated by Jan-
uary 1, 1989. In addition, the PGRT will not apply to 
approved major new energy projects or to any new 
production after April 1, 1985. The PGRT will be 
phased out for existing production according to the 
schedule shown in Table 2. 

A more precise definition and mechanisms for adminis-
tering a PGRT exemption for new production will be 
worked out in consultation with the industry and pro-
ducing provinces. 
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TABLE 2 

PHASE-OUT SCHEDULE FOR THE
PETROLEUM AND GAS REVENUE TAX 

Effective 
Period	 Tax Rate (%) 

Conven-

	

tional	 Syn-
Oil	 thetic 

	

and Gas	 Oil 

	

January 1, 1986-December 31, 1986 10.0	 6.0 
January 1, 1987-December 31, 1987 	 8.0	 4.0 
January 1, 1988-December 31, 1988 	 6.0	 2.0 
January 1, 1989 and thereafter 	 0.0	 0.0 

• Enable non-tax paying companies to take ad-
vantage of PGRT deductions 

• Modify the Canada Lands royalty regime 

• Flow through to the oil and gas industry the net 
benefits that might otherwise be received as 
provincial revenues. 

Lastly, the agreement provides that if world prices 
escalate rapidly or if security of supply is threatened, 
the federal government, in consultation with the pro-
ducing provinces, would take appropriate measures to 
protect Canadian interests. 

UNITED STATES AND CHINA AGREE TO 
COOPERATE IN COAL, OIL SHALE, 
AND EOR RESEARCH 

The United States and the People's Republic of China 
recently agreed to include coal and other fossil energy 
topics in future scientific and technological exchanges. 
The agreement was signed on April 16 as representa-
tives of the two governments convened in Washington 
for the fourth meeting of the United States/China Joint 
Commission on Cooperation in Science and Technology. 
The diplomatic protocol between the two nations is the 
23rd to be signed since a general science and techno-
logy exchange agreement was reached by the United 
States and China on January 31, 1979. Under the new 
protocol, the two countries can exchange scientists and 
technical information as well as fuel samples, 
materials, instruments, and components for joint re-
search efforts. The agreement also establishes a 
mechanism for organizing joint seminars, conferences, 
and other meetings dealing with fossil energy. 

The specific areas of cooperation include: 

• Atmospheric and pressurized fluid-bed combus-
tion 

• Coal-water mixtures for boilers, gas turbines, 
and engines 

• Surface coal gasification

S Direct and indirect coal liquefaction 

• Coal science with emphasis on combustion, coal 
structure, and related chemical and thermo-
physical properties 

• Process modeling for advanced fossil-related 
technology 

• Coal cleaning and grinding 

• Studies of fuel combustion products, including 
cleanup and environmental effects 

• Conversion and combustion research in oil shale 

• Research activities and field experiments in 
enhanced oil recovery 

• Cooperation in magnetohydrodynamics. 

The two countries may also expand the list of potential 
cooperative activities as research opportunities arise. 

The fossil energy protocol will remain in effect for five 
years and may be extended by mutual agreement be-
tween the United States and China. 

FOREIGN SYNFUELS INDUSTRY REVIEWED 

The commercial status of synfuels programs outside the 
United States is examined in a paper given by J. R. 
Bowden of the Bechtel Group at the 12th Energy 
Technology Conference. The author notes that 
although the domestic synfuels industry has slowed 
considerably, many foreign projects are underway with 
government backing. This financial support may be due 
to emphasis on self-sufficiency and the need to con-
serve foreign exchange resources. Current programs 
and commercial projects are highlighted in the paper. 

Figure 1 lists the coal-based synfuels programs outside 
the United States. Major projects mentioned in the 
paper included the Australian Brown Coal liquefaction 
plant and Japan's various demonstration plant activities 
as shown in Figure 2. The Soviet Union has two 
projects underway: the first is a 5 tons per day unit 
near the Belkovskanya lignite mine south of Moscow; 
the second is a 75 tons per day facility near Siberia's 
Kansko Anchinsk coal basin. Also included in the paper 
is the New Zealand methanol to gasoline (MTG) project. 

Oil shale projects are outlined in Figure 3. Japan and 
Australia are working jointly on a 50,000 barrels per 
day project in Queensland. Exxon is continuing the 
engineering development studies for the Rundle project 
in Queensland. Brazil's Petrobras has been trying to 
obtain financial support for its $2.2 billion commercial 
scale retort project at Sao Mateus. The retort will be 
based on their Petrosix technology. Morocco has two 
projects underway: one to develop the Tarfaya oil shale 
deposit in South Morocco; the other is an 80 tons per 
day demonstration project based on a semi-continuous 
batch, retort technology. 

The paper concludes by examining the future prospects 
for the synfuels industry. According to the author, the 
few large plants operating today are: 
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GERMANY SYNGAS 
SYNCRUDE 

GREAT BRITAIN SYNGAS 
.JAPAN SYNGAS 

SYNCRUDE 

SOUTH AFRICA TRANSPORTATION 
FUELS 
CHEMICAL 
FEED STOCKS 

U.S.S.R. TRANSPORTATION 
FUELS 

PILOT/DEMO 
PROJECTS 

BGC/WRGI DEMO 

GASIFICATION DEMO 
ON STREAM 
LIQUEFACTION DEMO 
ENGINEERING 

3 LARGE FISCHER 
TROPSCH 
UNITS OPERATING 

LIQUEFACTION 
DEMO BUILDING

FIGURE 1 

COAL BASED SYNFUELS 
PROGRAMS	 OUTSIDE U.S.A. 

COUNTRY	 OBJECTIVES STATUS 

AUSTRALIA/	 TRANSPORTATION	 LIQUEFACTION PILOT/ 
NEW ZEALAND	 FUELS DEMO 
BRAZIL	 SYNGAS UCG GASIFICATION 

TEST 
CANADA	 SYNCRUDE LIQUEFACTION PILOT/ 

DEMO 
CHINA	 SYNGAS WESTINGHOUSE - 

DEMO 
FRANCE	 SYNGAS U-GAS PLANT 

BUILDING

FIGURE 3 

OIL SHALE,	 TAR SANDS, OTHER 
SYNFUELS OUTSIDE U.S.A. 

COUNTRY	 OBJECTIVES STATUS 

AUSTRALIAI 	 TRANSPORTATION NATURAL GAS TO 
NEW ZEALAND	 FUELS GASOLINE PLANT 

STARTUP '85 
TRANSPORTATION 2 SHALE PROJECT 
FUELS FEASIBILITY STUDIES - 

PILOT RETORT TESTS 
BRAZIL	 SYNCRUDE RETORT DEMO OPERATING 

CANADA	 SYNCRUDE 2 LARGE TAR SAND 
PLANTS OPERATING 

JAPAN	 SYNCRUDE RETORT PILOT TESTS 
MOROCCO	 SYNCRUDE RETORT DEMO BUILDING 
U.S.S.R.	 UTILITY FUEL COMMERCIAL SCALE 

RETORTS 

• Integration of many unit operations 

• Highly capital intensive 

• Less-than-mature technologies, resulting in 
poor on stream time. 

Operating costs vary for each project, but synfuels 
plant costs still range higher than their natural fuels 
processing counterparts. The greatest financial hurdle 
is the initial plant cost. 

Figure 4 shows typical capital investments for new 
petroleum exploraton and production, enhanced oil re-
covery for existing fields, and synfuels projects. Based 
on high incremental production costs and today's large 
crude oil production capacity, the author suggests that 
large-scale synfuel programs are not likely to develop 
for 10 or more years. Research and development 
programs should be continued for this interim period. 
Countries whose governments are providing financial 
support, such as Australia and Japan, will be in better 
shape for alternate energy sources when the next 
energy crisis develops. 
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the paper giving an overview of New Zealand's oil 
substitution program. 

WOODS GORDON REPORT OUTLINES BENEFITS TO 
CANADA OF INCREASED PETROLEUM INVESTMENT 

The Independent Petroleum Association of Canada 
(IPAC) has submitted a report to the government of 
Canada calling for changes in oil and gas policy. 

The submission calls for pricing based on international 
market factors, taxation on profits rather than gross 
revenues, the replacement of front end grants with a 
system where taxation and royalty policies encourage 
investment based on fundamental economic factors, a 
continuation of incentives to encourage the develop-
ment of small energy companies, and tax incentives 
encouraging Canadians to participate in the ownership 
of Canadian oil and gas companies. 

The IPAC submission was accompanied by an indepen-
dent study by Woods Gordon, a management consulting 
firm, which assesses the benefits to Canadians of 
increased oil and gas investment. 

IPAC stated that the study by Woods Gordon adds to 
the growing list of independent analyses, including 
reports by the Economic Council of Canada and Chase 
Econometrics, which have concluded that the oil and 
gas industry has the potential to be a substantial engine 
of job creation and economic growth, given funda-
mental restructuring of the National Energy Program. 

The Woods Gordon study, entitled "The Petroleum Sec-
tor, Energy Policy and the Economy," January 1985, 
included the following statments: 

• The oil potential of the western Canada sedi-
mentary basin remains very large, with esti-
mated recoverable conventional crude oil re-
sources of 8 billion barrels. 

• Analyses performed with the Statistics Canada 
interprovincial input-output model suggest that 
each additional $1 billion of oil and gas invest-
ment generates $1.4 billion in GNP. The econo-
mic effects are stronger for oil and gas than is 
typical for most other sectors because of the 
high Canadian goods content. 

• The increased production of Canadian oil sup-
ports Canada's current account balance of trade 
by reducing oil imports (or even making surplus 
oil available for export). 

• On a per dollar value of production basis, oil 
and gas production generates one of the largest 
contributions to federal and provincial revenues 
of any industry in Canada. 

NEW ZEALAND CONTINUES TO PURSUE 
SYNFUELS PROGRAMS 

A paper entitled "Synthetic and Alternative Fuels Pro-
duction in New Zealand" was given at the April 1985 
EPRI Conference on Coal Gasification and Synthetic 
Fuels for Power Generation in San Francisco, Califor-
nia. B. V. Walker from the Liquid Fuels Trust Board 
(LFTB), New Zealand Department of Energy, presented

In response to the oil shocks of 1973 and 1978/1979, the 
New Zealand government examined synthetic fuels and 
alternative energy sources. One step the government 
took was formation of the LFTB. The LFTB was 
created to examine oil substitution options and was 
given special funding and executive powers. In parallel, 
the New Zealand Energy Research and Development 
Committee (NZERDC) focused on compressed natural 
gas (CNG) use from the large Maui gas/condensate field 
discovered in 1973. 

Figure 1 shows the LETS's forecasted supply and de-
mand for transport fuels. Implementation of three 
major recommendations was considered a key step in 
meeting the forecasted demand. The three recommen-
dations were: 

• Implement CNG and LPG use as motor fuel 
sources. 

• Establish a processing plant for synthetic gaso-
line using the Mobil methanol-to-gasoline 
(MTG) process. 

• Construct a hydrocracker at the petroleum re-
finery at Whangarei to produce fuels other than 
gasoline.

FIGURE I 
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The paper details further the CNG program and the 
MTG program. The CNG program was based on con-
verting 10 percent of the total auto fleet to CNG use 
by 2000. The project has been so successful that the 
government announced financial support for the 
industry will stop December 31, 1987. 
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FIGURE 2 
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The second program is the synthetic gasoline project, 
using the Mobil MTG technology (see Figure 2). The 
process uses ZSM-5 zeolite catalyst that dehydrates 
methanol and restructures the molecules to form a fuel 
indistinguishable from gasoline produced from tradi-
tional refinery sources. Mechanical completion of the 
plant is scheduled for the third quarter of 1985. Once 
operations commence, the plant will employ a perma-
nent workforce of 300 people. 

The last part of Walker's presentation covered other 
alternative fuel sources in New Zealand, such as lignite, 
peat, agricultural biomass, and methanol. Despite the 
achievements in developing other energy sources, the 
New Zealand government plans to continue their inves-
tigation of other options.
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ENVIRONMENT 

SF0 FINDS ENVIRONMENTAL FACTORS NOT 
LIMITING SYNTHETIC FUELS 

As described in the Government portion of the General 
section in this issue, the United States Synthetic Fuels 
Corporation (SFC) is preparing a report entitled "Com-
prehensive Strategy Report." The report, to be submit-
ted to Congress in late June, outlines the SFC's views 
on the synthetic fuels industry in the United States. 
One of the appendices to the report has been released 
to the public in draft form. The appendix summarizes 
the SF C's environmental review process, their conclu-
sions drawn from proposal reviews and project exper-
ience, their views on environmental monitoring, and 
their environmental requirments for financial assist-
ance. 

SFC's Environmental Review Process 

To help determine whether projects are "environmen-
tally acceptable," the SFC's solicitation process 
requires that all applicants address the permitting re-
quirements, socioeconomic impacts, and water supply 
needs of their projects as part of their project pro-
posals. 

In regard to permitting, each applicant must submit a 
list of all environmental permits and approvals required 
for project construction and operations and a schedule 
for their acquisition. Each project's ability to obtain 
these permits and approvals on a timetable consistent 
with the overall project schedule is then determined 
through consultations with appropriate federal, state, 
and local permitting officials. The SF0 does not 
become a participant in the permitting process, but 
rather closely tracks each project's permit acquisition 
progress. 

However, the timng of permit issuances often does not 
coincide with the SFC's internal schedules for project 
review and financial assistance negotiations. There-
fore, the SF0 does not require that a project obtain all 
of its environmental permits prior to the execution of a 
financial assistance agreement 

Concerning socioeconomic impacts, the SF0 requires 
that applicants (1) evaluate the availability of a labor 
force in the project area; (2) identify anticipated pro-
ject-related impacts on major public services; (3) con-
suit with appropriate local officials; and (4) show that 
effective impact mitigation measures have or will be 
taken. In performing its evaluation of each project, the 
SFC maintains direct contact with appropriate local 
officials regarding their views on the socioeconomic 
impacts anticipated from the project. 

In the case of water supply, the SFC's solicitations have 
required each applicant for financial assistance to de-
monstrate that it has, or can obtain, adequate water for 
the continuous operation of the project. The SF0 
consults with cognizant state and local officials regard-
ing the water rights system applicable to the project's 
water withdrawals.

Conclusions from Proposal Reviews 
and Project Experience 

Because a commercial synthetic fuels industry has yet 
to be established, permit officials have limited exper-
ience in assessing the environmental aspects of synthe-
tic fuels processes. Therefore, permit officials must 
establish the project's permit conditions using their 
"best engineering judgment." To verify the assumptions 
made in such judgments, these officials usually require 
extensive environmental monitoring of actual on-line 
operations to establish a data base on the project's 
overall discharge levels. Based on the SFC's review to 
date, the existing permitting system has been able to 
accommodate synthetic fuels development, with the 
condition that projects' environmental performance be 
closely monitored and reported. These monitoring data 
will be used to verify the environmental performance of 
plants and modify their permit conditions, if warranted. 
Such information can also provide an industrywide data 
base. 

The SF0 points out that the presence and magnitude of 
socioeconomic impacts are primarily influenced by two 
related factors: the location of the project site (i.e., 
rural versus urban) and the size of the population 
relocating to the site area. The SF0 has found that 
energy projects located in rural areas generally cause 
more significant impacts than those of similar size in 
urban areas. The SF0 concludes that synthetic fuels 
development will not cause impacts as severe as pre-
viously anticipated because (1) the industry will develop 
at a less rapid pace and at an initially smaller scale, (2) 
the relocating population is smaller than once thought, 
and (3) cooperation between project developers and 
Impacted communities has been demonstrated to miti-
gate impacts. 

The availability of an adequate water supply has been a 
major concern in the development of a synthetic fuels 
industry. A review of the relevant literature and SFC's 
evaluation of project proposals to date leads to the 
SFC's general conclusion that adequate supplies of 
water appear to be available to support a substantial 
synthetic fuels industry in the United States. The broad 
conclusion that sufficient water is available for a large 
synthetic fuels industry nationwide is not without the 
following qualifications: (1) some sponsors of projects in 
the West may have difficulty acquiring sufficient 
water; (2) interstate compacts may restrict the water 
available for synthetic fuels in western states, particu-
larly in the Upper Colorado Basin, because they limit 
the total amount of water a state is allowed to allocate 
to users within its borders; (3) pending or potential 
federal reserved rights claims could reduce future 
water availability for many water rights holders, pri-
marily because Indian tribes have made claims for large 
quantities of water with very senior priority dates and 
because federal agencies can impose "minimum 
instream flow" requirements to protect the critical 
habitat of endangered species; and (4) site-specific 
problems can occur even where water supplies are 
adequate for synthetic fuels development on a regional 
basis. Consequently the SF0 expects to require spon-
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Range of Average of 
Net Water Requirements Net Water Requirements 

Number	 Barrels Acre-Ft/Yr Barrels	 Acre-Ft/Yr 
of	 Water for 59,990 Water	 for 50,000 

Process Plants	 Per BOB BOEO Plant Per DOE	 BOED Plant 

Surface Goal 
Gasification 

MDC' • 6	 2.0-9.0 3,900-14,900 5.1	 9,800 
5MG 1	 9.0 19,150 9.0	 19,150 
Methanol I	 14.0 29,000 14.0	 29,000 
Gasoline 3	 17.5-23.4 31,000-49,600 19.6	 42,500 

In Situ Coal 
Gasification 

NBC 1	 0.2 400 0.2	 400 

Source: SF0 Project Pile Data 
'Includes only plant that converts MDC (syngas) to ammonia. The estimated 
water consumed in NH3 synthesis is not included. 

TABLE I 

COAL-BASED PLANTS
ESTIMATES 01' WATER REQUIREMENTS FOR GRASS-ROOTS PLANTS' 

TABLE 2 

OIL SHALE-BASED PLANTS
ESTIMATES OF WATER REQUIREMENTS FOR GRASS-ROOTS PLANTS' 

Range of	 Average of 
Net Water Requirements 	 Net Water Requirements 

Number	 Barrels	 Acre-Ft/Yr	 Barrel.,	 Acre-Pt/Yr 
of	 Water	 for 50,000	 Water	 for 50,000 

Process	 Plants	 Per DOE	 BOED Plant	 Per DOE	 BOEO Plant

sors to monitor developments that could affect project 
water availability in the future, and to propose "back-
up" sources of water and to implement these plans, if 
necessary. 

Water requirements for a synthetic fuel plant is deter-
mined by the type of synthetic fuel resource, the 
technology to be used, the products to be produced, and 
the size of the plant. Data from the SEC's project files 
suggest that coal-to-synfuels projects require more 
water than shale-to-synfuels projects. Tables  through 
3 present ranges and averages of water consumption 
estimates taken from a number of relatively detailed 
designs of synthetic fuels process plants proposed to the 
SEC for coal, oil shale, and tar sands/heavy oil re-
sources, respectively. These tables include data only 
for grass roots plants as opposed to retrofit facilities.

TABLE 3 

TAR SANDS/HEAVY OIL-BASED PLANTS 
ESTIMATES OF WATER REQUIREMENTS FOR GRASS-ROOTS PLANTS' 

Range of Average of 
Net Water Requirements Net Water Requirements 

Number	 Barrels Acre-Ft/Yr Barrels	 Acre-Pt/Yr 
of	 Water for 50,000 Water	 for 50,000 

Process	 Plants	 Per DOE BOEO Plant Per BOE	 BOEO Plant 

Mining-Extrao-	 2	 2.3-3.9 4,770-8,370 3.6	 6,570 
tion 

In Situ	 4	 1.4-10.4 3,270-24,500 3.9	 9,130 

'Sources SF0 Project File Data 

Environmental Monitoring 

The Energy Security Act of 1980 (ESA) requires the 
development of an Environmental Monitoring Plan 
(EMP) for all projects negotiating financial assistance 
agreements with the SFC. Therefore, the SEC has 
established Environmental Monitoring Plan Guidelines 
that provide a monitoring approach designed to gener-
ate information for the identification and characteriza-
tion of areas of health and environmental concern. (See 
page 1-66 of the September 1983 issue and page 1-42 of 
the March 1984 issue of the Pace Synthetic Fuels 
Report.) The Guidelines require a two-step approach in 
developing EMPs: 

• First, each project sponsor must submit an EMP 
Outline of its proposed monitoring tasks. After 
the Outline is found to be acceptable by the 
SEC, it is incorporated into the agreement for 
financial assistance, 

• Second, after an agreement has been signed, 
each project sponsor must submit a detailed 
EMP based on the terms of its Outline. 

Environmental monitoring under the Guidelines includes 
"compliance" monitoring (monitoring required by a pro-
ject's various federal, state, and local environmental 
permits and other approvals) and "supplemental" moni-
toring that must be performed to fill in the information 
"gaps." Taken together, these requirements generally 
result in monitoring during all stages of the projects: 
before construction (baseline), during construction and 
operations, and during the post-operational period. The 
Guidelines also require the establishment of a Monitor-
ing Review Committee (MRC) for each project, consist-
ing of representatives of the project sponsor, the con-
sulting agencies, and chaired by the SEC. 

Western Oil Shale 

Surface Retorting	 4
- 

0.9-3.1	 1,980-6,490	 2.00 4,340 The SEC believes that monitoring of synthetic fuels 
Surface Retorting	 1 2.60	 5,690	 1.10 5,690 facilities will be the primary, unified source of infor-

with MIS 
True in situ	 1 0.65	 1,520	 0.15 1,520 mation regarding the substances released to the envir- 

onment from the operation of synfuels plants as well as 
Hasten. Oil Shale the levels of worker exposure to such substances. 	 The 
Surface Retorting	 2 1.4-13.0	 1,200-21,480	 8.20 17,350 monitoring information that is collected can contribute 

to further work directed toward (1) determining the 
source: SEC Project File Data concentrations of substances of concern; (2) setting new 

environmental standards, if necessary; and (3) develop-
ing control techniques.
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Financial Assistance Agreement Requirements
	 further sub-divided into six separate chapters as 

follows: 
All financial assistance agreements for projects will 
contain many environmental provisions, primarily relat-
ing to compliance with legal requirements and environ-
mental monitoring. in appropriate cases, agreements 
will also provide for socioeconomic monitoring and 
mitigation and water use and availability monitoring. 

CANCER GUIDELINES RELEASED BY 
PRESIDENTIAL OFFICE 

On March 8, 1985 the Office of Science of Technology, 
Executive Office of the President Issued a report 
entitled "Chemical Carcinogens; A Review of the 
Science and Its Associated Principles." The report was 
published in the March 14 Federal Relster on pages 
10371 through 10442.. The report is to be used as a 
framework for regulatory agencies in assessing cancer 
risks from chemicals. The document does not attempt 
to formulate policy or develop standardized methods of 
risk assessment. Rather, it tries to define principles, 
based on current scientific information, to serve as 
guidelines when considering carcinogens. 

Although the release of the report went relatively 
unnoticed, it could significantly affect the synthetic 
fuels industry, as well as many other industries that 
produce or consume chemicals. 

The document is the result of the combined efforts of 
senior scientists from the following federal health-
related units, under the direction of the Office of 
Science and Technology Policy (OSTP): 

• Center for Food Safety and Applied Nutrition 
(CFSAN) (formerly Bureau of Foods), Food and 
Drug Administration (FDA) 

• Consumer Product Safety Commission (CPSC) 

• Environmental Protection Agency (EPA) 

• Office of the Commission (OC), FDA 

• Food Safety and inspection Service (FSIS) of the 
United States Department of Agriculture 
(USDA) 

• National Cancer Institute (NC!), National Insti-
tutes of Health (NIH) 

• National Center for Toxicological Research 
(NCTR), FDA 

• National Institute of Environmental Health 
Sciences (NIEHS), NIH 

• National Toxicology Program (NTP) 

• Occupational Safety and Health Administration 
(OSHA). 

The document is a semi-technical review composed of 
two parts. Part I presents a set of 31 general principles 
that may be used by regulatory agencies to review their 
own specific guidelines. Part II addresses the current 
state-of-the-science concerning carcinogenesis and 
cancer risk assessment. Part!! of this document is

• Chapter 1 highlights some of the recent ad-
vances in the understanding of the mechanisms 
of carcinogenesis and also identifies some of 
the vast amount of information that remains to 
be collected and analyzed. 

• Chapter 2 examines short-term testing and the 
relationship between genetic toxicity and car-
cinogenicity. 

• Chapter 3 contains an evaluation of long-term 
animal tests, and potential limitations and pit-
falls of such data. 

• Chapter 4 examines the current state of epi-
demiological knowledge relating to human can-
cer. 

• Chapter 5 points out the significant progress in 
the areas of monitoring data, computer model-
ing, transformation and transport of chemicals, 
and laboratory approaches to determining the 
behavior of chemicals In the environment. 

• Chapter 6 discusses dose-response assessment 
and gives a comprehensive framework for inte-
grating this Into the qualitative and quantita-
tive risk assessment processes. 

The 31 principles in the report give credibility (and 
point out certain shortcomings) of short-term testing, 
long-term animal testing, epidemiological surveys, and 
exposure assessment. it is likely that many years may 
be required to assess the effects, if any, that the OSTP 
report will have on the synthetic fuels industry. 
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RESOURCE 

PUBLIC HEARINGS PLANNED TO DISCUSS PRO-
POSED BLM/FOREST SERVICE LAND SWAP 

As described on page 1-46 of the March 1985 Pace 
Synthetic Fuels Report the Department of the Interior's 
Bureau of Land Management (atM) and the Department 
of Agriculture's Forest Service have proposed to inter-
change management responsibilities for 30 to 35 million 
acres of federally-owned land. Most of the interchange 
will affect eleven Western states (Figure 1), although 
some realignment will also occur in the Midwest and 
East.

FIGURE 1 

BLM/FS INTERCHANGE MAP

with organizations and interest groups since the pro-
posal was announced. Industry is reportedly worried 
about how the administration of logging, drilling, min-
ing, outfitting, and grazing permits will be affected. 

In Oregon, local organizations oppose the land swap be-
cause it likely would cut local government timber 
revenues in counties where the BLM would transfer 
control to the Forest Service. In Wyoming, residents in 
the northern part of the state object to the proposed 
transfer of the Big Horn National Forest to the BLM. 
In Colorado, dissension centers around the line drawn 
down the Western Slope which would split Grand Mesa 
National Forest and would also split the McPhee Reser-
voir in southwest Colorado. 
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BLM and the Forest Service have announced that public 
hearings will be held in 25 cities during June 19-28 to 
discuss both the implementation guides and the legisla-
tive concepts of the proposal. The legislative concepts 
that are being developed to describe the broad policy 
issues that must be incorporated in the legislation for 
consideration by Congress and the field implementation 
guides will be available to the public on June 7. 

The interchange proposal, announced January 30, is 
intended to enhance public service, improve administra-
tive efficiency, and save money by consolidating man-
agement of blocks of lands between the two agencies. 
The two agencies have held more than 500 consultations
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RECENT GENERAL PUBLICATIONS/PATENTS 

The following papers were presented at the American Institute of Chemical Engineers held in Houston, Texas on 
March 24, 1985: 

Dibella, C.A.W., "SEC Experience Base and Perspective." 
McReynolds, K.B., "Membrane Separation of Air." 
Tracy, W.J., "Moderate Pressure Hydrocracking of Heavy Vacuum Gas Oils." 
Deckwer, W.D., et at, "Slurry Phase Fischer-Tropsch Synthesis on Potassium Promoted Iron Catalyst." 

Nobile, A., at at, "Synthesis of Hydrocarbons from Hydrogen/Carbon Monoxide Mixtures over an FeTi1,1 
Catalyst." 
Chen, T.Y., et at, "Kinetic Study Using an Iron Fischer-Tropseh Catalyst.". 
Halpern, L.B., et al, "Lead Phasedown and Its Impact on Aromatics and Other Chemicals." 

Holt, N.A., at al, "The Cool Water Project—Preliminary Operating Results." 

Logwinuk, A.K., at at, "The ART Process." 

Nelson, S.R., at at, "ROSE: The Energy Efficient Bottom-of-the-Barrel Alternative." 
Derr, W.R., "Automotive Diesel Fuel from Fischer-Tropsch Liquids." 
Lumpkin, R.E., "Status of the Mckittrick Diatomite Project." 

Fisackerly, R.H., et at, "Dow Syngas Project Status." 

Moose, .3., "Oil Market Outlook." 
Killen, P.J., "Worldwide Refining in the Late 1980s." 
Daman, L.J., "The United States LPG Outlook." 
MoCutcheon, J.N., "United States Refined Products Outlook." 

The following papers were presented at the American Petroleum Institute 50th Midyear Refining Meeting held in 
Kansas City, Missouri on May 13, 1985: 

Brink, Andries, "New Developments in the Field of Fischer-Tropsch Synthesis." 
Guticowski, Gary P., "NASA's Polygeneration Plant to Supply Space Shuttle Complex." 

Yui, Sok, at at, "Kinetics of Aromatics Hydrogenation and Prediction of Centane Number of Synthetic 
Distillates." 

The following papers were presented at the 8th Annual Energy Sources Technology, Dallas, Texas, February 1985: 

Bivens, W.M., "Cost Estimates for a Commercial Scale Synfuel Project." 
Hoffman, E.J., "Effect of Tax Incentives on Return on Investment for Synfuel Technologies." 
Othmer, D.F., "Methanol—The Making of an Economical Auto Fuel, Straight, or Blended." 
Zitzow, U., "The Future of Methanol as a Motor Fuel." 

Bergman, Elihu, "The World Oil Outlook: Previewing the 1990s," Americans for Energy Independence, March 1985. 

Behling, David .3., Jr., at at, "1983 Capital Investments of the World Petroleum Industry," Chase, April 1985. 

Bahl, Douglas R., at al, "Energy Security in the 1980s: Economic and Political Perspectives," The Brookings 
Institution. 

Bowden, T.T., at al, "The Effect of Fuel Composition Upon Combustion Performance in a Rolls Royce Tyne 
Combustor," Shell Research Limited, March 1985. 

Brinkman, Norman D., et al, "A Comparison of Methanol and Disassociated Methanol Illustrating Effects of Fuel 
Properties on Engine Efficiency—Experiments and Thermodynamic Analyses," General Motors Research Laborator-
ies.
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Butler, Stuart M., et at, 'Mandate for Leadership IL," The Heritage Foundation. 

California Energy Commission: 
Fifth Biennial Report, "The 1985 California Energy Plan." 
"Affordable Electricity in an Uncertain World." 

Cambridge Energy Research Associates, at al, "The Future of Oil Prices: The Perils of Prophecy." 

Cantwell, Edward N., "Blending Gasoline-Alcohol Fuels Under the DuPont Waiver," Cantwell Consulting Associates, 
March 1985. 

Chandler, William U., "Energy Productivity: Key to Environmental Protection and Economic Progress," Worldwateh 
Paper 63, January 1985. 

Davis, F.G., "Effect of Alternate Fuels on the Performance of the Garrett T76 Turboprop," Garrett Turbine Engine 
Company. 

The following papers were presented at the 12th Energy Technology Conference held in Washington, D.C., on 
March 25, 1985: 

Montgomery, W.D., "Energy Outlook for the 1980s." 
Streffes, D., "Conservation and the Energy Demand Outlook." 
Finger, W.R., "Energy Outlook." 
Stretch, C.C., "Tax Legislative Proposals Affecting Energy Developments." 
Imbrecht, C., "California Perspective on Energy Developments." 
Bowden, J.R., "Commercial Status of the Synfuels Industry Outside the United States." 

The following papers were presented at the 1985 EPRI meeting held in San Francisco, California on April 14, 1985: 

Papay, L., "Alternate Energy's Role in Generating Electric Power." 
Walker, B.V., et at, "Synthetic and Alternate Fuels Production in New Zealand." 
Roberts, G., et at, "The LPMEOH Process—An Efficient Route to Methanol from Coal." 
Gierlick, H.H., et at, "Successful Scale-Up of the Fluid Bed MTG-Process to 100 BPD Demonstration 
Plant." 

Klier, K., et al, "Catalytic Combustion of Coal and Synthetic Fuels," October 1984, Lehigh University. 

Maynard, Donald G., "Prospective Growth of Alcohol/Gasoline Blends Cosolvent Properties and Economics," 
Celanese Chemical Company. 

Miller, John R., "The State of Energy—A Longer-Term Perspective," 1985 Energy Technology Converence, March 
1985. 

Mints, M.J., at al, "Mixed Alcohols from Synthesis Gas," Dow Chemical U.S.A., March 1985. 

Norton, Richard V., "Alcohol Gasoline Blends: Volatility-Evaporative Emissions-Regulations," Borden, Inc. 

Perhac, R.M., "Acidic Deposition Research," Environmental Assessment Department, April 1985. 

Schuler, G. Henry M., "Western Alliance Energy Security: 1984 Assessment," Georgetown University. 

The following papers were presented at the Synfuels 1985 Conference held in Hilton Head, South Carolina: 

Mendelssohn, Alan, "How Will Utilities Meet the Challenge?" 
Yeager, Kurt E., et al, "Survey of the Technologies." 
Estes, Charles, "Political Overview." 
Anderson, Ewan, "Reassessing the Security of Persian Gulf Oil." 
Spencer, Dwain, "The Essential Federal Role." 
Browden, Jimmie R., "International Developments." 

Van Tassel, Brad, "United States Refining Industry and Fuel Alcohol," The Pace Consultants, March 1985. 
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United States General Accounting Office, "Federal and State Methanol Fuel Projects, Coordination, and State Tax 
Incentives," May 1985. 

United States Postal Service, 'Alcohol as an Alternative Fuel for United States Postal Service Delivery Vehicles." 

Walker, B.V., "Synthetic and Alternative Fuels Production in New Zealand," Ministry of Energy, April 1985. 

The following papers were presented at the 1985 Western Synfuels Symposium held in Grand Junction, Colorado on 
April 24, 1985: 

Frantz, H.J., "Environmental Aspects of Synthetic Fuels Development." 

unset, E.J., at al, "Numerical Rating Systems for Environmental Impact Analysis and Land Use 
Management." 
Leutwiler, N.R., "The Mancamp Issue: Toward a Good Neighbor Policy for Major Energy/Minerals 
Development Projects." 

Weyant, John P., et al, "The Energy Industries in Transition 1985-2000," International Association of Energy 
Economists, November 1984. 

GENERAL - PATENTS 

"Method of Operating A Blast Furnace to Extract Carbonaceous Oil and Gas from Bituminous Materials," H. Bruce 
Claflin - Inventor, United States Patent 4,495,054, January 22, 1985. A blast furnace is employed to process a 
natural material selected from the group consisting of oil shale, oil sandstone, asphalt rock or mixtures thereof. A 
first carbonaceous material selected from the group consisting of oil shale, oil sandstone, asphalt rock or mixtures 
thereof and a second carbonaceous material are charged to the top of a blast furnace and the carbonaceous char 
material remaining when the burden reaches the lower portion of the blast furnace in front of the primary tuyeres is 
burned to provide a hot, upwardly-moving gas stream containing carbon monoxide and hydrogen to vaporize 
recoverable hydrocarbons contained in the carbonaceous material as the carbonaceous material moves downwardly 
through the blast furnace. A gas containing hydrocarbons, carbon monoxide, hydrogen, and vaporized carbonaceous 
oil and tar is withdrawn from near the top of the blast furnace and a molten slag is withdrawn from near the bottom 
of the blast furnace. The off gas can be condensed to provide liquid oils and a gas having a desirable BTU content. 
Provision is also diseased for the removal of alkali metals from the process. 

ethod of In Situ Hydrogenation of Carbonaceous Material," Armand A. Gregoli - Inventor, Cities Service 
Company, United States Patent 4,501,445, February 26, 1985. A process for the recovery of carbonaceous materials 
from an underground formation, comprising: (a) fracturing a portion of an underground formation, comprising 
carbonaceous material selected from the group consisting of coal, oil shale, tar sands, and havy crudes, (b) 
contacting the carbonaceous material in situ in the fractured formation with (1) a preheated liquid solvent, wherein 
at least a portion of the liquid is a hydrocarbon-containing liquid having a boiling range of from about 300° to about 
1,200°F, and further wherein at least a portion of the liquid is a hydrocarbonaceous liquid having the property of 
donating and accepting hydrogen, and having a boiling range of from about 650° to about 975°F, and (2) a preheated 
gas comprising at least 50 volume percent hydrogen, and wherein the pressure in the fractured formation is 
maintained at from about 200 psi to about 2,000 psi, and the temperature is maintained at from about 500 0 to about 
900°F, to produce a product mixture of at least a partially hydrogenate carbonaceous material and dissolved 
carbonaceous material, and (c) removing said product mixture from said formation. 

"Apparatus for the Selective Retorting of Carbonaceous Materials," Delbert IL Thomas - Inventor, United States 
Patent 4,501,644, February 26, 1985. A staged retort is provided for the retorting of certain types of carbonaceous 
materials such as oil shale, coal or lignite, wherein the staged retort includes a number of separate retort chambers 
arranged in a modular configuration, with one retort chamber above the other, and mounted transversely within the 
staged retort. Each retort chamber is heated to a different temperature, and carbonaceous material is moved from 
a given retort chamber to a retort chamber having a higher temperature, whereby heavier fractions of liquid and/or 
gaseous hydrocarbons are formed as the carbonaceous materials undergo pyrolysis. Arrangements such as pressure 
regulating valves are provided to reduce mixing of the various fractions between the individual retort chambers to 
nearly zero, and conduits are provided to separately withdraw the hydrocarbon gases and/or liquids from each retort 
chamber. The carbonaceous material leaving the last retort where the final pyrolysis reactions occur, is routed to a 
combustion compartment wherein it is burned to produce heat used to heat the retort chambers. The staged retort 
also includes arrangments for heating a predetermined portion of the gases formed in the retort chambers, to mix 
the heated portion with a predetermined unheated portion to arrive at a controlled temperature, and then to inject 
this controlled temperature gas and/or any other substances into the retort chamber interiors to control the 
temperatures and/or the reaction therein so that each retort chamber on be maintained at the proper temperature 
and conditions chosen for pyrolysis therein.
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"Method of Extracting Hydrocarbons from Oil-Containing Rock or Sand Through Hydrogenating Low Temperature 
Carbonization," Gerd Brunner, Rainer Hoffmann, and Konrad Kunstie (all of West Germany) - Inventors, Kraftwerk 
Union AG, United States Patent 4,505,808, March 19, 1985. Method of extracting liquid hydrocarbons from oil-
containing stone or sand, wherein the oil-containing stone or sand undergoes hydrogenating, low temperature 
carbonization in a reactor at temperatures of 4500 to 520°C and a pressure of approximately 50 bar through the 
action of carbon monoxide, hydrogen and steam, and wherein the hydrocarbons are separated from the resulting 
gaseous, low temperature carbonization mixture. The low temperature carbonization mixture from the reactor is 
cooled in a first separation stage to a temperature of approximately 350°C to condense the less volatile 
hydrocarbons. The separated liquid phase is fed to a solids separator and placed in contact with a circulating gas of 
carbon dioxide and a C6/C7 hydrocarbon fraction. The low temperature carbonization mixture containing 
uncondensed gases and more volatile hydrocarbons are washed in a second separation stage with water and cooled to 
approximately 250°C gas containing hydrogen separated from the volatile hydrocarbons is fed at least partly to the 
reactor again. Carbon monoxide is obtained from the solids through the action of carbon dioxide, contained in hot, 
combustion gases; This carbon monoxide together with carbon dioxide of the combustion gases is fed to the reactor. 

"Coking Contaminated Oil Shale or Tar Sand Oil on Retorted Solid Fines," Robert J. Klett, Byron G. Spars, and 
Henrick P. Wellman - Inventors, "Chevron Research Company, United States Patent 4,507,195, March 26, 1985. An 
improved process for retorting a raw particulate hydrocarbonaceous solid comprising both coarse and fine particles 
to recover pyrolysis oil of a lower average molecular weight and containing reduce contamination, said 
hydrocarbonaceous solid being selected from the group consisting of oil shale and tar sand. The process comprising: 
(a) mixing, at the top of a vertical retorting vessel designed to control gross vertical backmixing, the raw 
particulate hydrocarbonaceous solid with a hot particulate heat-transfer material comprising combusted, pyrolyzed 
hydrocarbonaceous solids to raise the raw hydrocarbonaceous solid to a temperature sufficient to pyrolyze the 
hydrocarbons therein; (b) passing the mixture of step (a) downward through a pyrolysis stage while retaining it in the 
stage for a time sufficient to decompose a significant amount of the raw hydrocarbonaceous solid to yield 
hydrocarbon vapors, and whereby fine particles comprising primarily at least partially pyrolyzed hydrocarbonaceous 
solids are also formed; (c) passing a stripping gas through a mixture in the pyrolysis stage at a rate sufficient to 
significantly lower the dew point of the evolved hydrocarbon vapors and to entrain the fine particles in the pyrolysis 
zone; (d) recovering from the top of the pyrolysis stage a mixture of contaminated hydrocarbon vapors, stripping 
gas, and entrained fine particles; (3) withdrawing, from the bottom of the pyrolysis stage, a mixture of retorted 
particulate hydrocarbonaceous solids and the heat-transfer material; (f) separating at least some of the fine 
particles from the contaminated hydrocarbon vapors and stripping gas and introducing said fine particles into a 
coking stage, separate from the pyrolysis stage, comprising a fluidized bed; (g) condensing from the contaminated 
hydrocarbon vapors at a temperature between 5500 and 680°F a high-boiling fraction containing concentrated 
contaminants, said high-boiling fraction comprising at least 90 percent hydrocarbons having a boiling point above 
850°F; (h) contacting the contaminated high-boiling fraction with the fine particles contained in the coking stage, 
which fine particles consist essentially of the fine particles formed in step (b) and separated in step (f), at a 
temperature between about 850 0 and 975°F, whereby the high-boiling fraction is thermally cracked in contact with 
the fine particles to produce oil vapors and the contaminants are deposited along with coke on the fine particles; (i) 
withdrawing the product oil vapors having a lower average molecular weight and having substantially reduced 
contamination compared to the high-boiling fraction from the coking stage; (i) withdrawing coked fine particles 
from the coking stage; (k) combusting the coked fine particles of step (j) and the mixture of solids of step (e) in a 
combustion stage to form a hot particulate heat-transfer material; and (1) recirculating at least a portion of the 
material of step (k) to step (a). 

"Hydrogenation Process for Solid Carbonaceous Feed Materials Using Thermal Countercurrent Flow Reaction Zone," 
Edwin S. Johanson and Paul D. Schuler - Inventors, Hal Inc., United States Patent 4,510,037, April 9, 1985. Thermal 
hydrogenation of solids-containing carbonaceous feed materials to produce hydrocarbon gaseous and liquid products 
is performed in a thermal reaction zone, in which the feed material flows generally downwardly countercurrent to 
upflowing hydrogen and recycled hydrocarbon liquid. The recycled hydrocarbon liquid is at a rate sufficient to 
control the settling of solids-containing feed through the reactor, and is obtained from the reaction zone upper end 
by phase separation from gaseous effluent at reaction conditions. The gaseous effluent material is removed from 
the thermal reaction zone upper end, and heavy liquid material containing less than about 40 weight percent solids is 
withdrawn from the reaction zone bottom end, with both streams being passed to further phase separation and 
distillation steps for recovery of the hydrocarbon gas and liquid products. The process is useful for hydroconversion 
of solids-containing tar sand bitumen, shale oil and particularly for coal, with the coal being fed into the thermal 
reaction zone as a coal-oil slurry. If desired, the heavy liquid bottoms stream withdrawn from the lower end of the 
thermal reaction zone containing unconverted coal and ash solids can be advantageously passed to a second reaction 
zone containing an ebullated catalyst bed for further hydrogenation reaction to increase the conversion and yield of 
low-boiling hydrocarbon liquid products. 

"Fluid Bed Retorting System," lacovos Vasalos - Inventor, Standard Oil Company (Indiana), United States Patent 
4,511,434, April 16, 1985. A fluid bed system for retorting solid hydrocarbon-containing material, such as oil shale, 
coal, and tar sands, in which solid hydrocarbon-containing material and heat carrier material are fed into a mixing 
chamber, mixed and rapidly transported upwardly by a lift gas through a lift pipe into a solids-containing vessel to 
retort the hydrocarbon-containing material with minimal thermal cracking of the liberated hydrocarbons to increase 
the recovery of condensable hydrocarbons. The retorted material can be conveyed to a dilute phase lift pipe and 
combustor vessel where carbon residue in the retorted material is combusted, leaving hot spent material that can be 
fed into the mixing chamber as solid heat carrier material. 
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COMING EVENTS 

1985 

JUNE 2-5, EDMONTON, ALBERTA—The Petroleum Society of CIM, 36th Annual Technical Meeting. 

JUNE 2-5, KINGSTON, ONTARIO—The Chemical Institute of Canada, The 68th Canadian Chemical Conference. 

JUNE 3-5, BONN, FEDERAL REPUBLIC OF GERMANY—Seventh Annual IAEE Conference, Energy and Economy 
Global Interdependences. 

JUNE 4-6, MORGANTOWN, WEST VIRGINIA—DOE Energy Technology Center, First Oil Shale/Tar Sands Contrac-
tors' Review Meeting. 

JUNE 6-7, EDMONTON, ALBERTA—AOSTRA and Canadian Petroleum Magazine, Advances in Petroleum Recovery 
and Upgrading Technology. 

JUNE 9-15, FRANKFURT, GERMANY—Deutsche Gesellschaft fur Chemisches Apparatewesen, International 
Meeting on Chemical Engineering. 

JUNE 10-12, ATLANTIC CITY, NEW JERSEY—institute of Gas Technology, Coat, Tar Sands, Peat, and Oil Shale. 

JUNE 24-26, WINDSOR, ONTARIO, CANADA—Energy, Mines and Resources Canada and United States Department 
of Energy, Windsor Workshop on Alternative Fuels. 

JUNE 25-27, MORGANTOWN, WEST VIRGINIA—DOE Energy Technology Center, First Oil Shale/Tar Sands 
Contractors' Review Meeting. 

JULY 9-11, MORGANTOWN, WEST VIRGINIA—United States Department of Energy, First Annual Tar Sand/Oil 
Shale Contractors Meeting, 

JULY 22-30, LONG BEACH, CALIPORNIA-4nformation Center on Heavy Crude and Tar Sands, Third International 
Conference on Heavy Crude and Tar Sands. 

AUGUST 4-7, DENVER, COLORADO-23rd AIChE/ASME, National Heat Transfer Conference. 

AUGUST 4-7, LARAMIE, WYOMING—Western Research Institute (University of Wyoming), Fossil Fuel Conference. 

AUGUST 11-14, DENVER, COLORADO—Western Research Institute and United States Department of Energy, 
Eleventh Annual Underground Coal Gasification Symposium. 

AUGUST 18-23, MIAMI BEACH, FLORIDA-4ntersociety Energy Conversion Engineering Conference, Energy for the 
Twenty-First Century. 

AUGUST 25-28, SEATTLE, WASHINGTON—American Institute of Chemical Engineers, 1985 Summer National 
Meeting. 

AUGUST 27-29, MELBOURNE, AUSTRALIA—University of Melbourne, Australian Institute of Energy 1985 National 
Conference. 

SEPTEMBER 1-7, BEIJING, PEOPLE'S REPUBLIC OF CHINA—Chinese Society of Aeronautics and Astronautics, 
International Gas Turbine Symposium. 

SEPTEMBER 8-13, CHICAGO, ILLINOIS—American Chemical Society, 190th National Meeting. 

SEPTEMBER 15-17, VANCOUVER, CANADA—Coal Association of Canada, 36th Canadian Coal Conference. 

SEPTEMBER 16-20, PITTSBURGH, PENNSYLVANIA—University of Pittsburgh and United States Department of 
Energy, Pittsburgh Coal Conference. 

SEPTEMBER 17-19, LONDON, UNITED KINGDOM—Institute of Chemical Engineers, 2nd European Conference: 
Coal Liquid Mixtures, 

SEPTEMBER 22-25, SAN FRANCISCO, CALIFORNIA—American Mining Congress, Mining Convention 1985. 
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OCTOBER 6-9, CALGARY, ALBERTA, CANADA—Canadian Society for Chemical Engineering, 35th Canadian 
Chemical Engineering Conference. 

OCTOBER 13-17, COLUMBUS, OHIO—International Conference on Processing and Utilization of High Sulfur Coals. 

OCTOBER 14-18, PRETORIA, SOUTH AFRICA—International Committee for Coal Research, 7th International 
Conference: Coal Research. 

OCTOBER 15-18, CALGARY, ALBERTA, CANADA—ARMA, 29th Annual ARMA Conference. 

OCTOBER 20-23, PHOENIX, ARIZONA—American Gas Association, Annual Meeting. 

OCTOBER 20-24, KNOXVILLE, TENNESSEE—Oak Ridge National Laboratory, Fourth Symposium on Separation 
Science and Technology for Energy Applications. 

OCTOBER 28-NOVEMBER 1, SYDNEY, AUSTRALIA—international Energy Agency, 1985 International Conference 
on Coal Science. 

NOVEMBER 7-8, CHICAGO, ILLINOIS—American Institute of Chemical Engineers, Clean Combustion of Coal and 
Its Conversion to Fuels and Chemicals. 

NOVEMBER 10-14, CHICAGO, ILLINOIS—AIChE's Winter Annual Meeting, Fundamentals of Coal Gasification. 

NOVEMBER 12-14, HOUSTON, TEXAS—Coal Technology 185, 8th International Coal Utilization Conference. 

NOVEMBER 15, WASHINGTON, D.C.—American Institute of Mining, Metallurgical, and Petroleum Engineers, A 
Mineral Economics Symposium. 

NOVEMBER 18-20, LEXINGTON, KENTUCKY—University of Kentucky and Commonwealth of Kentucky, 1985 
Eastern Oil Shale Symposium. 

DECEMBER 7-11, MIAMI BEACH, FLORIDA—Seventh International Conference on Alternative Energy Sources. 

DECEMBER 9-11, MIAMI BEACH, FLORIDA—Clean Energy Research Institute, 7th Miami International Conference 
on Alternative Energy Sources. 

1986 

FEBRUARY 23-27, NEW ORLEANS, LOUISIANA—American Society of Mechanical Engineers, Technical Economics, 
Synfuels and Coal Energy Symposium.
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PROJECT ACTIVITIES 

STATUS OF OIL SHALE PROJECTS BEFORE THE 
SPC REMAINS RELATIVELY UNCHANGED 

During the second quarter of 1985, the Board of Direc-
tors of the United States Synthetic Fuels Corporation 
(SFC) held four meetings. These meetings did not 
significantly change the status of the six oil shale 
projects that remain under consideration by the SFC. 
Table 1 summarizes the status of the six active oil 
shale projects.

TABLE I 

STATUS OF ACTIVE OIL SHALE PROJECTS THAT 
APPLIED TO THE SFC FOR ASSISTANCE 

Project	 solicitation 

Union Oil: 
Phase I Transferred from DOE Awarded $400 million price 

Guarantee 
Phase II Third General Letter of Intent Signed 

Cathedral Bluffs Third General Letter of Intent signed 

Seep Ridge Third General Letter of Intent signed 
Peraho-Ute Third General Decision Pending 
American Sys- Fourth General Qualified Project 

Crude/indiana

The relatively minor SFC Board actions that affected 
the oil shale projects during March through May are as 
follows: 

• Seep Ridge—Further action delayed until ap-
proximately July 1985 or until either the SFC 
resolves its overall shale program or the Spon-
sors develop more advantageous marketing al-
ternatives 

• Parabo-Ute--Decision postponed to consider 
new information 

• American Synerude/lndiana—Milestone dates 
revised (full equity commitment by July 16, and 
key financial terms determined by August 20, 
1985) 

• Cathedral Bluffs—Reviewed revised proposals. 

Of these actions, the most notable is the SFC's acknow-
ledgement that the sponsors of the Cathedral Bluffs 
project have been discussing revised proposals with the 
SFC. As described on page 2-2 of the March 1985 Pace 
Synthetic Fuels Report, the Cathedral Bluffs project 
may be restructured to utilize the Paraho retorting 
process rather than the Union B process. 

The status of all 17 projects (oil shale, oil sands/heavy 
oil, and coal/lignite/peat) that are presently under 
consideration by the SFC are summarized in Figure 1 in 
a separate article entitled "Seventeen Projects Remain 
Before the SFC." Additionally, Figure 2 in the same 
article depicts the status of all projects, either active 
or dropped, that applied to the SFC for financial 
assistance.

CATHEDRAL BLUFFS EXPENDITURES ON C-b 
TRACT WERE $10 MILLION IN 1984 

The 1984 Annual Report on development activities, 
costs, and environmental monitoring for federal lease 
Tract C-b was issued by Cathedral Bluffs Shale Oil 
Company on April 30, 1985. The report lists project 
expenditures of $10,571,000 in 1984. 

Principal activities on-Tract in 1984 were the initiation 
of construction to provide space for a hoist control 
room, the continuation of mining of bulk ore samples 
for testing purposes, the installation of a natural gas 
pipeline extension from the generator building to the 
mine air heating and maintenance shop, continuation of 
the water management program to treat and dispose of 
excess waters associated with mine dewatering, and 
routine facility maintenance. One new structure was 
added in 1984—a mine rescue trailer. 

Financial information for 1984 is presented in Table 1 
for the following categories: mine capital, surface 
capital, and unallocated support. 

TABLE 1 

1984 CATHEDRAL BLUFFS EXI 
(Thousand Dollars) 

Mine Capital 

Mine Construction or Develop- 	 95
ment 

Plant Services	 1,407 
Health, Safety and Security	 336

1,838 

Surface Capital 

Engineering Capital	 1,149 

Unallocated Support 

Engineering 3,070 
Administration 2,940 
Environmental 

Staff 705 
Air Monitoring 41 
Water Monitoring 152 
Biology/Reclamation 53 
Permits 55 
Water Supply 66 
Reports 12 
Computer Service 53

1.137

Socioeconomic	 151 
Ad Valorem Tax	 296

7,584 

Total	 10,571 
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Mining 

During 1984, work in the Production and Service Shafts 
was limited to maintenance and repairs. Lighting was 
improved on all levels; mine power centers were re-
paired and returned to service; electrical ground wires 
were replaced on major equipment; and other minor 
electrical repairs were completed. Maintenance on the 
mine water pumping system was the most extensive 
work, with constant changeouts of pumps for repair, 
and repairs to piping. The water rings in the shafts 
were cleaned; and rain protection coverings were in-
stalled over hoist controls and electrical power switch-
ing facilities. There was no maintenance work per-
formed in the Ventilation/Escape (VIE) Shaft. 

A bulk sample of oil shale was obtained from the upper 
and lower level stations. Approximately 450 tons of 
rock on the upper level and 350 tons of rock on the 
lower level were mined. The upper level rock, contain-
ing 45 gallons per ton mixed with the lower level rock, 
containing 20 gallons per ton yielded a product of 
37 gallons per ton. This material is consistent with 
grades used to test the Union pilot retort with Cathe-
dral Bluffs run-of-mine rock. 

Some additional mining was done on the lower level in 
the electrical equipment room drift to allow sufficient 
space for electrical equipment and loading pocket con-
trols which will be installed at a later time. 

Approximately 800 tons of raw shale were mined and 
crushed at the Tract in 1984. From this a 600 ton 
sample was sent to outside locations for retorting and 
characterization. The remaining 200 tons are presently 
stockpiled on the foundation of the future warehouse in 
the Mine Support Area. Cathedral Bluffs received 
approximately 90 tons of spent shale processed via the 
Unishale B Pilot Plant in Brea, California. This test run 
was conducted in late 1983 and early 1984 from raw 
shale samples mined in 1983. 

Reclamation 

The major reclamation activity of 1984 was the prepar-
ation of a draft for a new Cathedral Bluffs Mined Land 
Reclamation Permit Amendment Application. Tests 
were conducted on Cathedral Bluffs shale retorted via 
the Unishale B retorting process. These tests include 
further characterization of the spent shale, and the 
hydrologic properties of the proposed spent shale em-
bankment. They are deemed necessary to further 
define the proposed design of the spent shale disposal 
embankment. 

In August 1984, the Cathedral Bluffs staff constructed 
a second revegetation demonstration plot. Approxi-
mately 90 tons of Union B and 40 tons of Lurgi pro-
cessed shale were covered with 12 inches of topsoil. A 
lysimeter was installed in each of three treatments. 
The three sub-plots, or treatments include: 

One foot of topsoil over uncompacted (loosely 
dumped) Union B processed shale.

• One foot of topsoil over a layer of uncompacted 
Union B processed shale underlain by n layer of 
wetted and compacted Union B processed shale. 

• One foot of topsoil over wetted, uncompacted 
Lurgi processed shale. 

All three treatments are double-lined with a reinforced 
plastic liner and a double bonded poly-plastic liner. The 
treatments are sloped to a central point where leachate 
will drain into a funnel and tubing, to be collected in a 
series of polyethylene bottles. 

The objectives of the demonstration plot are to: 

• Test the proposed Cathedral Bluffs species seed 
mixture. 

• Demonstrate the reclamation success of Cathe-
dral Bluffs' proposal to use one foot of topsoil 
over retorted shale. 

• Field test Cathedral Bluffs' proposal of using a 
heavily compacted zone of Union B retorted 
shale as a "cap" to reduce the rate of water 
movement into and through the disposal pile. 

• Demonstrate reclamation success with a retort-
ing process that would utilize shale fines (simi-
lar to the Lurgi processed shale). 

• Measure water movement and water holding 
capacity of the different layers and materials. 
Each treatment has two aluminum tubes for a 
neutron hydroprobe for soil moisture determin-
ation. 

• Collect and sample leaehate quantity and qual-
ity. 

• Demonstrate Cathedral Bluffs' proposal of using 
only minimal amounts of irrigation to provide 
for vegetation establishment during the first 
and second growing season. 

• Demonstrate the use and need of fertilizers. 

All treatments were seeded in the Fall with the pro-
posed species mixture for retorted shale pile reclama-
tion. Each treatment will be sprinkle-irrigated during 
the 1985 growing season on an as-needed basis. Total 
amount of irrigation will be approximately 6 to 
8 inches. 

Phosphate and potassium fertilizer was incorporated 
into the top layer of retorted shale prior to covering 
with topsoil, at the rate of 400 and 80 pounds per acre, 
respectively. N-P-K fertilizer will be applied on the 
surface in Spring 1985 at the rate of 80-100-50 pounds 
per acre. 

Deer Reflector Study 

Special reflectors, installed along four 1-mile sections 
of Piceance Creek Road as a mitigation test to reduce 
deer road kill, continued to be used through 1984. 
Based on the limited data collected, the company 
believes fewer deer are killed where reflectors are 
used. 
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Other Environmental 

Water make for the production and service shaft in 
1984 was 201 million gallons. This water was dis-
charged directly from on-Tract holding ponds under the 
NPDES permit. 

Regarding other environmental matters, the following 
was noted: 

• Concerning air emissions, the cement batch 
plant remained out of operation in 1984. 

• No substantial degradation in visual range has 
been noted since inception of the visibility 
program in 1975; none is judged to be due to 
Cathedral Bluffs. 

• The 9,000 gallons per day capacity sewage 
treatment plant remained out of operation in 
1984. At present, the sewage is being disposed 
of via porta-johns. 

Regarding socioeconomic impacts, the 1984 Cathedral 
Bluffs work force on-Tract decreased from a year-end 
level of 20 in 1983 to a year-end level of 17 in 1984. 
Total persons employed directly by Cathedral Bluffs, 
including Grand Junction staff, decreased from 84 in 
December 1983 to Olin December 1984. 

Environmental monitoring has continued as an on-going 
activity at the Tract since the completion of the two 
year Baseline period (1974 to 1976). It encompasses air, 
water, biology, and health and safety. No significant 
environmental impacts have been noted to date except 
for areas directly disturbed by drilling, construction, 
ponds, mined rock disposal, drawdown of groundwater 
levels from mine dewatering, some vegetation effects 
in previously sprinkler-irrigated areas, and increasing 
fluoride values in one spring (north of the Tract). 

RAMEX BEGINS OIL SHALE GASIFICATION 
PILOT PLANT 

On May 6, 1985 Ramex Synfuels International, Inc. 
announced the start of construction of a pilot oil shale 
gasification plant near Rock Springs, Wyoming. The 
pilot plant will be located on property leased from 
Rocky Mountain Energy, a subsidiary of Union Pacific 
Railroad. This site was selected because of the access-
ibility for potential customers, and the abundance of 
available oil shale reserves. In addition to the one 
section leased for the pilot plant, Ramex also has 
options on ten additional sections. 

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 industrial 
quality gas with a heating value greater than 800 BTUs 
per standard cubic foot and liquid condensate, consist-
ing of about 45 percent gasoline, 25 percent kerosene, 
and 30 percent light oils. The pilot facility is expected 
to be in operation in July 1985. The data and products 
produced from the plant will be available for testing 
and evaluation by companies interested in the process 
and potential users of the products.

Universal Search Technologies (UNITEC) of Salt Lake 
City, Utah is assisting with the first phase of funding 
and management for the project. 

NEW JOINT VENTURE AGREEMENT REACHED ON 
RUNDLE PROJECT 

The joint venture partners in Australia's Rundle project, 
Ease Exploration and Production and Southern Pacific 
Petroleum/Central Pacific Minerals, announced in 
March an agreement to continue their 50/50 participa-
tion in the venture. However, Esso's funding rate will 
be scaled back. Esso had stated last fall that they 
would be unable to continue under the old arrangement. 

Subject to Australian government approval of the new 
agreement, Esso will spend about $10 million in 1985 on 
further drilling at the Rundle site, and on mining and 
shipping a bulk sample to the United States for testing 
in Exxon's pilot plant retort in Baytown, Texas. 

The agreement essentially states that Esso will, if 
necessary, fund all program costs for up to 10 years 
until the start of a commercial project. At any time 
SPP/CPM may elect to contribute its share of expenses. 
If not, then Esso will be entitled to additional produc-
tion when commercial operations commence. 
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CORPORATIONS 

UNOCAL ELUDES PICKENS TAKEOVER THREAT	 GARY REFINERY FILES FOR BANKRUPTCY 

In an event of potential significance to oil shale devel-
opment, Unocal, parent of Union Oil Company, reached 
a settlement with a hostile takeover group led by Mesa 
Petroleum Company chairman T. Boone Pickens, Jr. 

The takeover battle held the public's attention for over 
three months, beginning with the Pickens group's Valen-
tine's Day announcement that it held 7.9 percent of the 
stock "for investment purposes." 

On April 9, the Pickens group unveiled a two-step plan 
to take over Unocal, offering $54 a share or $3.4 billion 
for 37 percent of the shares, and $54 per share in debt 
securities for the remainder, making their total cost of 
acquiring the company $9.2 billion. They also under-
took an extensive lobbying and proxy solicitation effort 
to get Unocal shareholders to vote for a 60 day post-
ponement of the annual meeting until they could 
develop a restructuring plan. Unocal's elaborate take-
over defense makes the annual meeting the only time 
directors can be challenged. 

In an eventually successful "poison pill" defense, Unocal 
offered to buy back 29 percent of its own shares for 
notes valuing $72 per share, or $3.6 billion. This would 
burden the company with debt making it unattractive as 
a takeover target. An additional 20 percent buyback 
would have been triggered in the event of a successful 
hostile takeover. The key to the offer was that Unocal 
refused to accept any shares held by the Pickens group. 
Lower courts first ruled this tactic illegal, and that 
Unocal would have to extend the offer to all share-
holders equally. Eventually, however, the Delaware 
Supreme Court ruled in favor of Unocal. This ruling, 
along with the Pickens group's failure to win a vote on 
adjourning the annual meeting, forced them to capitu-
late to a standstill agreement. Under the agreement, 
the group is prohibited from buying additional stock for 
25 years, and must dispose of its present holdings only 
slowly. Unocal for its part agreed to include some of 
the Mesa group's shares in its buyback offer, and to 
continue with plans for distributing some assets in 
limited partnerships. 

Union, under chairman Hartley's leadership has been 
about the only constant factor in oil shale development. 
Hartley is a civil engineer by training and wrote a 
college thesis on shale oil technology. He has remained 
consistently supportive of oil shale development. Al-
though Mesa's Pickens did not specifically state that he 
would eliminate the oil shale effort, his message has 
been that companies must increase their short-term 
returns to shareholders, and many observers expected 
that a successful takeover would have brought an 
immediate halt to the oil shale investment. Earlier 
Pickens-led runs at Cities Service, Gulf, and Phillips 
appear to have had the effect of drastically reducing 
the scale of synthetic fuels efforts.

In curly March Gary Refining Company shut down its 
refinery at Fruita, near Grand Junction, Colorado and 
filed for protection from creditors under Chapter U of 
the United States Bankruptcy Code. 

The 16,000 barrels per day refinery was contracted to 
refine shale oil from Union Oil Company's Parachute 
facility for delivery to the Air Force, but Union was 
over a year late and still had been unable to supply 
shale oil at the time of the bankruptcy filing. Gary had 
modernized and expanded its refinery in anticipation of 
producing 7,000 barrels per day of military jet fuel 
from the shale oil under a $300 million Department of 
Defense contract. 

Both Gary Refining Company, which refines oil, and 
Gary Refining Company, Inc., which operates a coke 
calciner at the refinery, filed for financial reorganiza-
tion under Chapter 11. Both are subsidiaries of Gary-
Wlliams Oil Producer Inc., which was not affected by 
the filing. Gary-Williams officials expressed hope that 
the refinery could be restarted when Union starts 
producing shale oil. 

Earlier in the year, Gary had run afoul of the Colorado 
State Air Pollution Control Division over operations at 
the coke calciner, which produces a special grade of 
coke used in electrical anodes for the aluminum manu-
facturing industry. The Division had ordered a reduc-
tion in sulfur dioxide emissions from the facility. The 
Colorado Air Quality Control Commission had ruled 
that sulfur dioxide levels in the Colorado National 
Monument, near Grand Junction, were exceeding state 
PSD increment standards. About 95 percent of the 
sulfur dioxide in the Monument air was attributed to 
Gary's calciner operations. Gary had been served with 
a notice on February 5 to take "all economically rea-
sonable" and "technically feasible" steps to reduce 
emissions or be subject to fines of up to $25,000 per 
day. Gary spokespersons stated that the bankruptcy 
filing was unrelated to the air pollution control ruling, 
which they will appeal. 

MAGIC CIRCLE ENERGY SEEKS CHAPTER 11 

Magic Circle Energy Corporation of Oklahoma City 
filed with the bankruptcy court for reorganization 
under Chapter 11 of the United States Bankruptcy 
Code. Magic Circle had been a sponsor of the Syntana-
Utah and Cottonwood Wash oil shale projects. In 1984 
they had released a number of Utah state oil shale 
leases and greatly reduced the book value of their oil 
shale properties. The company's inability to reach 
agreement with its bank group for continued financing 
is thought to be unrelated to its oil shale ativities. 

2-4	 SYNTHETIC FUELS REPORT, JUNE 1985



GOVERNMENT 

EPA OUTLINES OIL SHALE RESEARCH ACTIVITIES 

In a presentation to the 18th Oil Shale Symposium, 
E. R. Bates, Oil Shale Manager, United States Environ-
mental Protection Agency (EPA), Cincinnati, Ohio, dis-
cussed the current status and direction of EPA's oil 
shale program. 

Current Activities 

In response to the slowdown in oil shale development 
activity and general budget reductions, EPA has sub-
stantially cut back its oil shale research activities. 
However, several new projects are going forward. 

At the present time essentially all oil shale research 
within EPA is being conducted by the Air and Energy 
Engineering Research Laboratory which is part of EPA's 
Office of Research and Development. The oil shale 
program is part of a larger Synthetic Fuels Program 
administered by the AEERL which is located in 
Research Triangle Park, North Carolina. The primary 
purpose of the oil shale program is to provide technical 
support to EPA's Program Offices (such as the Office of 
Solid Waste and Office of Toxic Substances) and EPA 
Regional Offices (such as Region 8 in Denver). 

The oil shale research program has been restructured in 
an effort to provide maximum support for Agency 
regulatory and permitting activities during a time of 
sharp budget reductions. The current emphasis is on 
engineering studies, laboratory investigations, and sel-
ected pilot-scale tests. Larger scale field studies, basic 
research, and technology demonstrations have been 
curtailed. Current research is targeted toward provid-
ing data and technical support to EPA Program and 
Regional Offices as they carry out Agency responsibili-
ties including: 

• Review of Premanufacturing Notices under the 
Toxic Substances Control Act 

• Review and Issuance of Prevention of Signifi-
cant Deterioration Permits under the Clean Air 
Act 

• Review of Environmental Impact Statements
under the National Environmental Policy Act 

• Review of Environmental Monitoring Plans pre-
pared for the United States Synthetic Fuels 
Corporation under the Energy Security Policy 
Act 

• Preparation of a Report to Congress on Mining 
Wastes (including oil shale) under the Resource 
Conservation and Recovery Act. 

• Permitting Activities under the Clean Water 
Act (NPDES) and Safe Drinking Water Act 
(underground injection control). 

At the present time EPA has eight oil shale research 
projects underway as listed in Table 1 with the esti-
mated dates that final reports will be available.

cuaacnt EPA OIL SHALE RESEARCH EFFORTS 

Estimated 
Performing Date Report 

Descriptive Title Organization Available 

Alkaline and Stretford scrubbing Metcalf & Eddy 9/85 
Tests for Ills Removal at (KYB, inc.) 
Geokinetics 

Pollution Control Alternatives Metcalf & Eddy 9/86 
for Air Emissions from Oil shale (vn, Inc.) 
Operations 

Control of sulfur Emissions 3 & A Associates 6/86 
Through Adsorption on Combusted 
Retorted Shale 

Leaching and Hydraulic Pro- Colorado state 13/85 
parties of Retorted Oil Shale University 
Including Co-Disposal with 
Wastewater 

Pollution Control Alternatives Colorado State 12/87 
for Oil shale solid Waste University 
Disposal 

Assessment of Solid Waste Monsanto 9/85 
Characteristics and Control 
Technology for Oil Shale 
Retorting 

Assessment of Retorted Oil Denver Research 12/85 
Shale "a Liner for Retorted Institute 
Oil Shale Disposal sites 

Pollution Control Technical Denver Research 5/88 
Manual for Unishale B and C Institute 
Retorting Processes

Air Emission Assessment and Control 

Two studies are being performed by KVB, Inc., under a 
subcontract from Metcalf and Eddy, Inc. The first 
study consists of field testing of two EPA-owned pilot 
plants, a Stretford plant Sala liquid caustic scrubber, 
on a slipstream of retort of fgas from Geokinetics 
retorts 27 and 28 conducted during the spring of 1984. 
The objective was to assess the performance of these 
two technologies as applied to removal of hydrogen 
sulfide from a low heating value dilute offgas such as 
that produced at Geokinetics' Seep Ridge site. The 
results from this field testing program are presented in 
detail in. a final report which should be available in a 
few months. The second study is just being started by 
KVB for EPA and involves preparation of a state-of-
the-art report on pollution control alternatives for air 
emissions from oil shale operations. The results of this 
effort should be available to the public by Septem-
ber 1986. 

The third project in the air emissions area is an 
evaluation of an innovative approach to control sulfur 
emissions specifically, utilizing combusted retorted 
shale as a dry scrubbing agent to remove sulfur from 
retort offgas. The study by J & A Associates will 
evaluate this sulfur control concept based on absorbing 
sulfur dioxide on the carbonate material when part or 
all of the retort of fgas, along with the retorted carbon-
aceous shale and any unretorted oil shale fines, are all 
combusted to recover their energy value. This concept 
may be employed as an integral part of the retorting 
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process as in the case of Lurgi or Chevron STB or could 
be employed as an add-on system for processes such as 
Unishale B or Tosco II. Phase I of this study will 
produce an engineering analysis to identify the most 
important variables influencing this process; Phase II 
will consist of pilot scale testing at J & A's facilities 
near Golden, Colorado. 

J & A is considering three cases in their analysis of 
combusted shale as a scrubbing agent. For direct-fired 
retorting they will examine the OXY MIS process 
coupled with Unishale C surface retorting. For pur-
poses of this study the MIS retort offgas is fed to the 
Unishale C retorted shale combustor to recover its 
energy value and remove hydrogen sulfide (in the form 
of sulfur dioxide). 

The second case is the indirect fired Unishale C process 
which essentially consists of a Unishale B retort 
coupled with a retorted shale combustor. The combus-
tor is used to scrub hydrogen sulfide (in the form of 
sulfur dioxide) from the retort offgas. 

The third case is use of sulfur dioxide adsorption as an 
integral part of the retorting plant. This would be the 
case for the Lurgi or the Chevron STB process. J & A 
will look at  single Lurgi retorting system which would 
process 12,800 tons per day of raw shale to produce 
4,857 barrels per day of shale oil. 

The final report on this study should be available about 
June 1986. 

Solid Waste Disposal 

Four projects constitute EPA's current program in the 
oil shale solid waste area. One study by Colorado State 
University is designed to investigate the nature of 
leaehates produced from retorted oil shale along with 
hydraulic properties, such as permeability and water 
holding capacity, of the shale, which may control the 
quantity of leachate produced. RCRA and ASTM batch 
leaching tests, along with a specific column leaching 
test, referred to as the ESM (equilibrated soluble mass) 
test, have been employed to leach Tosco II, Lurgi, 
Paraho, and Hytort retorted shale. Allis-Chalmers, 
Chevron STB, and Unishale B retorted shale are sched-
uled for future tests. 

A second effort by Colorado State University is just 
getting underway. This project will prepare a state-of-
the-art report focused on the environmental problems, 
approaches, and control technology applicable to oil 
shale solid waste (spent shale) disposal sites. The 
intention is to assemble in one report everything that 
has been learned from many separate research efforts 
funded by various federal and state agencies as well as 
private industry. In order to assist in identifying all 
relevant information sources, environmental considera-
tions, and control technology applicable to this effort, 
EPA has formed a small informal advisory group includ-
ing representatives from industry, other federal agen-
cies, States of Colorado and Utah, and researchers from 
the consulting and academic worlds. 

The final product from this effort will not be available 
until about the end of 1987.

The other two current research efforts in oil shale solid 
waste are concluding and will be available later this 
year. One is an assessment of oil shale solid waste 
characteristics with a summary of disposal control 
technology considerations. This report by Monsanto 
Company presents brief discussions of 15 retorting 
processes along with whatever information is currently 
available in the open literature regarding the physical 
and chemical properties of the solid wastes from these 
processes. 

For the past four years Denver Research Institute has 
been conducting a laboratory study for EPA to assess 
the potential usefulness and problems of using retorted 
shale to construct liners below retorted shale disposal 
sites. Two materials selected for intense study by DRI 
were Tosco II carbonaceous and decarbonized (burned) 
retorted shale, and Lurgi decarbonized shale. The study 
includes not only evaluation of properties of these 
shales as potential liner material as they exit the 
retort, but also what modification could reasonably be 
made (such as mellowing, mixing of carbonaceous and 
decarbonized shales, aging, mositure content, compac-
tive effort) to improve their performance as a liner. 
Desirable liner properties sought include low permeabil-
ity, long-term durability, self healing capacity, struct-
ural strength, and reduced tendency to form planes for 
mass slippage. The final report from this effort should 
be available about the end of 1985. 

Multi-Media 

One study, Pollution Control Technical Manual (PCTM) 
for the Unishale B and C processes, is multi-media in 
scope but focused on pollution control technology appli-
cations and costs. The product will be a manual similar 
in content to the three PCTMs published in 1983 
covering the Tosco II, Lurgi, and Modified In Situ pro-
cesses. 

ELM ISSUES PROGRAM GUIDELINES FOR 
OIL SHALE PLANNING 

By notice in the Federal Register on March 13, 1985 the 
United States Bureau of Land Management announced 
the availability of a draft "Supplemental Program Guid-
ance" document. The overall purpose and rationale 
behind this document are discussed in an article in the 
General Section of this issue of the Pace Synthetic 
Fuels Report 

The portion of the guidelines specific to oil shale is 
summarized as follows. 

Determinations 

Resource Management Plan 

The following determinations are to be included in the 
RMP: 

• Identify potential oil shale development areas. 
These are areas that, as a result of site-specific 
analysis, may be considered for exploration, 
exchange, or leasing. 
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• Identify areas that are unacceptable for oil 
shale development. 

• In areas being considered for oil shale leasing, 
identify any special considerations such as: 

- Data gaps that must be addressed in 
activity planning or post-lease activi-
ties. 

- Impact thresholds that may limit the 
•	 timing, location, or extent of oil shale 

development. 

- Mitigation measures which may be re-
quired to resolve or reduce a multiple 
use conflict. 

- Relative development priorities among 
study areas based on economics, socio-
economic, or environmental factors. 

Mining methods preferred. 

Ac.t!yitt Plans! - 

The following determinations or actions are not appro-
priate to the resource management plan, but are 
decided upon and documented in any activity plan for 
competitive leasing: 

• Siting of oil shale tracts 
• Analyzing site-specific impacts 
• Ranking of tracts 
• Assessing leasing levels 
• Selecting and setting tract sale schedules. 

Analyses 

In arriving at these RMP decisions, the following fac-
tors should be considered: 

• Multiple Use Factors. Alternative resource 
values and alternative land uses must be consid-
ered. 

• Potential Conflicts with Other Resources. Po-
tential conflicts with other resources and other 
land uses are identified, evaluated, and set 
forth in each alternative involving oil shale. 

Information 

To ensure adequate consideration of oil shale values in 
land use planning decisions, the following types of 
information are needed: 

• Resource Geologic Information—including 
names of formation and members, estimates of 
kerogen concentration, in-place resource esti-
mates, sub-strata fracturing, thickness of bed, 
thickness of overburden, and any other informa-
tion which would aid in determining the mine-
ability of the resource, or of its suitability for 
the various development techniques. 

• Development Trends—oil shale related explora-
tion and development occurring in the planning

area, description of any prototype or commer-
cial scale facilities that are operating or pro-
posed and which may be applicable to the 
planning area. 

• Classify areas as having either high, moderate, 
or low oil shale potential. 

• Expressions of Interest—the BLM shall ask for 
recommendations concerning the specific tracts 
which should or should not be leased for oil 
shale or for support facilities. 

• The Potential Value of the Oil Shale Re-
source—oil shale that may have development 
potential within the planning horizon must be 
identified. 

• The Potential Value of Associated Minerals. 

Notices, Consultation and Hearings 

No unique program requirements at the RMP stage. 

DOE ISSUES RFP FOR OIL SHALE SAMPLE BANK 

The United States Department of Energy (DOE), 
Laramie Project Office, has issued Request for Pro-
posal Number DE-RP20-85LC11061 for "Establishment 
and Maintenance of an Oil Shale Sample Bank." 

The DOE oil shale program was restructured in fiscal 
year 1984 to implement a five year period of basic and 
applied research on phenomena involved in oil shale 
pyrolysis/retorting. The program calls for the study of 
two reference shales per year for a period of 5 years. 
Consequently, the program calls for the identification, 
acquisition, processing, characterization, storage, dis-
bursement, and record keeping for 10 reference shales 
in a period of 5 years. 

Department of Energy is asking for contractor bids to 
acquire two shales per year for the sample bank. One 
shale is to be from the eastern United States and the 
other from the western United States in each of the 
5 years. Candidate shales are: 

• Eastern United States 

- New Albany from southeastern Indiana 
and west central Kentucky 

- Chattanooga	 from	 south	 central
Tennessee and north central Alabama 

- Cleveland, Sunbury, and Huron from south
central Ohio and east central Kentucky. 

• Western United States 

- Green River, Mahogany Zone shales from 
Anvil Points, Colorado; Cathedral Bluffs, 
Colorado; Logan Wash, Colorado; and 
White River, Utah 

- Green River, Saline Zone from Rio Blanco 
mine

- 
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- Green River, Parachute Creek Member 
from Union mine 

- Green River, Wilkins Peak Member from 
Stauffer mine in Wyoming 

- Green River, Tipton Member from Rock 
Springs, Wyoming, outcrop. 

The source of each reference shale sample is to be 
documented with: 

• Geologic characterization (lithology and strati-
graphy) 

• Seam strata (name and/or number and depth) 

• Mine name, location, and identification (county, 
state, latitude, and longitude). 

The oil yields by Fischer Assay for the reference shales 
must be at least 10 gallons per ton and 20 gallons per 
ton for eastern and western United States shales, 
respectively. 

Each bulk reference sample will be acquired in an 
amount sufficient to yield tO tons from a crusher whose 
open-side discharge opening is set at 2.5 inches. After 
riffling and splitting, the 10 ton samples are to be 
packaged as follows: 

• Ninety percent in 55 gallon drums 
• Ten percent in 5 gallon containers. 

Argon or another non-reactive gas will be used as a 
blanket gas in the 55 gallon drums and 5 gallon con-
tainers. Before storing, each of the reference shales is 
to be analyzed with respect to: 

Fischer Assay 
Material balance assay 
Moisture 
Ash 
Volatile matter 
Total carbon 
Mineral carbon 
Hydrogen 
Nitrogen 
Total sulfur 
Sulfur types (pyrite, sulfate, and organic). 

DOE 1986 BUDGET REQUEST DROPS OIL SHALE 
FUNDING BY 34 PERCENT 

The 1986 fiscal year budget request submitted to Con-
gress by the United States Department of Energy shows 
a 34 percent drop in funding for oil shale activities. 
The 1986 request is compared to 1984 and 1985 appro-
priations in Table 1. 

Under Oil Shale Technology Base, funding is reduced by 
$3,027,000. Research on novel concepts is terminated. 
Further procurement of reference shales for generic 
retorting and related systems studies support is post-
poned. Efforts in oil shale fracturing and in situ related

TABLE 1 

DEPARTMENT OF ENERGY 
FISCAL YEAR 1986 CONGRESSIONAL BUDGET 

REQUEST FOR OIL SHALE
RESEARCH AND DEVELOPMENT 

(Thousand Dollars) 

Appropriation	 Request 
FY	 FY	 FY 

1984	 1985	 1986 

Oil Shale Technology	 9,600	 8,851	 5,824
Base 

	

Environmental Mitigation 6,450 	 5,900	 3,1 
Total Oil Shale	 16,050	 14,751	 9,675 

Staffing Total FTE's: 
Direct	 11	 to	 10 
Indirect	 19	 18	 14 

process modelling are reduced. The decrease asso-
ciated with a 5 percent pay reduction is $15,000. 

Under Environmental Mitigation, funding is reduced by 
$2,049,000. Testing and development of environmental 
cleanup methods and hardware is terminated. Research 
by PNL on volatile trace elements is transferred to the 
API program. Codisposal and water chemistry research 
by Lawrence Livermore National Laboratory (LLNL) is 
terminated. Contract research is terminated or defer-
red. The decrease associated with a 5 percent pay 
reduction is $9,000. 

The oil shale program is now directing its primary 
emphasis to long range, high-risk technology base re-
search that will provide the basic underpinning for a 
future generation of oil shale processes. These pro-
cesses will be characterized by reduced environmental 
impacts as much as practicable and increased resource 
recovery capability. 

The specific objectives of the oil shale program are to: 

• Develop the technology base needed to help 
industry overcome environmental and technolo-
gical barriers to shale oil development. 

• Obtan environmental data on impacts of oil 
shale development and develop environmental 
impact mitigation systems for the technologies 
under development 

Oil Shale Technology Base 

In fiscal year 1985, efforts focused on the expansion of 
Eastern shale research activities such as data base, 
hydroretorting, and bcncficiation. Research was con-
ducted on reaction chemistry, kinetics, and physics of 
generic oil shale conversion processes. 
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The fiscal year 1986 request provides funding for De-
pertinent of Energy's commitment under the coopera-
tive agreement with the Western Research Institute 
(WRI) at Laramie, Wyoming. Technology base research 
will be conducted at LLNL and the Morgantown Energy 
Technology Center (METC) to provide balance to the 
research these institutions have been performing under 
the Environmental Mitigation sub-program. Studies by 
Sandia National Laboratory (SNL) to develop an im- 
proved understanding of explosive rubble bed develop-
ment will continue. 

Technology base research in fiscal year 1986 will con-
tinue to develop a systems analysis capability to assess 
how elements of the overall process, from mining to 
spent shale disposal, interrelate and impact onoverall 
economics and performance. The effort includes deter-
mining the chemical, physical, and thermodynamic 
properties of a representative cross-section of 
"Western" tertiary marlstone shales and "Eastern" 
marine shales of Devonian and Mississippian age. At 
least one each "Western" and "Eastern" shale are 
planned for selection and thorough characterization 
each year. The selection of shales will consider 
geologic distribution and development potential. 
However, procurement of additional shales for the 
"shale bank" will be postponed until after fiscal year 
1986, with previously obtained shales assumed suf-
ficient for needs through this period. Following analy- 
sis, these shale samples will be studied in "reference" 
retorts (laboratory or bench-scale systems) over a range 
of process conditions covering in situ retorting, 
gas/solid heat transfer (moving bed) retorting, 
solid/solid heat transfer (fluid bed, cascading bed) 
retorting, and volumetric (radio frequency) retorting. 
LLNL, METC, and WRI are the key laboratories per-
forming this research. 

The fiscal year 1986 Technology Base effort includes 
continued but stretched-out development and mainten-
ance of a Data Base on oil shale processing. The Data 
Base information will include hard copy topical reports, 
computer models, and information systems, and the 
physical repository of oil shale core samples. The 
Morgantown Energy Technology Center has the lead 
responsibility. Contracting required to support the data 
base development will be deferred beyond fiscal year 
1986. 

SNL will continue efforts to develop predictive models 
for oil shale fragmentation, and refine the 2-D LANL 
computer model for in situ retort processing (WAFEOS). 
In fiscal year 1986, SNL will have the lead responsibi-
lity for obtaining necessary geologic data from a field 
site for explosive fracture tests. Additional test data 
will be required to support the on-going modelling. 
Efforts in process modelling will include continued 
simplification of sub-routines to reduce computer costs 
so that WAFEOS becomes more practical for applica-
tion to large retort problems. 

Related to the rock fragmentation research, both SNL 
and WRI are expected to continue experiments with 
bench-scale reactors concerning minimum-void require-
ments and permeability contrasts in in situ retorts.

One or more contracts to study' no4erc^6fic6ptlicw^w 
potential for increased efficiency bfi%orfie a 7edt l% 
eastern oil shale processing are expected tó'b%'ehtiñti 
ing in fiscal year 1986, resulting from fiscal year 1985 
contracts. No additional funds are requested in fiscal 
year 1986 to support novel concepts. 

Environmental Mitigation 

In fiscal year 1985, environmental mitigation efforts 
included evaluations of emissions from generic "fast" 
and "slow" reference retort systems using eastern and 
western shales. Siting methodology and waste manage-
ment research were also conducted. 

The fiscal year 1986 request provides for funding of the 
DOE commitment to the cooperative agreement with 
WRI to pursue research set forth in the annual work 
plans. As part of the revised Oil Shale Program 
emphasis on systems studies, a decision was made to 
defer further work on evaluating/developing down-
stream environmental cleanup methods or technologies. 
First, an adequate understanding of the quantitative 
levels and types of pollutants that may be expected in 
wastes as a result of shale type and process type over a 
range of operating parameters must be obtained. 
Therefore, the near-term emphasis will be on measuring 
the pollutants generated by the reference retorts and 
shales under the Technology Base research and develop-
ing a predictive capability. METC, LLNL, and WRI will 
perform both reference retort measurements and analy-
tical technique development. Health effects environ-
mental research has been discontinued at LLNL, which 
will continue to develop its new thrust in siting metho-
dology, primarily in efforts to develop a regional rough 
terrain model for air dispersion in fiscal year 1986. 

Concurrent with the Data Base development described 
under Technology Base, METC also has the lead respon-
sibility to continue developing a similar Environmental 
Data Base that includes the physical repositories for 
water and spent shale samples as well as computer 
models and information systems, and hard copy reports. 

Development of effective mitigation strategies for sul-
fur emissions from shale oil production requires know-
ledge about the quantity and types of sulfur minerals in 
oil shales. Issues related to the distribution of sulfur in 
organic and inorganic forms, the organic sulfur func-
tional groups, type and concentrations of sulfur con-
taining pyrolysis gases, and reactions which lead to the 
capture of sulfur by oil shale compounds given different 
processing conditions are to be addressed in fiscal year 
1986. 

During fiscal year 1986, WRI will continue to develop 
X-ray methods for rapid determination of total inor-
ganic sulfur and attempt differentiation between pri-
mary and secondary sulfur species. If feasible, the 
X-ray methods will be extended to determination of 
arsenic, selenium, and cadmium. IJLNL will continue 
the application of their triple quadrapole mass spectro-
meter technique to the analysis of trace sulfur com-
pounds in gases to derive kinetic expressions for the 
production of various trace sulfur compounds. METC 
will continue to study evolution of sulfur compounds 
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and other major gas species of environmental concern 
for a pair of selected and characterized eastern and 
western shales under fluid bed retorting and/or other 
fast heat-up conditions. 

In fiscal year 1986, LLNL will also continue the recent-
ly expanded research efforts in measurement of nitro-
gen species in retort gases in addition to the sulfur 
work to support kinetic studies with reference retorts. 

Contract studies on spent shales with organizations 
such as WRI, the Corps of Engineers, and/or the Univer-
sity of Kentucky's Institute for Mining and Minerals 
research that are expected to begin in fiscal year 1985 
will continue in fiscal year 1986. These studies will 
address identification of key process parameters af-
fecting the chemical and physical stability of spent 
shale piles; development of capability to predict stabi-
lity as a function of process conditions and pile design; 
and development of strategies to mitigate stability 
problems. No new contracts in this area will be 
Initiated in fiscal year 1986. 

In the area of retort process water characterization and 
on co-disposal with spent shale, WRI will extend their 
studies to sorptive capacity. They will also continue 
study of leachate characteristics of various process 
waters from reference retorts co-disposed with spent 
shales from the same retort runs.
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ENERGY POLICY & FORECASTS 

NATIONAL SHALE OIL PRODUCTION CENTER 
PROPOSED 

In testimony before the Sub-Committee on Fossil and 
Synthetic Fuels of the Committee on Energy and Com-
merce of the United States House of Representatives, 
on April 24, 1985 M. R. Adams of the BUM Corporation 
proposed the establishment of a national shale oil 
production center. The subject of the hearing was the 
Future of Synthetic Fuels, The Future of the United 
States Synthetic Fuels Corporation (SFC), and The 
Appropriate Government Role in Synthetic Fuels. 

To preface his remarks, Adams noted that the United 
States will continue to rely on liquid hydrocarbon fuels, 
particularly in the transportation sector, for many 
years to come. By the turn of the century, worldwide 
petroleum demand will have risen and domestic produc-
tion from conventional sources will have declined. To 
maintain our autonomy, the United States will need 
synthetic fuel substitutes. 

Testing synfuels technologies at significant scale is 
required now in order to learn how best to put an 
industry in place in environmentally fragile regions of 
the country. This cannot be learned overnight, and it 
cannot be learned at small scale. 

In discussing how the development of synthetic fuels 
might occur by the end of the century, Adams pre-
sented three possible approaches: 

Industry will take care of everything without 
any government involvement. This theory is 
based on the notion that industry will take the 
necessary actions when the price of petroleum 
starts to approach the cost of the synthetics. 
This is not a viable strategy for a number of 
reasons. The oil companies are already 
involved in risky investments and will not dedi-
cate major resources to start now on synthetic 
fuel ventures. 
We cannot permit nothing to be done for ten 
years until a massive short-fall of petroleum 
and natural gas is imminent and then initiate 
projects to try to understand how the techno-
logy operates at commercial scale. 

It is not that industry would not produce syn-
thetics when the comparative economics be-
tween petroleum and synfuels becomes favor-
able. However, the likely consequences will be 
the initiation of crash programs utilizing less 
than optimal technologies, and the delay of 
important process improvements until well into 
the next century. 

• Government could encourage industry to take 
the risks alone. A second approach would be to 
encourage industry to take the necessary risk 
virtually alone. In Adams' view this approach is 
not in our best national interest and serious 
delay in developing and proving out needed 
technology will be the result.

Industry/Government risk sharing. Adams be-
lievcsthat some form of collaborative govern-
ment-industry approach is essential because of 
the government's overwhelming and inescapable 
position as landlord, rulemaker, public protec-
tor, and defender, lie remarks that advising 
the government to participate in the risks of 
synthetic fuel development is a sensitive mat-
ter at a time when oil supplies are ample and 
relatively secure, when we are in the mdst of a 
period of substantial government deficits, and 
when there is disenchantment with the past 
record of the SFC. Nonetheless, his testimony 
states that government participation, on a 
somewhat different basis, is essential; and that 
the SFC is postured to do exactly this. 

The Issues of Synthetic Fuels Incentives 

Consistent with a strategy of government participation, 
there are important issues to be addressed. They 
include financial, environmental, and technical issues. 
The financial issues start with how much government 
money is enough. This can be expressed in two ways: 
(1) what is the minimum amount of money the govern-
ment could use to promote synfuels, and (2) what would 
be the optimal amount of money that the government 
should use to promote the synfuels industry. This 
second question is difficult to address because of the 
uncertainty of the synfuels requirement by the end of 
the century. Thus, the question reduces to what is the 
minimum financial involvement that the government 
should undertake. 

Until now, the government's approach has been to share 
the risks using both loan and price guarantees. Adams 
points out that there is a tradeoff between loan guaran-
tees and price guarantees. If one takes the minimum 
size poineer plant, total capital cost would be at C 
minimum. However, the cost per unit would be the 
highest possible because there would be no economies 
of scale and therefore, the price subsidy would be the 
highest possible per unit. This is an important aspect 
on which insufficient analysis has been done to see 
where the minimum total subsidization cost point would 
be for any particular type of project. 

Environmental constraints on synfuels production will 
be extensive, involving air emissions, ground water, and 
solid wastes. However, because of the concentration of 
rich shale in a small geographic area, the environmental 
problems can be confined to a small area. Adams 
computes that sufficient rich shale exists in the 
Piceance Creek Basin for the theoretical production of 
5 million barrels per day of oil from a front only 
11 miles wide, progressing only one-quarter mile per 
year. If the environmental problems can be confined to 
a relatively small area such as this, would this not be 
worth considering? 

The SFC has been concerned primarily with encouraging 
and participating in full scale commercial size testing. 
In the synthetic fuels industry, this last step is a multi-
billion dollar effort. The nation's need to prepare for 
synfuels can also be helped by smaller scale tests of 
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technologies that have not yet progressed to the point 
of commercial readiness, and by less than full scale 
tests of the more developed technologies. Ideally, we 
would be testing a diverse number of new technologies 
at small scales and testing the more fully developed 
technologies at larger scales. 

One question we need to know more about is how much 
smaller than full commercial scale a demonstration test 
can be and still remain a valid test of commercial 
operation. Adams states that a "train" or a "module" 
consisting of full scale retorting equipment is ideal. 
However, he suggests that a train consisting of one-half 
or one-third commercial size retorts would be valid. 

Recommended Approach 

The testimony presented by Adams made the following 
major points: 

• The United States will need synfuels by about 
the end of this century. Thus, no more time 
can be lost. 

• The synfuels industry will not progress suffi-
ciently without government involvement. 

• Alternative strategies are needed to reduce the 
cost and expense without jeopardizing our abi-
lity to put this new industry in place when it is 
needed. 

The suggested approach is a single integrated National 
Shale Oil Production Center. To the extent possible, it 
would use common infrastructure and other facilities 
including mining and upgrading. The concept is illus-
trated in Figural. In oil shale, proposals so far have 
envisioned separate stand-alone projects, each with its 
own infrastructure, mining facilities, upgrader, etc. If 
we would use common facilities to the extent practic-
able—possibly a single mining facility to serve several 
different types of surface retort tests, a single upgrad-
ing facility to process the shale oil, and common

infrastructure, we would save the cost of duplicating 
these facilities without significant loss of technical 
information or operating experience. In addition, if we 
would use shale extracted to form modified in situ (MIS) 
retorts, there would be further economics. A National 
Center of this type would consist of as many as three 
surface retorts and a MIS retort. 

Table 1 summarizes Adams' concept of a National Cen-
ter. Its cost for ten years of operation, including initial 
outlays, is on the order of $3 billion. He concludes that 
such a program would need coordination from an agency 
such as SEC. The government's synthetic fuels efforts 
should not be exempt from Congressional or public 
oversight. It is imperative to proceed now and stop 
wasting the limited time available to us. If we can 
proceed most rapidly using the existing SEC team, we 
should do so, he says.

TABLE 1 

PACT SHEET
NATIONAL SHALE OIL PRODUCTION TEST CENTER 

Objective: Provision	 of	 a	 single	 integrated 
national shale oil production test 
center using common facilities and 
infrastructure to the extent prac-
ticable. 

Scope: Development	 and	 operation	 of 
three downscaled commercial sur-
face retorts and an in situ retort 
using the in situ retort and a single 
mine to provide shale. 	 Use of a 
common upgrader and infrastruc-
ture to the extent practicable. 

Retorts for Inelu- Direct Heat 
sion in the Center: Indirect Heat 

Advanced 
In Situ 

Likely Production: 10,000 to 20,000 barrels per day 

Operating Schedule: Up to 10 years 

Likely Costs: Assuming capital costs of $120,000 
to $150,000 per daily barrel and 
12,000 barrels per day production, 
capital cost requirements will be: 

$1.441.8 billion 

Assuming a subsidy of $15 per bar-
rel and operation for a 10 year 
period,	 330	 days per year,	 total 
subsidy: 

$0.6 billion 

One-third capital cost contingency: 

$0.5-$0.6 billion 

Total - $2.5 to $3.0 billion
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ECONOMICS 

OIL SHALE MINING COSTS COULD BE REDUCED 

According to I. G. Studebaker, appreciable improve-
ments in oil shale mining costs and productivity are still 
possible. In a presentation to the 18th Oil Shale 
Symposium, he suggested that an increase of as much as 
25 percent in productivity over currently accepted 
values was theoretically possible. 

Oil shale projects, for the most part, have ignored a 
number of mining efficiency effects caused by the 
design of the mining operations. The mine design is 
often based on artificial constraints imposed by 
requirements such as a 50,000 barrel per day "commer-
cial sized operation." The normal rationalization is 
that for a large size mine, the maximum efficiency of 
scale is already exceeded and no attention need be paid 
to an optimum level of operations. However, the 
effects of various mining design parameters can influ-
ence mining strategy and the economics of an overall 
project. 

The first important factor, equipment balancing, is 
probably the easiest to design and quantify. From an 
engineer's point of view this is probably the most 
worked upon and best studied. For an efficient opera-
tion, the tonnage rates should be near the top of the 
operating level for each set of equipment. 

Regardless of the mining method, 45 to 55 percent of 
the costs are attributable to labor. This is the second 
factor, and the most important one. 

A third series of factors, concerned with geometric 
parameters, are related to such things as drill or blast 
hole spacing and drift sizing. 

For equipment balancing, a relatively simple procedure 
allows the matching of loading-hauling capability with 
drilling capacity. 

With respect to labor, the American mining industry has 
experienced a general trend toward decreased produc-
tivity. Mechanization can be used to change the effect 
of this decline. In general, the productivity of miners 
improves as the size of the mining operation increases. 
This increase results from workers becoming more 
effectively utilized. This is caused by an increase in 
specialization and performing fewer tasks better. How-
ever, this "bigger is better" concept does not hold true 
for an infinite increase in size. The increase in 
efficiency levels off or stops at some size. For even 
larger size operatons the productivity will then de-
crease. Thus an optimum size is likely to exist. 

A major improvement in productivity may be possible 
by carefully examining the number of people incorpor-
ated in the overhead to the actual mining operations. 

Geometric parameters are those concerned with shape 
of the openings including the width and height, the 
geometry of the blast hole relationships, and numerous 
other similar factors. These factors are normally

overlooked because of their indirect relationships to 
mining costs. The relationships are poorly understood, 
and the actual effects are difficult to quantify and thus 
are largely ignored. 

In general, favorable geometric shapes will minimize 
artificial support requirements and decrease long term 
drift repair costs. A rigorous approach to blasting can 
define an optimum drill hole spacing for minimum drill 
holes and explosives. The geometric parameters have 
only a moderate effect on improving profitability. 
However, numerous geometric factors provide oppor-
tunities for strategic planning refinements. 

The key opportunity for a cost breakthrough rests with 
the labor considerations. Studebaker's calculations in-
dicate potential productivities of near 200 tons per 
man-shift while actual productivities in practice top 
out at much less. An increase in labor efficiency has a 
two-fold effect on profitability. First, the actual 
number of workers will decrease. Secondly, and equally 
as important as the increase in productivity, is the 
decrease in capital requirements achievable with better 
equipment utilization. For oil shale projects, where 
capital requirements are large, this factor will have a 
significant effect. 
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TECHNOLOGY 

NEW FLUID BED RETORT EXCHANGES SOLIDS 
BUT NOT GASES 

Under the sponsorship of Southern Pacific Petroleum 
NL, D. J. Nicklin of the Department of Chemical 
Engineering, University of Queensland, Australia, has 
developed a new reactor system in which two adjacent 
fluidized beds exchange solids but not gases. The 
system has been developed as an oil shale retort in 
which the combustor exchanges solids with the re-
tort—but in which the combustion gases and product 
gases are kept separate. The partition between the 
fluidized beds is designed to permit the movement of 
solids in both directions, but to provide an effective 
seal against gas mixing. There are no moving parts. 
High circulation rates can be achieved, and can easily 
be controlled. Gas mixing at less than the 2 percent 
level can be achieved without a neutral blanketing gas 
to seal the interface. It should be possible to achieve 
zero leakage with a blanketing gas. Research has been 
carried out on various two-dimensional and three-
dimensional cold models; and a small bench scale oper-
ating retort has been tested. The reactor system has 
many potential applications including gasification and 
pyrolysis of coal; hydrogen production; heat exchange in 
difficult conditions; sulfur dioxide removal by absorp-
tion or adsorption. 

The retort section is a fluid bed in which raw shale is 
mixed with hot spent shale. The combustor section is a 
fluid bed in which retorted shale is fluidized and 
combusted with air. A system was then devised in 
which the necessary exchange and mixing of solids is 
achieved in simple equipment with low operating cost. 
A further constraint is that significant mixing between 
the gas streams is not acceptable for safety considera-
tions, for ease of recovering the liquids, and for produc-
ing the gaseous product in an undiluted form. This ideal 
can be approached in the equipment illustrated in 
Figure 1. 

The combustor—the left hand bed-4s fluidized vigor-
ously and, because of the converging cross-section of 
the bed, the solids are thrown high and to one side. 
Solids fill the chute in the partition between the two 
beds, and provide a driving force (hydrostatic head) for 
the flow of solids from left to right. This will tend to 
cause a build-up of solids in the right hand side (i.e., the 
retort side), but if a second opening is provided in the 
dividing wall near the distributor plate (Figure 1) a 
return flow of solids will occur to equalize the levels in 
both chambers. 

A circulatory flow of solids results as indicated by the 
arrows in Figure 1. Tests in two-dimensional and three-
dimensional models have confirmed that large circula-
tion flows can be achieved with little gas mixing. 

This work led to the construction in 1983 of a simple 
hot model bench-scale retort The cross section of the 
retort was approximately 150 millimeters by 150 milli-
meters, with a maximum throughput of about 15 kilo-
grams per hour. The unit operated in the steady state 
for sustained periods with a combustor temperature of 
820°C, and a retort temperature of 560°C.
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During 1984, a more elaborate 600 millimeter by 
600 millimeter bench scale unit was designed and con-
structed, and is currently in the process of being 
commissioned. 

Nicklin notes that solids circulation rates vastly in 
excess of the required values can readily be achieved in 
the small models. With respect to gas mixing, there are 
two passages through which gas mixing can occur and 
two directions—giving four potential mixing problems. 
Early testing indicated that it was easy to achieve 
mixing of less than 2 percent from left to right and 
simultaneously less than 1 percent from right to left. 
This was thought to be within acceptable limits for oil 
shale retorts, although there is potential for further 
reduction in gas mixing by optimizing the geometry of 
the partition, and optimizing gas distribution. If no 
cross mixing is acceptable, a neutral blanket gas (e.g., 
steam) could be used near the interface. 

Control of solids circulation is achieved in several 
ways. The design of the partition will determine a 
basic circulation potential. The fluidization velocity in 
the combustor is probably the easiest way of controlling 
circulation. It is possible to throttle the circulation 
flow with a mechanical constriction—a type of flap 
valve. A very sensitive way of altering circulation is to 
inject a secondary stream of gas into the chute to 
maintain these solids partially fluidized. The degree of 
fluidization in the chute has a major effect on circula-
tion rates. 

In summary the concept has worked well at bench scale 
and there would appear to be no reason why circulation 
will not be possible in large beds. 
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Further Developments of Basic Concept 

As a first assumption, it is often assumed that fluidized 
beds are "perfectly mixed." This characteristic is of 
great value in ensuring rapid mixing, dispersion, and 
heat transfer in the reactor. However, it brings with it 
the penalty that all the solids are at the one tempera-
ture (no controlled temperature profile is possible) and 
there must be some by-passing of unretorted shale 
(from the reactor) and uncombusted carbon (from the 
combustor). The challenge is to modify the basic design 
to minimize the by-passing, and to provide a means 
whereby feed particles can be subjected to an optimal 
temperature history. 

This can be achieved in the equipment shown in plan 
view in Figure 2. Here there are two beds of rectangu-
lar cross-section side by side, with vertical baffles to 
modify the mixing characteristics so that the overall 
flow is closer to plug flow. Solids are thrown over from 
left to right to create circulation, and the return flow 
of solids is the under-flow arrangement similar to that 
shown on Figure 1. The circulation characteristics 
could be changed from cell to cell so that any desired 
temperature profile can be maintained to optimize the 
yield and quality of product. In Figure 2 the size of the 
arrows shows schematically the relative circulation 
rates in each cell. 
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One of the arguments used in support of a fines process 
is the increased potential for the recovery of sensible 
heat. Hot spent shale can represent a major energy 
drain, and similarly the hot combustion gases, and hot 
gases leaving the retort carry significant quantities of 
sensible heat.

This heat can be used for drying, preheating, or pre-
retorting the feed shale; pre-heating of gas streams; 
steam generation, etc. 

Figure 3 shows how a series of three-staged fluidized 
beds; incorporating in the middle stage the basic inven-
tion descirbed above, can be used to achieve heat 
recovery. In Figure 3 the beds are stacked vertically. 
The top stage is for drying and preheating the feed 
shale; the middle stage is retorting and combustion; and 
the bottom stage is for heat recovery. Staging fluid-
ized beds in this way is not as easy as staging a gas-
liquid system (i.e., a conventional distillation column) 
because of the problem of transferring the solids from 
level to level where there is the requirement of a stable 
seal to prevent the gas by-passing. Nevertheless a two-
dimensional cold model of the equipment was built and 
operated successfully. 
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In summary, the invention described by Nicklin achieves 
solids exchange between two adjacent fluidized beds 
with little gas mixing. The twin fluid bed oil shale 
combustion-retorting system developed at the Morgan-
town Energy Technology Center also seeks to achieve 
this goal. Their system uses a different mechanism to 
achieve circulation. In the Nicklin invention a fairly 
complicated flow requirement has been achieved in a 
simple device, without moving parts, and with little gas 
mixing. The large circulating flows of solids are 
achieved simply by the design of a suitable interface 
between the beds. 
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FLUID BED RETORTING OF EASTERN SHALE WITH 
STEAM NO BETTER THAN WITH NITROGEN 

Fluidized bed retorting is thought to be particularlly 
attractive for retorting eastern United States shale 
because fluidized bed pyrolysis has been shown to 
produce oil yields well in excess of Fischer Assay. 

At the Kentucky Institute for Mining and Minerals Re-
search (IMMR) a three inch diameter fluidized bed 
retort has been used to investigate the fluid bed retort-
ing characteristics of eastern shale. Results were 
presented by S. U. Carter and D. N. Taulbee at the 1984 
Eastern Oil Shale Symposium from a series of runs using 
steam and nitrogen as the fluidization gas. 

The purpose for fluidizing with steam was twofold. 
First, a comparison of the product yields from steam 
and nitrogen fluidization retorting was to be made. 
This was a follow-up of a previous study which indi-
cated that steam, when used as a sweep gas in a fixed 
bed retort, produced larger oil yields than nitrogen 
sweep under otherwise simlar conditions. Second, 
steam fluidization enables better collection of light 
liquid hydrocarbon products. 

The retort was a continuous unit with a maximum shale 
feed-rate of 6 pounds per hour. The bed was a typical 
bubbling bed which consisted entirely of shale. A 
screw-feeder delivered the feedstock at an adjustable 
rate. 

The runs were of two to four hours duration. Typically, 
steady state conditions were achieved within fifteen 
minutes of start-up. 

The shale used was mined in Montgomery County, 
Kentucky, from the Cleveland Member of the Ohio 
Shale. It was crushed and double-screened to obtain a 
20 by 30 mesh size range. 

In previous studies with the fluidized bed unit, the 
IMMR researchers had found that the primary variable 
affecting both product yield and character was bed 
temperature. Other parameters, within the ranges 
studied, showed no apparent correlation to product 
yield or quality. 

The oil yields observed in this study exceeded Fischer 
Assay yields by 20 to 30 percent IMMR believes that 
increased oil yield from fluidized bed retorting can be 
attributed to the reduction of coking and cracking 
reactions. The rapid heat-up of the small shale 
particles quickly pyrolyzes the kerogen forcing the 
volatile hydrocarbon products to more rapidly exit the 
particle thereby decreasing the time for secondary 
reactions to occur. Once outside the particle, the 
products are quickly swept from the pyrolysis zone. 

Oil production reached a maximum for both steam and 
nitrogen retorting between 500°C and 550°C (Figuraj,). 
Carbon removal was slightly greater for steam than for 
nitrogen fluidization. The difference in the oil yield 
curves is small, and it is not clear whether the differ-
ence is real or merely reflects a bias in the analytics. 
In any case the increased carbon removal was relatively
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slight and a good deal smaller than the corresponding 
oil yield enhancement reported earlier from fixed bed 
retorting experiments using steam sweep. 

Considerably more water soluble organic carbon was 
collected from the steam runs as compared to the 
nitrogen runs. Water soluble carbon collected from 
steam fluidization was approximately an order of mag-
nitude larger compared to nitrogen retorting. However, 
this appears to be simply due to the fact that more 
polar oil components partitioned to the water phase 
from steam retorting because of larger quantities of 
condensed water in contact with the oil. 

Hydrocarbon gases comprised 86.3 to 93.5 percent of 
the total carbonaceous gas weight with approximately 
equal amounts of carbon dioxide and carbon monoxide 
accounting for the balance. The data from each 
fluidizing gas are essentially identical which suggests 
that steam did not influence hydrocarbon gas kinetics 
at these temperatures and residence times. 

All the spent shales produced during steady state por-
tions of each run had mean residence times of less than 
8 minutes. Sulfur removal from raw shale increased 
with bed temperature for both fluidizing gases, but the 
magnitude of removal was greater for steam fluidiza-
tion. Approximately 60 to 80 percent of the sulfur in 
eastern shale is present in the form of iron sulfide. 
Retorting in an inert or reducing atmosphere reduces 
the iron sulfide to FeS. The sulfur removal data 
suggests that steam fluidization provided a more favor-
able atmosphere for iron reduction. 

The sulfur removed from the shale during nitrogen 
fluidization averaged 45 percent, while sulfur removal 
during steam fluidization averaged about 85 percent. 
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TABLE I

ANALYSE Or COMPOSITE OILS 
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Table 1 presents selected properties of composite oil 
product samples. The properties of composite oils from 
steam and nitrogen retorting were found to be essen-
tially identical at otherwise equivalent conditions. 
Within the ranges of the parameters studied, the only 
processing variable which effected a measureable 
change in composite oil properties was bed tempera-
ture. 

IMMR concluded that steam fluidization did not en-
hance oil yields to any significant extent above nitrogen 
fluidization. 

Oil and gas yield and composition were also found to be 
similar for steam and nitrogen fluidization indicating 
that steam did not influence reaction mechanisms or 
kinetics. 

Because the properties of the oils obtained from steam 
and nitrogen fluidization retorting were similar, this 
confirmed the hypothesis that increased oil yield in 
fluidized bed retorting is due primarily to the suppres-
sion of secondary vapor phase reactions. The oils were 
more dense, less volatile, more aromatic, and higher in 
nitrogen content than oil obtained from the Modified 
Fischer Assay of the same shale.

HIGH YIELD POTENTIAL FOR FLUID BED RETORTS 
CONFIRMED AT LLNL 

Recent work at Lawrence Livermore National Labora-
tory (LLNL) has lent further support to the conclusion 
that yields of 110 percent of Fischer Assay should be 
achievable in fluidized bed retorting of western oil 
shale. 

Fluidized bed retorting processes are characterized by 
rapid heating of oil shale followed by essentially iso-
thermal retorting. LLNL measured the rate of kerogen 
pyrolysis under such conditions in a quartz fluidized-bed 
reactor. 

Their analysis of earlier data showed that either a 
single reaction with an effective order of 1.51 or two 
parallel first-order reactions fit the data comparably 
well and appreciably better than a single first-order 
reaction. Since a single nth-order reaction is more 
efficient to implement in a reactor model than are two 
first-order reactions, the recommended rate para-
meters for kerogen pyrolysis under rapid heating condi-
tions are: A = 3.582 x 10 12r1 , E = 24,800 K, and 
n = 1.51. 

Run Number 
Fluidizing Gas 
Bed temperature, C 
Oil Yield, % Raw C 

% C1 
% 111 
% NI 
%a' 
% 1120 

Density (60/60)1 
viieoslty, cP25'C 
BTU/Lb1 
Simulated Distillation2, IF 

lOP 
10% 
30% 
50% 
65% 
70% 
75% 
80% 

Run Number 
Fluidizing Gas 
Bed Temperature, aC 
Oil Yield, % Raw C 

% CI 
% H1 
%N1 
%a' 
% H20

Density (60160)1 
viscosity, cP25'C2 
BTU/Lb' 
Simulated Distivatlo0, 'F 

lap 
10% 
30% 
50% 
65% 
70% 
75% 
80%

57	 58	 59	 60 

	

Steam	 steam	 Steam	 steam 

	

559	 523	 490	 480 

	

43.24	 46.26	 48.59	 43.44 

	

64.7	 85.0	 84.5	 84.9 

	

9.36	 9.58	 9.72	 9.80 

	

1.45	 1.37	 1.45	 1.16 

	

1.78	 1.63	 1.74	 1.80 

	

9.2	 9.3	 4.8	 4.8 

	

1.007	 1.009	 1.014	 1.008 

	

380	 400	 1,005	 1,240 

	

17,390	 17,600	 17,660	 17,450 

	

272	 265	 319	 318 

	

429	 424	 478	 460 

	

674	 663	 631	 660 

	

914	 893	 784	 851 

	

1,088	 1,041	 899	 1,004 
937 
977 

1,020

68	 68
Nitrogen Nitrogen 

512	 547 
47.75	 49.53 
85.3	 85.4 
9.58	 9.52 
1.43	 1.45 
1.72	 1.65 
0.28	 0.25 

1.017	 1.026 
1.080	 870 

17,310	 17,380 

401	 403 
509	 514 
625	 635 
749	 776 
851	 954 
889	 954 
926	 1,009 
963 

Fischer 
70	 71	 72	 73	 74	 75	 76	 77	 78	 79	 80	 .A3!!L

Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen 
510	 480	 493	 520	 565	 490	 518	 504	 516	 518	 494 

46.48	 42.01	 45.80	 44.91	 41.26	 42.38	 - 40.33	 43.60	 49.19	 46.03	 43.74	 38.40 
85.5	 84.9	 85.3	 85.2	 85.4	 84.8	 85.5	 85.2	 84.9	 85.2	 85.0	 85.0 
9.54	 9.69	 9.69	 9.50	 9.22	 9.88	 9.70	 9.76	 9.51	 9.68	 9.69	 10.9 
1.87	 1.58	 1.59	 1.53	 1.48	 1.44	 1.77	 1.83	 1.82	 1.75	 1.72	 1.10 
1.74	 1.74	 1.78	 1.73	 1.77	 1.68	 1.60	 1.56	 1.55	 1.51	 1.54	 1.82 
0.33	 0.22	 0.23	 0.24	 0.31	 0.28	 0.22	 0.18	 0.21	 0.21	 0.25 

0.017	 1.009	 1.019	 1.013	 1,018	 1.008	 1.009	 1.017	 1.034	 2.016	 1.008	 0.921 
1,162	 1,480	 1,290	 730	 528	 812	 0,080	 600	 0,860	 1,016	 904 

17,560	 17,620	 17,500	 17,100	 17,230	 17,520	 17,310	 17,450	 17,290	 17,430	 17,530 

399	 429	 350	 353	 377	 341 
510	 544	 479	 466 -	 507	 490 
849	 - 659	 622	 604	 672	 868 
784	 797	 779	 767	 846	 842 
898	 917	 864	 845	 0,035	 0,044 
936	 958	 894	 874 
978	 -	 1,003	 926	 904 

1,023	 935 

1. MoIsture, ash tree basis 
2. Empirical determination, presence of water most be taken Into account
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At low heating rates (2°C per minute), Campbell et al, 
had found that oil evolution follows a first-order reac-
tion. The results of the new LLNL analysis show that 
this is not true at the high heating rates characteristic 
of fluidized bed retorts (100's of C/s). They compared 
oil yield (expressed as percent of maximum recovery) as 
a function of time at 500°C for Campbell's first-order 
reaction, a 1.51 order reaction, and Wailman's multi-
step reaction (using his kinetics for 1 millimeter oil 
shale particles). Although all three reaction schemes 
are in agreement during the first 50 percent of oil 
evolution, first-order kinetics predicts a much faster 
evolution of the final 50 percent. 

There has been no completely satisfactory determina-
tion of the maximum possible oil yield for fluidized-bed 
pyrolysis. Waltman et at, found that yields of up to 
110 percent Fischer Assay could be obtained from par-
ticles less than 1 millimeter. This increased oil yield 
was attributed to the presence of a long-time tail for 
hydrocarbon evolution present only for fine particles. 
Particles greater than 1 millimeter gave ayleld of only 
100 percent Fischer Assay and the rate could be repre-
sented by a single exponential. However, the new 
LLNL analysis shows no dependence of the oil evolution 
rate on particle size. More recently, both the increased 
oil yield for small particles and the presence of the 
long-time tail for hydrocarbon evolution from particles 
up to 2.4 millimeters have been confirmed. It therefore 
seems that an increase in oil yield of about 10 percent 
Fischer Assay for particles up to at least a few milli-
meters is possible. 

In the latest experiments, oil shale particles in the size 
range -2.4 to 1 millimeter were pyrolyzed in a fluidized 
bed of silica sand that was preheated to 500°C. Organic 
carbon analysis of the raw and retorted shale indicated 
that only 14 percent of the organic carbon remained in 
the rapidly retorted shale. In contrast, 21 percent of 
the organic carbon remained in the Fischer Assay 
retorted shale. If the difference in carbon residue were 
converted to oil, the yield from the fluidized-bed 
pyrolysis would have been 110 percent of the Fischer 
Assay value. This supports the conclusion from above. 

The results confirmed that the incremental oil yield 
obtainable by fluidized-bed pyrolysis requires a longer 
pyrolysis time than predicted by kinetics determined 
from slow heating rate pyrolysis. 

SHALE OIL ACHIEVES HIGH COMBUSTOR LIFE 
RATING IN TURBOPROP TESTS 

In a program funded by the Naval Air Propulsion Center 
and carried out at Garrett Turbine Engine Company, a 
Garrett T76 turboprop was used as the test vehicle to 
evaluate the effects of varying fuel properties on 
engine hot-section performance and durability. The 
test fuels were supplied by NAPC and the fuel proper-
ties covered a range of values that are being considered 
for possible future fuel specification modifications. 

Rig tests were used to determine turbine inlet tempera-
ture quality, lean stability limits, and ground ignition 
and altitude relight limits. Engine tests evaluated

combustor liner temperatures, gaseous emissions, 
smoke, carbon deposition, and fuel thermal stability. 

During the last decade, the availability of high-quality 
crude oil has been declining. As an example, 10 years 
ago a typical lot of JP-5 had an aromatic content of 15 
to 17 percent by volume. Present day JP-5 supplied to 
West Coast Naval air stations has an aromatic content 
consistently above 20 percent and in some instances 
exceeds the 25 percent fuel specification limit. If a 
continuation of this trend is assumed, it will soon be 
impractical to continue to produce JP-5 to existing fuel 
specifications. In anticipation of the possible need to 
broaden fuel specifications, the Navy initiated a series 
of programs to determine the effects of variations of 
fuel properties on engine performance and hot-end 
durability. 

NAPC supplied 10 fuels for evaluation: Table 1 lists the 
fuels and their individual properties. These fuels repre-
sent a cross section of composition likely to be en-
countered In future applications. Two of. the fuels, 
NAPC Nos. 5 and 9, met the specification for JP-5 
(MIL-T-5624L) with the major difference being the 
aromatic content-No. 5 had 15.0 volume percent aro-
matic and No. 9 had 22.0 percent NAPC No. 10 met 
the specification for JP-5, but was refined from shale 
oil. Two of the fuels were blends of JP-5 with other 

TABLE 1 

NAPC T76 ALTERNATIVE FUELS EVALUATION 
FUEL PROPERTIES 

NAPC Fuel Number 
1 2 3 4 5 

Low 
Suntech Aromatic 

1 2 3 4 iF-S 

Aromatics vol % 32.14 25.00 23.63 20.47 14.99 
Monocyclic Aromatic, Mt % 37.20 11.80 21.80 18.90 :4.60 
Dicydlic Aromatic, Mt % 5.000 3.500 4.000 2.000 3.110 

Hydrogen Mt % (NMR) 13.36 :3.48 13.66 13.82 13.79 
Viscosi ty 37.8'C M2/sec x to	 1.780 2.270 1.620 1.740 1.580 

Smoke Point MM Min 17.0 19.0 20.0 21.0 21.0 

JFTOT Breakpoint SC 292 271 288 282 271 

IBP'C 163 188 171 180 181 

10% Rec. 'C 190 227 192 202 199 

20% Rec.'C 207 242 203 210 203 

90% Rec. 'C 276 272 261 264 243 

FBP'C 397 281 276 282 261 

- NAPC Fuel Number 
6 7 8 9 10 

Hydro- DFM, High 
Fuel cracked fl's Mo- on 
Oil Gas Oil, 50/50 matic Shale 

No. 2 fl-S Mix JP4 fl-S 

Aromatics vol% 25.10 32.57 21.00 23.67 24.00 
Monocycuc Aromatics Wt % 11.30 20.80 14.80 23.90 23.20 
Dleycuc Aromatics Wt % 18.500 9.600 6.600 1.500 1.100 
Hydrogen Wt % (NMR) 13.22 12.83 13.54 13.49 13.70 
Viscosity 37.S'C M2/Sec x 10-6 2.600 1.770 2.060 1.500 1.380 
Smoke Point MM Min 17.0 14.0 :6.0 21.0 21.0 
JFTOT Breakpoint 'C 221 280 221 271 277 
IBP'C 153 193 180 190 184 
10% Sec. 'C 219 204 204 204 193 
20% Rec. 'C 232 209 213 208 196 

90% Else. 'C 317 272 297 246 231 

FOP 'C 333 288 323 264 257
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petroleum products. No. 7 was a blend of JP-5 and 
hydrocracked gas oil, and No. 8 was  50 percent mix of 
JP-5 with marine diesel fuel. NAPC No. 6 was No. 2 
fuel oil. The other four fuels were special blends 
manufactured by the Suntech Group of Sun Company 
Petroleum Products to provide the desired range of fuel 
properties for evaluation. 

Lean blowout tests (LBO) were run on all ten fuels at 
five test conditions. The test points were selected to 
represent the most stringent conditions in the T76 
operating envelope. The data indicate that all ten test 
fuels had an LBO fuel-air ratio below the minimum fuel 
schedule values, and therefore the TiE could operate on 
these fuels with adequate combustion stability. 

Ignition and altitude relight testing indicated that all 
ten test fuels are compatible with the existing T76 
engine from an altitute-ignition consideration. 

A significant correlation was observed with combustion 
liner wall temperature measured at military takeoff 
power and dicydic aromatic content. Based on the 
range of dicycic aromatics tested In this program, the 
test data, and the regression analysis, a 4.4°C increase 
in peak wall temperature would be expected for each 
percent increase in weight percent content of dicyclic 
aromatics. 

Combustor durability is a function of wall temperature, 
therefore it is possible to predict the effect of fuel 
dicyclic aromatic content on liner life. Figure 1 is a 
plot showing the relative life effect of the various test 
fuels. The worst fuel, NAPC No. 6, would reduce the 
life of the T76 combustor by over 40 percent while the 

FIGURE 1
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best fuel, NAPC No. 10, the shale oil, would produce a 
slight increase in liner life. 

Gaseous emissions levels varied, but the variations were 
relatively small and, at the measured values, did not 
significantly affect engine performance. Smoke levels 
were below the visible range for all fuels except NAPC 
No. 6 and wall carbon forming tendencies were similar 
for all the fuels. Fuel thermal decomposition was not 
thoroughly evaluated, but inspection of the fuel injec-
tors at the conclusion of testing showed no signs of 
carbon or varnish, and spray quality was not altered. 

The data indicate that all ten test fuels had an LBO 
below the minimum fuel schedule values, and therefore 
the '116 could operate on these fuels with adequate 
combustion stability. 

Ignition and altitude relight testing indicated that all 
ten test fuels are compatible with the existing T76 
engine from an altitude-ignition consideration. 

#114 

LLNL IDENTIFIES IRON OXIDE AS MAJOR 
REACTANT WITH HYDROGEN SULFIDE 04 
RETORT OFFOAS 

The hydrogen sulfide concentration in gas produced by 
conventional oil shale retorting is a few percent. When 
retorting is accomplished by direct contact between 
raw shale and hot oxidized shale in a fluidized bed, the 
concentration of hydrogen sulfide in the product gas Is 
reduced to a few hundred parts per million. Lawrence 
Livermore National Laboratory has Identified the 
minerals in oxidized shale which react with hydrogen 
sulfide as iron oxides and dolomite. 

They measured the rate of reaction ("scrubbing") of 
hydrogen sulfide with oxidized shale, iron oxide, and 
dolomite. To demonstrate that Iron oxide and dolomite 
are Indeed the principal reactants in shale they 
prepared a synthetic shale in which iron oxide and 
dolomite were mixed In the same proportions as In 
oxidized shale. This mixture was also reacted with 
hydrogen sulfide. 

The shale used was Anvil Points (24 gallons per ton) 
with a particle size between 40 and 70 mesh. It was 
retorted by rapid heating at 500°C in nitro,en, and then 
oxidized at a temperature of 550° to 600 C. The iron 
oxide and dolomite used had the same particle size 
range as the shale. 

Figure 1 shows the results. The rate of reaction of 
oxidized shale with hydrogen sulfide at 500°C (typical 
retorting temperature) is nearly the same as for an 
equivalent amount of iron oxide, and the rate is about 
10 times faster than the rate of reaction with dolomite. 
Reaction of hydrogen sulfide with dolomite has a higher 
activation energy than reaction of hydrogen sulfide 
with iron oxide or oxidized oil shale. When Iron oxide 
and dolomite were mixed in the same amount as in 
oxidized shale, the rate observed was the same as for 
oxidized shale. This confirmed the assumption that Iron 
oxide and dolomite are the principle minerals in shale 

2-19	 SYNTHETIC FUELS REPORT, JUNE 1985



FIGURE 1 
REACTION OF H 2 S WITH OXIDIZED 
OIL SHALE, FO203 AND DOLOMITE 
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which react with hydrogen sulfide under conditions of a 
recycle retort 

If oxidized shale is reacted with hydrogen sulfide long 
enough to convert all of the iron to iron sulfide, the 
rate of reaction then falls to that of dolomite. These 
results should help develop a predictive model for 
hydrogen sulfide concentration in gas from oil shale 
retorts. 

TOT SUMMARIZES EASTERN OIL SHALES 
RESEARCH STATUS 

D. V. Punwani of the Institute of Gas Technology 
recently summarized the status of Eastern oil shale 
research for the 12th Energy Technology Conference 
held in Washington, D.C. in March. 

Punwani notes that Eastern Devonian shales have long 
been used as stratigraphic markers and as a potential 
source of tight natural gas. However, no systematic, 
basin-wide survey of its kerogen content had been 
conducted until 1977, when IGT conducted a survey to 
specifically define the extent of Eastern oil shale 
resources recoverable by surface-mining techniques. 
The recoverable Devonian oil shale resources in the six 
states of Alabama, Indiana, Kentucky, Michigan, Ohio, 
and Tennessee were estimated to have oil potential of 
over 400 billion barrels. If Devonian shale that is 
accessible by underground mining is also included, the 
total resource base might be several times this amount. 
The surface mineable resources of Devonian oil shales 
in the four states of Indiana, Kentucky, Ohio, and

Tennessee are equal to or greater than the coal re-
sources In these states. 

According to IGT, even though Devonian oil shales have 
heating values that are lower than those of Eastern 
coals on a per-unit-weight basis, the costs for strip-
mining Devonian shales are lower, on a BTU basis, than 
those for underground mining of coal because of differ-
ences in geologic environment (seam thickness, over-
burden, etc.). In the four states of Indiana, Kentucky, 
Ohio, and Tennessee, the average thickness of shale 
seams is about 45 feet. The thickness of Eastern coal 
seams in these states averages about 4 feet. 

The Eastern Devonian oil shales have a lower hydrogen 
content and a higher pyritic sulfur content than West-
ern shales having similar organic carbon content. The 
higher sulfur content will require more expensive sulfur 
removal systems. However, the Eastern shales have a 
significantly lower carbon dioxide content The Eastern 
oil shales are clay-based and low in carbonates. This 
reduces energy requirements for processing at tempera-
tures above 1000°F, (the temperature at which the 
carbonates decompose), and also reduces acid-gas re-. 
moval cost downstream of the retort 

The results of Fischer Assay tests conducted with the 
Eastern and Western shales show that even though the 
two types of shales have similar organic carbon con-
tents, the Eastern oil shale would yield only about one-
third the oil obtainable from the Western shale by 
conventional retorting. Considering all the gaseous and 
liquid products, conventional retorting of the Eastern 
shale would recover about 33 percent of the organic 
carbon compared with 82 percent for the Western shale. 

About 10 years ago, IGT discovered that retorting of 
Eastern oil shales in a hydrogen-rich atmosphere at 
elevated pressure gives oil yields similar to those from 
thermal retorting of Western oil shales with comparable 
organic carbon contents. The yield improvement 
achieved in hydroretorting over that in conventional 
retorting is dependent upon the feedstock and is not a 
constant factor. 

Oil yields from Eastern oil shales are affected not only 
by the retorting atmosphere, but also by the heat-up 
rates. In the presence of hydrogen at elevated pres-
sures, slow heat-up rates are preferred for higher oil 
yields. 

In 1981, the Institute of Mining and Minerals Research 
(IMMR), University of Kentucky, discovered that in-
creasing heat-up rate from 12°C per minute (Fischer 
Assay test) to 55°C per minute during retorting of 
Eastern oil shales without hydrogen increases conver-
sions by as much as 120 percent A further increase in 
heat-up rate to 3,300°C per minute increases oil yield 
to 140 percent of the Fischer Assay. Mobil Research 
and Development Corporation has developed a Rapid 
Heat-Up (RHU) Assay for Eastern oil shales. Various 
samples of a Kentucky shale tested in the RHU Assay 
gave oil yields that are 150 percent to 200 percent of 
the Fischer Assay. However, continuous processing in 
fluidized beds, incorporating rapid heating, has not yet 
achieved yields that are better than 160 percent of the 
Fischer Assay yields. 
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Retorting Technology 

Punwani defines thermal retorting processes as all 
processes that involve heating of oil shale at near 
atmospheric pressure without the use of hydrogen or 
solvent in feed streams. Almost all processes devel-
oped at the large scale for the production of oil from 
Western oil shales are thermal retorting processes. 

Most of the above ground thermal retorting processes 
are slow heat-up, conventional processes which, with 
Eastern oil shales, convert only about 30 percent to 
35 percent of the organic carbon present in the raw 
shale. The remaining 65 percent to 70 percent of the 
organic carbon has to be recovered in a combustion or a 
gasification step. Limited data are available not only 
on integrated operations of such processes but also on 
the individual steps of combustion and gasification of 
retorted shales. These processes give oil yields that are 
within 10 percent of the yields estimated by the Fischer 
Assay tests. 

Petrosix pilot plant scale (8-inch-diameter retort) tests 
have been conducted in Brazil with shales from Ken-
tucky and Indiana by PETROBRAS for American Syn-
Crude Corporation. 

The Dravo Circular Grate process has been tested on 
pilot plant scale (75 to 150 tons per day . of shale feed) 
with Means oil shale from Montgomery County, Ken-
tucky. Oil yields in excess of Fischer Assay are stated 
to have been achieved. 

The Paraho C-H process has been proposed for use with 
Eastern oil shales. Although parts of the Paraho C-H 
process; have been demonstrated with Colorado shale, 
the complete retort of this process has not been demon-
strated at the pilot plant scale. 

Tosco Corporation has proposed its lISP process for 
retorting Eastern oil shales. Tests have been conducted 
with a Kentucky Sunbury shale. 

Allis-Chalmers Corporation has proposed a Roller Grate 
Retort process for producing oil from Eastern oil 
shales. An Indiana New Albany shale (11.5 percent 
organic carbon and 12.5 gallons per ton Fischer Assay 
yields) has been processed in a batch process develop-
ment unit (12 square feet active area). Oil yields of 
120 percent of Fischer Assay have been reported. 

The Superior Oil Company has done limited testing with 
Eastern oil shales at the pilot scale and has proposed its 
Circular Grate Retort for processing these shales. No 
results of the pilot plant scale tests have been reported. 

The T3 process has been proposed by Science Appli-
cations, Inc., for processing Eastern oil shales. No 
experimental data are available from the operation of 
the process with any Eastern oil shale. 

Eastern Shale Research Corporation and PEDCO, Inc., 
have proposed a retorting process based on rotary 
cascade principles, in a three-compartment, rotary-
kiln-like unit. An Eastern oil shale has been tested in a 
16 inch diameter by 4 foot long bench-scale unit to 
investigate combustion capabilities.

Fluidized bed retorting tests have been conducted by 
the Morgantown Energy Technology Center (METC) and 
Kentucky IMMR in 2- and 3-inch diameter laboratory-
scale retorts. The results obtained with two Eastern 
shales (one from Celina, Tennessee, and a Kentucky 
Sunbury) at METC show oil yields lower than those of 
the Fischer Assay. The best yields for the Tennessee 
and Kentucky shales were about 90 percent and 95 per-
cent of the Fischer Assay yields, respectively. 

Tests conducted at IMMR using nitrogen as fluidizing 
gas with a Cleveland member of the Ohio shale from 
Kentucky (12.2 percent organic carbon, 13.7 gallons per 
ton Fischer Assay) have showed oil yields that are 
120 percent of the Fischer Assay yields. 

Battelle Columbus Laboratory has conducted tests on 
an Eastern oil shale in its 6 inch diameter multi-solid 
fluidized bed (MSFB) oil shale retort test unit. Oil 
yields obtained with nitrogen were, in all cases, lower 
than the Fischer Assay yields. However, a limited 
number of tests with steam gave oil yields as high as 
160 percent of the Fischer Assay yield. 

In Situ Technology 

Below ground retorting processes include True In Situ 
(TIS) as well as Modified In Situ (MIS) processes. TIS 
and MIS, using combustion heating, have been developed 
extensively for the processing of Western oil shales. At 
present, no data on these processes with Eastern oil 
shale have been reported. Recently, the Indiana Cor-
poration for Science and Technology has initiated a 
project with the Eastern Shale Research Corporation 
for in situ retorting of an Indiana shale. 

Laboratory-scale experiments have been conducted at 
the Illinois Institute of Technology Research Institute 
(ILTRI) with an Eastern oil shale to evaluate the use of 
radio frequency (RE) heating of shale underground. The 
IITRI RE heating process for Eastern shale is a two-step 
process. The first step is pyrolysis, during which oil and 
high BTU gases are produced. It is followed by the 
gasification step, during which steam and air react in 
situ with the residue shale. It is proposed that, for the 
gasification, the char should be heated to 1,200°F using 
RF and then reacted with steam and air in situ to 
produce 80 BTUs per standard cubic foot gas. 

Hydroretorting 

IGT has shown that hydroretorting of Eastern oil shales 
improves oil yields to as much as 250 percent of Fischer 
Assay. The initial research (1972-1979) at IGT on a 
moving-bed hydroretorting process was funded by the 
American Gas Association and later by the Gas Re-
search Institute (GRI) to produce substitute natural gas 
(SNG). In 1979, the United States Department of 
Energy (DOE) funded a feasibility study to evaluate the 
technical and economic viability of the HYTORT pro-
cess for the production of synthetic fuels (oil as well as 
SNG). In 1980, Phillips Petroleum sponsored a feasibi-
lity study to optimize the process for an Indiana New 
Albany shale. 
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Under a DOE funded program, Rockwell International 
has conducted tests in a flash hydropyrolysis process 
(1 ton per hour) with a Kentucky oil shale (Cleveland 
member of the Ohio shale) at residence times of 75 to 
200 milliseconds. Carbon conversions as high as 70 per-
cent have been achieved, with oil yields from 13.5 to 
19.0 gallons per ton, compared with the Fischer Assay 
yield of about 13 gallons per ton. 

Solvent Extraction 

At present, only laboratory-scale test results are avail-
able for the production of oil from Eastern oil shales by 
extraction with various solvents. LOT has conducted 
solvent extraction tests with eight Eastern oil shales 
from six different formations using tetralin as the 
solvent. Organic carbon conversions as high as 80 per-
cent have been achieved. 

Under a DOE-funded program, Gulf Research and De-
velopment Company conducted tests with various hy-
drogen donor solvents. A good hydrogen solvent like 
tetralin converted 70 percent of the organic carbon in a 
Cleveland member of the Ohio shale to toluene-soluble 
products. A poor hydrogen solvent like mesitylene 
converted only about 35 percent of the organic carbon. 

Tests conducted at the Colorado School of Mines show 
that increasing temperature from 7000 to 840°F during 
solvent extraction with tetralin in the presence of 
hydrogen increases total organic conversion from 
38 percent to 86 percent 

Laramie Energy Technology Center has made batch 
solvent extraction tests with three Eastern oil shales, 
using mixtures of water with methanol, octanol, tolu-
ene, and tetralin. Total organic carbon conversions 
achieved with a water methanol mixture were only in 
the range of 15 percent to 34 percent, while conver-
sions achieved with toluene/water, octanol/water, and 
tetralia/water were 45 percent, 70 percent, and 90 per-
cent, respectively. 

Phillips Petroleum Company has conducted solvent ex-
traction tests with an Eastern shale after pretreatment 
in hydrogen (hs/SCE process). Results obtained with a 
Kentucky shale show that the presence of hydrogen 
during heating of the shale prior to extraction with 
heptane increases organic carbon conversion from 
42 percent to 82 percent under otherwise similar con-
ditions. 

Chem Systems Research, Inc., has conducted tests for 
Triad Research, Inc., to obtain data for the H-E Pro-
cess, which utilizes the oils derived from the shale as 
the hydrogen-transfer agent for carrying out the simul-
taneous hydrogenation-extraction of oil. Laboratory-
scale tests have been conducted, and yields as high as 
220 percent of Fischer Assay have been reported. 

Gemini Resources has conducted pilot plant scale tests 
using the hot oil process. It operates at temperatures 
between 650° and 700°F and gives oil yields that are 
about 130 percent of the Fischer Assay yields.

Gasification Processes 

Gasification of Eastern oil shales has been researched 
for the production of high-, medium-, and low-BTU gas 
in above ground as well as below ground processes. 

101 has conducted hydrogasification tests with several 
Eastern oil shales. I-IYTORT organic carbon conver-
sions up to 87 percent have been achieved in these 
tests. A few tests have also been conducted in a 
fluidized-bed gasifier with the residue shale (from the 
hydrogasification step) using steam and oxygen. 

Mineral Resources Institute at the University of Ala-
bama has conducted fluidized-bed gasification tests 
with the char produced from a Madison County, Ala-
bama, oil shale using steam and carbon dioxide. 

In 1976, DOE initiated a program with Dow Chemical 
Company to produce low-BTU gas from the Michigan 
Antrim shale by a True In Situ process. Three frac-
turing techniques were tested at the experimental field 
site. Antrim shale was successfully ignited in situ, but 
self-sustained combustion was not achieved. 

Summary 

In summarizing the situation, Punwani concludes that 
the Eastern oil shales in the United States are a very 
significant energy resource. Eastern shales are located 
in areas that have the infrastructures needed for mining 
them and are also close to the market for shale 
products. Over the last 10 years, significant research 
and development work has been accomplished by both 
Government and industry. However, even though re-
search has shown oil yields up to 250 percent of the 
Fischer Assay, much more development is needed be-
fore an efficient and economically attractive tech-
nology for this resource can be commercialized. 
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INTERNATIONAL 

OIL SHALES OF EUROPE, NORTH AFRICA, AND 
NEAR EAST BEING EXPLOITED 

A paper presented by U. Troger of the Technical 
University of Berlin, Federal Republic of Germany, 
before the 1984 American Association of Petroleum 
Geologists meeting discusses the state of development 
of oil shale in Europe, North Africa, and the Near East 

Oil shale deposits are known in almost all countries in 
Europe and range in age from Palezoic to Eocene. 
Because the geology of Europe has been extensively 
studied, the discovery of new and significant oil shale 
deposits is not likely. A considerably different situa-
tion exists in North Africa and the Near East, where 
sparsely tested areas in the Share and desert fringe 
might contain important oil shale deposits. Most of the 
oil shale deposits in these areas are of Cretaceous age 
and occur with phosphate deposits. They owe their 
origin to sedimentary processes associated with upwell-
ing. Oil shales can be found from Turkey to Morocco 
along a paleocoastline, and better definition of this 
feature could result in new discoveries. In contrast to 
the United States, oil shale deposits in Europe are being 
actively used as energy sources and will probably serve 
the same purpose in North Africa and the Near East. 

Two deposits in Europe that are being utilized are 
Puertollano (Spain) and Dotternhausen (Germany). The 
oil shales at Puertollano occur in Carboniferous shales, 
yield up to 45 gallons per ton, and have been used as 
fuel for an electric power plant since 1922. In-place 
reserves are estimated at 100 million tons of oil. 

The deposit at Dotternhausen is exploited for fuel for a 
power plant and the spent shale is used in the manufac-
ture of cement. The oil shale is in the Posidonia Shale 
and reserves are estimated at 1 billion tons. 

Three power plants are under construction in Romania 
and will utilize a 200 foot thick shale that is estimated 
to contain a few hundred million tons of reserves. 
Similar plans exist for an operation in Bulgaria, near 
the Yugoslavian border. 

Upper Cretaceous shales in Timandit, central Morocco, 
are being tested in a pilot plant. The oil shale deposit 
in El Lajjun, Jordan is estimated to contain 130 million 
tons of oil in place. It could furnish a 35 year supply of 
oil for the country. Development of the deposit in the 
Oren Efe syncline in Israel is under study. The bitumi-
nous shales of Turkey contain an estimated few billion 
tons of oil in place. The Neqr Izmir shales in the 
eastern Mediterranean provinces have oil yields of 45 to 
68 gallons per ton and are currently being studied by 
the German Geological Survey. Recent oil shale studies 
in Egypt indicate approximately 500 million tons of oil 
in place, and these deposits could be used in conjunction 
with phosphate and cement production.

BRAZIL MAY ADD FLUIDIZED BED COMBUSTION 
TO PETROSIX PROCESS 

Petrosiic Process 

Historically the first use of shale oil in Brazil occurred 
in 1884 to light a city. Petrobras, the state oil 
company, when it was created in 1954 initiated an oil 
shale development program. In the early 1970s, Petro-
bras built the Petrosix demonstration plant at Sao 
Mateus do Sul, Parana State, in Southern Brazil. More 
than 10,000 hours of continued operation have been 
accumulated. 

Petrobras has evolved a gradual commercialization pro-
gram, beginning with the implementation of an indus-
trial-scale retort. The start up of the industrial retort 
is due in 1987 to yield 2,500 barrels of oil per day. 

At the 8th International Conference on Fluidized Bed 
Combustion held in Houston in March 1985, Petrobras 
officials discussed further improvements being consid-
ered. In the original Petrosix process the gas and part 
of the oil produced are consumed to furnish process 
heat. However, the carbon content in the spent shale 
could provide the energy needs of the retorting process. 

Some oil shale processes burn this spent shale inside the 
reaction vessel (internal combustion retorts). However, 
this has some disadvantages: 

• Difficulty in controlling the combustion zone 
and the gas flow 

• The low BTU gas produced is high in sulfur. 

The Irati shale of Brazil contains a high level of mineral 
sulfur dispersed in the rock. This poses additional 
problems for utilization of the pyrolized shale. The 
sulfur remains in the spent shale because the tempera-
ture in the reactor vessel is relatively low. 

Fluidized bed combustion is being studied as a comple-
ment to Petrosix, to add heat and electricity, in a total 
energy recovery scheme. FBC is proposed to burn the 
depleted shale externally to the vessel, displacing and 
saving shale oil, resulting in increased overall energy 
efficiency. The Petrosix process employs a shaft type 
vessel, with countercurrent shale and gas flow. The oil 
shale, at a suitable size, is continuously fed to the top 
of the retort through a device which seals off the vessel 
and evenly distributes the rocks in its cross section. 
The shale descends the retort by gravity through the 
drying, heating, retorting, and cooling zones. 

Heat is supplied by a high temperature stream of gas 
injected at some point in the middle of the retort. A 
colder stream of gas is injected at the bottom of the 
retort to recover the heat of and cool down the spent 
shale. An oil mist is formed in the gas stream which is 
collected in cyclones and in the electrostatic precipita-
tor, outside the retort. These two streams together 
form the heavy oil fraction. A compressor recycles the 

2-23	 SYNTHETIC FUELS REPORT, JUNE 1985



cold and hot gases into the vessel and the light oil is 
condensed in a direct contact condenser (see Figure 1). 
The sulfur is recovered from the gases using the Claus 
process. 

An energy balance for Petrosix is shown in Figure 2. 
Shale fines, under one-quarter inch, are not proper feed 
to the retort due to channeling problems which may 
occur. This amounts to 20 percent of the shale mined. 
Although the organic material in the fines is less than 
that in the lump feed (Table 1), the fines embody part 
of the investment in mining, handling, and sizing which 
should be somehow returned. Fines briquettes of the 
same density as the feed were tested and later dis-
carded because they did not withstand the mechanical 
and thermal stresses inside the retort. 

TABLE I

SHALE PINES

Moisture Content, wt 96 5.5 
Volatile Matter, wt % 17.3 
Ashes, wt 96 75.6 
Fischer Assay, wt % 

Water 1.3 
Oil 7.2 
Gas +Loss 3.0 
Residue 88.5 

Total Carbon 12.4 
Combustible Carbon 10.4 
Total Hydrogen 1.6 
Nitrogen + Oxygen 0.8 
Total Sulfur 4.0 
High Heating Value, BTU Per Pound 2,590 
Softening Point, °F 2,280

A new technology development was undertaken by 
Petrobras: PLASOL, a process to retort the shale fines 
in an entrained bed system. It combines high tempera-
tures and high heating rates to pyrolyze the fines in a 
few seconds. A pilot plant was constructed at Sao 
Mateus do Sul. 

POC Tests 

As seen in Figure 2, 40 percent of the input energy is 
lost in the spent shale. A fluidized bed boiler is 
suggested to burn both the shale fines and depleted 
shale from the retort to supply the requirements for 
process steam, electricity, and fuel. 

Characteristics of the spent shale are given in Table 2. 

TABLE 2 

SPENT SHALE 
(Weight Percent) 

Moisture 5.0 
Volatile Matter 6.4 
Total Sulfur 3.4 
Total Carbon 7.4 
Ashes 83.3 
Nitrogen + Oxygen 0.2 
Combustible Carbon 6.8 
Total Hydrogen 0.7 
High Heating Value, BTU Per Pound 1,260 
Softening Point, OF 2,100 

Petrobras conducted a series of tests with both these 
solids in a bench scale FBC burner, which showed 
evidence of self-supporting combustion of either solid 
and of blends of them. 

FIGURE 2 
PETROSIX ENERGY BALANCE 
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TABLE 3 

Bed temperatures around 1,600 0F, 10 to 20 percent 
excess air, and residence time of 30 minutes resulted in 
99 percent burnout for the fines and 93 percent for the 
spent shale. Particles of size up to 7 millimeters with a 
residence time of one minute showed 50 percent burn-
out. 

Ash softening occurs in an oxidizing atmosphere above 
2,280°? for the fines and above 2,100°F for the spent 
shale. 

Allowable solids velocities were determined for a maxi-
mum allowable wear of 2 millimeters in tube thickness 
in 60,000 hours. Resulting speeds were 13 feet per 
second for the fines and 10 feet per second for the 
spent shale. 

Sulfur amounts to 26 percent of the combustibles for 
the fines and 32 percent for spent shale. Most of the 
sulfur will appear in the flue gases as SO2 and S03. 
About 25 percent of the sulfur will be retained in the 
ashes of the fines and 37 percent in the ashes of spent 
shale. 

The expected concentrations of sulfur dioxide in the 
flue gases are 12,000 ppm for the fines and 15,000 ppm 
for the spent shale. NOx concentration is very low as 
usual in a FBC system. To clean up the gases a Ca/S 
ratio of 2.5 with the use of limestone produced 95 per-
cent sulfur capture in the bed. The gas also contained 
90 to 140 grams per Nm3 of dust blown from the top of 
the bed. 

There is enough energy in the spent shale and fines to 
supply all the plant needs for heat and electricity. 

A review carried out recently for Petrobras revealed 
that the sulfur retention ability of circulating beds can 
achieve substantial results, without increasing Ca/S 
ratio, by employing finely ground limestone, which 
could not be handled in a conventional fluidized bed. 

On the other hand, the high circulation rates have a 
high potential for erosion due to the high silica content 
of the Brazilian shales. 

Brazil is short of sulfur and oil shale can be an 
important source of this substance. 

FBC Plus Fines Processing 

To increase the oil output the fines must be processed 
rather than burned. The technique for retorting fines 
under development at Petrobras, employs an entrained 
bed where the shale undergoes a high heating rate and a 
high temperature devolatilization. The technology is 
promising based on the results of the pilot plant tests at 
Sao Mateus do Sul. It promises a 50 percent increase in 
energy output when compared with Petrosix alone (see 
Tables 3 and 4), and a 17 percent increase compared to 
using the fines in the FBC along with the spent shale.

OIL SHALE PLANT FOR 50,000 BARRELS PER DAY WITH 
PEG 

	

Petrosix Process 	 PetrosIx-FBC 
.Unit 	 Energy	 Energy 

(Dais/Day)	 (obb/Day) 

input 
Shale, as Mined	 T/D	 140,000	 135.310	 140,000	 135,310 
Purchased Power MWII/D 	 5,640	 11,562	 - 
Diesel Fuel	 T/D	 97	 721	 97	 721 

Total Input	 147,598	 136,031

Output 
Shale Fines	 T/D	 28.000	 27,055	 28,000	 27,055 
Spent Shale	 T/D	 91,945	 54,470	 87,836	 82,007 
Oil Product	 T/D	 5,948	 42,485	 7.531	 53,221 
LPG	 TfD	 652	 5,092	 652	 5,092 
Sulfur	 T/D	 993	 4,905	 993	 4,905 
Losses (Difference) 	 -	 13,586	 -	 13,751 

Total output	 147,593	 136,031 

Efficiency, %	 36	 46 

TABLE 4 

OIL SHALE PLANT
FEC AND PINES PROCESSING

Energy 
Tons/Dy Bbls/Day 

Input 

Shale, as Mined	 140,000	 135,310 
Diesel Fuel	 97	 721 

Total	 136,031

Output 

Spent Shale 111,644 39,737 
Oil Product 8,663 61,700 
LPG 782 6,108 
Sulfur 1,191 5,884 
Losses (Difference) - 22.602

Total	 136,031 

Efficiency, %	 54 

MOROCCO'S T3 PILOT PLANT IN STARTUP PHASE 

The T Cubed process pilot plant at Timandit was 
completed in 1984 with funding from the World Bank. 
The plant has gone through cold flow shakedown tests 
and two or three preliminary single retort retorting 
tests. The plant is designed for semi-continuous opera-
tion, with alternating batch retorting operations in two 
100 ton retorts. Shakedown runs are expected to con-
tinue for another two months, with alternating retort 
operation taking place by October. 
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Initial runs did not completely retort the shale because 
of precautions to protect the lower grate. The vertical 
kiln batch retorts are equipped with a vibrating bin 
bottom discharge mechanism. 

Temperatures were somewhat higher than expected, 
and some clinkers were formed in the retort. Lab tests 
are under way to investigate the cause of the clinkers. 

Tests thus far have demonstrated the basic feasibility 
of the process. If progress continues as expected, the 
plant will probably be shut down sometime in the fall 
for modifications and revamp in accordance with oper-
ating experience. 

CHINESE OIL SHALE INDUSTRY SET FOR 
FUTURE EXPANSION 

The history and outlook for China's oil shale Industry 
was discussed by H. E. Nuttall of the University of New 
Mexico at the 18th Oil Shale Symposium held in Grand 
Junction in April. 

The People's Republic of China has abundant oil shale 
resources and a 50 year history of nearly continuous 
shale oil production. Significantly, despite the current 
reduction in world crude oil prices, China is still 
strongly committed to expanding the development of oil 
shale resources. In recent years oil shale has been 
discovered in 22 of China's 30 provinces. 

Nuttall notes that development began in 1930 with the 
first commercial oil shale mining and retorting industry 
near the city of Fushun in the northern province of 
Liaoning. To date, the Fushun refinery has processed 
452 million tons of oil shale, producing 87 million bar-
rels of shale oil, 2.45 million tons of ammonium sulfate, 
70 billion cubic meters of 112 BTU gas, and 7 million 
tons of cement from the shale ash. 

In the 1950s China's new government built the Maoming 
refinery. Today there are two refineries in Fushun and 
one in Maoming. Together they produce about 
5,000 barrels of shale oil per day. The shale oil can be 
processed to produce gasoline, diesel, lubricating oil, 
wax, high quality coke, and kerosene for airplanes. 

In 1960, first the Daqing crude oil field was discovered 
and then several other oil fields were found. Conse-
quently, the oil shale industry stagnated. However, the 
research on oil shale never stopped. Experiments such 
as fluidized bed pyrolysis of oil shale were carried out 
on a pilot plant scale. 

In 1978, the demand for oil was increasing and the 
government recognized oil shale as an important sup-
plementary energy source whose role will become in-
creasingly important as crude oil supplies are 
exhausted. Consequently, they established a policy to 
develop oil shale at an appropriate pace. To date, this 
policy and pace remain unaffected by the recent de-
cline in world oil prices. An integral part of this policy 
includes incentives. Oil shale refineries, for instance, 
are given special benefits not received by other kinds of 
factories. Scientists are encouraged to work on oil

shale, and oil shale research laboratories are emerging 
in many cities such as: Beijing, Fushun, Maoming, and 
Dalian. China is currently conducting extensive re-
search on the properties of both the shale and oil, and 
on new types of retorts, as well as on shale oil refining. 
With this kind of research and the several hundred oil 
shale researchers in China, China's oil shale industry is 
set to develop rapidly. 

Chinese scientists and engineers think.that the bulk of 
the oil shale resource should be used to produce liquid 
fuels, and not for making electricity. In order to utilize 
fines, both the suspension combustion and the fluidized 
bed combustion of oil shale fines have been demon-
strated. In July 1984 a suspension combustion type 
power station began operating. 

Deposits 

Oil shale resources have been found in many provinces, 
such as Liaoning, Guángdong, Jilin, Shandong, Shanxi, 
Xinjiang, Gansu, and Nei Monggol. Total reserves of oil 
shale deposits are certainly much more than 400 billion 
tons (about 16 billion barrels of shale oil). 

In Fushun, Liaoning province, the oil shale layer lies 
above a coal layer, thus when the coal is open pit 
mined, oil shale is obtained as a by-product. The 
thickness of the oil shale layer is about 70 to 
190 meters. Fischer assay oil yield is about 15 gallons 
per ton. A comparison of the Fushun and Green River 
oil shale genesis and mineral content is shown in 
Table 1.

TABLE 1 

COMPARISON OF FUSHUN AND
GREEN RIVER OIL SHALE

Green River 
Fushun	 Formation 

Age, Million Years 10-70 60 
Grade, Gallons/Ton 15 10-65 
Origin Large Lake Large Lake 
Major Minerals: Quartz Quartz 

Illite Calcite 
llaolinite Dolomite 
Montmorillinite Dawsonite 

Nahcolite 
Pyrite

In Maoming, Guangdong province, the oil shale is also 
open pit mined. Its oil content is about 7 percent. A 
comparison of the Fushun and Maoming shales is shown 
in Table 2. The Maoming oil shale is generally softer 
and contains significantly more free water than does 
the Fushun oil shale. 
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TABLE 2 

COMPARISON OF PUSHUN AND
MAOMING OIL SHALE 

Fushun	 Maoming 
Appearance Brown Gray/Brown 
Specific Gravity 2.0-3.0 1.7-2.1 
Specific Heat, kcal/kg-C 0.27 - 
Hardness (Shoper's) 2,834 1,420 
Crushing Strength, kg/sq cm 612 326 
Ash Deformation Point, °C 1,240 1,260 
Ash Softening Point, °C 1,280 1,290 
Ash Melting Point, °C 1,355 1,340 
H/C Ratio 1.51 1.46 
Volatile Matter, Wt % 17.45 20.12 
Ash, Wt % 75.4 72.1 
Heating Value, kcal/kg 1,364 1,745 
Percent Aromatics 0.25-0.30 0.25-0.30 
Percent Naphthenic 0.15-0.20 0.20-0.30 
Percent Paraffinic 0.50-0.55 0.40-0.45

In Huong County, Shandong Province, the oil shale layer 
lies above the coal seam as it does at Fushun. Its oil 
content is more than 12 percent. 

Fushun Retorting Technology 

At the Fushun site, oil shale is hauled by open rail cars 
from the open pit mine, then crushed and sieved at a 
facility very close to the bank of 24 retorts. About 
20 percent fines are rejected and burned directly for 
power generation. The Fushun retort is similar to the 
gas combustion retort. It is a cylindrical vessel, 
3 meters in diameter and approximately 15 meters high 
operating at atmospheric pressure. The retort as 
illustrated in Figure 1 may be separated into two parts: 
a pyrolysis section and a gasification section. Through-

FIGURE 1 
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put capacity is 200 tons of raw shale per day. The 
retorting facility is located within a large crude oil 
refinery in the Fushun industrial area. Shale fines 
(diameter 0 to 8 millimeters) are used directly by an 
electrical power station while the raw shale (diameter 8 
to 125 millimeters) is fed into a retort. At Fushun, the 
screen analysis of the oil shale feed to the retorts is: 

Particle Size Range	 Percent Retained 
(Millimeters)	 (Percent) 

8-15 26 
15-20 20 
20-30 19 
30-50 12 
50-75 18

The retorting operation is continuous. Raw shale is 
injected by a screw feeder into the top of the retort. 
The shale moves slowly downward and contacts the hot 
gas rising up from the lower part of the retort The 
shale is heated, dried, and then pyrolyzed. When it 
reaches the middle part of the retort, the shale reaches 
about 550°C, pyrolysis is complete, and the spent shale 
has formed a coke. The shale coke leaves the pyrolysis 
section and enters the gasification section. As it moves 
downward in this section, shale coke is further heated 
to 700° to 800°C; here it reacts with the hot air and 
steam, i.e., gasification and combustion of the shale 
coke take place. Therefore, large amounts of heat and 
combustible gas are evolved; the shale coke becomes 
shale ash. The hot combustible gas goes upward to the 
pyrolysis section to heat the raw shale; the shale ash 
moves downward and gives its heat to the incoming air 
(containing water vapor). At the bottom of the retort, 
the solid particles drop onto the ash disk and are 
automatically drawn away by a mechanical device. The 
gas containing shale oil vapor leaves the top of the 
retort and goes to the cooling system. 

The heat required for the drying and pyrolysis of the 
shale is partly supplied by the hot gas from the gasifi-
cation section, and partly b2 the recirculating gas, 
which is heated to 500° to 700 C in external heaters and 
then introduced into the middle part of the retort. 

The latent and the apparent heat of the shale coke have 
been utilized almost completely in the Fushun type 
retort. The products produced from a ton of raw shale 
are as follows: 

Shale Oil, kg/t	 35-45 
Ammonium Sulfate, kg/t	 8.5 
Gas (Net Gained), nm 4/t	 200-250 

The hot oil vapors from the top of the retort first enter 
a gas collector where a water spray removes particu-
lates and-condenses about 50 percent of the oil vapor. 
The solid particles are later separated by gravity from 
the shale oil. The gas and vapors next enter a water-
scrubbing tower where 30 percent of the oil is con-
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densed. Then, the gas enters an absorbing column, 
where a spray stream of 1.5 percent sulfuric acid 
solution is applied to absorb the ammonia from the gas 
and the remaining gas enters the water cooling tower. 
After leaving the cooling tower, the gas is divided into 
two parts: one is called reeirculaton gas, which is 
heated in a recuperative furnace to 500 0 to 700°C and 
sent to the retort, as a supplementary heat source for 
pyrolysis, and another part of the gas is used as fuel to 
heat the recirculating gas stream. 

Maoming Site 

At the Maoming refinery which was built in 1950, there 
were initially two retort types, the Fushun retort and 
the gas combustion retort. The capacity of the gas 
combustion retort was 180 to 240 tons per day. Today 
the gas combustion retorts are shut down because they 
produced a fuel gas with too low a heat value. Current-
ly there are approximately 35 operating Fushun type 
retorts at Maoming. 

Shale ash from the retort is successfully used as raw 
material for the production of cement and may be used 
for other purposes. 

At room temperature, both the Fushun and Maoming 
shale oils are a dark brown paste. Chinese shale oil is a 
paraffin-based oil and has a carbon/hydrogen ratio 
approaching that of crude oil. Its nitrogen/sulfur/oxy-
gen content is higher than that of most crude oils, but 
much lower than that of coal tar; hence, the shale oil is 
suitable for processing to liquid fuels, such as gasoline, 
and diesel oil. 

China has tested three shale oil processing schemes. 
these are: 

• - Thermal processing and purification by acid and 
base. This scheme was used in the 1950s and 
was later discontinued. 

• Thermal processing and hydrotreating, used 
briefly in the 1950s and 1960s, was discontinued 
following the discovery of petroleum in the 
early 1960s. 

• Hydrotreating of the entire shale oil fraction. 
This scheme was tested on a pilot plant scale in 
the 1950s. 

The first scheme was adopted on an industrial scale in 
the 1950s and 1960s. This scheme, however, causes 
severe oil losses. 

The second scheme was used for many years. The shale 
oil is fractionated in an atmospheric distillation tower. 
The light fraction is hydrotreated to produce gasoline, 
kerosene, and diesel oil. The middle distillate is 
dewaxed and paraffin is recovered as a by-product. The 
remaining oil is subjected to thermal cracking and 
purification to produce gasoline and fuel oil. The 
residue from the atmospheric distillation tower is sent 
to a delayed coker to produce a light and middle 
fraction plus a high quality coker. This scheme was 
discontinued with the discovery of oil in the 1960s.

The third scheme has only been tested on a pilot plant 
scale. Currently China's shale oil is either burned to 
produce electrical power or sold to farmers who refine 
it into diesel fuel for their tractors. 

Muttall concludes that China has abundant oil shale 
resources and a strong commitment to expand their 
production of shale oil. With 50 years of continuous 
shale oil production history, they have confidence in 
this resource and now recognize the economic role 
shale can play in their effort to rapidly industrialize. 
For these reasons, China is determined to develop a 
large oil shale industry and this policy will not be 
affected by the current world oil market. Currently 
the estimated cost of shale oil is lower than the world 
market price and is comparable to China's cost of 
producing crude oil. 

SAME-SITE CONSTRUCTION REDUCES COST FOR 
PETROSIX COMMERCIAL MODULE 

In remarks delivered to the 50th Mid-Year Refining 
Meeting of the American Petroleum Institute in Kansas 
City, Missouri in May 1985, R.E.M. Novicki of Petroleo 
Brasileiro S.A.—Petrobras, Sao Mateus do Sul, Brazil, 
discussed the 260 metric tons per hour industrial 
module of the Petrosix process which is under construc-
tion with start-up scheduled for 1997. 

Petrobras, the Brazilian national oil company, has oper-
ated for several years in Sao Mateus do Sul a demon-
stration plant of the Petrosix process, called Usina 
Prototipo do Irati (UPI). 

Based on the operation of the UPI, the Petrosix Process 
was consolidated and a cost estimate for an industrial 
unit was prepared. The basic design for the commercial 
plant included 20 retorts (11 meter diameter individual 
units) producing 50,000 barrels per day of shale oil. The 
engineering of this plant was completed and plans for 
its construction were submitted to Brazil's government. 
Total investment cost was $2.2 (U.S) billion (1981 
costs). Due to the world economic situation, the 
construction of this 50,000 barrels per day plant was 
postponed. 

Nevertheless, Petrobras decided, in 1982 to build a 
complete single industrial module of 2,650 barrels per 
day capacity, with one retort. The industrial module 
will be located at the site of the UPI. 

The UPI is located at Sao Mateus do Sul in the state of 
Parana, 140 kilometers west of Curitiba, the state 
capital. It comprises the following units: an open-pit 
mine, solids handling, retort, gas treatment and sulfur 
recovery, oil cleaning, oil and sulfur storage, general 
utilities, laboratory, maintenance shops, and support. 

Novicki pointed out that since 1982, the UPI has been 
operating in a continuous production mode, with a 
continuous run of almost 6,000 hours. 

The industrial module project is based on an 11 meter 
diameter retort. The industrial module will produce, 
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TABLE 3 

PRODUCTION COST
(United States Dollars Per Barrel) 

Internal Rate of Return
(Percent) 

0 
5 

10 
15

Industrial Commercial 
Module	 Plant 

(1 Retort) (20 Retorts) 

26	 14 
32	 18 
39	 24 
48	 33 

operating in parallel with the 18 foot UP! retort, 
1.1 million barrels of shale oil per year. The industrial 
module comprises the following units: 

• U-210 Mining—The mining capacity is 
10,700 tons per day. 

• U-220 Solids Handling—After crushing, the 
charge (1/4 to 2-3/4 inch particle size) will 
feed both industrial module and UN retorts. 

• U-230 Retorting—A cylindrical 11 meter dia-
meter vessel equipped with rotary feeder, anti-
segregation mechanism, hot gas injectors, dis-
charge mechanism, spent shale removal 
mechanism, compressor, condensers (air-cooler, 
spray tower), cyclones, electrostatic precipita-
tors, and gas heater. 

• U-240 Gas Treatment—The process gas is de-
sulfurized with diethanolamine and the acid gas 
routed to sulfur recovery in a Claus unit. 
Sweetened gas from the diethanolamine tower 
goes to the LPG section for the recovery of 
LPG, light naphtha, and fuel gas. The fuel gas 
is fired in the gas heater to supply heat for 
pyrolysis. 

• U-no Oil Pre-Treatment—This unit is 
designed to remove the solids and water con-
tent of the composite oil from both industrial 
module and UPI retorts. After cleaning, the 
neat composite oil will be distilled in order to 
separate a light fraction. 

• Other Units—The industrial module will utilize 
the existing infrastructure of UPI such as 
offices, shops, laboratory, and utilities. The 
tank farm and some other facilities will be 
increased in order to accommodate the addi-
tional production. 

The present status of the project is as follows: 

• Retort: Under erection

module (1 retort) and of a commercial plant (20 retorts) 
are presented in Tables 1 through 3. 

From Table 2 it is seen that due to the savings from the 
same-site construction, the industrial module presents a 
specific investment of only $22,000 (U.S.) per barrel 
compared to the commercial plant $35,000 (U.S.) per. 
barrel. Table 3 illustrates the economies of scale in 
operating costs. For a 10 percent internal rate of 
return, the costs of a barrel of shale oil are $39 (U.S.) 
and $24 (U.S.) for the industrial module and commercial 
plant, respectively.

TABLE 1 

INDUSTRIAL MODULE INVESTMENT COSTS 
(Million (U.S.) Dollars) 

Solids Handling 19.4 
Retorting 19.7 
Products Treatment 13.9 
UP! Adaptation 5.6 

Sub-Total	 . 58.6 

Start-Up Cost 4.1 
Contingencies 6.3 
Working Capital 3.1 

Total 72.1

TABLE 2

SPECIFIC INVESTMENT 

Industrial	 Commercial 
Description	 Module	 Plant 

(1 Retort)	 (20 Retorts) 
• Electrostatic Precipitator: Completed 

• Cyclones: On site 
• Air-Cooler: Completed 
• Gas Heater: Under fabrication 
• Compressor: Under fabrication 
• Gas Treatment: Design and engineering under 

way 
• Solids Handling: Main equipment under fabrica-

tion. 

Economic Aspects 

By locating the industrial module at the same site as 
the UP! facilities and using the existing infra-structure 
of the Sao Mateus do Sul plant, the investment costs of 
the project have come down. Another important aspect 
in decreasing investment was contracting out the min-
ing services.

Investment, Million US$ 
Produced Shale Oil, Bbl 
Specific Investment, 

US$/Bbl

	

58.6	 1,450 

	

2,650	 41,660 

	

22,000	 35,000 

Investment and production costs of the industrial  
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50 YEAR OLD OIL SHALE WASTE PILE 
SHOWS NO WEATHERING 

An oil shale mine and experimental retort was operated 
near Rulison, Colorado by the United States Bureau of 
Mines from 1926 to 1929. Samples from seven drill 
cores from the retorted oil shale waste pile were 
analyzed by the United States Geological Survey to 
determine whether there were variations in the com-
position that could be attributed to weathering. The 
waste pile is composed of oil shale retorted under both 
low temperature (400° to 500°C) and high temperature 
(750°C) conditions. The spent shale produced by the 
high temperature retort is identified by the minerals 
akermanite and diopside, products formed from the 
reaction of silicate minerals with calcium and magnes-
ium carbonates. 

As reported to the 18th Oil Shale Symposium, the 
mineral and chemical characteristics of the waste pile 
have remained essentially unchanged for the 50 years 
that the pile has been exposed to weathering. Little 
redistribution of elements has occurred within the 
waste pile and there has been no detectable migration 
of elements from the waste pile into underlying slope 
wash. 

The Rulison waste pile was chosen for study because of 
(1) the availability of detailed documentation of the 
retort operations; (2) the uniqueness of the waste pile 
with respect to its size and age; (3) the accessibility of 
the site; and (4) the similarity of the retorting pro- 
ceases used at Rulison to those used in modern above-
ground retorting. 

Oil shale from the Mahogany zone was mined from the 
Roan Cliffs above the retort site, transported by cable 
cars, retorted in either the low temperature or the high 
temperature retort, and the wastes dumped into a pile. 
The waste pile rests on an east-facing slope which is 
covered by colluvium (slope wash) of Quaternary age 
which in turn rests on the Wasatch Formation of

The climate at the Rulison site is semi-arid. The 
average annual precipitation is 28 centimeters with a 
portion of that amount due to an average of 1 meter of 
snow. These dry conditions would retard weathering of 
the spent shale in the waste pile. 

The seven drill cores obtained were not deep enough to 
reach bedrock. 

Mineral (XRD) and geochemical analyses were per-
formed on 136 samples of oil shale, spent shale, and 
slope wash. The tabulated depth profiles of relative 
concentrations of minerals were used to distinguish 
three categories of materials collected from the cores 
(high- and low-temperature spent shale and slope wash 
material). The minerals akermanite and diopside were 
used as indicators of high temperature spent shale. 
Layers in the waste pile that did not contain these two 
minerals but contained large amounts of carbonates 
were considered to be low temperature spent shale. 
Samples from the bottom of each core containing the 
minerals chlorite, and abundant quartz were classified 
as underlying slope wash (Figure 2). 

FIGURE 2 

Analysis of Variance results showed there is no differ-
ence among the cores and that the materials in them 
are similar in chemical composition. The spent shale is 
enriched in most elements relative to unretorted oil 
shale. The element enrichment results from the re-
moval of volatiles and is therefore, only a relative 
enrichment. Exceptions to this enrichment are sulfur 
and calcium. Some sulfur is removed with the oil and 
retort gases. The cause for the decrease in calcium, 
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however, is not known. The ranges of concentrations in 
the spent shales are generally larger than for the 
unretorted oil shale possibly reflecting variability in the 
completeness of retorting during the experimental runs. 

The major element composition of the high- and low-
temperature retorted shales were essentially the same. 
Differences in the trace element compositions appear 
to be small except Ba, Cr, Ni, Pb, and S. Low 
temperature retorted shale has lower concentrations of 
these elements compared to high temperature retorted 
shale; however, according to the AOV results, only Be 
concentrations are significantly different. 

Unfortunately, no samples of unweathered spent shale 
from the Rulison retorts were available for comparison 
with the weathered spent shale within the pile. The 
Rulison low temperature process is similar to the 
Tosco II process (480°C, indirectly heated), and the 
Rulison high temperature process is most similar to the 
Paraho process (600°C, directly heated). Concentra-
tions of freshly retorted spent shale from the two 
modern processes were compared to concentrations in 
the Rulison spent shales. The concentrations of the 
freshly retorted spent shales were within the ranges 
reported for the Rulison spent shales except sulfur and 
cobalt. The difference in cobalt concentration was 
attributed to higher concentrations in the Paraho feed-
stock compared to the Rulisoñ feedstock. Sulfur con-
centrations were higher in the freshly retorted spent 
shales even though there was little difference between 
the feedstocks. These data suggest that sulfur concen-
trations are different and may be useful in assessing 
weathering effects within the waste pile. 

This aspect was studied by concentrating on data from 
drill core 2. The mineral composition of samples from 
this core indicate that all samples except one are high 
temperature spent shale. 

Depth profiles for selected elements of environmental 
concern (As, B, F, Me, and 5) in samples from core 2 do 
not exhibit any consistent down-core trends. All con-
centrations decrease in the underlying slope wash to 
concentrations observed in unaltered slope wash. This 
suggests that no migration of these elements from the 
waste pile into the underlying slope wash has occurred. 
The concentrations of other elements vary similarly. 

Because sulfur appeared to be an element which may 
have been affected by weathering processes, a subset of 
samples of spent shale from drill core 2 was examined 
further. Figure 3 is a depth profile of sulfur within drill 
core 2 overlain with the sulfur specification data of 
selected samples. 

Pyritic sulfur concentrations remain essentially con-
stant throughout the profile, increasing slightly near 
the slope wash. Organic sulfur is also essentially 
constant except for a lower concentration in the near-
surface sample. Sulfate sulfur exhibits the greatest 
variability, with the highest concentration in the zone 
containing gypsum. Acid volatile sulfide (probably 
pyrrhotite) was only detected in the lowest spent shale 
sample.

FIGURE 3 
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The distribution of sulfate suggests that redistribution 
of sulfate sulfur has occurred since disposal of the 
spent shale. As precipitation enters the waste pile, in 
the upper half meter to meter, some leaching of 
primary sulfates and alteration of organic sulfur prob-
ably occurs, producing additional sulfate. At times of 
greater precipitation and deeper penetration of mois-
ture, sulfate is mobilized and penetrates the pile to 
greater depths (possibly as deep as 3.5 meters). As the 
pile begins to dry, capillary action draws the weather-
ing solutions upward and, during evaporation, precipita-
tion of secondary salts occurs in the zone where gypsum 
is reported (Figure 3). 

The researchers conclude that, except for elements 
associated with soluble sulfate salts in the near-surface 
layers of the pile, little redistribution of elements has 
occurred within the Rulison waste pile. There was no 
evidence for the migration of chemical species out of 
the pile. In other words, the Rulison spent shale pile 
has remained a geochemically closed system during 
50 years of weathering. 
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These results imply that geochemical degradation of 
spent shale wastes is a very slow process and that spent 
shale waste piles in this region are likely to remain 
virtually unchanged for many, many years. 

#000 

STRETFORD PLANT WITH PACKED TOWER 
SUCCESSFUL AT GEOKINETICS 

Because the Stretford process had been widely proposed 
for applications in the synthetic fuels industry, the EPA 
transportable Stretford process pilot plant was tested 
on a 700 ACPM slipstream of Geokinetics in situ shale 
oil retort of fgas. This was the fourth application of the 
pilot plant, which had demonstrated a continuously im-
proving performance. 

Previously the Stretford pilot plant had been used at 
Occidental Oil Shale, Inc.'s, Logan Wash oil shale devel-
opment mine near DeBeque, Colorado (July 1982), at 
the Geokinetics in situ retort in eastern Utah (October 
1982), and on a United States Bureau of Mines coal 
gasifier in Minneapolis, Minnesota. The hydrogen sul-
fide removal efficiency was higher on each of these 
tests than on the previous one. On the coal gasifier 
tests 99+ percent hydrogen sulfide removal was 
achieved. 

The objectives of this fourth test were to (1) duplicate 
on retort of fgas the 99+ perceht hydrogen sulfide re-
moval efficiency achieved on the gasifier tests and (on 
achieving that), (2) attempt to explain the low removal 
efficiency during the 1982 test 

The Stretford process is regenerative and converts 
hydrogen sulfide in the retort of fgas to elemental 
sulfur. It uses air oxidation to regenerate the chemi-
cals reduced during the of fgas treatment. it is a highly 
selective process in that it removes hydrogen sulfide 
with negligible side reactions with carbon dioxide. Car-
bon dioxide, like hydrogen sulfide is an acid anhydride 
and is present in the offgas at a much higher concentra-
tion than the hydrogen sulfide. Therefore, most scrub-
bing processes must be concerned with selectively 
scrubbing hydrogen sulfide in preference to carbon 
dioxide. The Stretford process is highly selective for 
hydrogen sulfide. It has been in use for more than 
25 years with nearly 100 plants in operation worldwide 
on such processes as: 

Coal gasification 
Coke oven gas 
Refinery fuel gas 
SNG (petroleum) plant gas 
Natural and associated gases 
Claus tail gas 
Geothermal power generation 
Carbon disulfide manufacture 
Ore roasting 
Sewage sludge digester gas. 

The process chemistry of the Stretford technology is 
based on the absorption of hydrogen sulfide in an 
alkaline scrubbing solution and subsequent liquid-phase 
oxidation of the captured hydrogen sulfide to elemental 
sulfur. The Stretford liquor is a dilute solution of

sodium carbonate, sodium mctavanadate, and sodium 
salts of the 2:6 and 2:7 isomers of anthraquinone disul-
fonic acid. The solution Is maintained at a pH of 8.5 to 
9.5 and a temperature of approximately 43°C. 

Several side reactions that form non-regenerable com- 
pounds, primarily oxidized sulfur compounds such as 
sodium sulfate and sodium thiosulfate, as possible in the 
Stretford process. These non-regenerable compounds 
can build up In the system and eventually impede the 
performance of the process by interfering with the 
principal chemical reactions. These compounds must he 
removed from the process either by purging them from 
the system or by recovering them in a regeneration 
system. 

The pilot plant configuration (Figure 1) includes a vari-
able throat venturi scrubber gas/liquor contactor, reac-
tion tank, oxidizer, pump tank, and slurry tank. At 
Geokinetics, before the retort of fgas stream entered 
the Stretford plant, It was run through a mist elimina-
tor to remove residual product oil and water. 

FIGURE 1 

FLOW DIAGRAM OF THE 
STRETFORD PILOT PLANT 

*0 

The plant was modified during this test to add a 
30 centimeter diameter packed tower scrubber contain-
ing 2.5 centimeter diameter Raschig rings downstream 
of the venturi. This provided a much longer gas/liquid 
contact time. 

The reduced process liquor flows from the reactor to 
the oxidizer (Figure 1). The function of the oxidizer is 
to re-oxidize the Stretford liquor (replenish the reduced 
ADA), separate the sulfur product from the liquor by 
air flotation, strip bicarbonate formed in the process 
from the liquor (as carbon dioxide), and strip any 
ammonia absorbed from the gas stream. The stripped 
carbon dioxide and ammonia are removed from the 
process via an atmospheric vent stack in the oxidizer. 
Oxidation air is introduced into the base of the oxida-
tion tank through a dispersion ring. The air is further 
dispersed into the liquid by a mixer. The sulfur product 
is generated as a froth at the top of the oxidizer. This 
froth contains approximately 7 percent (by weight) sul-
fur. The froth overflows a slurry weir into the slurry 
tank. 
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The Stretford pilot plant was operated for 200 hours. 
For the first seven days the hydrogen sulfide removal 
efficiency averaged 80 percent and on May 6 and 8 
reached a high, approaching 95 percent. When the 
packed tower was added on May 12 the removal effi-
ciency stepped up to 99+ percent which was sustained 
for 10 hours. The flow to the tower was discontinued to 
verify that it was the use of the packed tower which 
produced the 99+ percent efficiency. This was con-
firmed when the efficiency dropped to 86 percent Two 
days later the scrubbing solution was again supplied to 
the tower, returning the unit to a higher efficiency 
which had reached 99 percent when the test was ter-
minated due to a Geokineticsplant shutdown. The daily 
operating data are summarized in Table 1, 

TABLE I

DAILY OPERATING PERFORMANCE 

Hydrogen Sulfide Concentration 
Removal 

Date Inlet	 -	 Outlet Efficiency 
1984 Average	 Range Average Range Average 

5/5	 1,584 1,322-1,730 447	 385-693	 72 
5/6	 1,719	 776-2,165 261	 16-559	 85 
5/8	 1,377 1,367-1,898 244	 75-395	 82 
5/9	 1,638 1,398-1,935 278	 188-343	 83 
5/10 1,314 1,245-1,761 248	 235-301	 81 
5/11 1,144 1,015-1,253 228	 190-240	 80 
5/12 1,141	 953-1,249	 10	 6-15	 99 
5/13	 981	 718-1,125 131	 7-140	 87 
5/14 1,121 1,091-1,137 	 92	 14-138	 92 

The original objective of achieving and maintaining a 
99+ percent hydrogen sulfide removal efficiency on 
retort of fgas was not achieved with the original plant 
configuration and operating procedures. Attempts to 
adjust operating parameters (e.g., decreasing the ven-
turi throat area and increasing the residence time of 
the solution in the reaction vessel) did not produce any 
significant change in hydrogen sulfide removal. Never-
theless, when the gas-to-liquid contact time was in-
creased by adding the packed tower, the 99 percent 
efficiency was obtained and maintained. 

Whether or not a• packed tower is the most desirable 
contactor for the Stretford process was not resolved on 
this test. Other types of contactors may also be 
effective. The packed tower could eventually become a 
maintenance problem if sulfur or particulate matter in 
the retort of fgas were to collect 

Based on this test, the researchers concluded that the 
Stretford process can obtain removal efficiencies of 
99 percent or higher on retort offgas.

ALKALINE SCRUBBING OF RETORT OFF-GAS 
SUCCESSFUL AT GEOIUNETICS 

The Environmental Protection Agency's mobile wet 
scrubber was used on a 200 ACFM slipstream of the 
Geokinetics retort off-gas to investigate the hydrogen 
sulfide removal efficiency and selectivity (percent hy-
drogen sulfide removal/percent carbon dioxide re-
moval). A venturi and a tray tower were used to 
produce contact times of approximately 0.003 and 
0.2 second, respectively. Three alkaline solutions, 
NaOH, KOFI, and NH40I-1 were employed on each 
contactor at various concentrations. Results were 
reported at the 18th Oil Shale Symposium held in Grand 
Junction, Colorado in April. 

The off-gas from the horizontal in situ retort at Geo-
kinetics, in eastern Utah, contains approximately 
0.15 percent (1,500 ppmv) of hydrogen sulfide, 22 per-
cent carbon dioxide, and 0.10 percent ammonia in addi-
tion to nitrogen (60 percent), hydrogen (9 percent), car-
bon monoxide (5 percent), CH4 (1.5 percent), and other 
(2.25 percent). While these percentages are presented 
on a dry basis, the off-gas is actually saturated with 
moisture. Also present, at levels of 0 to 10 ppmv each, 
are organic sulfur species such as carbonyl sulfide, 
mercaptans, thiophenes, and carbon disulfide. 

In a sulfur removal scheme employing an alkaline 
scrubber, the retort off-gas enters the scrubbers and 
gives up hydrogen sulfide and carbon dioxide to the 
scrubber liquid. The scrubber liquid is cycled through a 
regenerator or stripper where the hydrogen sulfide and 
carbon dioxide are distilled off and sent to a sulfur 
recovery plant (such as Claus) where solid sulfur is 
produced and the carbon dioxide is released to the 
atmosphere. 

The Claus process might work with a feed of 8 percent 
hydrogen sulfide but at least 15 percent is needed for 
confidence and 25 percent or higher is desirable. The 
sulfur recovery plant inlet gas hydrogen sulfide concen-
tration Is equal to the product of the hydrogen sul-
fide/carbon dioxide ratio in the retort off-gas times the 
selectivity factor for the alkaline scrubber. A scrubber 
selectivity of over 40 is desirable, 25 could be accept-
able, but 10 would definitely be marginal for retort off-
gas similar to that at Geokinetics. 

Selectivity, while important is only one performance 
parameter determining hydrogen sulfide removal. Un-
fortunately, many of the factors influencing scrubber 
performance have conflicting effects. Typical exam-
ples are that increasing the hydroxyl ion concentration 
in the scrubbing solution and increasing the gas-to-
liquid contact time may increase removal efficiency of 
hydrogen sulfide while decreasing selectivity of hydro-
gen sulfide relative to carbon dioxide. 

Test results at Geokinetics, as reported by H. Taback of 
KVB, are summarized in Figure 1. 

As expected, it was found that the highest selectivity 
was obtained at the lowest solution concentrations and 
at the shorter liquid/gas contact times (i.e., with the 
venturi contactor). Conversely, the highest hydrogen 
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sulfide removal efficiencies were obtained at the higher 
solution concentrations and the longer contact times 
(i.e., with the tray tower contactor). A limit of 
94 percent removal efficiency was reached at an OH 
concentration of approximately 0.9 gram moles per 
liter, Where the selectivity is estimated at approxi-
mately ten. At the low OH concentration of 
0.012 gram mole per liter the selectivity with the 
venturi reached as high as 79 with a removal efficiency 
of just over 50 percent 

All three of the alkaline solutions performed similarly. 
All three solutons can produce removal efficiencies 
above 90 percent at a selectivity high enough to be 
considered a candidate for use with Claus or other 
sulfur recovery processes. All three show high selec-
tivity at recovery efficiencies high enough that, with 
the use of multiple venturi stages, a satisfactory hydro-
gen sulfide removal efficiency (95 percent) could be 
obtained for the system. 

At concentrations greater than 0.03 gram moles per 
liter, the tower provided higher selectivity than the 
venturi. This is due to the combined effect of the gas 
film coefficient and the presence of ammonia. The 
higher gas film diffusion coefficienet in the venturi 
essentially increases the availability of carbon dioxide 
at the scrubbing liquid interface.

The results indicate a clear choice of altcrantivcs in 
deciding between a tower or venturi scrubber based on 
process requirements. If selectivities greater than 50 
are needed, the venturi is required to take advantage of 
the high selectivity at the short contact time. How-
ever, the venturi scrubber will only provide 50 to 
60 percent removal efficiency per stage. If a selecti-
vity less than 50 is acceptable, the tower is more 
effective in that combined removal efficiency and 
selectivity is greater than with the venturi. 

The experimental results suggest two alternative alka-
line scrubber design concepts. One system combines 
the high selectivity of the venturi with the high re-
moval efficiency of the tower. The first stage is a 
venturi designed for peak selectivity based on contact 
time and OR concentration. The second stage is a tray 
tower designed for 90 percent hydrogen sulfide removal 
efficiency with a stage selectivity of 40. The overall 
performance for this design is a 95 percent hydrogen 
sulfide removal efficiency with a selectivity of 37. 

The second concept is essentially two towers in series; 
but, in fact, the two tower stages could be combined 
into one partitioned vessel. Each stage has 90 percent 
hydrogen sulfide removal efficiency and a selectivity of 
40. The overall performance of the scrubber is 99 per-
cent removal efficiency with a selectivity of 22. 

It was concluded that, for shale oil retort off-gas 
similar in composition to that from the Geokinetics 
process, the alkaline scrubber, in combination with a 
stripper and a Claus plant, could be an acceptable 
means of hydrogen sulfide removal. The absorption of 
hydrogen sulfide and carbon dioxide in the alkaline 
solution occurs in reactions which should be fully rever-
sible by distillation. The sulfur in the scrubber solution 
Is primarily in the form of sulfide, which will distill off 
as hydrogen sulfide along with the carbon dioxide. 

For a Geokinetics-type process oft-gas and based on 
these tests, the performance of a single alkaline scrub-
ber with a tray tower contactor similar to that in the 
EPA pilot plant can achieve a hydrogen sulfide removal 
efficiency of at least 90 percent with a selectivity of 
approximately 30. Under the same conditions a single 
venturi contactor in place of the tray tower would 
remove only 50 to 60 percent hydrogen sulfide but with 
a selectivity of 70 to 80. 

Based on a theoretical analysis of the three-gas compo-
nent system (hydrogen sulfide, ammonia, and carbon 
dioxide), the principal reactant for the hydrogen sulfide 
in the retort off-gas is the ammonia in that same off-
gas. Ammonia is present in the Geokinetics off-gas in 
similar mole quantities to that of the hydrogen sulfide, 
so that the scrubber performance observed on these 
tests may not be applicable to retort off-gas with little 
or no ammonia. This suggests that the-water and the 
ammonia in the off-gas would be an effective scrubbing 
agent without any alkali additive to the water. 
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AIR FORCE STUDIES TOXICOLOGY OF SHALE-
DERIVED FUELS 

Human tolerance criteria for chemicals and fuels used 
in the Air Force are particularly critical since exposure 
situations in the Air Force are often different from 
those in the civilian industrial community. 

As one of the nation's largest users of aircraft turbine 
fuels, the Air Force has interest in assuring the safe use 
of these hydrocarbons by its military and civilian 
workers. - This concern stimulated research on inhala-
tion exposure criteria and toxicology of petroleum and 
shale JP-4. 

Workplace chemical exposure criteria for Air Force 
applications aregenerally those used by the American 
Conference of Governmental Industrial Hygienists 
(ACGI1D. 

The most frequently used ACGIH limit is the Threshold 
Limit Value-Time-Weighted Average (TLV-TWA). This 
is the time-weighted average concentration for a nor-
mal 8 hours workday and a 40 hour workweek, to which 
nearly all workers may be repeatedly exposed day after 
day, without adverse effect. Another ACGIH guideline 
is the Threshold Limit Value-Short-Term Exposure 
Limit (TLV-STEL). This is the concentration to which 
workers can be exposed continuously for a short period 
of time without ill effects. The STEL is defined as a 
15 minute, time-weighted average exposure which 
should not be exceeded at any time during a workday. 

Two other exposure limits—the emergency exposure 
limit or EEL and the continuous exposure limit or 
CEL—are somewhat unique to the military. 

The EEL is defined as a ceiling limit for an unpredict-
able single exposure---en occurrence expected to be 
rare in the lifetime of any person. It is designed to 
avoid substantial decrements in performance during 
emergencies. The CEL is recommended in specific 
situations where there may be exposure to a chemical 
continuously for up to 90 days. The EELS and CELs 
have been used as design criteria in considering the 
suitability of materials for particular missions (as in a 
submarine or spacecraft) and in assessing the habitabi-
lity of particular enclosed environments. There are no 
occupational health limits for JP-4 established or re-
commended by the ACGIH, NRC-COT Occupational 
Safety and Health Administration, or National Institute 
for Occupational Safety and Health. 

JP-4 is a complex blend of up to 300 different hydro-
carbon compounds. Other petroleum products such as 
gasoline, kerosene, JP-5 (a Navy aviation fuel), and 
naphtha also have complex chemical compositions. Be-
cause many hydrocarbons in these products have com-
parable health effects, proposed workplace exposure 
limits are frequently expressed as "total hydrocarbon 
vapors." 

The United States Air Force proposed JP-4 exposure 
limits include a TLV of 700 milligrams per cubic meter 
(200 ppm) and a STEL of 1,050 milligrams per cubic 
meter (300 ppm) as normal hexane with a "skin" nota-

tion. The rationale is based on gas chrornatograrns of 
JP-4 headspace vapor at 25°C and proportional additiv-
ity of health effects for the identified co'nponents. 
This same approach is the basis of the gasoline TLV 
(900 milligrams per cubic meter), which was adopted by 
the ACGIH in 1982. The "skin" notation was recom-
mended because JP-4 is a defatting agent and can 
cause dermatitis, which may lead to increased skin 
absorption. 

JP-4 is primarily aliphatic hydrocarbons (paraffins) 
with an average concentration of 10 to 11 percent 
aromatics and 1 percent unsaturated hydrocarbons. As 
a class, paraffins are generally considered to be central 
nervous system depressants with the exception of the 
first three members of the series—methane, ethane, 
and propane—which are simple asphysiants, and 
normal-hexane, which is a peripheral neuropathic agent. 
The vapors of the paraffins are generally considered to 
be irritating to the mucous membranes, but direct 
liquid contact with the lungs will cause pneumonitis. 
Aromatics are also generally considered to be central 
nervous system depressants. 

Benzene deserves special mention since it has toxic 
properties thought to be unique among hydrocarbon 
compounds. Benzene exerts a toxic effect on the 
blood-forming organs in the bone marrow and is a 
suspected carcinogen. Benzene has the lowest TLV 
(i.e., 30 milligrams per cubic meter) of any headspace 
component used in calculating the proposed "total 
vapor" TLV for JP-4. 

The United States Air Force has conducted numerous 
subchronic and one-year oncogenic inhalation studies on 
petroleum and shale-derived aviation fuels and high-
energy synthetic hydrocarbon fuels developed for mis-
sile applications (see Table 1). These studies are de-
scribed in a paper by J.A. Martone at the 30th Interna-
tional Gas Turbine Conference and Exhibit in Houston 
March 1985.

TABLE 1

DESCRIPTION OF FUEL INHALATION EXPOSURES 

t.	 D (dogs); It (rats); H (nonlceys); Mt (mice, female); H (hamsters); Mi(N/P) 
(nice, male and female) 

2. Intermittent 
3. Continuous 
4. Shale 

Fuel Erposure Concentration Speciesi End Date 
(Months) (mg/m3) 

Synthetic

12, jet	 2 560 D,R,MLH Completed 
ow -s 8, coot 3 155 D,R,Mt,M Completed 
ow-s 12, tnt 30,150 D,R,Mi,H July 1985 
MCH 12, tnt 400, 2,000 D,R,MI Completed 

Mind Distillate 

jp.4 8, tnt 2.500,	 5,000 D,E,M,Mi Completed 
JP-4 3, cont 500,	 1,000 D,R,MI April 1985 

12, tnt 500,	 1,000 U, Mi December 1985 
3, cont 150,750 D,R,MI Completed 

Jp.5(5)4 3, cont 150, 750 D,U,MI Completed 
JP-4(S) 3, cont 500, 1,000 U,Ml(M/P) December 1986 
jr-i 12, mt 150, 750 R,Ml January 1988 
JP-8 3, coot 500, 1,000 R,Mi July 198$ 
jr-i's 12, let 200, 1,000 R,Mi January 1986 
DPM 3, cont 50,300 R,MI Completed 
DPM(5) 3, coot 50,300 R,MI Completed
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All inhalation exposures were conducted in the Thomas 
Domes located in the Toxic Hazards Research Unit, 
Wright-Patternson Air Force Base, Ohio. The Thomas 
Domes are 23.4 cubic meter exposure chambers 
designed to provide long-term, continuous exposure of 
up to 400 rodents. Exposures were continued 24 hours 
per day during 90 day continuous studies and 6 hours per 
day, excluding weekends and holidays, for intermittent 
(occupational exposure schedule) studies. 

The exposure chambers were operated from a single 
master generator to assure equivalent exposures at the 
desired concentrations. Concentrated fuel vapors were 
produced by passing fuel through dual constant temper-
ature evaporator towers operated between 50°C and 
57°C. The concentrated vapor was mixed with air to 
establish the desired atmospheric concentrations in the 
respective chambers. Vapor concentrations were mea-
sured continuously. 

The initial experiment was an intermittent eight month 
exposure to 2,500 milligrams per cubic metei and 
5,000 milligrams per cubic meter JP-4. Hematologic 
measurements and bone marrow analyses in JP-4 or 
benzene-exposed animals failed to show any statistical-
ly significant differences from controls. Histopatholo-
gic findings failed to show any treatment-related ef-
fects. 

Ninety day continuous exposures to 500 and 1,000 milli-
grams per cubic meter were begun in 1979. Both 
concentrations of JP-4 caused reduced weight gain In 
rats during the exposure; however, this difference dis-
appeared during the 19 month post-exposure observa-
tion. Histopathology of animals sacrificed immediately 
following exposure indicated there were significant 
exposure-related tissue lesions in the rodent species 
tested. In male rats, for example, 100 percent of the 
kidneys exhibited hyaline droplet formation in the pro-
ximal tubular epithelium. Furthermore, focal dilation 
of the renal tubules was present near the corticomedul-
lary junction, and these dilated segments were plugged 
with necrotic cell debris. All lesions found in exposed 
dogs however, were common infectious/degenerative 
changes consistent with aging in all canine species. 

A one year intermittent exposure to 500 and 1,000 mill-
igrams per cubic meter was begun in February 1980 to 
allow comparison of the tumorigenic potential of petro-
leum-derived and .JP-4 refined from shale oil as part of 
the United States Air Force alternate fuels program. A 
90 day exposure to shale JP-4 also at concentrations of 
500 and 1,000 milligrams per cubic meter was com-
pleted in March 1984. Examination of tissues collected 
for histopathologic evaluation from these studies is in-
complete. 

The results for other fuel vapor exposures are consis-
tent with those given for JP-4. A generalized picture 
of the toxic response to long-term exposure to hydro-
carbon vapors is beginning to evolve. In male rats, 
continuous exposure for 90 days reduces body weight 
gain and increases kidney/body weight ratios. Hyaline 
droplets in the proximal tubule epithelium and multi-
focal dilation near the corticomedullary junction pre-
sent in 80 to 90 percent of exposed animals is absent in 
control animals.

In completed one year Intermittent exposures, there is 
only a slight weight depression in exposed rats, hyaline 
droplet formation in the proximal tubules, and a slight 
increase In mineralization in the loop of Henle. The 
most significant finding is the presence of renal carcin-
omas in male rats sacrificed at 24 months. Histopatho-
logic evaluation of tissues collected during the one year 
JP-4 exposure is also expected to demonstrate 
increased evidence of renal carcinomas in exposed male 
rats. 

The etiology of this toxic nephropathy and renal tumors 
In male rats Is unknown, leaving unanswered the ques-
tion whether this effect Is significant In humans. The 
effects appear generic and not related to any unique 
characteristics of aviation fuels. For example, the 
American Petroleum Institute recently reported similar 
results for unleaded gasoline. 

As indicated in Table 1, results for many of the long-
term inhalation studies on other hydrocarbon fuels will 
not be available for a number of years. These studies 
should provide additional data on this particular lesion 
and whether this is a generic effect of many hydrocar-
bons. There is a need for further research on this 
hydrocarbon-induced renal effect to understand why it 
is specific to male rats. 
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WATER 

WATER APPLICATIONS RELATED TO OIL 
SHALE ARE LISTED 

Recent water rights applications and amended applica-
tions that are relevant to western oil shale projects are 
summarized in the following list. The applications were 
tiled in the Office of the Water Clerk, District Court, 
Water Division No. 5, in Glenwood Springs, Colorado. 

85CW54 (80C W102 & 80C W103) The Superior Oil Com-
pany, Sohio Shale Oil Company, The Cleveland-Cliffs 
Iron Company, do Mark A. Hermundstad, Post Office 
Box 338, Grand Junction, Colorado. 81502. Application 
for Change of Water Rights for The Superior Oil 
Company Pumpback Pipeline No. 1 and The Superior Oil 
Company Pumpback Pipeline No. 3, in Rio Blanco 
County. For the Superior Oil Company Pumpback 
Pipeline No. 1 the proposed change is a new point of 
diversion. For the Superior Oil Company Pumpback 
Pipeline No. 3 the proposed changes are two new points 
of diversion. 

85CW98 Rio Blanco Oil Shale Company, 2851 S. Parker 
Rd., 1500, Aurora, Colorado 80014 (William C. 
Waldeck, Duf ford, Waldeck, Ruland & Milbourn, Post 
Office Box 2188, Grand Junction, Colorado 81502). 
Application for Water Storage Right in Duck Creek 
Terminal Reservoir in Rio Blanco Country. Source: 
White River water diverted under other water rights 
held by Applicant and pumped to the reservoir. Appro-
priation: 03/05/1985. Amount: 9,000 AF Conditional. 
Use: mining, industrial refining, retorting, power, 
domestic, irrigation, fish and wildlife propagation and 
recreational uses either by means of direct application 
or storage and application and for the purposes of 
exchange for other waters to be utilized for such 
purposes. 

85CW118 (80CW385) Colorado-Ute Electric Associa-
tion, Inc., Post Office Box 1149, Montrose, Colorado 
81402 (c/o John R. McNeill, Esq., Post Office Box 1149, 
Montrose, Colorado 81402). Application for Quadren-
nial Finding of Reasonable Diligence jor , Salt Creek 
Pump Station in Mesa County. Source: Salt Creek, 
tributary to the Colorado River. Appropriation: 
7/18/1980. Amount: 60 cfs. Use: 100 percent. con-
sumptive for thermal electric power generation, min-
ing, the production of synthetic fuels, domestic, indus-
trial, and irrigation purposes. 

85CW119 (80CW386) Colorado-Ute Electric Associa-
tion, Inc., Post Offiàe Box 1149, Montrose, Colorado 
81402 (c/o John R. McNeill, Esq., Post Office Box 1149, 
Montrose, Colorado 81402). Application for Quadren-
nial Finding of Reasonable Diligence for Colorado River 
Pump Station No. 1 with alternate point of diversion: 
Colorado River Pump Station No. 2 in Mesa County. 
Source: Colorado River. Appropriation: 7/18/1980. 
Amount: 60 cfs. Use: 100 percent consumptive for 
thermal electric power generation, mining, the produc-
tion of synthetic fuels, domestic, industrial, and irriga-
tion purposes.

85CW123 (81CW1I0) White River Resources, Inc., 
Swcetbriar Ranch, Meeker, Colorado (do David W. 
Robbins, Hill & Robbins, 1441 18th Street, Suite 100, 
Denver, Colorado 80202) and Cathedral Bluffs Shale Oil 
Company, Post Office Box 2687, Grand Junction, Color-
ado 81502 (Felicity Hannay, Davis, Graham & Stubbs, 
Post Office Box 185, Denver, Colorado 80201). Appli-
cation for Quadrennial Finding of Reasonable Diligence, 
White River, Piceance Creek Pipeline, in Rio Blanco 
County. Decreed: 6/14/1973, W-225. Source: White 
River. 

85CW124 (81CW110) White River Resources, Inc., 
Sweetbriar Ranch, Meeker, Colorado (do David W. 
Robbins, Hill & Robbins, 1441 18th Street, Suite 100, 
Denver, Colorado 80202) and Cathedral Bluffs Shale 
Oil Company, Post Office Box 2687, Grand Junction, 
Colorado 81502 (Felicity Hannay, Davis, Graham & 
Stubbs, Post Office Box 185, Denver, Colorado 80201). 
Application for Quadrennial Finding of Reasonable Dili-
gence, Powell Park Reservoir, in Rio Blanco County. 
Decreed: 6/14/1973, W-226. Source: White River. 

#4.. 
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RESOURCE 

LONG-SOUGHT COURT RULING AWARDS 
SHALE CLAIMS TO TOSCO AND OTHERS 

Chief United States District Judge Sherman Finesilver, 
in a long-awaited opinion, has ruled that the United 
States Interior Department illegally invalidated mining 
claims that Tosco Corporation and others had filed on 
oil shale deposits in Garfield and Rio Blanco counties in 
Western Colorado. 

Judge Finesilver ruled that owners should receive full 
title to nearly 100 mining claims involving over 15,000 
acres, all made before 1920. He also decided the 
federal government is precluded from making further 
legal challenges to the claims' validity. 

In a 158-page opinion, Judge Finesilver ruled that 
actions of lnteriorMepartment officials were "arbitrary 
and capricious" when they invalidated the claims and 
refused to issue mineral patents to the companies. 

Finesilver's decision is an important milestone in cases 
that have been in the federal courts for nearly three 
decades. 

The opinion was written on a consolidation of Civil 
Action No. C-8680 Tosco Corporation and Energy Re-
sources Technology Lane Co.; No. C-8685 Joseph B. 
Umpleby and Wasatch Development Co.; No. C-8691 
Barnette T. Napier, Grace A. Savage, Joan L. Savage, 
Maude B. Farnum, St. Clair Napier Castlin, William H. 
Farnum, Jr., John R. Farnum, John W. Savage, and Neil 
S. Mincer; and No. C9202 Penelope Chase Brown, and 
Tosco Corporation; all as Plantif Is, vs. Donald P. Hodel, 
Secretary of Interior. 

The Department of the Interior (DOL) sought to invalid-
ate the mining claims and refused to issue mineral 
patents to the claim owners, principally asserting that 
the claims were declared void in departmental contest 
proceedings some forty years ago. Plaintiffs contended 
that the department erred in denying patents on this 
basis, because the contest proceedings themselves were 
voided and vacated by the Secretary of the Interior in 
1935. 

These cases were before the court previously on issues 
involving discovery, performance of annual assessment 
work and other aspects of mining and administrative 
law, "Oil Shale Corp. v. Morton" (1973). The court 
ruled in favor of the plaintiffs on several independent 
grounds. The DO! appealed, to the Tenth Circuit Court 
of Appeals which, expressing the desire to avoid piece-
meal litigation, declined to rule on the merits. Instead, 
the court remanded the entire matter to the district 
court after broadening the factual and legal questions 
and directing that they be resolved by the trial court 

Judge Finesilver's lengthy opinion addresses all matters 
referred to by the appellate court. A summary of the 
holdings follows: 

• Since passage of the Mineral Leasing Act of 
1920, there can be no private ownership of oil

shale lands except as provided in the Savings 
Clause of the Act. 

The mining claims (except where otherwise 
noted) were properly located prior to 1920 and 
have been maintained In compliance withthe 
laws under which they were initiated. They are 
also valid under the Savings Clause of the 
Mineral Leasing Act of 1920. Therefore, no 
impediment exists to patenting the claims and 
passing ownership to the plaintiffs. 

• The Green River Formation was publicly recog-
nized along the Colorado River as early as 
1874. It was known, for Instance, that the oil 
shale beds were interspersed with non-oil-yield-
ing material, and that the richest oil shale beds 
were in the middle portion of the Formation. 
During the period that the oil shale placer 
mining claims In question were located (prior to 
enactment of the Mineral Leasing Act of 1920), 
the geology of the Green River Formation was 

obviously well known, uncomplicated, and the 
beds were conspicuous." 

• The Secretary of Interior may void an oil shale 
claim for lack of substantial compliance with 
the statute requiring annual assessment work. 
The Supreme Court, however, has ruled that 
such "substantial compliance" requires only a 
good faith effort, and that actual and strict 
compliance is not necessary. 

• Non-performance of assessment work per as 
does not automatically terminate valid oil shale 
claims that were in existence prior to the 
Mineral Leasing Act of 1920. 

• Rules promulgated by Interior with respect to 
oil shale claims had the force and effect of law 
and after being in constant existence for an 
extensive time (1935-1960), could not be capri-
ciously and retroactively repudiated by the De-
partment. 

• The departure after 1961 by Interior from its 
pre-1961 policy triggered the start of an uncer-
tain and unpredictable course by Interior. Be-
cause of contradictory positions taken by In-
terior since the 1960s, the validity of pre-1920 
oil shale claims has been thrown into uncer-
tainty. Furthermore, the recent inconsistent 
course taken by Interior has clouded mining law 
jurisprudence and placed it in a state of flux. 

• Early (1936) public statements by Interior offi-
cials that non-performance of assessment work 
would not affect the validity of oil shale claims 
constitutes a legislative rule having the force 
of law. These statements continued to have 
vitality against later Interior actions seeking to 
cancel claims on the basis of non-performance. 
The requirements of this principle are met 
because the public statements were (a) within 
the designated powers of the department whose 
duty it was to administer public lands and 
applicable mining laws; (b) reasonable; (c) con-
sistent and unequivocal; and (d) emanated from 
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executives of Interior within their area of re-
sponsibility. 

• Pronouncements by the Secretary of Interior 
and rules promulgated following a Supreme 
Court decision that the government had no 
authority to cancel mining claims for failure to 
perform annual assessment work became an 
integral part of mining law to the same extent 
as though written into statute. 

• Oil shale claim holders were entitled to rely on 
a uniform and announced policy of the Depart-
ment of Interior regarding non-performance of 
annual assessment work. 

• All decisions voiding oil shale claims for non-
performance of annual assessment work were 
unequivocally and permanently vacated by the 
Interior Department in "The Shale Oil Com-
pany" (1935). 

• After "The Shale Oil Company" (1935), the 
Interior Department pursued two consistent and 
unswerving national policies for many years, 
namely (a) that pre-1935 contest proceedings 
had been vacated and were of no further effect 
to invalidate oil shale mining claims and (b) 
that the performance of $100 of assessment 
work each year was irrelevant to perfecting oil 
shale placer claims (except insofar as necessary 
to satisfy the requirement that $500 of devel-
opment work be performed prior to patent). 
These policies were evidenced by official public 
statements, agency regulations and depart-
mental actions, and were unchanged until Sep-
tember 1972. 

• The Interior Department cannot retroactively 
reverse its official position on performing an-
nual assessment work. The Department cannot 
now deny patents on these claims for non-per-
formance of assessment work in years prior to 
1972. 

• Assessment work content decisions are invalid 
because the department failed to specifically 
state a principal claim for relief, namely that 
there was a lack of substantial compliance with 
assessment work requirements. Such an alle-
gation was critical in affording fair notice to 
holders of mining claims. 

• Given the regulatory and mining law history of 
oil shale placer mining claims, the performance 
of the aggregate amount of $500 of develop-
ment work constituted substantial compliance 
with assessment work requirements, thereby 
entitling claim holders to issuance of patents. 
The Supreme Court's 1970 decision in "Hickel" 
introduced the doctrine of "substantial com-
pliance" with the assessment work requirement. 

The Supreme Court set forth three princi-
ples: (a) annual assessment work had to be 
more than "token" but something less than full 
compliance; (b) annual work defaults were not 
the equivalent of abandonment; and (c) com-
pliance with the assessment work requirement 
should be "substantial." Subsequent cases 
where the Interior Board of Land Appeals held 
that $100 worth of assessment work must be

performed each and every year are clearly 
inconsistent with the "Nickel" decision. 
It is concluded that an oil shale claimant who 
has met the $500 patent work requirement 
should be held to have substantially complied 
with the assessment work requirement, and thus 
satisfied the "Hickel" test for issuance of a 
patent. 
The most reasonable interpretation to be given 
to the Supreme Court intermingling, in 
"Nickel," the annual assessment work concept 
and the requirement of $500 worth of work to 
qualify for patent is that the substantial com-
pliance requirement is completed when at least 
$500 work of work has been performed for a 
claim. 

• Applying the substantial performance test ap-
proved by the Supreme Court and considering 
work done on claims in these proceedings, the 
amount of annual assessment work performed 
entitles the claim holders to patents. 

• The Department of Interior failed to meet its 
burden of establishing a lack of substantial 
compliance with the annual assessment work 
requirement. It failed because it relied solely 
on the absence of recorded affidavits of perfor-
mance of assessment work. There was no legal 
requirement to file or record affidavits of labor 
for assessment work prior to 1979 when the 
relevant provisions of the Federal Land Policy 
and Management Act of 1976 became effective. 

• The unequivocal holding of the Supreme Court 
in "Andrus v. Shell Oil Co." (1980) restores the 
ruling of "Freeman v. Summers" (1972) to full 
force. 

The following principles evolving from "Free-
man v. Summers" form an integral part of 
mining law and are applicable here. Pint, a 
finding of lean surface deposits on the Green 
River Formation warrants the geologic infer-
ence that the claim contains rich valuable de-
posits below the surface. Second, this principle 
holds true irrespective of whether the Green 
River Formation is considered as one homo-
genous mass or whether barren pads exist be-
tween the upper geologic formation and the 
lower formation. Third, a lean surface out-
cropping or "thin sliver" on the surface of the 
claim in the Green River Formation constitutes 
a valid discovery because of the sound geologic 
inference that rich, workable oil shale deposits 
were present at lower depths in the same 
formation, although divided from the surface 
exposure by other strata containing non-oil 
yielding sandstone. Fourth, a valid discovery is 
not dependent on a minimum oil yield from 
destructive distillation of the outcroppings. 
Fifth, oil shale is a valid mineral. Sixth, 
present profitability is not a requisite to valid 
discovery and patentability. 

• As articulated in "Freeman v. Summers" and re-
enforced in "Andrus v. Shell," a valid discovery 
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of oil shale exists where the claim is known to 
be underlain by the rich oil shale beds of the 
Green River Formation and where a surface 
exposure or outcrop of shale appears which 
yields any oil on destructive distillation. This 
rule of discovery applied prior to February 25, 
1920 and is determinative of the discovery issue 
in these proceedings. 

• For many years, the official policy, of the 
department was that performance of annual 
assessment work was not a condition for issuing 
a patent. The department does not now have 
the power to abrogate this 30 years old policy 
and replace it with a new and totally con-
flicting position which so drastically affects the 
rights of so many claim holders. 

• Upon a valid discovery being made and proper 
location, a mining claim is real property and, 
although legal title to the land remains in the 
United States, the mining claimant enjoys a 
possessory title, possessing all incidents of real 
property. This title cannot be unreasonably or 
unfairly cancelled at the unbridled discretion of 
the Interior Department. While an adminis-
trative agency may reverse Itself and change 
its policies where interests in property are 
involved, it must do so without being arbitrary 
or unreasonable. 

• The United States, is estopped from asserting 
the invalidity of oil shale claims based on 
failure to perform assessment work where (a) 
the Secretary of Interior, in response to Su-
preme Court decisions, had specifically overrul-
ed all departmental decisions purporting to in-
validate oil shale claims for failure to perform 
assessment work, and (b) had dismissed contest 
proceedings against oil shale claims and syste-
matically issued patents for 27 years to other 
oil shale claim owners.

plied to oil shale claims by the Interior Depart-
ment until 1961 were neither erroneous, un-
authorized nor improper. They involved the 
formulation, promulgation and maintenance of 
interpretative and legislative rules that are an 
Integral part of mining law and have the force 
and effect of law. These rules could not be 
capriciously and retroactively repudiated by the 
Interior Department in 1961, and cannot now be 
retroactively reversed. 

• The Interior Department cannot retroactively 
reverse its official pre-1961 discovery require-
ments for issuance of patents to oil shale 
claims and now deny patents to these claims on 
the basis of different, more restrictive stan-
dards of discovery. 

Prior to 1972 the department took no action to 
cancel claims on the grounds of failure to 
substantially comply with assessment work re-
quirements. The Interior Department is now 
barred by the equitable doctrine of laches from 
asserting the effectiveness of the old assess-
ment work contest decisions on the grounds of 
failure to substantially comply with assessment 
work requirements. 

• Under mining law in existence at the time of 
passage of the 1920 Mineral Leasing Act, fail-
ure to perform annual assessment work did not 
constitute an immediate forfeiture of the 
claim; nor did it render immediate cancel-
lations of the claim. 

• The present profile of mining law as it relates 
to oil shale and as interpreted in "Hickel v. Oil 
Shale 'Corporation," requires substantial but not 
rigid literal adherence to the statutory annual 
assessment work requirement. To maintain the 
validity of the claim, annual assessment work 
does not have to be performed in every year. 

The government is immune from estoppel when
•	 As applied to the unique facts in these pro-

ceedings, the valid discovery of a mining claim 
the conduct of its agents is erroneous, illegal or constitutes a condition precedent to a grant by 
unauthorized.	 However, in this case, the agents the United States of an interest in real property 
responsible	 for the	 department's 30 year	 old which bestows upon the locator the right to 
policy (prior to 1970) on oil shale claims were immediate and exclusive possession. 	 No pos-acting	 within	 the	 scope	 of	 their	 authority. sessory title passes to the locators until the 
Consequently, the government is now estopped condition precedent has been performed. 
from asserting the invalidity of mining claims 
based on old contest proceedings when the Once a valid location has been made and pos-
invalidation took place over 30 years earlier sessory title has passed to 	 the	 claimant by 
and where, since that time, the government operation of law, the only way it may become 
(a) continuously stated those proceedings were subject to forfeiture is through the occurrence 
vacated and voided; (b) issued patents to other of a condition subsequent, the occurrence of 
oil shale claim holders whose claims had pur- which may extinguish the claim. 	 While the 
portedly been invalidated for the same reason; claimant has the burden of proving the occur-
and (c) pursued a continuous course of conduct, rence of the condition precedent which must be 
clearly indicating that it did not recognize the met before a valid mining claim exists, the 
validity of the contest proceedings. party seeking forfeiture has the burden of prov- 

ing the occurrence of the condition subsequent, 
In addition, the result is also prompted by a that	 is,	 the	 failure	 to	 perform	 the	 annual 
need to lay to rest perpetual piecemeal title assessment work. A charge of non-performance 
challenges of mining claims to oil shale lands of annual assessment work by the Department 
that constitute clouds on claims, must be proved by "clear and convincing" evi-

•	 The principles of discovery embodied in "Free- dence. 
man v. Summers," (1927) and consistently ap-
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The Department of Interior failed to meet its 
burden of establishing a lack of substantial 
compliance with the annual assessment work 
requirement because it relied solely on the 
absence of recorded affidavits or other re-
corded evidence of performance of assessment 
work. There was no legal requirement to file or 
record affidavits of labor for assessment work 
prior to 1979. 

• It is the general rule and recognized principle in 
mining law that failure to file an affidavit does 
not constitute evidence that the work in ques-
tion was not in fact performed. 

• To constitute a valid contest of a mining claim 
the government must file its allegations of non-
performance of annual work while a default is 
present and prior to resumption of work by the 
claimant or locator. In the case where a 
claimant (a) fails to perform assessment work 
for one or more years and he resumes annual 
work prior to contest by the government and (b) 
substantially prosecutes such work until he has 
performed one or more years work, his claim is 
protected and insulated from cancellation. 

• Service of notice of contest proceedings in 
mining claims were commenced during the 
early 1930s against virtually all mining claims 
by the use of registered mail. For the most 
part, few claim owners or contestees in those 
contests had an address of record with the 
Department Notice was not sent to the post 
office nearest the lands in dispute (or to any 
post office). Therefore notice was not appro-
priately given. The decisions in the old con-
tests were invalid because they were rendered 
in the absence of notice as provided by law. 

• Each co-owner of an association placer mining 
claim is an indispensable party to any contest 
or proceedings to cancel the claim. Therefore 
failure to properly notify all co-owners marks a 

• deficiency in any action seeking to invalidate 
the claim. 
All co-owners were not joined and served with 
notice in the proceedings against mining claims 
in Civil Action No. 8683. 

Contest decisions where non-joinder exists can-
not be used as a basis for invalidating the oil 
shale claims in question or rejecting patent 
applications arising therefrom. 

• The Department of Interior in 1916 adopted 
specific criteria to determine the quantity and 
quality of oil shale necessary to render land 
mineral in character. These criteria addressed 
such matters as the vertical thickness of oil 
shale beds, average oil yield content and the 
depth of the beds below the surface of the land. 
All of the ten acre tracts at issue in these 
proceedings were classified as mineral in char-
acter in 1916. The 1916 classification was an 
integral part of the Department's consistent 
application of the principles of the mining law

to the unique geology of the Green River For-
mation for the 45 year period from 1916 until 
1961, when the Department determined to deny 
the patentability of all oil shale mining claims. 
This change does not find support in law. 
Thus, by standards existing at the time of 
passage of the 1920 Mining Act, the claims 
covering the lands in question were classified as 
mineral. 

• Written statements made by mineral examiners 
during the Department's campaign in the 1920s 
and early 1930s to contest claims do not estab-
lish failure of substantial compliance with the 
assessment work requirement. 

• Affidavits from locators and claim owners ob-
tained by Department personnel years ago do 
not establish failure of substantial compliance 
with the assessment work requirements. 

• Another principal element of the Department's 
case on the assessment work issue has been the 
purported absence of physical evidence on the 
earth indicating assessment work had been 
done. However, conditions in the oil shale 
region preclude reliance upon current physical 
examination of the earth to determine what 
work was done in the past. 

• Assessment work excavations and road building 
performed on or for the benefit of the claims in 
these contests are subject to being eroded, 
sloughed in and covered by the growth of vege-
tation. 

• Mining claim holders have fulfilled necessary 
requirements for patents or have otherwise 
established entitlements thereto. Therefore, no 
valid bases are present to preclude issuance of 
patents. 

PENNSYLVANIAN AGE OIL SHALES STUDIED 
IN INDIANA 

Eastern oil shales of Devonian age have been studied 
fairly intensively in recent years. A relatively unstud-
ied group of oil shales in rocks of Pennsylvanian age 
also occurs in the eastern United States. A recent 
study by the Indiana Geological Survey (IGS) deals with 
Pennsylvanian rocks in the Indiana part of the Illinois 
Basin. 

Pennsylvanian rocks in Indiana are assigned to three 
named groups: Raccoon Creek, Carbondale, and 
McLeansboro. Most commercial coals are found in the 
Carbondale Group and in the upper part of the Raccoon 
Creek Group (Figure 1). 

Black shales are commonly associated with the Buffalo-
ville, Colchester, Ilouchin Creek, and Springfield Coal 
Members (Figure 1). Black shales are found in some 
places above coals of the Staunton Formation and above 
the Herrin and Hymera Coal Members. 

Early studies from around 1920 had reported oil yield 
values ranging from 7 to 54 gallons per ton from 38 
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samples of Pennsylvanian oil shales from Indiana. They 
noted that sheety shales that had weathered to a "paper 
state" gave a higher yield of oil than stratigraphically 
similar unweathered material. Oil yields reported in 
these studies were about twice as high as those 
obtained by the IGS in the recent study. 

During the IGS study samples were collected from 53 
locations. Most samples were from the Carbondale 
Group (Figure 2). Samples consisted of cores from 32

sites and chip or channel samples from 21 nines or 
outcrops. At most locations unweathered inaturial was 
collected but at a few locations weathered shale was 
sampled because fresh material was not available. 
Samples were dried, crushed, and sent to Western 
Research Institute for modified Fischer Assay. 

A summary of results follows:

Oil Yields (GPT 
Range Average 

2.0 -	 4.3 (3.2) 
0.0 -	 17.9 (7.4) 
1.0 -	 18.6 (8.2) 
1.0 -	 6.2 (3.5) 

trace - 21.0 (5.6) 
1.1 -	 10.4 (4.8) 

trace -	 7.4 (4.8) 

126 

The youngest shale sampled lies above the Hymera Coal 
Member. This particular shale is black only in some 

FIGURE 2 
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areas. Yields from two samples ranged from 2 to 
4.3 gallons per ton. 

Shales just above the Springfield Coal Member made up 
most of the samples. Results from 76 samples ranged 
from 0 to 17.9 gallons per ton and averaged 7.4 gallons 
per ton. If only very dark shales were included, the 
average rose to 10.5 gallons per ton. The thickest 
section of shale found during this study was 1.2 feet; it 
yielded 9.3 gallons per ton, which would be equivalent 
to 4,750 barrels of oil per acre. Detailed exploration 
might well uncover areas of thicker and richer shale. 

Shale above the liouchin Creek Coal Member is equiva-
lent to the Excelo Shale Member found farther west in 
Illinois. This member contains some of the thickest 
sections of Pennsylvanian black shale in Indiana. Oil 
yields for 18 samples ranged from 2.5 gallons per ton to 
18.6 gallons per ton and averaged 8.2 gallons per ton. 

In some places a dark shale lies above the Survant Coal 
Member. It was sampled at four locations where oil 
yields ranged from 1 to 6.2 gallons per ton. 

Another extensive shale, named the Mecca Quarry 
Shale lies above the Colchester Coal Member. A 
sample of this shale had the highest oil yield, 21 gallons 
per ton, of this study. The underlying coal is not mined 
in many Places. Six samples of shale were obtained and 
oil yields ranged from 0.9 to 21 gallons per ton and 
averaged 5.6 gallons per ton. This shale has been shown 
to be enriched in metals, including zinc, vanadium, 
uranium, and molybdenum.

A few unnamed coals in the Staunton Formation have 
overlying black shales. Four of these shales ranged 
from a trace level to 7.4 gallons per ton and averaged 
4.8 gallons per ton. 

A widespread coal called the Buffaloville Coal Member 
in the southern part of the coalfield and called the 
Minshall Coal Member in the northern part is overlain 
in places by dark-gray to black shales. Four samples 
ranged from a trace to 10.4 gallons per ton and aver-
aged 3.6 gallons per ton. The samples of this unit from 
southern localities had higher yields than samples of the 
unit from the northern locality. 

Fortunately, the shales with highest oil yields seem also 
to be the thickest and most extensive. The richest and 
most extensive oil shales occur above the Springfield, 
Houchin Creek, and Colchester Coal Members, all in 
the Carbondale Group (Figure 1). 

The shale oils have an average specific gravity of 0.946 
(S.D. = 0.235), or 18.8°API, and range of 1.051 
(3.259API) to 0.920 (22.30API). 

Gas is also produced during retorting. Gas plus loss 
averaged 2.3 weight percent (S.D. = 1.1) and was as 
much as 5.4 weight percent. 

Some organic-rich shales including certain Pennsyl-
vanian shales are known to be rich in metals. Results 
given in Table I show that concentrations of moly-
bdenum, zinc, vanadium, nitrogen, and chromium are 
relatively high, especially in shales above the Spring-

TABLE 1

AVERAGE ANALYSES OF SELECTED PENNSYLVANIAN BLACK SHALES 

Shales Above 
These Coals Al Fe jig. Ca Na K Mn Ti P 

Major Elements (Percent) 

Hymera 13.8 16.2 0.89 1.33 0.29 2.15 0.23 0.75 0.43 
Springfield 12.2 6.4 1.48 4.74 0.66 3.01 0.04 0.54 0.52 
Houchin Creek 10.7 5.7 2.00 3.49 0.45 2.39 0.03 0.52 0.53 
Colchester 13.3 7.3 1.29 0.99 0.41 2.70 0.09 0.60 0.27 
Unnamed Staunton 13.9 8.6 1.03 1.19 0.66 3.19 0.09 0.62 0.22 
Minshall 12.7 11.3 0.83 0.62 0.27 1.93 0.11 0.52 0.21 
Others 21.6 3.3 0.96 0.09 0.15 2.77 0.02 0.96 0.08 

Trace Elements (PPM) 

Shale Above 
These Coals Be Cr Cu Me Ni Pb Sr Th V Y Zn 

Hymera 107 100 23 - 120 130 110 11 152 63 65 
Springfield 530 360 130 210 240 32 150 9 910 48 710 
Ilouchin Creek 530 330 110 410 290 28 110 7 1,100 35 .580 
Colchester 390 350 130 830 330 48 130 10 1,300 50 830 
Unnamed Staunton 180 190 88 490 190 48 110 10 670 42 420 
Minshall 130 98 73 3 63 63 69 9 130 47 70 
Other	 . 530 140 64 - 160 26 95 13 130 39 270
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field, liouchin Creek, and Colchester Coal Members. 
Zinc values of more than 1,000 ppm are common with 
averages of 710 plan and some values near 0.5 percent 
for shales above the Springfield Coal Member. Vanad-
ium values average 910, 1,100, and 1,300 ppm, respec-
tively for shales above the Springfield, }iouchin Creek, 
and Colchester coals. Molybdenum values are also 
relatively high, especially in the shale above the Col-
chester Coal member, which had values up to 1,700 ppm 
and an average of 830. 

Total carbon is relatively high (as much as 37 percent) 
in man' of the highest 'yielding oil shales. In general a 
good correlation was found between carbon percentage 
and oil yield with a correlation coefficient of 0.81 for 
all samples. However, the correlation is not as good as 
for Devonian shale in Indiana. The Devonian shales of 
Indiana are, entirely marine, but Pennsylvanian black 
shales were deposited in marine, brackish, and fresh-
water environments. In general, marine organic mater-
ial yields more oil than does terrestrial. 

Although the Pennsylvanian shales are quite lean, the 
lOS points out that large amounts of shale are made 
accessible for mining during coal mining. This prelimi-
nary study shows that there is a significant oil shale 
resource in Pennsylvanian rocks, but these shales are 
quite variable in composition and extent. 

BLM ISSUES FINAL PICEANCE BASIN 
RESOURCE MANAGEMENT PLAN 

The United States Bureau of Land Management issued 
in March 1985 the final environmental impact 
statement (PEIS) on the Piceance Basin Resource 
Management Plan (aMP). The draft environmental 
impact statement (DEIS) was distributed in April 1984. 

According to the BLM, public comments received on 
the Draft did not require extensive changes in the data, 
analyses, or conclusions. Therefore, except for the 
Summary section, the Draft was not reprinted. 

The only significant difference between the Draft 
RMP/EIS and the Final RMP/EIS involves an oil shale 
lease stipulation to mitigate social and economic im-
pacts. The Draft stated "A condition of the oil shale 
lease shall be that the lessee and the affected govern-
ments shall develop a mutually agreeable socio-
economic impact mitigation plan at the time of sub-
mission of the Detailed Development Plan." This 
section has been deleted in the Final RMP/EIS. 

The Piceance Basin Planning Area comprises a total of 
804,580 acres of land within the White River Resource 
Area in the Craig District. Management decisions were 
proposed for the 674,370 acres within the planning area 
for which BLM has some administrative responsibility. 

Five multiple-use alternatives were developed that de-
scribed different management options available to BLM 
for the Piceance Basin. The most critical concerns 
raised by the public centered around oil shale and the 
potential impacts that could result from oil shale 
development.

Initially, four alternatives were analyzed: the Current 
Management Alternative, Wildlife Alternative, Oil and 
Gas Alternative, and Oil Shale Alternative. Then, 
based on this analysis, a Preferred Alternative was 
described and the environmental consequences of that 
alternative were analyzed. The impacts anticipated 
from all of these alternatives were described in Chap-
ter IV, Volume 1 of the Draft. 

The following description summarizes the key points of 
the preferred alternative, which will now become the 
operating plan. 

Proposed Plan (Preferred Alternative) 

This alternative attempts to balance all land uses and 
resource values. It would allow for additional open pit 
oil shale leasing within the open pit zone if and when 
off-tract disposal needs could legally be met. The 
multi-mineral zone in the depocenter of the Basin 
would be reserved from oil shale leasing until improved 
oil shale recovery could be proven. Within Known 
Geologic Structures, stipulations would be placed on oil 
shale leases assuring the recovery of oil and gas. 
Outside of Known Geologic Structures, oil shale would 
have priority. The Piceance Dome area would be 
excluded from future oil shale leasing. A sequential 
leasing process would be followed whereby critical 
carrying capacities for air quality, water quality, wild-
life, and socioeconomics would not be exceeded. Real 
impacts from development would be monitored to as-
sure that additional leasing did not exceed these 
carrying capacities. 

Future off-tract disposal of spent shale would be con-
sidered if legislatively authorized. Oil shale land 
exchanges would be subject to the same constraints of 
carrying capacity and location as oil shale leasing. 
Priority would be given to small exchanges to support 
private development, while exchanges of large blocked-
up Federal lands would be discouraged. Research tracts 
would be evaluated on the merits of the technology 
proposed and the availability of alternate private lands. 

Sodium-only leases would be allowed once existing 
leases were developed. However, they would not be 
allowed if the recoverability of the oil shale resource 
would be reduced. Multimineral recovery would be 
encouraged once the multimineral zone was made avail-
able for leasing. A total of 29,610 acres of coal lands 
would be available for underground coal leasing, of 
which 24,635 acres would also be acceptable for surface 
mining. 

Oil and gas leasing would be subject to stipulations of 
the Oil and Gas Umbrella Environmental Assessment. 
The Umbrella EA would be updated as a result of the 
analysis contained in the RMP/EIS. Priority would be 
given to oil and gas in Known Geologic Structures. A 
five year plan of development would be requested for 
new or reissued leases to consolidate oil and gas trans-
portation needs. 

A mineral materials inventory would be conducted to 
identify those lands with best potential for sand and 
gravel development. Such development would not be 
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permitted in mandatory protection areas; existing or 
previously used sites would be favored. 

The water resources inventories would be completed as 
scheduled. Watershed management plans would be 
developed to identify management practices necessary 
to maintain or improve water quality. To the extent 
possible, groundwater quality or quantity would not be 
degraded. Spring-reliant uses supplied by groundwater 
would have to be mitigated if impacted. Monitoring of 
these impacts and stipulated mitigation measures 
placed on mining activities would be implemented by 
lessees or through an industrial association. Sensitive 
watersheds would be protected through restrictions 
such as seasonal road closures. Development on steep 
slopes and erosive or saline soils would be avoided 
where possible. Management practices would be imple-
mented to protect, maintain, or improve the quality of 
the soil resource. 

The five year sale plan for forest products would be 
implemented, providing some 2,500 cords of pinyon-
juniper firewood and 250,000 board feet of Douglas fir 
sawtimber annually. The 1980 grazing management 
decisions would be implemented, providing for a long-
term allocation of 64,011 AUMs for livestock grazing. 
Use adjustments may be necessary to accommodate oil 
shale development. 

The Wild Horse Herd Management Plan would be imple-
mented. The herd management objective for the 
Piceance Basin would be 65 to 100 animals. The 
Wildlife Habitat Management Plan for the Piceance 
Basin would be implemented to improve habitat condi-
tions of recreational species, raptors, and threatened 
and endangered species. Long-term allocations to wild-
life would be 40,501 AUMs, which would achieve the 
joint objectives of BLM and the Colorado Division of 
Wildlife. Use adjustments may be necessary to accom-
modate oil shale development. 

Known locations of candidate and sensitive plants would 
be avoided where possible. Surveys would be performed 
in areas of potential habitat. Certain populations of 
candidate and sensitive plants would be fenced, moni-
tored or protected with avoidance or no-surface-occu-
pancy stipulations. 

More intensive recreation management practices would 
be implemented. These would include management of 
use areas, improved access, provision of seasonal visitor 
services for hunters, and improvement of public access 
to the White River. A Nonmotorized Hunting Area 
would be established as a Special Recreation Manage-
ment Area. Horse access would be eliminated during 
hunting seasons and use would be restricted to foot 
access only. Seasonal and permanent off-road vehicle 
closures would occur based on nonmotorized hunting, 
watershed, soils, wildlife, and ACEC designations. A 
recreation area management plan would be prepared for 
the special recreation management area. 

Sixteen utility corridors would be designated for major 
linear rights-of-way. Utilities would be encouraged to 
locate within these designated corridors through the 
incentive of reduced environmental analysis require-
ments. Additional criteria are established for locating

major utilities outside these corridors. The 830 acres 
identified as potentially suitable for disposal would be 
available for sale or exchange. Additional criteria 
would be established for future land disposal consid-
eration. Community expansion sales or leases would be 
considered within a five mile radius of Meeker and 
Rangely. If growth in these communities increased too 
dramatically for these communities to accept and it 
was determined by local officials that development was 
required outside existing communities, Rio Blanco and 
White River City should be considered as logical sites 
for new community development. A fire management 
plan would be prepared and implemented under this 
alternative. Prescribed burning would continue as spe-
cified in the White River Management Framework Plan. 

Approximately 160 acres would be designated as an 
Area of Critical Environmental Concern in the Soldier 
Creek area. Management of all areas that were pro-
posed for special management designation in this and 
the other alternatives would be designed to protect the 
significant values identified for those areas. 

IBLA UPHOLDS BLM DECISION TO DROP 
SOUTH SHALE RIDGE AS WSA 

The Interior Board of Land Appeals (IBLA) affirmed the 
Bureau of Land Management Colorado State Director's 
Wilderness Inventory decision declaring that the South 
Shale Ridge inventory unit (CO-070-031) does not 
qualify as a wilderness study area. On November 14, 
1980 the Acting State Director published a decision in 
part eliminating South Shale Ridge—totaling 
28,260 acres—from further consideration as a WSA. 
However, on August 23, 1983, on appeal from the initial 
decisions, lOLA concluded that ELM had improperly 
deleted 3,200 acres from consideration during the 
intensive inventory. ELM was therefore directed to 
include the acreage and reinventbry the entire unit In a 
decision resulting from the Reinventory of unit 
CO-070-031, the Acting State Director, on June 1, 1984 
again concluded that the unit did not qualify as a 
wilderness study area. This decision was again appealed 
to IBLA. 

In their decision of December 10, 1984, IBLA affirmed 
the original decision by BLM that South Shale Ridge did 
not qualify as a WSA. Accordingly, as of December 10, 
1984, South Shale Ridge was released from further 
wilderness review. 

The IBLA decision notedt evaluations made by ELM 
personnel in the wilderness inventory process are 
necessarily subjective and judgmental. However, the 
conclusions reached must be accorded considerable 
deference even though the result might be one over 
which reasonable men could differ. An appellant 
seeking reversal of a decision must show either a clear 
error of law or a demonstrable error of fact. 

John R. Swanson had appealed the decision stating that 
unit CO-070-031 should be further considered as a WSA 
because it contains "impressive' wilderness resources as 
well as scenic, botanical, and cultural resources. 

2-45	 SYNTHETIC FUELS REPORT, JUNE 1985



I3LM concluded that the unit lacks outstanding 
opportunities for solitude because the unit's ridgeline 
has steep slopes and limited vegetative screening that 
generally allows for open views, which reduce 
opportunities for solitude since people are able to view 
each other. Opportunities to experience solitude do 
exist along the southern boundary but these are limited 
by the proximity of the boundary and the steep slopes 
of South Shale Ridge. The Coon Hollow area has 
benches, drainages, and pinyon-Juniper cover that 
provides opportunities for solitude; however, these 
opportunities are not considered to be outstanding. 
Overall, the unit's narrow configuration and steep 
slopes reduce opportunities to avoid the sights, sounds, 
and evidence of other people within the unit. 

BLM also concluded that the unit lacks outstanding 
opportunities for primitive, unconfined recreation. 

Landscape variety, interesting flora and geological 
features, and scenic qualities combined to provide 
opportunities for hiking, scenic viewing, observing of 
nature, and photography. However, these primitive 
recreation opportunities are limited by the narrow 
configuration of the unit, the ridge, the cherry-stemmed 
roads and steep slopes which inhibit unconfined 
movement within the area. 

In its decision, the IBLA stated there is no question that 
the unit offers some recreational opportunities. The 
critical question, however, Is whether such opportunities 
are outstanding. IBLA found no evidence that BLM 
overlooked significant topographic, vegetative, or other 
features affecting opportunities for solitude or 
primitive, unconfined recreation. The appellant merely 
disagrees with the weight to be given these features. 
This is not sufficient to establish an error of either fact 
or law in the wilderness inventory. 

Since the oil shale resource present In the South Shale 
Ridge unit is quite meager, it is unlikely that any 
significant interest will be shown in leasing this acreage 
for oil shale development
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RECENT OIL SHALE PUBLICATIONS/ PATENTS 

The following papers were presented at the American Chemical Society meeting in Miami Beach, Florida, April 28, 
1985:

Venkateswaran, K., at al, "Characterization of Surfaces, Environmental Molecules and Oil Shale by 
Positron Annihilation." 
Cooney, 3.8., at al, "Interactive Effects in Nitrogen Compound Induced Storage Instability in Shale 
Derived Diesel Fuel." 
Lef tin, H.P., at al, "Steam Pyrolysis of Shale and Petroleum Gas Oil Mixtures." 

Cronauer, D.C., "Novel Techniques for the Denitrogenation of Shale Oil," February 1985, Gulf Research & 
Development Company. 

Marlene, J.A., "USAF Toxicology Research on Petroleum and Shale-Derived Aviation Gas Turbine Fuels," ASME, 
December 1984. 

Mucha, Michael S., at al, "Shale Oil Characterization and Aging Program." 

Poska, Dr. Forrest, "Oil Shale Developments," The Standard Oil Company. 

Ropeban, D.M., at al, "Study of Oil shale, Hydrocarbon and Tar Sand Mining," November 1984, Colorado School of 
Mines. 

Siddiqui, N., at al, "An Experimental Study of the Characteristics of Shale Oil Spray Flames." 

Silva, Julio C., at al, "Oil Shale Total Energy Recovery-Petrosix and Fluidized Bed Combustion," 8th International 
Conference on Fluidized Bed Combustion. 

United States Department of Energy, "Oil Shale Retorting," Final Report. 

United States Department of the Interior, "Piceance Basin, Resource Management Plan and Environmental Impact 
Statement," Final Report, March 1985. 

Western Research Institute, "Research Activities in Review," Autumn 1984. 

The following papers were presented at the 18th Annual Oil Shale Symposium, April 22, 1985, in Grand Junction, 
Colorado: 

Perry, H.A., at al, "Oil Shale Grade Variability in Close-Spaced Core Holes in the Mahogany Zone of the 
Colony Shale Oil Project Area." 
Dyni, J.R., at al, "Distribution of Fluorine in Colorado Oil Shale." 

Cole, R.D., "Lacustrine Depositional Systems in the Piceance Creek Basin, Colorado: A Guide to 
Distribution of Hydrocarbon and Mineral Resources." 
Daub, 0.3., at al, "Detailed Lithologic, Rock Quality, and Hydrologic Data from Three Drill Holes In the 
Central Piceance Creek Basin, Rio Blanco County, Colorado." 
Day, M.J., at al, "Hydrogeologic Characterization of the Colony Shale Oil Project Area." 
Hutton, A.C., "Classification of Oil Shales—A Petrographic Approach." 
Weiss, E.S., at al, "Dust and Pressures Generated During Commercial Oil Shale Mine Blasting," 
Studebaker, kG., "Mining Strategy Effect on Oil Shale Profitability." 
Miron, Y., at al, 'Tire Hazards of Oil Shale Dust Layers on Hot Surfaces." 
Gorham, E.D., "Evaluation of Blast Designs for In Situ Oil Retorting." 

Britto, K., Limitations of Commercial Explosives and Blasting Caps and Their Effects on In Situ Blast 
Design." 

Mushrush, G.W., "Pyrolysis of Model Alkyl Pyridine Compounds." 
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Braun, R.L., et al, "Results of Mathematical Modeling of Oil Shale Retorting in an Aboveground, 
External Combustion, Moving-Bed Retort." 
Jacobs, 11.11., et al, "Initial Results of Green River Oil Shale Processing Using the University of Utah 
Pilot Scale Bottom Burning Unit." 
Chong, Y-O, at al, "A New Oil Shale Retort—Fluid Beds Exchanging Solids But Not Gases." 
Alfredson, P.O., "Review of Oil Shale Research in Australia." 
Wall, G.C., et al, "Isothermal Pyrolysis Kinetics of Australian Condor and Nagoorin Oil Shales." 
Baldwin, R.M., at al, "Pyrolysis of Oil Shale in Supercritical Toluene—Reaction Mechanism and Role of 
Hydrogen." 
White, J.C., at al, "Reduction Grade Alumina and Soda Ash from Dawsonitle Oil Shale—Parts I and 2. 
Stephenson, L., at al, "Marketable Transport Fuels from Julia Creek Shale Oil." 
Nuttall, I-I.E., "The History and Future of China's Oil Shale Industry,' 
Frentz, ILL, "The Means Oil Shale Project." 
Rye, P.B., at al, "A Method for Estimating Permeability in Oil Shale Retorts Based on Pressure and 
Temperature Measurements." 
Purcupile, J.C., at al, "Pressure Loss in Packed Beth of Low Void Fraction." 
Bates, E.R., "EPA Research Activities." 

Taback, H., et al, "Alkaline Scrubbing In Situ Oil Shale Retort Of fgas at Geokinetics.' 
Taback, H., at al, "Processing In Situ Oil Retort Of (gas with a Stretford Plant at Geokinetics.' 
Place, B.G., et al, "Shale Oil Aerosol Removal Using a Venturi Scrubber—Environmental Research on 
WRrs Ten-Ton Oil Shale Retort." 
Taylor, R. W., "Nitric Oxide Emissions from Combustion of Retorted Oil Shale,' 
Heistand, R.N., "Estimating Solid Wastes from Oil Shale Facilities." 

The following papers were presented at the 12th Energy Technology Conference held in Washington, D.C., on March 
25, 1985: 

Little, W.E., "Oil Shale Technical Developments." 
Barnes, H.H., "Status of Commercial Oil Shale Development in the United States." 
Uthus, D.B., "International Developments in Oil Shale." 
Punwani, D.V., "Energy from Eastern Oil Shale: An Overview of Research Status." 

The following papers were presented at the 1985 Western Synfuels Symposium held in Grand Junction, Colorado on 
April 24, 1985: 

McWhorter, D.B., et al, "Liquid and Vapor Transport Coefficients for Retorted Oil Shale." 

McGowan, L., et at, "The Effect of Residual Carbon on Adsorption of Organic Compounds by Retorted 
Oil Shale." 
Esmaili, E., et al, "Leaching of Retorted Oil Shale by Complexometric Agents." 
Tuttle, M.L., et al, "An Evaluation of the Effects of Weathering on a 50 Year Old Retorted Oil Shale 
Waste Pile, Rulison, Colorado." 
Brown, A., at al, "An Engineering Approach to the Elimination of Contaminated Seepage from Processed 
Shale Piles II." 

SHALE - PATENTS 

"Blasthole Spacing for Control of Particle Size," Thomas B. Ricketts - Inventor, Occidental Oil Shale Inc., United 
States Patent 4,489,983, December 25, 1984. A method for controlling the average particle size of a fragmented 
permeable mass of formation particles formed in an in situ retort In a subterranean formation containing oil shale is 
provided. At least one void is excavated in the subterranean formation, leaving zones of unfragrnented formation 
above and below the void. Such a zone of unfragmented formation has naturally occurring cleavage planes and a 
substantially horizontal free face adjoining the void. An array of a plurality of substantially vertical blastholes Is 
formed in at least one of the zones of unfragmented formation, and each such blasthole is loaded with explosive for 
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forming a substantially horizontal array of explosive charges. The spacing distance between adjacent blastholes or 
explosive charges in the array is from about 10 to about 15 times the average distance between cleavage planes 
when the oil shale formation has an average grade of more than about 20 gallons per ton. The spacing distance 
between adjacent blastholes or explosive charges in the array is from about 15 to about 2 times the average distance 
between cleavage planes when the oil shale has an average grade of less than about 20 gallons per ton. The 
explosive charges are detonated for explosively expanding the zone of unfragmented formation toward the void to 
form a fragmented permeable mass of formation particles inthe in situ retort. 

"Process for Beneficiating Oil Shale," Michael Siskin - Inventor, Exxon Research and Engineering Company, United 
States Patent 4,490,238, December 25, 1984. Disclosed is a process for beneficiating oil shale wherein the oil shale 
is treated with an aqueous ammonium salt solution at a temperature from about 0° to about 300°C. 

"Process for Beneficiating Oil Shale," Michael Siskin and Glen B. Brons - Inventors, Exxon Research and Engineering 
Company, United States Patent 4,491,513, January 1, 1985. Disclosed is a process for removing mineral matter 
from oil shale by contacting the oil shale with (a) an ammonium salt solution and (b) an organic solvent, at a 
temperature from about 0° to about 300°C for a time which is sufficient to substantially separate at least about 80 
weight percent of the carbonate mineral matter from the oil shale. 

"Process for Beneficiating Oil Shale," Michael Siskin and Glen B. Brons - Inventors, Exxon Research and Engineering 
Company, United States Patent 4,491,514, January 1, 1985. Disclosed is a process for removing mineral matter 
from oil shale, which method comprises contacting the oil shale with (a) an ammonium salt solution and (b) a 
nonionic surfactant, at a temperature from about 0 0 to about 300°C for a time which is sufficient to substantially 
separate at least about 80 weight percent of the carbonate mineral matter from the oil shale. 

"Method for Reducing the Nitrogen Content of Shale Oil With Spent Oil Shale and Sulfuric Acid," Leslie R. 
Rudnick - Inventor, Mobil Corporation, United States Patent 4,493,762, January 15, 1985. A method is disclosed for 
reducing the nitrogen content of oil shale by removing therefrom nitrogen-cotaining compounds. The nitrogen 
content of shale oil is reduced by agitating the shale oil with designated amounts of acidified spent oil shale. 
Acidification is obtained by contacting spent oil shale with sulfuric acid produced by oxidizing hydrogen sulfide 
emanating from the oil shale retorting process. Agitation of the acidified oil shale with nitrogen-containing oil 
shale can be either a batch or continuous process. The method also provides for recycling acidified spent shale back 
into the process for further reduction of the oil shale nitrogen content. 

"Pretreatment of Oil Shale for Enhanced Arsenic Removal," Frank Hershkowitz and Richard P. Rhodes - Inventors, 
Exxon Research and Engineering Company, United States Patent 4,493,763, January 1, 1985. A method for 
pretreating oil shale such that upon subsequent conversion, the resulting oil shale liquids have substantially less 
arsenic than if the oil shale had not been so pretreated. The method comprises subjecting the oil shale to a 
temperature from about 250°C to just below the temperature at which the oil shale begins to retort, for an effective 
amount of time and in a reducing environment wherein the reducing agent is selected from hydrogen, carbon 
monoxide, and mixtures thereof to cause reduction of the oxidation state of the arsenic compounds of the oil shale. 

"Split flub Wheel Apparatus," Carl G. Everman - Inventor, United States Patent 4,495,032, January 22, 1985. A 
shale oil retort apparatus is provided for retorting oil shale under airtight conditions. The retort apparatus employs 
a split hub wheel device which allows for the axial feeding of crushed oil shale and the axial dispensing of spent oil 
shale. The retort apparatus utilizes a rotatable shaft on a stationary axle, said shaft containing three spokes that 
are set approximately equidistant apart. The spokes serve to feed raw oil shale, dip it into a hot oil bath and 
dispense spent oil shale out of the apparatus. 

"Method of Operating A Blast Furnace to Extract Carbonaceous Oil and Gas from Bituminous Materials," H. Bruce 
Claflin - Inventor, United States Patent 4,495,054, January 22, 1985. A blast furnace is employed to process a 
natural material selected from the group consisting of oil shale, oil sandstone, asphalt rock or mixtures thereof. A 
first carbonaceous material selected from the group consisting of oil shale, oil sandstone, asphalt rock or mixtures 
thereof and a second carbonaceous material are charged to the top of a blast furnace and the carbonaceous char 
material remaining when the burden reaches the lower portion of the blast furnace in front of the primary tuyeres is 
burned to provide a hot, upwardly-moving gas stream containing carbon monoxide and hydrogen to vaporize 
recoverable hydrocarbons contained in the carbonaceous material as the carbonaceous material moves downwardly 
through the blast furnace. A gas containing hydrocarbons, carbon monoxide, hydrogen, and vaporized carbonaceous 
oil and tar is withdrawn from near the top of the blast furnace and a molten slag is withdrawn from near the bottom 
of the blast furnace. The off gas can be condensed to provide liquid oils and a gas having a desirable BTU content. 
Provision is also discosed for the removal of alkali metals from the process. 

"Oil Shale Retorting and Retort Water Purification Process," Cohn G. Grieves and Dean G. Venardos - Inventors, 
Gulf Oil Corporation and Standard Oil Company (Indiana), United States Patent 4,495,056, January 22, 1985. An oil 
shale process is provided to retort oil shale and purify oil shale retort water. In the process, raw oil shale is retorted 
in an in situ underground retort or in an above ground retort to liberate shale oil, light hydrocarbon gases and oil 
shale retort water. The retort water is separated from the shale oil and gases in a sump or in a fractionator or 
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quench tower followed by an API oil/water separator. After the retort water Is separated from the shale oil, the 
retort water is steam stripped, carbon absorbed and biologically treated, preferably by granular carbon absorbers 
followed by activated sludge treatment or by activated sludge containing powered activated carbon. The retort 
water can be granularly filtered before being steam stripped. The purified retort water can be used in various other 
oil shale processes, such as dedusting, scrubbing, spent shale moisturing, backfilling, in situ feed gas injection and 
pulsed combustion. 

"Process for Generating Superheated Steam Using Retorted Solids," Corey A. Bertelsen, Robert A. Farnham, and 
Lawrence P. Zestar - Inventors, Chevron Research Company, United States Patent 4,495,058, January 22, 1985. 
Superheated steam generated by passing wet steam through a superheater containing a fluidized or partially 
fluidized bed of hot prticulate solids recovered from a retorting process especially useful in a process for recovering 
hydrocarbon vapors from a hydrocarbonaceous solid such as oil shale. 

"Steam Recycle Used as Stripping Gas in Oil Shale Retorting," P. Henrik Waltman - Inventor, Chevron Research 
Company, United States Patent 4,495,059, January 22, 1985. The steam content and pressure of a reccled 
steam/hydrocrbon gas mixture in an oil shale retorting process is raised by high quality makeup steam producing a 
retort stripping gas of high efficiency (high oil yield) with minimal water consumption. 

"Enhanced Recovery of Hydrocarbonaceous Fluids from the Oil Shale," Costandi A. Audeh - Inventor, Mobil 
Corporation, United States Patent 4,500,414, February 19, 1985. The present invention relates to a process for 
recovery of additional hydrocarbonaceous fluids from spent oil shale that had been subjected to regular retorting 
operations, by treating the spent shale with an alkali-methoxide/methanol solution. 

"Method of In Situ Hydrogenation of Carbonaceous Material," Armand A. Gregoli - Inventor, Cities Service 
Company, United States Patent 4,501,445, February 26, 1985. A process for the recovery of carbonaceous materials 
from an underground formation, comprising: (a) fracturing a portion of an underground formation, comprising 
carbonaceous material selected from the group consisting of coal, oil shale, tar sands, and heavy crudes, (b) 
contacting the carbonaceous material in situ in the fractured formation with (1) a preheated liquid solvent s wherein 
at least a portion of the liquid is a hydrocarbon-containing liquid having a boiling range of from about 300 6,  about 
1,200°F, and further wherein at least a portion of the liquid is a hydrocarbonaceous liquid having the property of 
donating and accepting hydrogen, and having a boiling range of from about 650 0 to about 975°F, and (2) a preheated 
gas comprising at least 50 volume percent hydrogen, and wherein the pressure in the fractured formation is 
maintained at from about 200 psi to about 2,000 psi, and the temperature is maintained at from about 500° to about 
900°F, to produce a product mixture of at least a partially hydrogenate carbonaceous material and dissolved 
carbonaceous material, and (c) removing said product mixture from said formation. 

"Apparatus for the Selective Retorting of Carbonaceous Materials," Delbert D. Thomas - Inventor, United States 
Patent 4,501,644, February 26, 1985. A staged retort is provided for the retorting of certain types of carbonaceous 
materials such as oil shale, coal or lignite, wherein the staged retort includes a number of separate retort chambers 
arranged in a modular configuration, with one retort chamber above the other, and mounted transversely within the 
staged retort Each retort chamber is heated to a different temperature, and carbonaceous material is moved from 
a given retort chamber to a retort chamber having a higher temperature, whereby heavier fractions of liquid and/or 
gaseous hydrocarbons are formed as the carbonaceous materials undergo pyrolysis. Arrangements such as pressure 
regulating valves are provided to reduce mixing of the various fractions between the individual retort chambers to 
nearly zero, and conduits are provided to separately withdraw the hydrocarbon gases and/or liquids from each retort 
chamber. The carbonaceous material leaving the last retort where the final pyrolysis reactions occur, is routed to a 
combustion compartment wherein it is burned to produce heat used to heat the retort chambers. The staged retort 
also includes arrangments for heating a predetermined portion of the gases formed in the retort chambers, to mix 
the heated portion with a predetermined unheated portion to arrive at a controlled temperature, and then to inject 
this controlled temperature gas and/or any other substances into the retort chamber interiors to control the 
temperatures and/or the reaction therein so that each retort chamber en be maintained at the proper temperature 
and conditions chosen for pyrolysis therein. 

"Process for Treating Oil Shale with a Mild Oxidant," Costandi A Audeh and Joseph J. Dickert, Jr. - Inventors, 
United States Patent 4,501,651, February 26, 1985. The present invention relates to a process for the substantial 
reduction of hydrogen sulfide formation during retorting of oil shale by previously treating the oil shale under mild 
oxidative conditions to passivate the pyrite present in the oil shale. The oxidation of the oifshaie under mild 
oxidative conditions results in the reduction of hydrogen sulfide formation during retorting without a decrease in the 
amount of oil produced. 

"Process for Selective Removal of CCR, Arsenic and Conjugated Diolefins from Shale Oil," Quang N. Le and 
Daniel J. Neuman - Inventors, Mobil Corporation, United States Patent 4,501,652, February 26, 1985. A process for 
upgrading hydrocarbonaceous fluids containing arsenic, conjugated diolefins and Conradson carbon residue, compris-
ing in sequence: (a) contacting said fluids with a hydrocarbon upgrading catalyst and hydrogen at a temperature 
between 300° and 800°F; (b) passing the resulting fluids of step (a) through a demetallation guard chamber, said guard 
chamber comprising a bed of fresh demetallation guard chamber catalyst selected from the group comprising 
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Ni/Al203, NiMo/Al203, and N1W/Al203; and (c) passing the resultingfluids of step (b) through a hydroprocessing 
chamber under conditions that deposit said arsenic on a bed of fresh hydroprocessing catalyst selected from the 
group comprising NiMo/Al203 and NiW/Al203, wherein said hydrocarbon upgrading catalyst is the deactivated 
catalyst of either of said demetallation guard chamber or said hydroprocessing chamber. 

"Plant for Extracting Crude Oil from Oil Shale," Gerd Brunner, Rainer Hoffmann, and Konrad Kunstle (all of West 
Germany) - Inventors, Kraftwerk Union AG, United States Patent 4,502,919, March 5, 1985. An arrangement for 
extracting crude oil from oil shale comprising: a low temperature carbonization reactor; a processing means for 
feeding a slurry of oil shale, solvent, and hydrogen into the low temperature carbonization reactor; a separating 
means for separating the resulting gaseous low temperature carbonization mixture from the used oil shale and for 
separating the low temperature carbonization mixture into gaseous and liquid low temperature carbonization 
products; a gas turbine the exhaust gas outlet of which is connected to two heat exchangers, one of which heat 
exchangers is disposed in a circulation system for a scavenging gas, which circulation system includes a separating 
reactor (which forms part of said separating means) in which in use the scavenging gas flows upwardly in 
counterflow to the oil shale for separation of the fluid low temperature carbonization mixture from the used oil 
shale, and the other of which heat exchangers is disposed between the low temperature carbonization reactor and 
said separating reactor; the low temperature carbonization reactor including a fluidizing cooler with a fluidized bed 
means for feeding used oil shale from the separating reactor to the fluidized bed and means for feeding turbine 
exhaust gas from either or both of said two heat exchangers to the fluidized bed for fluidizing the bed. 

"Apparatus for Aboveground Separation, Vaporization and Recovery of Oil from Oil Shale," Ray C. Edwards - Inven-
tor, Edwards Engineering Corporation, United States Patent 4,502,920, March 5, 1985. An improved retort 
apparatus for recovering oil from crushed oil shale moved by gravity through a passageway of an elongated housing 
includes a control assembly connected adjacent the outlet end of the housing to control the rate of movement of the 
crushed oil shale through the passageway. A plurality of heat exchangers are located in the housing for transferring 
heat in sequence to or from the crushed oil shale. The heat exchangers are spaced to define a drying zone, a 
preheating zone, a hydrocarbon recovery zone, and a waste heat recovery zone. A pump recirculating circuit is 
provided for passing waste heat recovered from the waste heat recovery zone to the preheating zone. An auxiliary 
heating assembly connected to the heat exchangers in the hydrocarbon recovery zone delivers sufficient heat to 
raise the temperature of the crushed oil shale moving through the hydrocarbon recovery zone to the critical 
temperature for separating hydrocarbons in vapor form therefrom. A separating device, including a condenser, is 
operatively connected to the hydrocarbon recovery zone to withdraw the mixture of hydrocarbon vapors and gases 
released from the moving and heated crushed oil shale and to condense and remove hydrocarbons from the mixture. 
Additionally, the retort apparatus includes a device operatively associated with the separating device for 
maintaining a predetermined operating pressure in the preheat zone and waste heat recovery zone to prevent 
separated hydrocarbon vapors from leaking to the atmosphere through either the inlet or outlet of the housing. 

"Enhanced Oil Recovery from Western United States Type Oil Shale Using Carbon Dioxide Retorting Technique," 
Rajendra Joshi and Sunggyu Lee - Inventors, University of Akron, United States Patent 4,502,942, March 5, 1985. A 
process for pyrolysis of oil shale comprising: crushing a quantity of western United States type oil shale to a particle 
size from about -20+40 mesh to 10 centimeters in diameter; heating said shale at a rate from about 2°C per minute 
to 20°C per minute until a final temperature of between 400 0 to 700°C is achieved, maintaining said shale at said 
final temperature and causing a pyrolysis reaction in said shale thereby at a pressure of from about 0.5 to about 
1.5 atmospheres; releasing gaseous and liquid product from said shale by means of said pyrolysis reaction; conveying 
said product from said shale by means of a stream consisting essentially of heated carbon dioxide gas, at a 
temperature from 4000 to 700°C, passed through said shale at a rate from about 0.5 cc per second per 100 cc of 
reactor volume at standard temperature and pressure to about 10 cc per second per 100 cc of reactor volume at 
standard temperature and pressure and cooling said product and thereby liquefying the condensable portions thereof. 
The amount of increased recovery over conventional systems ranges up to about 25 percent. 

"Method of Extracting Hydrocarbons from Oil-Containing Rock or Sand Through Hydrogenating Low Temperature 
Carbonization," Gerd Brunner, Rainer Hoffmann, and Konrad Kunstle (all of West Germany) - Inventors, Kraftwerk 
Union AG, United States Patent 4,505,808, March 19, 1985. Method of extracting liquid hydrocarbons from oil-
containing stone or sand, wherein the oil-containing stone or sand undergoes hydrogenating, low temperature 
carbonization in a reactor at temperatures of 450 0 to 520°C and a pressure of approximately 50 bar through the 
action of carbon monoxide, hydrogen and steam, and wherein the hydrocarbons are separated from the resulting 
gaseous, low temperature carbonization mixture. The low temperature carbonization mixture from the reactor is 
cooled in a first separation stage to a temperature of approximately 350°C to condense the less volatile 
hydrocarbons. The separated liquid phase is fed to a solids separator and placed in contact with a circulating gas of 
carbon dioxide and a C6/7 hydrocarbon fraction. The low temperature carbonization mixture containing 
uncondensed gases and more volatile hydrocarbons are washed in a second separation stage with water and cooled to 
approximately 250°C gas containing hydrogen separated from the volatile hydrocarbons is fed at least partly to the 
reactor again. Carbon monoxide is obtained from the solids through the action of carbon dioxide, contained in hot, 
combustion gases. This carbon monoxide together with carbon dioxide of the combustion gases is fed to the reactor. 
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"Process and Apparatus for Extracting Hydrocarbons from Oil Shale," Gerd Brunner, Rainer Hoffmann, and Konrad 
Kunstic - Inventors, Kraftwerk Union AG, United States Patent 4,505,809, March 19, 1985. A process for extracting 
hydrocarbons from oil shale comprising the steps of subjecting oil shale under superatmosphcric pressure in the 
presence of hydrogen and steam, to low temperature hydrogenating distillation; separating the resulting fluid 
distillation mixture into liquid and gaeous products; and returning water and hydrogen separated from the fluid 
distillation mixture to the low temperature distillation; in which: heat is drawn-off from the hot oil shale, after 
treatment in a low temperature hydrogenating distillation reactor, by the shale being sprayed with water whereby 
saturated steam of the pressure stages and water extracted during product separation are fed into the individual 
stages of a multi-stage compressor driven by a gas turbine, and are then delivered via a steam supply line to the 
reactor; the gas turbine is fueled by supplying separated-off gaseous distillation products thereto; and the exhaust 
gases of the gas turbine are fed to a heat exchanger arranged in the steam supply line. 

"Oil Shale Beneficiation," Shirley C. Tsai - Inventor, Occidental Research Corporation, United States Patent 
4,506,835, March 26, 1985. A process for oil shale beneficiation comprising: comminuting oil shale capable of 
producing an average of at least about 15 gallons of shale oil per ton of oil shale to maximum particle size of about 
0.75 inch; removing at least a portion of comminuted oil shale having a particle size of less than abut 100 mesh; 
mixing the removed particles having a screen size of less than about 100 mesh with a two-phase liquid mixture 
comprising a hydrocarbon liquid for agglomerating oil-rich oil shale particles in the hydrocarbon phase; separating 
the agglomerates nto a first oil shale product and refuse wherein the first oil shale product yield has been adjusted 
to maximize the separation efficiency index of the oil agglomeration separation; and separating-the remaining portin 
of the comminuted oil shale having a particle size greater than about 100 mesh into a second oil shale product and 
refuse by mixing the comminuted oil shale with a heavy medium having a specific gravity between the specific 
gravities of the second oil shale product and the refuse, the specific gravity of the heavy medium being sufficient to 
generate a second oil shale product yield of between about 30 and 60 percent which maximizes the separation 
efficiency index. 

"Coking Contaminated Oil Shale or Tar Sand Oil on Retorted Solid Fines," Robert J. Klett, Byron C. Spars, and 
Henrick P. Wellman - Inventors, Chevron Research Company, United States Patent 4,507,195, March 26, 1985. An 
improved process of retorting a raw particulate hydroearbonaceous solid comprising both coarse and fine particles to 
recover pyrolysis oil of a lower average molecular weight and containing reduce contamination, said hydrocarbon-
aceous solid being selected fromthe group consisting of oil shale and tar sand. The process comprising: (a) mixing, 
at the top of a vertical retorting vessel designed to control gross vertical backmixing, the raw particulate 
hydrocarbonaeeous solid with a hot particulate heat-transfer material comprising combusted, pyrolyzed hydrocar-
bonaceous solids to raise the raw hydroearbonaceous solid to a temperature sufficient to pyrolyze the hydrocarbons 
therein; (b) passing the mixture of step (a) downward through a pyrolysis stage while retaining it in the stage for a 
time sufficient to decompose a significant amount of the raw hydrocarbonaceous solid to yield hydrocarbon vapors, 
and whereby fine particles comprising primarily at least partially pyrolyzed hydrocarbonaceous solid are also 
formed; (c) passing a stripping gas through a mixture in the pyrolysis stage at a rate sufficient to significantly lower 
the dew point of the evolved hydrocarbon vapors and to entrain the fine particles in the pyrolysis zone; (d) 
recovering from the top of the pyrolysis stage a mixture of contaminated hydrocarbon vapors, stripping gas, and 
entrained fine particles; (3) withdrawing, from the bottom of the pyrolysis stage, a mixture of retorted particulate 
hydrocarbonaceous solids and the heat-transfer material; (f) separating at least some of the fine particles from the 
contaminated hydrocarbon vapors and stripping gas and introducing said fine particles into a coking stage, separate 
from the pyrolysis stage, comprising a fluidized bed; (g) condensing from the contaminated hydrocarbon vapors at a 
temperature between 550° and 680°F a high-boiling fraction containing concentrated contaminants, said high-boiling 
fraction comprising at least 90 percent hydrocarbons having a boiling point above 850°F; (h) contacting the 
contaminated high-boiling fraction with the fine particles contained in the coking stage, which fine particles consist 
essentially of the fine particles formed in step (b) and separated in step (f), at a temperature between about 850 0 and 
975°F, whereby the high-boiling fraction is thermally cracked in contact with the fine particles to produce oil vapors 
and the contaminants are deposited along with coke on the fine particles; (i) withdrawing the product oil vapors 
having a lower average molecular weight and having substantially reduced contamination compared to the high-
boiling fraction from the coking stage; (j) withdrawing coked fine particles from the coking stage; (k) combusting the 
coked fine particles of step (j) and the mixture of solids of step (e) in a combustion stage to form a hot particulate 
heat-transfer material; and (I) recirculating at least a portion of the material of step (k) to step (a). 

"RE Applicator for In Situ Heating," Vernon L. Heeren - Inventor, Raytheon Company, United States Patent 
4,508,168, April 2, 1985. A coaxially fed applicator for in situ RE heating of subsurface bodies with a coaxial choke 
structure for reducing outer conductor RF currents adjacent the radiator. The outer conductor of the coaxial 
transmission line supplying RF energy to the radiator terminates in a coaxial structure comprising a section of 
coaxial line extending toward the RF radiator from the termination for a distance approaching a quarter wavelength 
at the RE frequency and a coaxial stub extending back along the coaxial line outer conductor from the termination 
for a distance less than a quarter wavelength of said frequency. The central conductor of the coaxial transmission 
line is connected to an enlarged coaxial structure approximately a quarter of a wavelength long in a region beyond 
the end of the outer conductor coaxial coking structure.
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"hydrogenation Process for Solid Carbonaceous Feed Materials Using Thermal Countercurrent Flow Reaction Zone," 
Edwin S. Johanson and Paul U. Schuler - Inventors, URI Inc., United States Patent 4,510,037, April 9, 1985. Thermal 
hydrogenation of solids-containing carbonaceous feed materials to produce hydrocarbon gaseous and liquid products 
is performed in a thermal reaction zone, in which the feed material flows generally downwardly countercurrent to 
upflowing hydrogen and recycled hydrocarbon liquid. The recycled hydrocarbon liquid is at a rate sufficient to 
control the settling of solids-containing feed through the reactor, and is obtained from the reaction zone upper end 
by phase separation from gaseous effluent at reaction conditions. The gaseous effluent material is removed from 
the thermal reaction zone upper end, and heavy liquid material containing less than about 40 weight percent solids is 
withdrawn from the reaction zone bottom end, with both streams being passed to further phase separation and 
distillation steps for recovery of the hydrocarbon gas and liquid products. The process is useful for hydroconversion 
of solids-containing tar sand bitumen, shale oil and particularly for coal, with the coal being fed into the thermal 
reaction zone as a coal-oil slurry. If desired, the heavy liquid bottoms stream withdrawn from the lower end of the 
thermal reaction zone containing unconverted coal and ash solids can be advantageously passed to a second reaction 
zone containing an ebullated catalyst bed for further hydrogenation reaction to increase the conversion and yield of 
low-boiling hydrocarbon liquid products. 

"Apparatus and Method for Measuring the Permittivity of a Substance," Magdy V. Iskander - Inventor, University of 
Utah, United States Patent 4,510,437, April 9, 1985. A novel apparatus and method for time-domain tracing of high 
speed chemical reactions. The apparatus of the resent invention includes an RF heating system for heating a 
reaction zone and a probe system in the reaction zone for measuring the complex permittivity in the reaction 
volume. A feedback system controls the RF source by adjusting the frequency of the Ri' source as a function of the 
relaxation frequency as determined by the permittivity measured by the probe system. Advantageously, the novel 
apparatus and method of this invention is particularly useful for RF dielectric heating to recover products from oil 
shales since it was found that the optimum 1ff frequency for heating oil shale changes rapidly as the kerogen is 
heated to elevated temperatures. 

"Fluid Bed Retorting System," lacovos Vasalos - Inventor, Standard Oil Company (Indiana), United States Patent 
4,511,434, April 16, 1985. A fluid bed system for retorting solid hydrocarbon-containing material, such as oil shale, 
coal, and tar sands, in which solid hydrocarbon-containing material and heat carrier material are fed into a mixing 
chamber, mixed and rapidly transported upwardly by a lift gas through a lift pipe into a solids-containing vessel to 
retort the hydrocarbon-containing material with minimal thermal cracking of the liberated hydrocarbons to increase 
the recovery of condensable hydrocarbons. The retorted material can be conveyed to a dilute phase lift pipe and 
combustor vessel where carbon residue in the retorted material is combusted leaving hot spent material that can be 
fed into the mixing chamber as solid heat carrier material. 

"Mining System," Clark J. Gilbert, Menelaos U. Hassialis, Andrew H. Scrymgeour, and Samuel I. Vera - Inventors, 
Mobil Corporation, United States Patent 4,512,610, April 23, 1985. This system develops an ore body in two lifts, 
driven from opposite ends (at different times) and utilizes the concept of lane pillars rather than square block 
pillars. These conditions generate a new ventilation system that is flexible and well suited for the varying air 
requirements in oil shale mining. The ore handling system is load-haul-dump (LHD) to portable crushers to belts to 
surface. The layout of this method introduces unique functions for this system by creating two directional ore flow 
from the workings, which optimize logistics and material handling methods. 

2-53	 SYNTHETIC FUELS REPORT, JUNE 1985



LISTING OF STATUS UPDATES OF 

OIL SHALE PROJECTS 

The following list provides updated descriptions of projects whose status have 
changed during this quarter. 

If the status of a project has not changed this quarter, only the project name 
and sponsor(s) are provided. The most recent description of each of these 
projects is referenced by identifying the appropriate date and page number of a 
previous issue. 

Complete descriptions of all active projects will be provided in the March 1986 
issue.
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS 

AMERICAN SYN-CRUDE/INDIANA PROJECT-- American Syn-Crude Corporation and Stone & Webster Engineer-
ing (5-5) 

(see the March 1985 issue, page 2-64) 

CATHEDRAL BLUFFS PROJECT -- Cathedral Bluffs Shale Oil Company: Occidental Oil Shale, Inc., and Tenneco 
Shale Oil Company (T3S, R96W, 6PM) (5-10) 

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. 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 (PSD) 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 II negotiations for 
financial assistance. On July 28, 1983 the SFC announced it had signed a letter of intent to provide up to 
$2.19 billion in loan and price guarantees to the project. The SFC Board released a Business Plan in early 1985 
and the project is being reviewed in light of that plan. 
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 currently in process. 
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 to reflect the reduced level of activity on the 
tract through 1984. 
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) (S-20) 

(see the March 1985 issue, page 2-64) 

COLONY SHALE OIL PROJECT — Exxon Company USA (T5S, 1195W, 6PM) (5-30) 
(see the March 1985 issue, page 2-65) 

CONDOR PROJECT-- Central Pacific Minerals -50 percent; Southern Pacific Petroleum -50 percent (S-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 $U5265 million at full production, 
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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 now has the exclusive right, until June 30, 1985 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 mil-
lion 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 "fines" process owned by Lurgi GmbIl of 
Frankfurt, West Germany. Their proposal envisages four retort nodules, 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. 
All aspects of infrastructure supporting such a project were studied, including water and power supplies, work-
force 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 pro-
duction, 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 $US4 per barrel over Arabian Light crude. Thus a selling price of about $13533 FOB Mackay was 
assumed. Average cash operating cost at full production is estimated at $0S20 per barrel of which more than 
$1359 per barrel represents corporation taxes and royalty. Capital costs were estimated to an accuracy of 
+1- 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—min-
ing, 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 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 

Project Cost:	 $2.3 billion (mid-1983 U.S. dollars)

- 
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EDWARDS ENGINEERING -- Edwards Engineering Corporation (S-33) 
Edwards Engineering Corporation is proposing a project to be located in Utah or Colorado (Green River, 
Piceance, 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 

closed June 29, 1984. On January 15, 1985 the SFC Board of Directors dropped the project from further 
consideration. 

Project Cost:	 Not Disclosed 

GARY REFINERY -- Gary Refining Company (5-35) 
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. 
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 (S-38) 
(see the March 1985 issue, page 2-67) 

MEANS OIL SHALE PROJECT - Central Pacific Minerals, Drava Corporation, and Southern Pacific Petroleum 
(S-36)

(see the March 1985 issue, page 2-67) 

MOBIL PARACHUTE SHALE OIL PROJECT - Mobil Oil Corporation (T65, R95W, 6PM) (S-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 
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MOROCCO OIL SHALE PROJECT-- ONAREP; Science Applications, Inc. (S-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. 

the T process developed jointly by Science Applications, Inc., and the Office National de Recherche at 
d'Exploitation Petrolieres (ONAREP) 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 Cost:	 Not disclosed 

PACIFIC PROJECT - Cleveland-Cliffs -20 percent, Sohio - 60 percent, and Superior - 20 percent (T6S, ft98W, GPM) 
(S-60)

(see the March 1985 issue, page 2-69) 

PARACHUTE CREEK SHALE OIL PROGRAM — Union Oil Company of California (3-70) 

(see the March 1985 issue, page 2-69) 

PARAHO-UTE SHALE OIL FACILITY - Paraho Development Corporation; Raymond Kaiser Engineers, Inc.; The 
Signal Companies; Texas Eastern Synfuels, Inc. (T95, R25E, Sec. 32, SLM) (S-80) 

(see the March 1985 issue, page 2-69) 

PETROSIX - Petrobras (Petroleo Brasileiro, S.A.) (S-90) 

(see the March 1985 issue, page 2-70) 

RAMEX OIL SHALE GASIFICATION PROCESS—Ramex Synfuels International, Inc. (S-95) 
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 
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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 (Unitec) 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: Gulf Oil Company and Standard Oil Company 
(Indiana) (T2S, R99W, 6PM) (5-100) 

(see the March 1985 issue, page 2-70) 

RUNDLE PROJECT -- Central Pacific Minerals/Southern Pacific Petroleum (50 percent) and Esso Exploration and 
Production Australia (50 percent) (5-110) 

Development of the Rundle deposit near Gladstone in Queensland, Australia. In April 1981, development of a 
multi-module commercial scale facility was shelved due to economic and technical uncertainties. The project 
is scaled down to study the feasibility of a 60,000 barrels per day plant. Under a new agreement between the 
venturers, which became effective in February 1982, Faso agreed to spend $A30 million on an initial 3-year 
work program that would resolve technical difficulties to allow a more precise evaluation of the economics of 
development. 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 1984 SPP/CPM and Esso announced that they have commenced discussions about possible 
amendments to the Rundle Joint Venture Agreement signed on February 25, 1982. Esso has advised that the 
terms of the Agreement, if not modified, make Esso participation in the project economically unattractive. 

Project Cost: See above 

SEEP RIDGE - Geokinetics, Inc., Peter Kiewit Sons', Inc., and United States Department of Energy (T14S, R22E, 
Sec. 2, SLM) (S-113) 

(see the March 1985 issue, page 2-71) 

SILMON SMITH PROJECT - Kellogg Corporation (25 percent) and Shale Energy Corporation of America (75 per-
cent) (S-116) 

(see the March 1985 issue, page 2-72) 

TOSCO SAND WASH PROJECT - Tosco Corporation (T9S, 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 geotechnical 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 TPD TOSCO II pyrolysis unit and related oil upgrading 
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facilities which wouldproduce 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 TPD 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. Tosco is currently pursuing a variety of sources of 
public and private financing and additional equity participation to provide the capital required to assure the 
successful construction and operation of the proposed facility. 

Project Cost:	 $820 million in second quarter 1982 dollars (excluding interest) 

U. S. SHALE PROJECT - United States Shale, Inc. (S-125) 

(see the March 1985 issue, page 2-72) 

WHITE RIVER SHALE PROJECT-- Phillips, Sohio, and Sun (to, R24E, SLM) (5-130) 

(see the March 1985 issue, page 2-72)

R&D PROJECTS 

BAYTOWN PILOT PLANT - Exxon Company USA, Inc. (S-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 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 

COTTONWOOD WASH PROJECT - American Mine Service, Cives Corporation, Deseret Generation and Transmis-
sion Cooperative, Foster Wheeler Corporation, Davy McKee, and Magic Circle Energy Corporation (5-140) 

(see the March 1985 issue, page 2-73) 

EXXON COLONY SHALE PROJECT -- Exxon Company USA, Inc. (S-160) 

(see the March 1985 issue, page 2-73) 

GEOKINETICS, INC. - (see Seep Ridge) 

JAPANESE RETORTING PROCESSES - Japan Oil Shale Engineering Company, Ltd. (JOSECO) (5-170) 

(see the March 1985 issue, page 2-74) 

ISRAELI RETORTING DEVELOPMENT - PAMA (Energy Resources Development) Inc. (S-175) 

(see the March 1985 issue, page 2-74) 

JULIA CREEK PROJECT - CSR LIMITED (S-iso)

(see the March 1985 issue, page 2-75) 

*NAVAL OIL SHALE RESERVE (NOSH) 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. NOSR-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 
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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 estimated 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 I 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 (EIS) was issued August 1982. In addition, resource, 
technology, and environmental baseline characterizations have been completed. The program has produced 
over 40 technical reports. 

The United States Department of Defense (DOD) formally transmitted a proposal to the United States 
Synthetic Fuels Corporation in August 1982 seeking financial assistance to develop the NOSR as part of its 
Recommended Comprehensive Strategy. 

Early in Fiscal Year 1984, the Department of the Interior and the DOE signed a Memorandum of Understanding 
reserving to DOE the right to contract for 4,100 acre-feet per year of water from Colorado's Ruedi Reservoir. 
When NOSR-1 is developed, that back-up source of water will be essential to assure continuity of operations. 

The Anvil Points Facility, locted on NOSR-3 near Grand Junction, Colorado, has been a 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 
out-lived 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 should begin in the summer of 1985 and completion 
can be expected 18 months from commencement of the work. 

Project Cost:	 $10 million through September 30, 1984 

SYNTANA-UTAH PROJECT - Magic Circle Energy Corporation, Quintana Minerals Corporation, Synthetic Oil 
Corporation (S-210) 

(see the March 1985 issue, page 2-76) 

YAAMBA PROJECT - Yaamba Joint Venture (Beloba Pty. Ltd., Central Oil Shale Pty. Ltd., and Peabody Australia 
Pty. Ltd.) (S-220) 

(see the March 1985 issue, page 2-76) 

YUGOSLAVIA INCLINED MODIFIED IN SITU RETORT-- United Nations (S-230) 

(see the March 1985 issue, page 2-77) 

COMPLETED AND SUSPENDED PROJECTS 

Sponsors	 Last Appearance in SFR 

(No additional completed and suspended projects - see the March 1985 issue, page 2-77) 
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American Mine Service Cottonwood Wash Project 2-60 

American Syn-Crude Corporation American Syn-Crude Project 2-55 

Beloba Pty. Ltd. Yaamba Project 2-61 

Cathedral Bluffs Shale Oil Company Cathedral Bluffs Project (C-b) 2-55 

Central Oil Shale Pty. Ltd. Yaamba Project 2-61 

Central Pacific Minerals Condor Project 2-55 
Means Oil Shale Project 2-57 
Rundle Project 2-59 
Yaamba Project 2-61 

Chevron Shale Oil Company Chevron Clear Creek Project 2-55 

Cives Corporation Cottonwood Wash Project 2-60 

Cleveland-Cliffs Iron Company Pacific Project 2-58 

Conoco Inc. Chevron Clear Creek Project 2-55 

CSR Limited Julia Creek Project 2-60 

Deseret Generation & Transmission Cottonwood Wash Project 2-60 

Dravo Corporation Means Oil Shale Project 2-57 

Edwards Engineering Company Edwards Engineering 2-57 

Ease Australia Ltd. Rundle Project 2-59 

Exxon Company USA Baytown Pilot Plant 2-60 
Colony Shale Oil Project 2-60 
Exxon Colorado Shale Project 2-55 

Foster Wheeler Corporation Cottonwood Wash Project 2-60 

Gary Refining Company Gary Refinery 2-57 

Geokinetics, Inc. Seep Ridge (Wolf Den and Agency Draw Projects) 2-59 

Gulf Oil Company Rio Blanco Oil Shale Project (C-a) 2-59 

Japan Oil Shale Engineering Company Japanese Retorting Processes 2-60 
(JOSECO) 

Kellogg Corporation Silmon Smith Project 	 - 2-59 

Kiewitt Sons', Inc., Peter Seep Ridge 2-59 

Magic Circle Energy Corporation Cottonwood Wash Project 2-60 
Syntana-Utah Project 2-61 

McKee, Davy Cottonwood Wash Project 2-60 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 2-57 

Occidental Oil Shale, Inc. Cathedral Bluffs Project (C-b) 2-55 

Office National de Recherche et Morocco Oil Shale Project 2-58 
d'Exploitation Petrolieres 
(ON A RE P)
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PAMA Inc. Israeli Retorting Development 2-60 

Paraho Development Corporation Paraho-Ute Shale Oil Facility 2-58 

Peabody Australia Pty. Ltd. Yaamba Project 2-61 

Petrobras Petrosix 2-58 

Phillips Petroleum Company White River Shale Project (U-a/b) 2-60 

Quintana Minerals Corporation Syntana-Utah Project 2-61 

Ramex Synfuels International Ramex Oil Shale Gasification Process 2-50 

Raymond Kaiser Engineers, Inc. Paraho-Ute Shale Oil Facility 2-58 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (C-a) 2-59 

Science Applications, Inc. Morocco Oil Shale Project 2-58 

Shale Energy Corporation of America Silmon Smith Project 2-59 

Signal Companies, The Paraho-Ute S-ale Oil Facility 2-58 

Southern Pacific Petroleum Condor Project 2-55 
Means Oil Shale Project 2-57 
Rundle Project 2-59 
Yaamba Project 2-61 

Standard Oil Company (Indiana) Rio Blanco Oil Shale Project (C-a) 2-59 

Standard Oil Company (Ohio) Pacific Project 2-58 
White River Shale Project (U-a/b) 2-60 

Stone & Webster Engineering American Syn-Crude Project 2-55 

Sun White River Shale Project (U-a/b) 2-60 

Superior Oil Company Pacific Project 2-58 

Synthetic Oil Corporation Syntana-Utah Shale Oil Facility 2-61 

Tenneco Cathedral Bluffs Project (C-b) 2-55 

Texas Eastern Synfuels, Inc. Paraho-Ute Shale Oil Facility 2-58 

Tosco Corporation Tosco Sand Wash Project 2-59 

Union Oil Company of California	 - Parachute Creek Shale Oil Program 2-58 

Union of Soviet Socialists Republics Kiviter Process 2-57 

U.S. Department of Defense Naval Oil Shale Reserve Development 2-60 

U.S. Department of Energy Seep Ridge 2-59 
Naval Oil Shale Reserve Development 2-60 

United Nations Yugoslvania Inclined Modified In Situ Retort 2-61 

U.S. Shale, Inc. U. S. Shale Project 2-60 

Yaamba Joint Venture Yaamba Project 2-61
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PROJECT ACTIVITIES 

ONLY ONE HEAVY OIL PROJECT REMAINS BEFORE 
THE SFC 

During the period from March through May 1985, three 
of the four remaining oil sands/heavy oil projects that 
had applied to the United States Synthetic Fuels Cor-
poration (SEC) were withdrawn by the sponsors or 
dropped by the SEC. Prior to the SFC Board of 
Directors meeting on March 19, 1985 Texas Gas Devel-
opment Corporation withdrew the Kentucky Tar Sand 
project from the Third General solicitation. Also at the 
March meeting, the SEC Board decided to drop the. 
Enpex-Syntaro project from further consideration under 
the Third and Fourth General solicitations. Lastly, 
prior to the SEC Board meeting on April 22, 1985 the 
HOP Kern River project was withdrawn from the Third 
General solicitation by Ladd Petroleum Corporation. 
(As described in this issue in the article entitled "Ladd 
Petroleum Abandons HOP Kern River Project," Ladd 
sold the project acreage and facilities to Shell Oil 
Company, but retained the rights to the HOP techno-
logy.) 

As a result of the actions by the projects' sponsors and 
the SEC Board, only one oil sands/heavy oil project is 
now under consideration for SF C assistance. This 
remaining heavy oil project, Forest Hill, is sponsored by 
Greenwich Oil Company. Greenwich has requested up 
to $60 million in loan and price guarantees in the Third 
General solicitation. At the March 19 meeting, the 
SEC Board instructed their staff to "proceed expedi-
tiously" with negotiations with the project sponsors. To 
date, the project has a proposed, but unsigned, letter of 
intent with the SEC. 

The status of the other three projects before they were 
withdrawn or dropped was as follows: 

Kentucky Tar Sands had a proposed SEC letter 
of intent for a price guarantee of up to 
$543 million 

HOP Kern River had received a signed SFC 
letter of intent on June 22, 1984 for loan and 
price guarantees of up to $100 million 

The sponsors of the Enpex-Syntaro project had 
requested a price guarantee under both the 
Third and Fourth General solicitations. 

Although only one project now remains under considera-
tion, the SEC has initiated plans to solicit proposals for 
tar sands projects that utilize mining and surface 
processing technologies. Details of the solicitation, 
which was only in the draft stage in May, are explained 
in this issue in the article entitled "SEC Releases New 
Draft Solicitation for Tar Sands Projects." 

The status of all 17 projects (oil shale, oil sands/heavy 
oil, and coal/lignite/peat) that are presently under 
consideration by the SEC are summarized in Figure 1 in 
a separate article entitled "Seventeen Projects Remain 
Before the SEC." Additionally, Figure 2 in the same 
article depicts the status of all projects, either active 
or dropped, that applied to the SEC for financial 
assistance.

LADD PETROLEUM ABANDONS HOP KERN RIVER 
PROJECT 

Ladd Petroleum Corporation has abandoned the HOP 
Kern River mining assisted heavy oil recovery project. 
Steam injection at the pilot project was stopped in 
March of this year. 

Ladd announced that it is withdrawing its application 
for support from the United States Synthetic Fuels 
Corporation (SFC) which had already approved a Letter 
of Intent to support the project. About $100 million in 
loan and price guarantees would have been provided. 
The announcement came just as the SEC was preparing 
to consider a schedule for signing a final agreement. It 
was later revealed that Ladd had sold the project 
acreage back to Shell Oil Company, from whom it had 
obtained the lease on a farmout. 

Under the original concept, the 25 acre pilot project 
would have been expanded to the rest of the 285 acre 
farmout. The pilot project consists of a single vertical 
shaft with a drilling room at the bottom. Eight 
horizontal production holes up to 700 feet long were 
drilled from this room into the formation at a slight 
upward angle. Original plans were to inject steam 
through horizontal holes also, but this was changed and 
eight vertical steam injection wells were drilled from 
the surface. 

Production had reached 300 barrels per day. The high 
temperature of the produced liquids made personnel re-
entry into the shaft impossible and all operations under-
ground were remotely controlled. 

Although public statements suggested that the pilot was 
shut down because it was not meeting operating 
expenses, it was noted that fuel requirements at 
200 barrels per day were less than production at 
300 barrels per day. Sources close to the project 
indicated that appreciable increases in production 
should have been showing up by the end of this year. 
Changes in operation were said to be partially respon-
sible for the slower than anticipated production 
response. Steam injection wells were originally perfor-
ated only in the bottom section to reduce the probabi-
lity of gravity override. Since the entire section did 
not seem to be getting heated in this way, the entire 
pay zone was perforated, causing a dilution of steam 
effect and a lower initial response rate. 

Ladd sold all acreage production rights as well as the 
facility itself back to Shell, but retained the rights to 
the HOP technology. Thus Shell has no rights to the 
production technology and will probably convert the 
property to a conventional steam drive. The tract is 
near other Shell properties under steam injection opera-
tions. 

Although Ladd retained the rights to the HOP techno-
logy, they have given no indication of other plans to 
pursue its development. It is said that Ladd was under 
pressure from General Electric to increase short-term 
earnings. This would appear to be yet another case of 
the detrimental effects on long-term progress caused

- 
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The purpose of the first phase of the project is to test 
the thermal recovery method and the operational stra-
tegies to be used in subsequent phases. The bitumen 
produced at the project will be diluted with light 
hydrocarbons and sold to refineries in the northern 
United States. 

by the current emphasis by the financial community on 
short-term results. 

KENTUCKY TAR SAND PROJECT DROPPED 

On March 1, 1985 Texas Gas Development Corproation 
informed the United States Synthetic Fuels Corporation 
(SFC) that it was terminating the Kentucky Tar Sand 
Project. 

On May 10, 1984, Texas Gas Development Corporation 
(Development) requested a suspension of the negotia-
tions for SFC financial support of the Kentucky Tar 
Sand Project. During the ensuing suspension period, 
Development stated that it would attempt to sell the 
project to a third party(ies). 

Development stated that in the 10 months they con-
tacted a large number of possible investors and made 
detailed project presentations to several of the com-
panies who indicated an initial interest. However, they 
were unable to obtain any financial commitments from 
other investors for the project. They stated that 
declining prices for crude oil, lower inflation rates, and 
an apparent oversupply of energy appear to have com-
bined to render substantial investments in synfuels 
projects unattractive at the present time. 

In view of a total lack of interest among investors in 
the project, Development decided that its only alterna-
tive was to terminate the Kentucky Tar Sand Project 

ERGS APPROVES AMOCO ELK POINT PROJECT 

The Alberta Energy Resources Conservation Board has 
given Amoco Canada Petroleum Co. Ltd. approval for 
the first phase of its Elk Point steam injection project 
100 miles east of Edmonton. Amoco announced the 
$1.8 billion three-part project last year and had hoped 
to start Phase I last summer. However, the ERCB 
delayed construction until several environmental con-
cerns were satisfied. 

Phase 1 is estimated to cost $87 million and last five 
years. It will produce 4,000 barrels per thy bitumen. 
Phases two and three are to produce about 22,000 bar-
rels per day each. Amoco is 100 percent owner and 
operator of the project and hopes to recover 152 million 
barrels, about 35 percent of the original oil in place. 

Phase I of the project will consist of a 13 well cyclic 
steam stimulation and steamflood project developed on 
1-hectare well spacing plus a 640 cubic meter per day 
bitumen cleaning plant, to be located approximately 
13 kilometers southeast of the town of Elk Point. 
Phase 1 also includes the drilling of 160 delineation and 
development wells on 15-hectare well spacing in an 
adjoining area for eventual Phase 2 development. As 
many as 20 of these wells would be subjected to 
temporary cyclic stimulation using steam and carbon 
dioxide.

During the January 1985 ERCB hearing on Amoco's 
Phase 1 application, a number of local landowners ex-
pressed environmental concerns, including industry-re-
lated noise and traffic, the potential for atmospheric 
emissions, the use of local drinking water aquifers by 
the oil industry, lease sizes and reclamation, and waste 
products disposal. There was also opposition to the 
particular site proposed for the cleaning facility and to 
the proposed access road, which would be close to a 
nearby residence. 

The ERCB, while recognizing the environmental con-
cerns raised during the hearing, for the most part was 
satisfied with Amoco's commitments to minimize the 
environmental impacts of its project. The ERCB be-
lieves that a significant portion of the traffic asso-
ciated with the project can be eliminated by the early 
use of pipelines. Accordingly, the ERCB directed 
Amoco to report to the ERCB on its efforts to mini-
mize traffic impacts, including raw product and sales 
pipelines feasibility studies, shortly after start-up. The 
ERCB also directed Amoco to conduct sound level 
surveys, both before and after project construction 
operations commence, to assess the need for further 
noise reduction measures. 

The project offsets other nearby projects operated by 
Dome Petroleum Limited, Pan Canadian Petroleum 
Limited, and Westmin Resources Limited in the Lind-
bergh Sector of the Cold Lake Oil Sands Deposit, an 
area previously described as the Lindbergh heavy oil 
field (Figure 1). 

A number of environmental concerns were raised at the 
hearing that pertain to the impacts of oil industry-
related activity on residents and land in the broad Elk 
Point area. 

The Elk Point Surface Rights Association (EPSRA) 
expressed concern about increases in ambient noise 
levels due to the cumulative effect of oil industry-
related activity. EPSRA further stated that the noise 
guidelines set out in ERCB Interim Directive ID 80-2 
are not applicable to areas such as the Lindbergh Field, 
where high density well spacing is necessary for re-
covery of crude bitumen. It recommended that ambient 
noise level increases should not be allowed to exceed 
5 dBA Leq above the dominant ambient noise level that 
existed in the area prior to development. 

EPSRA also recommended that the use of engine re-
tarder brakes (known as "jake brakes" and characterized 
by their staccato popping sound when engaged) which 
are found on many oil field tank trucks be prohibited 
near residences. It also recommended that all oil field-
related activities that cause noise, but with the excep-
tion of well drilling operations, should be prohibited 
during night-time hours. 
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Area A Phase I Central processing	 I. Kodutuki 

facility and Thermal project	 2. Baumgardner 
Area B Phases 2 and 3 project area 	 3. Bugera 
County road	 4. Seniuk 

- - Main truck route from plant site to Hwy 41 	 S. Chubey 
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Amoco stated that it planned a number of noise control	 pipeline when there is sufficient confidence that sus-
measures for its Phase 1 operations. These include the 	 tamed bitumen production can be achieved. As a result 
electrification of the plant site and the 13 well thermal 	 of these measures, Amoco expressed the view that in 
project and the reduction of noise-causing truck traffic 	 the long term, noise from its operations would have 
by the installation of a fresh water supply pipeline very	 relatively low, tolerable impact on residents in the 
shortly, and the possibility of a clean oil products 	 general area. 
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The Board accepted Amoco's commitments to restrict 
most operations to daylight hours and to restrict the 
use of engine retarder brakes. It did so, however, on 
the understanding that noise complaints would be im-
mediately investigated by Amoco and that appropriate 
mitigative action would be taken. 

The Board concluded that replacement of product tank 
trucks by a product pipeline tie-in to the central 
processing facility would eliminate that traffic impact. 
The Board directed Amoco to report on the feasibility 
of a products pipeline six months after the start-up of 
the central processing facility. 

Questions were also raised as to whether the oil in-
dustry should provide additional money for road con-
struction and maintenance, as it appeared to be the 
major user of certain country roads. 

Amoco indicated that it, along with other area oper-
ators, was working with Alberta Transportation in de-
termining and coordinating major truck routes in the 
Lindbergh Field area. 

Residents expressed concern with the large amount of 
dust raised by oil industry-related vehicles. Amoco 
stated that it had made its produced oily sand available 
to the county for use as a dust suppressant on roads and 
was prepared to apply such produced sand to the roads 
fronting properties of those landowners who requested 
such a service. 

Interveners expressed concern about the cumulative 
effects of air emissions from wells and processing 
facilities in the Elk Point area. Of particular concern 
was the venting of any gases containing hydrogen 
sulfide. 

Amoco indicated that all produced gases, with the 
exception of some gases from primary production wells, 
would be incinerated using flare stacks with automatic 
ignition devices. Amoco did note that, in the case of 
isolated primary production wells, the produced gas 
would be vented to atmosphere provided it did not 
contain any hydrogen sulfide. 

Other interveners called for the prohibition of the use 
of groundwater for any of Amoco's proposed activities. 
Their concern was based on the contention that ground-
water supplies were limited in the Elk Point area and 
suehwater supplies were an absolute necessity to carry 
on agricultural activity. EPSRA also expressed fears 
that such groundwater supplies were subject to con-
tamination by oil industry-related activity. Amoco 
indicated it would restrict its use of groundwater to 
supplying its office needs, and that water for the 
purpose of supplying steam boilers or other oil field 
operations would be obtained from the North Saskat-
chewan River. Amoco also committed to the annual 
testing of approximately 15 domestic water wells in the 
area of its proposed project and to making the results 
available to the residents concerned. 

EPSRA expressed a concern about the size and pre-
paration of the Amoco well sites. It indicated that the 
Amoco well lease surface areas were much larger than 
the ones currently used by the other operators.

The seemingly large lease size was required to meet the 
normal ERCI3 equipment spacing requirements. The 
Board did not hear any evidence to indicate that the 
lease size utilized by Amoco was having any unusual 
impact on other land surface uses at presently devel-
oped well sites. The Board does not believe that the 
stripping of topsoil off the entire lease area at the 
outset would be a problem as long as proper stripping 
practices are carried out. 

EPSRA also was concerned about the impact which 
overhead electrical powerlines running into the well 
sites would have on a farmer's ability to use aerial 
operations in his farming program. During the hearing, 
EPSRA's concern was satisfied by Amoco making the 
commitment to place the electrical lines underground 
at the request of the landowner. 

EPSRA cited a study of man-made seismicity in the 
Cold Lake area which suggested that earth tremors in 
that area were due to fluid injection in cyclic steam 
operations and could be related to steam injection 
pressures. Amoco indicated that it would be injecting 
steam below fracture pressure of the producing forma-
tion, and thus its operations would not result in such 
tremors. 

Amoco identified the zones of interest as the Cum-
mings B and C sands of the Cold Lake Wabiskaw-
McMurray Oil Sands Deposit. It believed the thickest 
sand development to be in the southwestern portion of 
the development area, pinching out to the northeast and 
thinning depositionally to the southeast. Amoco inter-
preted the sands to be bitumen-bearing with the excep-
tion of small scattered gas caps and some water to the 
west of the development area. Reservoir parameters 
on Amoco's Phase I lands and specifically on the lands 
selected for Phase I thermal development are shown in 
Table 1.

TABLE 1

RESERVOIR PARAMETERS 

Phase 1 Thermal 
Area Project Area 

Net Pay (average) 	 tom 12.2m 
Porosity (average) (%)	 30 30 
Bitumen Saturation (%)	 70 70 
Original Bitumen In	 60x106 m 3 0.675x106 m3 

Place (OBIP) 
Estimated Recovery 	 2 35 

Efficiency (%) 
Estimated Bitumen	 1.2xl06 m 3 236x103 m3 

Recovery 

*Prior to conversion to thermal recovery in 
Phases 2 and 3.	 Ultimate recovery by primary 
operations is estimated to be 4 percent 

**From enclosed pattern
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The thermal project wells would utilize two existing 
wells along with eleven new wells which would result in 
1.0 hectare well spacing. These wells would form four 
adjacent 5-spot patterns, each with an enclosed area of 
2.02 hectare. It is noted that this well configuration 
contains one fully enclosed 2.02 hectare 5-spot pattern. 
After each well has been cyclicly steam stimulated a 
sufficient number of times to establish heat communi-
cation between wells, four of the wells would be 
converted to continuous steam injection wells to en-
close a central producing well and form a 5-spot steam 
drive. Amoco predicted a thermal recovery factor in 
the order of 35 percent based on numerical reservoir 
simulation models. However, it qualified this predic-
tion by noting that the recovery factor in other parts of 
the Phase 1 area could vary from 18 to 40 percent 
depending on factors such as the amount of steam 
override or the presence of bottom water which would 
act as a thief zone. The 35 percent thermal recovery 
efficiency predicted by simulation methods was based 
on a cumulative steam-oil ratio not exceeding about 4 
or 5 cubic meters of steam injection (water equivalent) 
tot cubic meter of bitumen production. 

Amoco submitted that cold production from its oper-
ation in the Lindbergh Field area is currently trucked to 
Husky's cleaning facility in Lloydcninster where it is 
blended with condensate and pipelined to the Hardisty 
pipeline terminal. Amoco stated that it would continue 
this arrangement until such time as the viability of 
pipelining sales oil directly from the central processing 
facility site could be proven. The target market for 
production is located in the Northern Tier United 
States, an area that Amoco suggested would continue to 
provide a significant market for Canadian heavy oil and 
bitumen. Diluent requirements were estimated by 
Amoco using a ratio of 3 Lindbergh bitumen to I diluent 
to be 190 cubic meters per day for the Phase 1 project. 
Amoco submitted that the Alberta Petroleum Market-
ing Commission (APMC) had given a written commit-
ment to provide sufficient diluent for the initial phase 
of the Elk Point Project. 

#### 

NORCEN ENERGY RESOURCES TO START NEW 
HEAVY OIL STEAM PILOT 

Noreen Energy Resources Limited has applied to the 
Alberta Energy Resources Conservation Board to con-
duct an experimental cyclic steam/steam drive thermal 
pilot in the Provost Upper Mannville B Pool. The pilot 
project will consist of a single 20 acre inverted 9 spot 
pattern to be located approximately 20 kilometers 
southeast of Provost, Alberta. 

The primary purpose of the pilot is to collect experi-
mental data to compare the performance of steam 
enhanced oil recovery to that of an in situ combustion 
process with the objective of determining the optimum 
recovery process. 

The experimental scheme entails four stages: 

1. Primary production 
2. Single cycle stimulation testing (up to 3 wells)

3. Multicycle stimulaton 
4. Steam drive. 

The cumulative oil production from the pilot is forecast 
to be 153,000 cubic meters, representing 45 percent of 
the OO!P within the 20 acre pattern. The average 
production is expected to be 50 cubic meters per day of 
oil, 160 cubic meters per day of water, and 2,250 cubic 
meters per day of gas. The average steam injection 
rate is expected to be 250 cubic meters per day. Peak 
production rate will be approximately 115 cubic meters 
per day of oil. 

The Provost Upper Mannville B Pool was discovered in 
1972. The northern part of the pool (Main Bodo) was 
quickly drilled up on 16 hectare spacing. The southern 
and eastern parts of the pool were not drilled up as 
aggressively as the wells there tend to water out very 
quickly. Because of the high viscosity of the oil, 
primary production recovery is expected to be less than 
5 percent of OOIP, and therefore, there has been an 
interest in developing thermal enhanced oil recovery 
schemes. 

In the mid-1970s, steam soaks were tried on two wells. 
In the first well, a multitude of operational problems 
were encountered including fuel gas supply, freezing 
due to cold weather, high organic matter levels in the 
feed water and well sanding. As a result, the data were 
not definitive. The second well was steamed in 1978, 
and was considered a failure in that large amounts of 
formation water were produced. 

An in situ combustion pilot comprising one 20 acre 
S spot was initiated in 1975. In 1978, four more pattern 
production wells were drilled—resulting in an inverted 
9 spot pattern configuration. Up to 1982, the pilot was 
operated as a dry combustion scheme and the cumula-
tive production for the single pattern pilot was 
97,500 cubic meters of oil produced for an air/oil ratio 
of 395 cubic meters per cubic meter and an estimated 
recovery of 18 percent of OOIP. Because of this 
favorable response, 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. 

Concurrent with fireflood developments, there has been 
work regarding steam recovery processes. The Main 
Bodo reservoir is considered one of the prime steam 
flood candidates in Alberta and the possible higher 
recovery with steam warrants that a pilot scheme be 
undertaken to compare performance to that of fire-
flooding. 

All nine wells in the pilot pattern will initially be 
subject to cyclic steam with conversion to a steam 
drive utilizing one central injector and eight surround-
ing producers as soon as communication is established 
between each well. 

The 20 acre inverted 9 spot was chosen so the steam 
pilot pattern would be consistent with the original 
single pattern fireflood for comparison purposes. 

All nine pattern wells were to have been placed on 
primary production in February 1985. Primary produc-
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tion operations will be maintained at all but three wells 
until start-up of the permanent steam and production 
facilities in December 1985. This primary production 
phase is proposed to allow for the development of a gas 
saturation around the wellbore which, in turn, will 
enhance the formation steam injectivity and establish a 
primary production baseline. 

Concurrent with the primary production phase and the 
construction of the surface facilities, portable steam 
generation equipment will be utilized to conduct single 
well steam stimulation tests at the three remaining 
pattern wells. The principle purpose of the initial 
cyclic steam experiments will be to collect production 
and injection data with which to better "tune' a 
thermal numerical model and thereby better optimize 
subsequent multi-well cyclic steam and drive stages. 
The test will also provide data and experience with sand 
control, pumping well design, and steam injection. 

When the permanent field facilities are completed in 
December 1985 the wells will undergo repetitive cyclic 
steaming operations until the reservoir in the pattern 
area has been sufficiently heated to alter the reservoir 
transmissibility to where the steam drive can be ini-
tiated. It is expected that effective communication 
between all the wells can be established with 3 or 4 
cycles at each well, allowing the scheme to be con-
verted to steam drive at that time. 

The scheduling of the steam drive phase is contingent 
on the on-going assessment of the cyclic steam 
operations. Generally, steam drive, whereby steam will 
be continuously injected into the central well, will be 
implemented as soon as sufficient reservor 
transmissibility for continuous steam has been 
established. Steam injection will be continued until 
significant steam breakthrough occurs at the majority 
of the producers, in approximately 1991. 

0 

MURPHY'S LINDBERGH PROJECT TO BE ON 
STREAM EARLY NEXT YEAR 

Murphy Oil Company Ltd., is commencing a 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. 
Each phase of the project is designed to produce 
2,500 barrels of heavy oil per day. Phase 1 is scheduled 
for construction in 1985, with production starting in 
1986. 

Murphy has been operating heavy oil facilities in 
Alberta for more than 20 years and has been testing 
thermal recovery methods in a pilot project at Lind- 
bergh since 1974. 

Based on its experience with the pilot project at 
Lindbergh, the company expects recovery rates in ex-
cess 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 oil recovery technique used at Lindbergh is cyclic 
steam stimulation. The Lindbergh Project will use the 
evaporation dehydrator system recently developed by 
the company to separate the water from the heavy 
crude emulsions (see Figure I). 

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 0API, and oil viscosity at 
the reservoir temperature is 100,000 centipose. 

Production facilities will consist of steam generators, 
flowlines, and treating and storage vessels for oil and 
water. 

Water required for the steam generators is available 
from the North Saskatchewan River. Plans call for the 
water to be carried by pipeline to the project site. All 
waste water from the project will be injected into deep 
disposal wells. 

Surface disturbance will be minimized by grouping wells 
in clusters. The wells will be directionally drilled 
outward from common pads, reducing the number of 
surface leases and roads required for the project. 

Initially, 63 wells will be on production. As production 
from the initial wells declines, replacement wells will 
be drilled and brought on stream, to maintain produc-
tion at 400 cubic meters per day (2,500 barrels per day). 
An average of 18 new wells will be drilled each year. 

Capital costs of Phase I will be roughly $35 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. 
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ment have offered Husky an equity share in the H-Oil 
process with an option to increase this position at a 
later date. 

When Phase I is in operation, a permanent staff of 
approximately 35 people will be employed at Lindbergh. 

Development of future phases will be dependent on 
satisfactory performance in Phase L and successful pro-
duction tests at the intended locations for these phases. 
A tentative schedule is to commence construction of 
Phase 11 in 1988, Phase III in 1990, and Phase IV in 1992. 
Total production from all four phases would be 
10,000 barrels per day. 

GULF CANADA CONVERTS PELICAN PILOT 
WELLS TO OXYGEN INJECTION 

Gulf Canada Resources Inc., has been operating its 
Pelican Lake pilot project as a wet combustion process 
with air injection for approximately two years. Con-
struction on the project, located on 9-81-22 W4M, 
began in fourth quarter 1980. Air injection was ini-
tiated in fourth quarter 1982, and water injection in 
fourth quarter 1983. 

In the fourth quarter 1984, two of the injection wells 
were switched to oxygen injection. According to R. H. 
Achinleck, Superintendent Pelican Operations, oxygen 
injection will continue for at least two or three years. 
No production response attributable to the oxygen in-
jection has been discerned as yet 

The Pelican pilot covers an area of approximately 
400 acres with seven inverted seven-spot well patterns. 
A total of 33 production wells and 7 injection wells (2 
now converted to oxygen) are involved. Production is 
by means of standard heavy oil bottom hole pump/pump 
jack systems with hyrautic Moyne type pumping units. 

Seven satellites produce to a standard heavy oil central 
treating system consisting of a series of gravitational 
separating tanks with a design capacity of 500 cubic 
meters of fluid per day and a 250 cubic meter per day 
pressurized treater and flash unit. Production is 
trucked to the Nipisi Injection Station and injected into 
the Rainbow Pipeline. 

HUSKY CHOOSES H-OIL PROCESS FOR 
BI-PROVINCIAL UPGRADER 

Dynalectron Corporation announced that its H-Oil pro-
cess had been selected by Husky Oil Operations Ltd., of 
Calgary for use in the 54,000 barrels per day bi-provin-
cial heavy oil upgrader project on the Alberta-Saskat-
chewan border near Lloydminster. Startup is scheduled 
for 1989. 

Dynalectron said the transaction could be expected to 
make significant contributions to 1985 earnings and 
revenue. 

The process is owned by HRI Inc., a Dynalectron 
subsidiary, and by Texaco Development Corporation, a 
unit of Texaco Inc. Texaco currently owns about one-
sixth of the technology, but ultimately could acquire as 
much as a 50 percent stake. HRI and Texaco Develop-

The H-Oil process is a catalytic hydrocracking techno-
logy to produce light, low-sulfur oil from heavy crudes. 
An H-Oil process unit was recently installed at 
Texaco's Convent, Louisiana refinery. 

HRI has begun a laboratory program for the bi-provin-
cial project at its research and development center in 
Gibbsboro, New Jersey to confirm process yields, pro-
duct qualities and operating parameters and to prepare 
the engineering design specifications. 

Husky recently awarded a contract to PCL-Braun Sim-
mons Ltd., of Calgary to provide engineering services 
for the project. PCL-Braun will perform process design 
and detailed engineering for the three units in the 
primary upgrading plant; the ehullated bed H-Oil unit, 
the delayed coking unit and the gas recovery unit. 
Husky also awarded contracts to Bantrel Group Engi-
neers Ltd., of Calgary to design the secondary upgrad-
ing plant and to SNC-FW Ltd., of Calgary to design the 
hydrogen plant. 

SYNCRUDE CANADA STUDYING LARGE EXPANSION 
PROJECT 

Beyond its current Capacity Addition Project which is 
scheduled to bring production capacity up to about 
140,000 barrels per day by 1987, Syncrude Canada Ltd., 
is studying the possibility of a major expansion project. 
Numbers associated with this study include a 50 percent 
increase in production capacity, to 200,000 barrels per 
day by 1992, and a capital investment of $(C)4 billion. 

The oil sand reserves on Syncrude's existing leases are 
sufficient to support such an expansion without new 
leases. 

According to P. S. Reavill, in a paper given to the April 
1985 EPRI Coal Gasification and Synthetic Fuels for 
Power Generation Conference, the project would likely 
include another mine pit, as well as major additions to 
extraction and upgrading operations and utilities. Data 
for making a go/no go decision on the project should be 
available by early 1986. 

Syncrude sponsors have been talking with federal and 
provincial government officials about the financial re-
gime which would apply to such an expansion project, 
but no specific agreements have been announced. 

SUNCOR AND SYNCRUDE 1984 PRODUCTION 
FIGURES RELEASED 

The Alberta Energy Resources Conservation Board 
(ERCB) summarizes the overall production figures of 
the Suncor and Syncrude plants in a publication entitled 
"Alberta Oil Sands Plant Statistics-Monthly Supple-
ment" (ERCB ST 39). This publication was recently 
issued giving cumulative production for the year 1984. 
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Tables I and 2 summarize the ERCU data for 1984 for 
Suncor and Syncrude, respectively. 

The Suncor plant processed a little over 36 million 
tonnes of oil sands in 1984 with a grade of 11.46 per-
cent (mass percent bitumen in oil sands). This com-
pares almost exactly with 1983 figures of a little under 
36 million tonnes and 11.98 percent average grade. 
Delivered production of synthetic crude, after 
accounting for inventory changes and use as fuel, was 
approximately 2.8 million cubic meters (17.4 million 
barrels) for 1984. This was higher than 1983s figure 
(2.3 million cubic meters) due partly to 66,000 cubic 
meters of bitumen brought in from the Syncrude plant.

About 851,000 tonnes of coke were produced, compared 
to a fuel use of 619,000 tonnes, resulting in a further 
inventory accumulation to 1,617,000 tonnes. 

Syncrude's 1984 production was drastically affected by 
the fire which put a large part of the plant out of 
commission. Tar sand production was 62,743,035 tonnes 
with an average grade of 11.02 percent, compared to 
87,409,372 tonnes with an average grade of 10.76 per-
cent in 1983. Delivered production of synthetic crude 
was 4,960,098 cubic meters in contrast to 6,323,891 
cubic meters for 1983. All other production figures 
also reflected comparably lower figures for 1984 due to 
the plant fire. 

TABLE 1 

1084 PLANT STATISTICS FOR SUNCOR 

Oil Sands External Energy Product, intermediates 
Elec- synthetic Heavy 

Tonnes	 Grade Gas trio Crude Oil Fuel Oil Coke SulfuS Bitumen Distillateb 
- (Thousand (?W1I) -(U-b- 1iEW (Tonnes) (Tonnes) (Cubic (Cubic 

Cubic Meters) Meters) Meters) Meters) 
Meters) 

Production 36,428,120	 11.46 
Purchased 328,063 89.7 
Generated - 341.5  

Total 36,428,020	 11.46 326,063 431.2 

From Syncrude Plant 69,290 
Open Inventory 66,340 1,660 1,490,215 520,948 34,918 20,769 
Production 2,821,584 12,944 850,774 107,821 3,559,952 2,912,713 
Close Inventory ___________ - _______ - 77,828 .,, 211 4 1,817,353 341.234 15,693 3,717 

Total 2,810,096 11,499 723,636 287,545 3,648467 2,929,765 

Plant Use 200,108 431.2 
Further Processing 124,146 - 3,648,463 2,912,993 
Fuel 44,201 12,499 619,205 8,548 
Flared Waste 1,612 90 108,115 9,502 
Meter Differential 9,409 103,617 (5,093) 4 (0,288) 
Deliveries  - - 2.758.396 804 184,523  

Total 326,063 430,2 2,800,096 12,499 723,636 287,545 3,648,467 2,929,765 

a. sulfur production includes flared/waste 
b. Distillate production does not include heavy fueloil

TABLE 2 

1984 PLANT STATISTICS FOR SYNCRUDE 
Oil Sands External Erergy Products Intermediates 

Elec- synthetic Diluent 
Tomes	 Grade Gas trio Crude Oil He hthea Coke sulfur Bitumen Distillate 

(Thousand (dWii) (C ubic Pubic (Tonnes) (Tonnee) (Cubic (Cubic 
Cubic Meters) Meters) Meters) Meters) 

Meters) 

Production 62,743,035	 11.02 
Purchased 739,603 85.5 
Generated  729.5  

Total 62,743,035	 11.02 739,603 815,0 

Open Inventory 20,411 58,986 3,163,362 98,989 466,301 47,015 
Production 4,960,716 144,855 595,613 198,097 6,141,072 4,672,515 
Close Inventory  - - 21,029 59 1 7 3,758,975 91,718 426,520 56.503 

Total 4,960,098 144,111 - 205,388 6,180,953 4,663,021 

Fuel 1,705 
Plant Use 424,181 815.0 
Further Processing 315,422 50,601 5,821,191 5,001,870 
Flared/Waste 81,794 8,851 
Meter Differential 1.0 541 4,552 
Deliveries  - - 4,960,111 - - 205,3684 59,290b - 

Total 739,603 815.0 4,960,098 144,111 205,361 5,891,012 5,015,274

a. Synthetic crude oil production does not include diluent naphtha production 
b. ToSuncor

3-8	 SYNTHETIC FUELS REPORT, JUNE 1985 



ALBERTA ERCB UPDATES LIST OF ACTIVE  
OIL SANDS PROJECTS	 • One new Peace River commercial in situ pro- 

ject 
The Alberta Energy Resources Conservation Board 	 • Two discontinued Cold Lake experimental in 
(ERCB) revised its list of active oil sand projects as of	 situ projects 
April 1985. This list, given in Table 1, differs from the 	

• Fifteen new Cold Lake experimental in situ list of January 1984 by: 	
projects. 

• One new Athabasca experimental mining (shaft
Most of the ehinges in Cold Lake projects are due to and tunnel) project	
the new classification of Lindbergh area projects under 

• Two new Athabasca experimental in situ pro-	 Cold Lake oil sands rather than under heavy oil. 
jects 

• One discontinued Athabasca experimental in 
situ project

TABLE I

ACTIVE OIL SANDS PROJECTS IN ALBERTA

ERCU Approval 
Effective Date Exprires Operator Formation Field or Area 

ATHABASCA 

Mining 

Commercial 
73 12 12 Suncor Wabiskaw-McMurray Mildred Lake 
73 10 03 04 12 31 Syncrude Wabiskaw-McMurray Mildred Lake 

Experimental 
8407 03 87 06 30 AOSTRA Wabishaw-Mc Murry Mildred Lake 

Extraction 

Experimental 
82 01 28 9112 31 Petro-Canada Calgary 
78 05 31 85 12 31 RTR Oil Sands Wabiskaw-McMurray Mildred Lake 

In Situ 

Experimental 
80 05 02 86 12 31 Texaco Wabiskaw-McMurray McMurray 
79 01 16 84 12 31 Gulf Wabiskaw-McMurray Pelican 
80 01 10 86 12 31 Gulf Wabiskaw-McMurray Desmarais 
84 11 29 86 10 31 Petro-Canada Wabiskaw-McMurray Stoney Mountain 
80 02 14 84 01 31 Canterra Wabiskaw-McMurray Kearl Lake 
81 04 03 86 03 31 Texaco Wabiskaw-Mc Murray Steepbank 
81 09 11 84 06 30 Home Wabiskaw-McMurray Leismer 
77 0117 85 12 31 Union Grosmont Buffalo Creek 
8201 28 86 12 31 Petro-Canada Wabiskaw-Mc Murray Primrose 
82 03 09 86 06 28 Petro-Canada Wabiskaw-McMurray Primrose-Kirby 
82 06 28 87 06 30 Union Grosmont McLean 
82 11 18 85 10 31 Gulf Wabiskaw-McMurray Hoole 
82 12 16 87 12 31 Alberta Energy Wabiskaw-McMurray Ipiatik Lake 
83 03 23 85 11 30 Petro-Canada Wabiskaw-MeMurray Kirby 
8408 20 89 07 31 Amoco Wabishaw-Mc Murray Gregoire Lake 
85 01 21 85 12 31 Chevron Grosmont House

.continued 
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Table I (continued) 

ERCB Approval 
Effective Date Exprires Operator Formation Field or Area 

COLD LAKE 

In Situ 

Commercial 

83 09 28 10 21 30 Ease Clearwater Cold Lake 
84 04 08 90 02 28 Amoco Wabiskaw-McMurray Lindbergh 

Experimental 

64 12 02 86 06 30 Esso Clearwater May-Ethel 
74 01 29 88 12 31 Murphy Oil Lower Grand Rapids Lindbergh 
74 02 11 85 12 31 Drummond Clearwater Ardmore 
76 08 19 88 08 31 Suncor Upper Grand Rapids Fort Kent 
76 1119 86 11 30 BP Clearwater Marguerite Lake 
77 04 18 85 12 31 Chevron Lower Grand Rapids Beaver Crossing 
73 12 06 87 12 31 Esso Clearwater Laming 
79 08 27 87 06 30 Canadian Worldwide Lower Grand Rapids Muriel Lake 
80 01 08 86 12 31 Amoco Upper Grand Rapids St. Line 
83 09 06 88 07 31 Hudson's Bay McMurray Prairie Lake 
82 01 29 87 01 31 Dome Clearwater Moore 
82 05 21 85 11 30 BP Lower Grand Rapids Marguerite Lake 
82 09 02 87 09 30 BP Clearwater Wolf Lake 
82 09 20 85 09 30 Canada Occidental Lower Grand Rapids Manatokan 
82 12 16 87 12 31 Albion Upper Grand Rapids Bonnyville 
83 05 17 87 05 31 Mobil Oil Lower Grand Rapids Osborne Lake 
83 06 30 86 06 30 Husky Clearwater Tucker lake 
81 09 10 86 08 31 Dome Wabiskaw-McMurray Lindbergh 
83 07 08 85 12 31 Pan Canadian Wabiskaw-McMurray Lindbergh 
84 03 01 89 10 31 Amoco Wabiskaw-Mc Murray Lindbergh 
84 03 19 85 03 31 Canadian Worldwide Lower Grand Rapids Charlotte Lake 
84 05 01 85 09 30 Kock Upper Grand Rapids Fort Kent 
84 07 04 85 06 30 Dome Wabiskaw-McMurray Lindbergh 
84 07 20 87 01 30 Bow Valley Clearwater Marie 
84 08 27 89 06 30 Mobil Oil Upper & Lower Grand Rapids Wolf Lake 
84 08 27 85 07 31 Canada Occidental Lower Grand Rapids Lindbergh 
84 06 05 89 05 31 Westmin Wabiskaw-McMurray Lindbergh 
84 11 15 87 10 31 PanCanadian Wabiskaw-McMurray Lindbergh 
84 12 28 86 10 30 Westmin Wabiskaw-Me Murray Lindbergh 
83 11 01 88 11 30 Dome Wabiskaw-McMurray Lindbergh 
85 01 20 90 01 31 Canada Occidental Lower Grand Rapids Wolf Lake 
85 03 08 90 01 31 Dome Wabiskaw-Mc Murray Lindbergh

PEACE RIVER 

Experimental 

77 06 24	 87 06 30	 Shell	 Bluesky-Bullhead	 Cadotte Lake 

Commercial 

84 12 18	 14 12 31	 Shell	 Bluesky-Bullhead	 Peace River 
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CORPORATIONS 

CHEVRON BANKS ON EXTENSIVE THERMAL 
PRODUCTION IN CALIFORNIA 

Since its early years as a company, Chevron has been 
active in California's San Joaquin Valley, where millions 
of barrels of crude oil have been produced. However, 
early production techniques generally left as much as 
95 percent of the heavier oil in the ground. 

Chevron's steamflood mega-project based in the San 
Joaquin Valley provides the means to recover much 
more of this oil. According to the company's 1984 
Annual Report, in one San Joaquin field they expect to 
recover about 70 percent of the original oil in place. 

Moreover, Chevron claims to be doing it more econo-
mically than their competitors. Chevron injects steam 
for several years to heat an oil reservoir and then 
pumps water into the formation, where it is warmed by 
the remaining heat in the rock, allowing it to flush 
more oil into producing wells. The company says that it 
burns the equivalent of only one barrel of oil to 
generate steam that recovers four barrels of heavy oil. 
The industry average is one barrel to recover three. 

Chevron has been employing steam injection for heavy 
oil recovery in the San Joaquin Valley since the late 
1960s. However, the San Joaquin steamflood project 
was accelerated in 1984, when about 450 steam injec-
tion and production wells were drilled. During 1984, 
about $120 million was spent for these wells and steam 
generation facilities. 

By 1998, after an expenditure of about $2.5 billion, 
production from the San Joaquin Valley project is 
expected to reach approximately 170,000 barrels per 
day. The company will ultimately produce about 
1.11 billion barrels of heavy San Joaquin oil that it 
otherwise could not recover through primary production 
methods. 

Chevron owns almost one-quarter of a million acres in 
the area, which are conservatively estimated to contain 
2 billion barrels of oil. As the San Joaquin project 
develops, the additional reserves that could accrue to 
the company will nearly double Chevron's existing 
United States crude reserve base of 1.2 billion barrels, 
excluding Gulf's reserves. As Gulf also has substantial 
heavy crude reserves, it is possible that within a few 
years heavy crude may constitute a substantial part of 
the proven reserves of Chevron. 

Chevron indicates that San Joaquin Valley heavy crude 
oil can be produced for a capital investment of $2 to $3 
per barrel. Operating costs run about $7 to $10 per 
barrel, bringing the total production cost to $9 to $13 
per barrel. This oil currently sells for about $20 per 
barrel.

WORLDENERGY SYSTEMS OFFERS IN SITU 
UPGRADING TECHNOLOGY 

WorldEnergy Systems Incorporated of Rocky Mount, 
Virginia is developing a technique which uses hydrogen-
ation and thermal cracking to dramatically reduce the 
viscosity of heavy oil or bitumen before it is produced. 
In one experiment, viscosity fell from 1 million centi-
stokes at 100°F (solid) to 55 centistokes at 100°F. The 
process also increases the gravity and reduces the 
sulfur content, thereby increasing the value of the 
produced crude. 

The company was formed as a limited partnership in 
May 1975 to conduct the research, design, development, 
and testing necessary to commercialize a novel oil 
production method, and the company was incorporated 
in 1984. Approximately $5 million has been invested in 
the development of the company and its technology to 
date. 

WorldEnergy points out that two methods are used 
commercially in heavy oil and tar sand resources: 
steaming and in situ combustion. Only steaming has 
been used with wide success, mostly in California. 
There a specific type of formation—unconsolidated 
sandstone—is responsive to steaming. As of 1984, all 
but 15 of the 133 steam projects operating in the 
United States were in California. Elsewhere the out-
look is not as promising for steaming or in situ combus-
tion when used alone. 

According to WorldEnergy the problem lies in the fact 
that formations vary considerably in their physical 
properties, making an industry standard difficult to 
devise. Their technology provides for use of a variety 
of thermal enhanced oil recovery techniques, such as 
steaming, in situ combustion, and hydrogenation, singly 
or in combination. Thus, they can adjust the technology 
to the formations, rather than having to choose forma-
tions which fit the procedure. 

Crude oil can be made to undergo chemical reactions in 
the reservoir which will improve its quality and make it 
more producible. Some of these processes are well 
known, such as combustion and thermal cracking. The 
WorldEnergy Systems hot fluid injection technique can 
implement not only these reactions, but also hydrogena-
tion to upgrade the oil in place. 

Laboratory results on the hydrogen susceptibility of 
several heavy crudes at achievable reservoir conditions 
show that viscosity reductions of up to 200:1, gravity 
increases of as much as 17 0kPl, and sulfur decreases of 
up to 50 percent can be obtained. 

Pressures are kept below the fracture pressure of the 
reservoir. Temperatures are in the range of 500°F to 
800°F. The reaction times are on the order of days and 
weeks. 

There are two benefits to hydrogenation. First, the oil 
is much more producible because of reduced viscosity. 
Because the time to achieve a given amount of oil 
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Capital	 Time	 Return 
Market	 Require-	 to Break	 on 

Price of Oil	 ment	 Even	 Investment 
($/Bbl)	 (MM$)	 (Years)	 (%) 

20.00 21.0 8.1 17.8 
22.50 19.7 7.3 22.4 
25.00 18.3 6.8 26.1 
27.50 17.5 6.4 29.4 
30.00 17.0 6.1 32.2

production is roughly proportional to the viscosity of
	

TABLE I 
the oil being produced, hydrogenation speeds up produc-
tion. Second, the value of the oil is increased as a 
result of viscosity reduction, gravity increase, and

	
ECONOMICS FOR 4,250 BPD PROJECT 

sulfur reduction. WorldEnergy estimates that the in- 	 USING A WORLDENERGY DOWNHOLE GENERATOR 
creased value will command a higher price of $2.50 
more per barrel.

The WorldEnergy downhole hardware is designed to 
operate in an oil well near the oil zone and generate hot 
gases with downhole combustion reactors. An excess of 
hydrogen is burned in oxygen in a downhole device 
consisting of a pilot light and up to five individual 
combustion stages. Water is injected into each of the 
five flames at controlled rates to produce the tempera-
ture required for safe, stable combustion. Additional 
water is injected at the bottom of the downhole unit to 
control the injection temperature. Fluids are delivered 
to the reactor via tubing strings connected to surface 
supplies. 

The combustion unit can deliver various gaseous mix-
tures to the reservoir. When the quantities of hydrogen 
and oxygen are matched for complete combustion, 
steam is produced for heating the reservoir. An excess 
of oxygen can be added to the steam to induce in situ 
combustion. With an excess of hydrogen, the effluent is 
hot hydrogen and steam, which is suitable for hydrogen-
ation. In addition, inert gases such as carbon dioxide 
and nitrogen can be added to any of these mixtures. 

Two important operating benefits result from the use of 
hydrogen as fuel. One is that regardless of operating 
conditions, there will be no combustion residue or acid 
gases to contaminate the equipment or the formation: 
steam is the only product of the reaction. The other is 
that the extremely short distance required to get 
complete combustion—four inches—permits an ex-
tremely compact combustor design. 

Steam can be injected into the reservoir at any temper-
ature up to 1,100°F at pressures up to 2,000 pounds per 
square inch with heat delivery of 2 to 10 million BTU 
per hour. 

The generator can produce gases comprised of steam, 
steam and oxygen, or steam and hydrogen, with or 
without carbon dioxide and nitrogen, at temperatures, 
pressures, and flow rates suited to the formation, and 
can change from one to the other as the stimulation 
strategy dictates. 

Economic evaluations depend on the amount of fluid 
required to heat the reservoir and bring about the 
chemical reactions, the extent to which the oil will be 
upgraded, and the reduced viscosities. 

A sample economic analysis provided by the company is 
shown in Table 1. The results are based on a 5 spot 
pattern with 52 wells producing 82 barrels per day each. 

The process is still about one year away from being 
ready for the field, but WorldEnergy is actively seeking 
a joint venture partner to help fund work on tailoring 
the process to a particular reservoir.

3-12	 SYNTHETIC FUELS REPORT, JUNE 1985 



GOVERNMENT 

SFC RELEASES NEW DRAFT SOLICITATION FOR 
TAR SANDS PROJECTS 

On May 21, 1985 the United States Synthetic Fuels 
Corporation (SFC) released a draft of a proposed solici-
tation for tar sands projects that will utilize mining and 
surface processing. The draft solicitation provides for 
financial assistance in three forms: price guarantee, 
loan guarantee, or combination loan and price guar-
antee. Projects that qualify for negotiations will then 
compete for financial assistance. The project that 
provides the best economic terms to the SFC will be 
selected for an award. The solicitation also provides 
that more than one award can be made, or that no 
awards may be made. 

As summarized in Table 1, to be eligible for an award 
under this solicitation a project must utilize mining and 
surface processing of a tar sands resource within the 
United States. No limitation is placed on the scale of a 
project except that it be suitable for "commercial" 
production. The project must begin operation before 
1990, and must operate for 20 years. 

TABLE 1 

PROJECT ELIGIBILITY REQUIREMENTS UNDER 
THE SFC TAR SANDS COMPETITIVE SOLICITATION 

Synthetic Fuel Resource: consolidated or unconsoli-
dated hydroearbonaceous material bearing rock other 
than coal, oil shale, or Gilsonite. 
Technology: any integrated process or processes at a 
specific geographic location in the United States for 
the purpose of commercial production of synthetic fuel 
product. Such processes must include mining and 
surface processing followed by the appropriate steps (if 
any) that are required to convert the crude bitumen to 
synthetic fuel product. The technology must be made 
available for replication on reasonable commercial 
terms. 
Project Scale: no minimum scale, provided the scale is 
suitable for commercial production. 
Synthetic Fuel Product: any solid, liquid, or gas (or 
combination) that can be used as a substitute for 
petroleum or natural gas, and which is produced by 
chemical or physical transformation (other than wash-
ing, coking, or desulfurizing). 
Project Schedule: planned start of operations before 
1990. 
Project Design Standard: the project must be designed 
to operate a minimum of 300 stream days per year for 
20 years. 

The tentative schedule for the solicitation that is pro-
posed in the draft is as follows:

• Formal Issuance of the Solicitation—June 18, 
1985. 

• Deadline for Submitting Project Proposals—Au-
gust 30, 1985. 

• Deadline for Selecting Projects for Negotia-
tions—Approximately 45 days after deadline 
for submitting project proposals. 

• Deadline for Commitment of Full Equity—Sixty 
days after selection of project(s) for negotia-
tions. 

The project proposals that must be submitted must 
show that the project design has attained a Level II as 
defined in Table 2. A cost estimate based on the 
Level II design must also be included in the project 
proposal. Other technical information that must be 
submitted includes a description of the project site, the 
technologies to be used, specifications of products and 
by-products, construction and startup schedule, and 
feedstocks sources. The project proposals must also 
include detailed capital and operating cost estimates, 
financing data, project economics forecasts including 
sensitivity analyses, project management capabilities of 
the sponsors, water sources, product and by-product 
marketing plans, and environmental and socioeconomic 
impact analyses.

TABLE 2 

SFC DEFINITION OF LEVEL II DESIGN 

A Level II design must include: 

• Preliminary process flow diagrams and heat and 
material balances 

• Preliminary piping and instrumentation 
• Preliminary major equipment list and sizes 

• Preliminary plot plan 
• Preliminary project schedule 
• Equipment costs from vendors and in-house 

estimates 
• Total installed cost from discrete cost factors. 

Projects submitted in response to the solicitation will 
be ranked according to many criteria listed in the draft. 
One or more of the highest ranked projects will then be 
selected for negotiations with the SFC. An award will 
be made to the project(s) that have the highest overall 
ranking, require the least total amount of financial 
assistance, require the least financial assistance per 
crude oil equivalent barrel of fuel produced, offer the 
lowest unit cost of production, and demonstrate the 
greatest potential for revenue profit sharing. 
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The proposed solicitation must be reviewed by the 
SIC's Advisory Committee before it is formally 
adopted by the SIC Board of Directors. As specified in 
the tentative schedule, the solicitation for tar sands 
mining and surface extraction projects is expected to 
be formally issued on June 18, 1985. 

DOE 1986 FISCAL YEAR BUDGET REQUEST 
SHOWS MODEST INCREASE FOR HEAVY OIL 
AND TAR SANDS 

The fiscal year 1986 budget request submitted to Con-
gress by the United States Department of Energy for 
petroleum research and development proposes a very 
modest increase in funding for the heavy oil and tar 
sands area. This is balanced by a decrease in the light 
oil enhanced oil recovery (EOR) area, so that total 
funding for the petroleum programs is basically un-
changed from the 1985 level (Table 1). 

Changes include an increase of $329,000 in the heavy 
oil area to conduct theoretical studies of multiphase 
fluid flow using steam with foam, and to undertake 
cooperative research with Venezuela and Mexico. 

The light oil area would see a $353,000 decrease asso-
ciated with a 5 percent pay reduction, a reduction in 
scope of work in EOR predictive modeling and analysis, 
and reduced efforts in analytic and instrumentation 
techniques for quantitative reservoir description. 

About $195,000 would be added to conduct cooperative 
research with Canada on remote thermal front tracking 
and parameter analysis using a block test apparatus. 

All the above activities fall under DOE's Fossil Energy 
category of Enhanced Oil Recovery. The goal of the 
EOR program is stated to be to conduct generic techno-
logy base ft & D activities; develop fundamental know-
ledge that can lead to improved and new process 
concepts; and to assist industry in obtaining a better 
understanding of the mechanisms and behavior of ad-
vanced and novel LOft processes for the recovery of 
presently unrecoverable light oil, heavy oil, and tar 
sand resources. 

The heavy oil subactivity focuses on improving the 
recovery efficiency of thermal processes. United 
States heavy oil resources exceed 100 billion barrels or 
approximately one-third of total existing United States 
petroleum resources. Steam injection is by far the 
most common method of heavy oil recovery. Combus-
tion processes are more complex and still require a 
great deal of basic research to obtain a complete 
understanding of sub-surface behavior. A major pro-
blem with steam is that because of its light weight and 
very low viscosity, it tends to quickly develop a path of 
least resistance, by-passing the rest of the reservoir. 
Such by-passing results in low recovery efficiency. 

The LOft program's research efforts are aimed at 
improving the flow behavior of steam by controlling its 
mobility through the reservoir and at defining the 
kinetics of in situ combustion. Research in these areas

attempts to provide better sweep efficiency through 
heavy oil reservoirs and thus lead to improved recovery 
efficiency. 

Worldwide heavy oil resources are enormous. The 
Orinoco Belt in Venezuela alone contains more heavy 
oil than all of the oil discovered in Saudi Arabia. The 
joint United States/Venezuela and United States/Mexi-
can research programs will continue investigating the 
technical problems associated with production and up-
grading of low quality, heavy crudes. 

In fiscal year 1985, research included laboratory inves-
tigation of the effect of additives on recovery effi-
ciency; parametric analysis of in situ combustion in 
simulated reservoir conditions; studies of the effects of 
combustion gases on recovery and the environment; 
continued investigation into the role of clays in LOft; 
and a task-shared program of research with Venezuela 
and Mexico on thermal recovery. 

In fiscal year 1986, emphasis will be placed on the 
following: 

• Theoretical studies of multiphase fluid flow
using steam with foam for mobility control 

• Research focusing on physical and computer 
simulation of steam with additives and kinetics 
of oxygen-enriched in situ combustion 

• Maintenance of a heavy oil and thermal recov-
ery national data base 

• Mutually beneficial research with Venezuela 
and Mexico. 

The bitumen from tar sand deposits cannot be produced 
by conventional oil recovery methods, as it exists in the 
pore spaces in semi-solid state. Either the reservoir 
must be heated to a temperature high enough to make 
the bitumen mobile and displaceable, or mining and 
surface processing must be employed. 

In fiscal year 1985, research activities included labora-
tory analysis to identify key thermal recovery para-
meters and characterize products and effluents as a 
function of operating conditions; continuation of co-
operation with Canada on identifying additives to en-
hance recovery using steam; completion of a resource 
characterization study on Utah tar sands; and initiation 
of an annex under the Canadian Memorandum of Under-
standing (MOU) on evaluation of remote thermal front 
tracking systems. 

The fiscal year 1986 budget request will allow continu-
ation of ft & D efforts into the understanding of dis-
placement mechanisms, forward and reverse in situ 
combustion methods, hot fluid injection such as cyclic 
steaming and steam flooding, environmental research 
for both air and water quality, and alternate tar sand 
extraction technologies. It will also enable the United 
States to continue technology exchange agreements 
with Canada. 

Emphasis will be placed in the following areas: 

• Continue joint research under MOU with 
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Canada on remote tracking of thermal fronts 
and/or oil banks by conducting joint field test 
of two different concepts. 

• Continue tests on large blocks of consolidated 
tar sands in a block test apparatus to determine 
oil yield and quality, as well as air, water and 
solid waste species and concentrations, over a 
range of operating parameters. 

• Continue joint R & D activities with Canada on 
tar sand characterizations, steamflooding with 
additives, and the development of standard lab-
oratory procedures for characterization of tar 
sand deposits. 

A breakdown of expected funding for individual areas is 
given in Tables 2 and 3.

TABLE 2

DOE KEY ACTIVITY SUMMARY FOR HEAVY OIL. 

Estimated Activities 
Durinz FY 1985 

Continued data base main-
tenance, post-test ana-
lysis, and technology 
transfer. ($447,000) 

Continued evaluation 
and screening of additives 
for improving steam-
floods; kinetics of in 
situ combustion; CO2 
and N2 injection. 
($1,000,000) 
Continued alkaline flood-
ing and the investiga-
tion of the role of clays 
in EOR applications. 
($240,000) 
Continued high tempera-
ture materials research 
and study the effect of 
injecting combustion 
gases in the reservoir. 
($290,000) 
Conduct peer reviews, 
seminars and cooperate 
in international research. 
($580,000)

Planned Activities
Durinz FY 1986 

Conduct theoretical stud-
ies of multiphase fluid 
flow using steam with 
foam for mobility control. 
($1,086,000) 
Conduct research focus-
ing on computer simula-
tion of steam with addi-
tives and kinetics of 
oxygen-enriched In situ 
combustion. ($500,000) 

Continue mutually bene-
ficial research with 
Venezuela and Mexico. 
($550,000) 

Maintain heavy oil and 
thermal national data 
base. ($750,000)

Initiated cooperative Continue joint research 
research with Canada on under MOU with Canada 
in situ extraction pro- on remote tracking of 
cess monitoring and con- thermal fronts by con-
trol and completed U.S. ducing joint field test 
contract on testing of two different concepts, 
chemical additives with steamflooding with addi-
steam. ($380,000) tives and other research 

areas. ($456,000) 
Further developed funda- Continue tests on large 
mental recovery concepts blocks of consolidated 
using the steam tube tar sands in a block test 
and block-test appara- apparatus to determine 
tus for bitumen extrac- oil production under a 
tion from tar sands, range of conditions. 
($500,000) ($785,000) 
Continued process devel- Continue fundamental 
opment and environmental process studies on ex-
mitigation activities traction and upgrading 
associated with extrac- chemical and physical 
tion of bitumen, kinetics and environ-
($300,000) mental mitigation. 

($134,000)

BLM ISSUES PROGRAM GUIDELINES FOR 
TAR SANDS PLANNING 

By notice in the Federal Register on March 13, 1985 the 
United States Bureau of Land Management announced 
the availability of a draft "Supplemental Program Guid-
ance" document. Public comment on the document is 
being solicited. The overall purpose and rationale 
behind this document are discussed in an article in the 
General section of this issue of the Pace Synthetic 
Fuels Report 

The portion of the guidelines specific to tar sands is 
summarized as follows, 

Determinations 

In the Resource Management Plan, the following deter-
minations are to be made. 

TABLE 3

DOE KEY ACTIVITY SUMMARY FOR TAR SANDS 

Estimated Activities 	 Planned Activities 
Durin2 FY 1985	 Durinif FY 1986 

• Classify all areas according to the following 
combined hydrocarbon leasing categories: 

- Category 1—Open to combined hydro-
carbon leasing with only standard stipu-
lations. 
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- Category 2—Open to combined hydro-



carbon leasing with special stipulations. 

- Category 3—Open to combined hydro-- 
carbon leasing with no right to surface 
occupancy. 

- Category 4—Closed to combined hydro- - 
carbon leasing. 

• Identify potentially acceptable spent sand dis-
posal areas. 
In leasing categories 1, 2, and 3 and in areas for 
potential spent sand disposal, identify any 
special considerations that must be addressed 
such as: - Data gaps 

- Threshold impacts 
- Mitigation measures 

Analyses 

In arriving at these RMP decisions, the following fac-
tors must be considered. 

• Development potential—Areas are considered 
as having good development potential if they 
contain one or more of the following: 

- The impregnated sandstone zone has a 
minimum thickness of 10 feet; with the 
zone containing 13 percent bitumen by 
volume or 50 percent pore space filled 
with bitumen. 

- An expression of interest in tar sand 
leasing was received. 

- An application for conversion to a com-



bined hydrocarbon lease was received. 

• In classifying areas by Leasing categories, the 
Utah Combined Hydrocarbon Leasing Regional 
Final EIS should be followed. These policy 
guidelines include the special gas category 
guidelines, the special tar sand guidelines, and 
special stipulations approved for use in com-
bined hydrocarbon leases. 

• Potential conflicts with other resources. 

• Existing legal and administrative commitments. 

Information 

To ensure adequate consideration of tar sand values in 
the land use planning decisions, the following types of 
information are needed. 

• Geologic Information—Including: names of for-
mation and members, estimates of bitumen 
concentration, in-place resource estimates, sul-
fur content of the bitumen, permeability of the 
reservoir, oil-impregnated sandstone and pay 
zone thickness, thickness of overburden, esti-
mates of the ratio of overburden to pay zone, 
and other information concerning the sandstone, 

• Lease Data—including numbers, acreage, and 
location of the following; current combined 
hydrocarbon leases, existing or proposed

unitized areas, expressions of interest in com-
petitive leasing, and oil and gas leases that 
applied for conversion but were rejected and 
the rationale for rejection. 

Development Trends—Number and type 
(drilling or core hole) of tar sand related 
exploration and proposed exploration in the 
planning area, description of any pilot scale or 
commercial scale facilities that are operating 
or proposed and which may be applicable to the 
planning area, any information concerning the 
potential for United States Synthetic Fuels 
Corporation funding for tar sand related 
projects, environmental and production related 
studies from the Alberta Research Council and 
from the Western Research Institute. 

Notices, Consultation and Hearings 

The following are the tar sand specific notices, consul-
tation requirements, and hearings which are required as 
part of the land use planning tier. 

• An initial Call for Expressions of Interest in 
Competitive Combined Hydrocarbon Leasing 
should be published in the Federal Register and 
in the local newspapers prior to initiating land 
use planning. 

• There are no tar sand specific consultation 
requirements during land use planning. How-
ever, the Bureau is required in 43 CFR 3141.4-1 
to provide the governor of the state in which 
any tract proposed for sale is located 30 days to 
comment before determining whether to con-
duct a lease sale. 

• There are no tar sand specific hearing require-
ments during land use planning. 

WYOMING OFFERS TAX BREAK FOR OIL MINING 

The Wyoming legislature has passed a law providing 
temporary tax incentives for oil mines. For five years 
such mines are exempted from 4.5 percent of the 
state's 6 percent severance tax They will also be 
exempt from the state ad valorem tax. 

The immediate beneficiary of the new law is New Tech 
Oil Company, which has taken over operation of 
Conoco's North Tisdale project. New Tech is in the 
process of expanding the underground tunnels and drill-
ing additional drain holes upward into the reservoir. 
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ENERGY POLICY & FORECASTS 

OIL SAND SYNCRUDES TO REPLACE DECLINING 
LIGHT OIL OUTPUT IN ERCB FORECAST 

The long-range outlook of the Alberta Energy Re-
sources Conservation Board (ERCB) is for Alberta's 
total supply of crude oil and equivalent to remain 
relatively constant over the next 25 years. Declining 
output of conventional petroleum will be roughly bal- 
anced by increased bitumen and synthetic crude 
(Table 1).

TABLE 1 

ALBERTA TOTAL CRUDE OIL 
AND EQUIVALENT SUPPLY

(Thousand Cubic Meters Per Day) 

Pen- Syn- Non-
Light Heavy tanes thetic Upgraded 

Year Oil Oil Plus Crude Bitumen Total 

1985 150 19 17 27 9 222 
1986 139 18 17 28 14 216 
1987 131 17 17 28 20 213 
1988 124 17 18 31 24 214 
1989 118 18 19 33 29 215 
1990 111 16 19 34 34 214 
1995 84 15 15 71 35 220 
2000 64 14 12 97 31 216 
2005 51 13 10 127 23 224 
2010 41 8 7 139 21 216

The forecast assumes that cooperation between the 
provincial and federal governments will continue to 
generally benefit the industry so that the optimism and 
activity level present in the second half of 1984 will be 
sustained. The ERCB assumed that pool productive 
capacity would not be restricted by market prorationing 
or pipeline capacity, and that the industry would oper-
ate in a relatively stable and economically favorable 
policy environment 

Whereas light oil currently accounts for two-thirds of 
total supply, this will be reduced to one-third by 2000. 
The predicted decline in light oil production is some-
what less severe than previous forecasts, due to the 
combined effects of relatively high levels of new oil 
discoveries and additions to existing pools, plus more 
enhanced recovery projects. The report assumed that, 
apart from short-term changes, oil prices would in-
crease at the rate of inflation to the latter years of this 
decade, followed by modest real price increases in the 
1990S. 

A higher conventional oil supply estimate compared to 
their earlier forecast reflects the relatively favorable 
current economics of the accelerated development of a 
mature basin, rather than major new discoveries.

Production from the Lindbergh area, previously classi-
fied as heavy oil, is now classified as bitumen. 

The forecast synthetic crude oil supply from mining 
projects has been accelerated to reflect current 
industry expectations of earlier expansions of existing 
facilities, plus earlier on-stream dates for new plants. 
The ERCB's increased estimate of production from in 
situ projects to 2000 is based on recent developments, 
including the accelerated expansion of Esso's Cold Lake 
project and the inclusion of the Lindbergh area in the 
bitumen category.

#4 ## 

NATIONAL ENERGY BOARD PREDICTS 1985 
INCREASE IN CANADIAN CRUDE OIL EXPORTS 

Canada's National Energy Board (NEB), in a March 1985 
report to the Governor in Council, summarized oil 
export and import licenses issued in 1984 and estimated 
the quantity of oil to be exported in 1985. 

The NEB issued the following number of Licenses and 
Orders in 1984 for the categories of oil shown as 
follows: 

Crude Oil and Condensate for Export to: 
Eastern Canadian Refineries: 

Light 30 
Heavy 28 

Foreign Refineries 265 
United States Refineries: 

For Exchange 81 
Foreign Oil 1 
Sub-Total 405 

Petroleum Products 
Heavy Fuel Oil (Export) 135 
Heavy Fuel Oil (Import) 28 
Middle Distillate 388 
Motor Gasoline 229 
Partially Processed 24 
Asphalt 47 

Sub-Total 851 
Total 1,256

The quantities of oil covered by these Licenses and 
Orders issued by the Board were as follows (quantities 
in cubic meters): 
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Crude Oil and Condensate for Export to: 

Eastern Canadian Refineries: 
Light 
Heavy 

Foreign Refineries 
United States Refineries: 

For Exchange 
Foreign Oil 
Sub-Total

37,742,740.8 
4,107,582.4 

19,498,236.5 

2,979,498.6 
317,820.6 

64,645,878.9

Petroleum Products 
Heavy Fuel Oil (Export) 4,169,542.0 
Heavy Fuel Oil (Import) 1,693,945.0 
Middle Distillate 7,113,853.0 
Motor Gasoline 7,540,740.0 
Partially Processed 759,467.1 
Asphalt 606,905.0 

Sub-Total 21,884,452.1 

Total 86,530,331.0

The report lists only the volumes of oil licensed, not 
quantities actually exported or imported. 

The HER estimates that the following volumes of oil 
will be exported in 1985 (cubic meters): 

Crude Oil and Condensate for Export to: 

Eastern Canadian Refineries: 
Light 33,908,000 
Heavy 3,650,000 

Foreign Refineries 28,583,000 
United States Refineries: 

For Exchange 1,415,000 
Foreign Oil 320,000

Petroleum Products
	 4.700,000 

Total
	 72,576,000 

The HER also estimated that 1 million cubic meters of 
heavy fuel oil will be imported in 1985. 
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SANDIA WORK SHOWS DRAMATIC COST SAVINGS 
WITH INSULATED COUPLINGS, DRY ANNULUS 

In a cooperative effort between Sandia National Labor-
atories and Husky Oil Operations, Ltd., field tests 
comparing bare and insulated tubulars have been con-
ducted using heat flux sensors and thermocouples to 
evaluate annulus heat transfer and overall welibore 
heat loss. The well is part of a steam flood pilot in the 
Aberfeldy Field near Lloydminster, Saskatchewan. 

Insulation thermal conductivity was observed to vary by 
a factor of four between competing designs. Couplings 
and internal structures (e.g., centralizers) were seen to 
account for up to one-half the string heat loss with the 
annulus dry. For a wet annulus, the typical field case, 
steam generated at the hot couplings refluxed in the 
vented annulus and maintained the casing temperature 
constant at 212°F at all points. Thus, welibore heat loss 
was 3 to 6 times higher than expected, and little 
different than bare tubing. 

Sandia states that insulated couplings or techniques to 
eliminate annulus steam refluxing are needed to 
achieve the potential of insulated tubing. 

In further tests, carried out at a Sandia test well, 
measured boiling heat transfer rates at local hot spots 
were sufficient to maintain steady refluxing over a 
wide range of injection conditions and overburden pro-
perties. With the wellbore wet—the thermal properties 
of the cement and overburden, not those of the insu-
lated tubulars—control the magnitude of the wellbore 
heat loss.

Steady refluxing without venting at the wellhead was 
observed; hence, oil field operators should not automa-
tically assume that a non-venting annulus is dry. Insu-
lated couplings were demonstrated to reduce couping 
heat loss by up to 35 percent in a dry well, and in wet 
welibores to prevent significant boiling at the coupl-
ings, typically the primary source of refluxing. 

Calculated wellbore heat loss is shown versus injection 
time for several injection and annulus conditions in 
Figure 1. 

The heat loss rate integrated over injection time and 
depth yields the total heat loss per well. Values 
calculated for 500°F steam, an overburden conductivity 
of 1.4 BTU per feet-hour-°F, and an annulus pressure of 
one atmosphere (Aberfeldy field test parameters) are 
converted into net economic cost in Figure 2 for two 
steam costs: $17.00 and $6.70 per million BTU. These 
values approximate the costs per well of delivered 
steam for a new steam flood project, and for a retrofit 
to an existing project, respectively. In the latter case, 
only the cost of fuel (assumed constant at $30 per 
barrel) is included. It is apparent from Figure 2 that 
the per-well cost penalty of wellbore refluxing, com-
pared to the same insulated tubing in a dry well, is 
substantial. Depending on specific wet or dry condi-
tions, insulated tubing may yield only a marginal im-
provement over the use of bare tubing. 
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INPRO CLAIMS COST SAVING WITH 
MOBILE EXTRACTION PLANTS 

Inpro Engineering Ltd., is developing new technology 
for bitumen extraction and tailings disposal from oil 
sands. According to Bowden Zachara, president, the 
process employed by Inpro is a modified hot water 
process for extracting bitumen from oil sands, tar 
sands, or bituminous sand such as Athabasca tar sands. 

The process employs a hot water slurrying and condi-
tioning step in a low shear energy conditioner. This is 
followed by a gravity separation cell for primary bitu-
men recovery. The middlings stream from the gravity 
cell is fed into a scavenger zone for secondary bitumen 
recovery, and the underflow slurry stream is diluted 
with scavenger cell tails. Final oil-free tailings are 
discharged into the mined-out area or borrow pit for 
land reclamation. All process water with high grade 
heat is immediately recycled back into the process. 

The new process is said to permit higher recoveries to 
be achieved. One reason for this is that some recovery 
can now take place in the conditioning stage, while 
another is the fact that the pumping stage between 
conditioning and primary recovery has been eliminated. 
This means that the bitumen particles will no longer be 
broken up by the pump action, forming emulsions. 
Total recovery is expected to be 95 to 97 percent based 
on computer simulations of the entire process. Current 
recoveries are 87 to 90 percent. 

The most significant aspect of the process is in the 
tailings disposal. The process is supposed to be able to 
dispose of high solids content tailings directly to the 
mine area without a run-off of excess water or clay 
particles. A small tailing pond is still required for 
emergency situations or the processing of very high 
clay content oil sands. The financial impact of this is 
the savings of 80 percent of tailings pond capital and 
operating costs. As a result the dollar value of the cost 
savings for a 140,000 barrels per day plant is $1 billion. 

Inpro also claims that the use of "Mobile Extraction 
Plants" (see Figure 1), would reduce capital and operat-
ing costs by approximately 15 to 20 percent (see 
Table 1). Production losses can be minimized by using 
Mobile Extraction Plants or smaller stationary extrac-
tion units located as close as possible to the mining 

FIGURE 1 
TYPICAL MOBILE EXTRACTION

PLANT OPERATION 

TAR SAND FEED 
OVERSIZE 
REJECTS

area, reducing tailings pond size, and disposing of 
thickened tails directly into the mined-out area. The 
integrated system of mining techniques, extraction and 
tails disposal developed by Inpro Is claimed to reduce 
bitumen losses by as much as 90 percent. 

TABLE 1 

UNIT VARIABLE COSTS OF
PROCESSING ONE TONNE OF TAR SAND 

(Dollars) 

Mobile 
Existing Extraction 
Process Plant 

Site Preparaton 0.26 0.26 
Pre-Stripping 2.50 2.50 
Draglines 0.23 0.23 
Bucketwheels 0.32 0.16 
Conveyors 0.39 0.27 
Tailings 0.27 0.05 
Extraction 0.87 0.10 
Utilities 1.10 0.88 
Natural Gas 0.88 0.88 
Froth Treatment 0.85 0.85 
Upgrading 0.40 0.40 
Fixed Costs 2.60 1.82 

Total 10.67 9.00

OIL MINING CORPORATION ESTIMATES SOME 
FIELDS COULD BE DEVELOPED FOR LESS 
THAN $10/BARREL 

Maynard Ayler of Oil Mining Corporation, Golden, Col-
orado told the Western Synfuels Symposium held in 
Grand Junction in April that mining assisted gravity 
drainage projects could be developed for less than 
$10 per barrel produced. 

Successful oil mining will require a producing zone of 
reasonable thickness. Competence of rock types under-
lying the reservoir will determine depth limits. 

Successful oil mining will make full use of all of the 
usual primary and secondary drive systems with the 
added full use of gravity, to recover the 50 percent or 
more of the original oil usually left in depleted reser-
voirs, or to produce from virgin reservoirs. 

Careful geologic mapping of jointing and faulting within 
mine workings should permit a much better under-
standing of the fracture geology of the reservoir which 
in turn should permit much better placing of drill holes 
for optimum production. This should be particularly 
helpful for limestone reservoirs. 

A mine plan should provide for simultaneous mine 
development, well development, oil production, and 
utilization of secondary drive systems, either for a 
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virgin or depleted reservoir. The system should provide 
for full safety of all underground personnel at all times. 

Ayler observes that in many fields mining will not be 
possible for a number of reasons. The reserve that can 
be considered for recovery, however, is very substan-
tial, including a number of the major oil fields. In some 
cases smaller fields should also be excellent targets. 

To illustrate the reserve that could be the target for oil 
mining, Ayler described four fields, two in Texas and 
two in Wyoming. 

The Howard Glasscock field of Texas includes 15,620 
proven acres. The reserves, essentially all in limestone, 
are within 3,000 feet of the surface. The oil in the 
several reservoirs ranges from 27° to 33°API. Published 
data indicate the unrecoverable reserve at present is 
1.036 billion barrels or 72.9 percent of the original oil 
in place. This reserve target for oil mining then, is 
66,300 barrels per acre. 

The Kelly-Snyder field, also in Texas, includes 
51,000 proven acres. The 43°API oil is in a limestone 
reservoir. It is estimated that 38.3 percent of the 
original oil would be unrecoverable. This would total 
827,814,000 barrels or 16,200 barrels per acre. The 
lowest portion of the reservoir is at a depth of approxi-
mately 7,000 feet. 

The second Wall Creek sand of the Salt Creek field of 
Wyoming has produced 331,000,000 barrels of 37°API 
oil.	 This sand, in the 2,200 foot depth range, has 
60 feet of effective pay. The field includes 
12,770 acres. Assuming the oil produced so far repre-
sents the oil that would remain with 50 percent ulti-
mate recovery, the reserve potential for oil mining for 
this one sand would be 25,900 barrels per acre. 

The Lander-Hudson of Wyoming would represent a small 
field with multiple pay zones. The Phosphoria lime-
stone, at a depth of 1,250 feet has 68 feet of effective 
pay. Over 350 acres, production has averaged 
3,546 barrels of 24°API oil per acre. 

The Tensleep sandstone, in the same field, is found in 
the 1,750 foot depth range. The 100 feet of effective 
pay sand has produced 33,355 barrels per acre of 23°API 
oil over an area of 110 acres. 

Calculating mining costs at the depths indicated for the 
fields above, assuming all main drifts will be 11 x 12 
feet, cross drifts 8 x 8 feet, main shafts for the first 
three fields will be 26 feet in diameter and the venti-
lation shaft for the first three fields and both shafts for 
the Lander-Hudson field will be 16 feet in diameter, 
and assuming the development wells in all cases will be 
on one acre spacing, will average 150 feet deep, and 
will cost $75.00 per foot, and assuming a $25.00 per 
barrel return on recovered oil, Ayler arrived at some 
comparative cost figures for each field. 

The cost of developing one square mile of the Howard 
Glasscock field should be about $60,700,000 or about 
$94,800 per acre. This would be about $1.43 per barrel 
of reserve oil. The return on investment could be over 
17 to 1. The fact that this reserve is produced from

several zones will modify this cost return. 

Developing one square mile of the Kelly-Snyder field 
would cost about $85,400,000 or $133,300 per acre. 
This would be $8.23 per barrel of reserve oil. The 
return could be about 3:1. 

For the second Wall Creek sand at Salt Creek, the 
development cost should be about $55,700,000 or about 
$87,000 per acre. This would be equivalent to $3.36 per 
barrel of estimated reserve giving a 7.4:1 return on 
development investment. 

The two sands of the Lander-Hudson field show quite 
different figures, in each case estimating development 
of the full size of the given reservoir. For the 
shallower Phosphoria reservoir the development cost 
would be about $25,400,000 or $72,500 per acre. The 
estimated poorer reserve in this formation, based on 
past production only, suggest the cost per barrel of 
reserve would be about $20.43, giving a return on 
investment of 1.22:1. Unless the reserve can be shown 
to be considerably greater than was estimated, develop-
ment of this reservoir would not be considered. 

The Tensleep reservoir of this field, though much 
smaller, indicates a more favorable potential. Here the 
development cost of the field would be about 
$14,700,000 or $134,000 per acre. The estimated cost 
per barrel of reserve is $4.02, indicating a more favor-
able return of 6.23:1. 

Ayler said that whether or not a particular oil reserve 
can be considered a candidate for oil mining must be 
based on detailed evaluation of that field. 

The competence and permeability of the various rock 
formations above and below the target reservoir will 
greatly influence the cost of mine development. The 
formations above and below the oil reserve should be 
structurally competents requiring minimum support. 
The producing unit should have a good water drive, but 
the formation below, enclosing the mine workings, 
hopefully would be quite impermeable such as dense 
limestone, salt beds, or a gas free shale. Preferably the 
formations above would be impermeable and struc-
turally competent. 

Ideally the reservoir would be a thick unit at relatively 
shallow depth. Obviously with greater depth, pressures 
increase, and mine support problems in less competent 
rock could become an expensive problem. 

If the mine host rock is rich in hydrocarbons such as 
would be true in certain California fields, ventilation of 
the workings could be difficult and expensive. If the 
target reserve warrants more expensive measures such 
as continuous lining of the mine workings with cement 
or gunite, in addition to good ventilation, such problems 
might be overcome. 

The temperature of the rocks of the proposed mine 
horizon might easily be a limiting factor. At some 
point, probably in the 950 to 1050 range, air cooling 
becomes desirable. As temperatures increase, cooling 
becomes more and more important until the cost prohi-
bits further consideration of reserve development. 
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Faulting may be an important consideration, especially 
in the sense that it may form an undesirable conduit 
from the oil field water drive system or from the oil 
itself. Any substantial fault movement can displace the 
reservoir to such an extent that it may greatly increase 
the cost of mine development. With stronger faults it 
is often found that the oil reservoir is present on one 
side but not on the other. 

All of the above and associated factors must be con-
sidered and evaluated for each oil reserve considered 
for oil mining. Oil Mining Corporation hopes to license 
rights to its patented approach to aid in this process. 

PRODUCTIVITY ENHANCEMENTS POSSIBLE IN 
MINING OIL SANDS 

Most people assume that the Suncor and Syncrude oil 
sands projects are utilizing the most efficient large-
scale mining techniques available for this resource. 
However, according to T. I. Vladut of CANMET, there 
is still room for some increase in productivity. In a 
presentation to the Heavy Oil & Oil Sands Symposium in 
Calgary in February he outlined some of the basic 
considerations and possiblities for improvements. 

Background 

In the Athabasca oil sands deposit, the thickness of the 
bitumen saturated beds varies from less than 5 meters 
to over 85 meters. Bitumen concentrations average 11 
to 12 percent by weight but range from 1 to about 
18 percent. The oil sands ore is overlain by overburden 
and muskeg of varying thickness. Muskeg 1 to 
10 meters deep in places forms the uppermost layer of 
the overburden materials. In its dry state muskeg 
resembles peat moss in texture but when wet it gives 
swamp-like ground conditions. 

At Syncrude, overburden is excavated by hydraulic 
shovels and hauled by trucks to disposal sites. Drag-
lines excavate the oil sand and stockpile it in windrows. 
Bucketwheel reclaimer-conveyor systems then reclaim 
the oil sands from this windrow and deliver to the 
extraction plant. The oil sand is excavated by four 
draglines equipped with 60 cubic meter buckets and 
110 meter booms. 

The Suncor mine, on the other hand, uses bucketwheel 
excavators to excavate both overburden and oil sands. 
Hydraulic shovels provide support in both of these areas 
but are primarily used for the excavation of muskeg and 
overburden. 

The mineral matter in the oil sands is 95 to 98 percent 
white quartz sand and is very abrasive. During winter, 
temperatures drop as low as -52°C, and the oil sands 
become extremely hard. During summer, in contrast, 
they become soft and sticky. The size of the operation 
demands mining systems of large capacity. The abra-
sive nature of the oil sands is extremely detrimental to 
the life of the cutting elements of mining equip-
ment—crawlers, bearings, seals, and other moving

parts. Cold weather high-strength steel must be used 
on all load carrying members. During the past several 
years there have been many improvements in the design 
of bucketwheel cutting teeth, their geometry and 
metallurgy. 

During winter months, frost can go as deep as  meters. 
In the fall, before freezng temperatures occur, the oil 
sand can be fluffed up by drilling and blasting to reduce 
winter frost penetration and make excavation easier. 
Blasting of the overburden improves the productivity of 
the bucketwhecls and other equipment. Muskeg is pre-
drained 2 to 3 years in advance of mining. It is then 
excavated mostly during winter months in its frozen 
state. The production rate of a machine in oil sands 
during winter months is about two-thirds of its rate 
during the summer. 

Possible Productivity Enhancements 

Vladut points out that twenty years of mining exper-
ience has made considerable improvements in oil sands 
extraction technology. Improvements to equipment, its 
application, and operational procedures, are being 
sought continually. Application of telescopic head-
stations, hydraulically operated walking units for shift-
able face conveyors, feeder breakers, computerized 
display and information gathering systems are a few 
examples. 

In the past, the trend was almost always to bigger 
equipment. According to Vladut, however, recent stud-
ies have suggested that the motto "bigger is better" 
may no longer be true. Medium size equipment is often 
found to be more ecnomical, particularly when ore of 
varying grades and quality is to be mined. The use of 
two smaller loaders, for example, instead of one large 
loader of equivalent capacity, provides an additional 
opportunity to blend ore in the pit itself. Breakdown of 
a smaller excavation unit generally has a less drastic 
effect on downstream processing. 

A new line of smaller bucket-wheel excavators is 
finding increasing applications. These hydraulic buc-
ketwheels are smaller in excavating capacity; their 
output range is between 300 and 2,000 bank cubic 
meters per hour. They can be equipped with either 
electrical or diesel power drives. The bucketwheel 
drive, luffing, slewing, and traversing are all accomp-
lished hydraulically. Capital cost of these units is 
lower and delivery time shorter. 

In draglines, there seems to be a growing consensus that 
in sizing a dragline an allowance must be made for an 
unanticipated increase in depth. This in turn generally 
calls for an allowance in the sized length of the 
dragline boom. For digging depths to 30 meters a single 
pass dragline will do; for depths between 30 and 
45 meters a dragline with longer boom or tandem 
draglines are needed; at depths of 45 to 60 meters a 
single dragline is not competitive with other systems 
and a pre-stripping system may be considered to sup-
port it. When the Alsands project reconsidered its 
mining schemes, it adopted bucketwheels instead of 
draglines as the main excavation unit.

- 

3-22	 SYNTHETIC FUELS REPORT, JUNE 1985



For overburden handling, Syncrude utilizes a fleet of 
hydraulic shovels matched to 170 ton diesel electric 
trucks. By contrast, Suncor is replacing its 150 and 
170 ton truck fleet with smaller, mechanical drive, 
95 ton trucks. It is clear that a variety of site-specific 
parameters have played a role in these decisions. How-
ever, a larger assortment of mining equipment is now 
available, with greater opportunity for optimal match-
ing of requirements. 

One new component is the high angle conveyor for 
lifting the material from the pit. Such conveyors can 
be built with belt widths of up to 3 meters to carry up 
to 9,000 tons per hour at angles of up to 60 degrees. 
Such conveyors can be mounted either on rails, rubber 
tires, or crawler type transporters or equipped with 
walking mechanisms for complete mobility. These high 
angle conveyors are highly energy and cost effi-
cient—they can lift material to great height over short 
distances. Trucks have to deliver their payload plus 
their own dead load, which can range up to 45 percent 
of total hauled weight. 

Trucks provide the flexibility required In a surface mine 
and can operate in confined spaces. For this reason, in 
spite of the availability of a variety of conveyors, 
trucks will continue to be used in surface mining of oil 
sands. Their productivity is greatly dependent on the 
haul road condition. Poorly maintained roads and roads 
surfaced by weak materials lead to an Increase In 
rolling resistance and poor trafficability. Good traffic-
ability on mine roads can be achieved only by properly 
designed and constructed haul roads. In oil sands 
operations it is difficult to find naturally occurring soIl 
materials which can provide a stable road base com-
mensurate with the duty imposed on them. 

According to Vladut, haul roads should be continually 
monitored at every mine, including a periodic measure-
ment of rolling resistance. Each 1 percent reduction In 
rolling resistance results in a productvlty gain of about 
20 bank cubic yards per hour for a typical truck. Even 
simple compacting and grading of haul roads will reduce 
the rolling resistance by 2 to 3 percent. 

To mitigate the effects of high rolling resistances, 
equipment with low ground bearing pressure (20 psi) is 
preferred. Radial tires are used on mobile equipment 
to provide larger ground contact area. 

Another avenue now avaialble to reduce rolling resist-
ance is in the application of chemicals .to bind the road 
surface. Some unconsolidated soils can be stabilized to 
accommodate the weight of some vehicles. In some 
cases application of binders will result in significant 
reduction of the quantity of base material required in 
road construction whereas in others binders mixed with 
sub-grade soils can be used directly as a road surfacing 
material. 

Many types of soil binders are now available. Soil 
cementing and bitumen impregnation are more expen-
sive but have also been used with success. Although the 
improvement may seem minor, they can have an 
appreciable effect on mine economics.
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TECHNOLOGY 

RETURNS OF 30 TO 50 PERCENT PREDICTED 
FOR MINING-ASSISTED GRAVITY DRAINAGE 

In a presentation to the Western Synfuels Symposium 
held in Grand Junction in April, 1985, S. C. Cummings 
indicates that rates of return on invested capital in the 
range of 30 to 50 percent could reasonably be expected 
for a properly sited, underground, gravity oil recovery 
project. 

Overall petroleum recovery rates continue to average 
less than 40 percent of the original available resource. 
The magnitude of the problem is illustrated in Figure 1. 
The left hand bar represents the 450 billion barrels of 
crude thought to have originally been present in the 
continental United States. The second bar represents 
the 120 billion barrels already extracted, and the third 
bar the 40 billion barrels most experts estimate will be 
recovered by the most sophisticated present-day tech-
niques. In the end, there will still be 290 billion barrels 
left In the ground.
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meabili ty barrier. 

Another common mistake was underestimating the pro-
found effect of viscosity in a strictly gravity drive 
situation. 

According to Cummings, one of the more promising 
options for increasing recovery in many presently aban- 
doned fields involves any of a number of techniques 
encompassed by the broad term Oil Mining. The 
simplest, and hence most economically attractive is 
Gravity Oil Recovery (GOR). In this method, develop- 
ment openings are created in a competent formation 
directly beneath the reservoir using conventional min- 
ing equipment. These openings, or drifts, are placed on 
a geometric pattern spaced to achieve the degree of 
coverage required by drainage holes drilled upward into 
the reservoir (Figure 2). Oil flows by gravity alone into 
a system of collection pipes and thence to covered 
pumps throughout the underground workings. 

One survey indicates a potential for GOIt projects in at 
least 15 states. The Appalachian area, in particular,

number of unrecorded, unplugged and abandoned holes. 

re maining oil. 

pipeline quality without furth er upgrading or special 
handling techniques. 

holds promise because of the large number of shallow 
fields, the high quality of oil, and the fact that many 
early efforts utilized inefficient recovery methods 
which left up to 90 percent of the original resource in 

Most of the oil mining projects which have been at-
tempted relied on horizontal holes drilled at or near the 
base of the reservoir for collection. In theory, the 
more hole area exposed to the reservoir, under the 
highest possible head, the more oil should be collected 

What many operators did not fully appreciate, was that 
permeability barriers within their reservoirs effectively 
blocked or seriously retarded vertical mobility to the 
extent that all they recovered was that portion of the 
resource between their holes and the next higher per-

The bulk of the remaining undeveloped oil reserves in 
the continental United States are either very deep or 
offshore. GOR, on the other hand, can be targeted at 
shallow, "depleted" reservoirs with greater than 60 per-
cent of the original resource remaining. Many of these 
fields are unattractive for further conventional, secon-
dary, or tertiary development because of the high 

Where the cost of finding conventional crude now 
averages a third to half the value of a barrel of oil, 
GOR targets are already located and well defined. 
Thus, exploration costs will be limited to those core 
holes necessary to ascertain the quality and quantity of 

Initially, reservoirs can be targeted which are of a 
quality that will not require expensive Enhanced Oil 
Recovery (EOR) techniques such as steam or hot water 
to achieve acceptable flow rates. The oil will be of 
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Cummings says that technologically, there is little risk. 
There are no expensive equipment development pro-
grams to be considered, and only well proven mining 
and production technology is required. Overall, it is a 
relatively simple operation using off-the-shelf equip-
ment in areas where oil field infrastructure may al-
ready be in place. 

Judging by past operations, three items stand out as 
critical to the economic success of a GOB project: 

• A program of core drilling and reservoir eval-
uation must be incorporated early on, to avoid 
selecting a reservoir that is not suitable for 
gravity drainage. 

• Reasonable recovery of the remaining free oil 
can only be achieved if the stratigraphic per-
meability barriers are adequately penetrated by 
strategically placed drainage holes. 

• Well spacing must be optimized for the vis-
cosity anticipated, if acceptable drainage rates 
are to be achieved. 

Economic Analyses 

Criteria suggested by Cummings for an initial, low risk 
project include: 

• The reservoir should contain no less than 
8,000 barrels of oil per acre, of which 40 to 
50 percent should be recoverable during an 
economically acceptable timeframe. 

• The reservoir should have an areal extent of at 
least 3,000 acres (or equivalent higher barrels 
of oil per acre) to enhance economics by 
spreading capital costs over a ten year project 
life. 

• While depth in itself does not seriously impact 
economics, it does affect the front-end cost of 
a project. The exposure risk capital can be 
minimized by limiting the depth of an initial 
project to under 1,000 feet. 

Such a project will require a preproduction capital 
investment of $51 million, spread over a four year 
period. Positive cash flow will occur late in the third 
year after an expenditure of approximately $30 million. 

The operation will, thereafter, produce 3,000 barrels of 
oil per day throughout its 10 year operational life span. 

The indicated rate of return will be on the order of 
39 percent, with anticipated payout occurring approx-
imately two years following initial production. 

Economic sensitivities to such critical items as invested 
capital, operating costs, oil price and oil production are 
given in Figure 3. 

As the project is somewhat capital intensive, project 
economics exhibit a relatively high degree of sensitivity 
to changes in capital costs, particularly as costs de-
crease. For example, a 50 percent decrease would

more than double the rate of return from 39 percent to 
83 percent A 50 percent increase would only reduce 
the rate of return to 20 percent. 

The level of operating costs required by a gravity oil 
project is such that even large changes in either direc-
tion pose little potential impact. In effect, this rela-
tionship would allow increased production through addi-
tional drilling at extremely favorable rates of return. 

As might be expected, project economics are quite 
sensitive to oil price. However, a 30 percent reduction 
would still yield a return of 22 percent. Any increase, 
of course, would further enhance the economics of the 
project. 

The oil production profile is very similar to the price 
sensitivity curve. A 21 percent rate of return could 
still be achieved if a 30 percent reduction in production 
was experienced. 

From a risk standpoint, exposure to failure is virtually 
limited to the area of initial reservoir selection. In 
effect, if a reasonable program of core drilling and 
reservoir evaluation is carried out in advance, there 
should be no surprises. Both drainage and economic 
models indicate that substantial production shortfalls 
could be overcome by closer space drilling within the 
existing underground openings. 

GRAIN SHAPES AFFECT BITUMEN RECOVERY 
FROM OIL SANDS 

Primary recovery of bitumen from the Athabasca oil 
sand is variable throughout the deposit. The common 
empirical equation for estimation of primary recovery 
(based on weight percent fines and oil saturation) does 
not always work well. Research reported by M. M. 
Smith at the Engineering Foundation Conference on 
Energy Minerals used Fourier grain shape analysis and 
scanning electron microscopy to see whether the sand 
shape characteristics varied within the Syncrude 
Canada Ltd., minesite and whether these characteris-
tics might be correlated with anomalous recovery effi-
ciencies. 
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The Athabasca Oil Sands is not a homogeneous sand 
body. The sands were laid down in Cretaceous time 
(approximately 65 million years ago) at the edge of a 
great inland sea. As sea level rose, the sand body 
changed from large cross-bedded river channel sands at 
the bottom, through to fine layered marine sands at the 
top. A transitional zone in the middle is made of of 
intertidal sands and silts. The relationship of weight 
percent fines (that material which passes through a 
44 micron sieve), to bitumen recovery is different in 
these three environments of deposition (Figure 1). The 
channel sands all exhibit greater than 65 percent recov-
ery and no relationship of fines to recovery is observed. 
In the transitional zone, there is an apparent grouping 
whereby if there is greater than 35 percent fines, 
primary bitumen recovery is less than 60 percent. In 
the marine zone however, 10 to 25 percent fines gives a 
range of primary recovery of bitumen of 9 to 90 per-
cent.	 - 

The shape of sand grains can vary widely depending on 
the type of rock from which they were eroded, how far 
from their source they have traveled and if they have 
been affected by diagenesis which results in crystal 
overgrow ths or dissolution. 

Two-dimensional shapes were described using a Fourier 
series in closed form. The maximum projection area of 
the sand grains was traced, or digitized, using a micro-
processor-controlled microscopic video-digitizer scan-
fling system. 

Cores from the Syncrude minesite were analyzed for 
shape variation in the 125 to 150 micron size- range. 
Four shape families were defined. Grain outlines show 
the differences in these four quartz types ranging from 
jagged edges of the most irregular end member to 
rounded edges of the smooth grains. Scanning electron 
microscope inspection of these four shape types 
revealed large differences in surface textures which 
might account for having very different wetting char-
acteristics. 

In order to determine if the different grain types had 
any influence in the primary recovery of bitumen, the 
research department of Syncrude Canada Ltd., used a 
batch extraction unit to simulate the commercial scale 
process. 
A scanning electron micrograph study of the solids in 
the froths and tailings of different samples revealed 
that grains of differing shapes were found in the froths 
and tailings streams. Most of the quartz grains in the 
froths had high surface relief and consequently fell into 
the irregular grain shape classification. In contrast, 
primary tailings contain mostly smooth grains. This 
suggests that a relationship exists between the amount 
of irregular grains in an oil sand and the success of 
primary recovery in the hot water extraction process. 
The primary recovery of bitumen was lowest when the 
proportion of irregular grains was greater than 40 per-
cent or the weight percent fines was greater than 
35 percent. Oil sand that had greater than 80 percent 
smooth grains and less than 10 percent fines exhibited 
the best recovery. Sand that had a near equal mixture 
of smooth and irregular grains with weight percent 
fines around 50 percent yielded a primary recovery of 
approximately 60 percent. The sample with the highest

amount of irregular grains had a primary recovery of 
only 3 percent although the fines content was less than 
25 percent. 
A definite relationship between percent fines and pri-
mary recovery exists in the transitional zone but not 
within the channel sands or marine shoreface environ-
ments. This may be due to the fact that only in the 
transitional zone do the percent fines occur at greater 
than 35 percent (Figure 1). When the amount of fines in 
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FIGURE 2 
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a sample is greater than 35 percent, primary recovery 
is less than 60 percent 

The only environment in which there appears to be a 
distinct relationship between the proportion of irregular 
grains and primary recovery is the marine shoreface 
zone (Figure 2) where at greater than 40 percent irre-
gular grains primary recovery is less than 60 percent.

Samples with less than 40 percent irregular grains have 
a primary recovery of 60 to 90 percent. 

The channel sand samples have a range in the propor-
tion of irregular grains from 10 to 47 percent with 
corresponding recovery of 79 to 92 percent (Figure 2). 

In the transitional zone, which has a wide range of fines 
content, the proportion of irregular grains does not 
have a noticeable relationship with primary recovery. 

In order to investigate the relationship between lowered 
primary recovery of bitumen with high proportions of 
irregular sand in the marine shoreface environment of 
deposition, the results of the batch extraction tests 
were studied more closely. One reason for the reduc-
tion in primary recovery is the retention of oil in the 
primary tailings. When the proportion of irregular 
grains is less than 40 percent, the weight percent of oil 
in the tails is less than 40 percent; alternatively, when 
there is greater than 40 percent irregular grains, there 
is greater than 40 percent oil in the tailings. Samples 
that have greater than 40 percent irregular sand pro-
duce a primary froth with less than 5 percent solids. At 
less than 40 percent irregular sand, the primary froth 
has 8 to 18 percent solids. Apparently when there is a 
large proportion of irregular sand (greater than 40 per-
cent), sand and oil stay in the tailings and the amount 
of sand and oil going into the primary froth is lessened. 

Knowledge of the effect of grain shape on primary 
recovery could be used in mine planning and in devising 
the most efficient mining strategy. 

EMULSIONS MAY BE MEANS OF PIPELINING 
HEAVY OILS 

Work has been carried out at the University of Alberta 
Department of Chemical Engineering on pipeline trans-
portation of heavy crude oil emulsions. Under sponsor-
ship of the Alberta Research Council, B. E. Wyslouzil 
ran tests in a laboratory scale closed pumping loop. 

Heavy oils in Alberta have an API gravity of 100 to 280 
at 15°C, and have viscosities ranging from 300 to 
several thousand centistokes at 1000?. 

Demand for heavy crude is increasing, especially in 
exports to the United States, but development of re-
serves is being hampered by the inability to use pipe-
lines to transport the heavy oil to market. 

Current solutions to the pipelining problems include: 

• Transporting the oil by truck 
• Diluting the heavy crude with a light crude or 

natural gas condensate 
• Heating the pipeline 
• Upgrading the oil on-site to make synthetic 

crude. 

Another method is to emulsify the crude oil in water 
and to transport the resulting emulsion in a conven-
tional pipeline. 
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Because the viscosity of an emulsion more closely 
reflects the viscosity of the continuous phase, the 
viscosity of a heavy crude oil-in-water emulsion is 
much less than the viscosity of the heavy crude. For 
example, a 50 percent emulsion of a Cold Lake crude 
had a viscosity of only 20 centipoise at 15°C, as opposed 
to the crude oil viscosity of over 400,000 centipoise at 
15°C. 

Overall, the emulsion pipelining concept consists of 
three steps: 

• The heavy crude oil is emulsified in water in 
the presence of a surface active compound. 

• The emulsion is transported in a conventional 
pipeline system. 

• The emulsion is broken at the receiving termi-
nal and the oil is recovered for further process-
ing. 

The University of Alberta work was undertaken to 
develop generalized correlations of friction factor 
versus Reynolds Number that can be applied to pipeline 
design. A second objective was to investigate the 
effects of oil concentration and shear rate on the 
distance an emulsion can be pumped before breaking 
down. 

The test involved pumping the emulsion in the closed 
loop pipeline at constant flow rate and temperature. 
Measurements of the pressure drop, emulsion oil con-
centration and emulsion viscosity were taken until a 
breakdown in the emulsion was observed. 

Emulsion formulation was based largely on previous 
work conducted at the Alberta Research Council using 
Lloydminster and Cold Lake crudes. The emulsifier was 
an 0.1 weight percent solution of NaOH. The emulsions 
were homogenized using any mechanical shear to dis-
perse the oil in the water. The oil concentration levels 
were nominally 45 and 55 percent by weight 

For all of the emulsions the viscosity and flow charact-
eristics were found to be consistent with Newtonian 
behavior over the range studied. Shear stress versus 
shear rate curves generated by the viscometer were 
essentially straight lines. Friction factor correlated 
well with the normal definition of Reynolds Number. 

Figure 1 gives the friction factor versus Reynolds Num-
ber data generated with the 45 percent emulsions. 
Measured viscometric data and Moody type diagrams 
appear adequate for calculating emulsion pressure drops 
for this system in a pipeline. 

Figure 2 is a typical record of a long term turbulent 
flow test. The system remains very steady for some 
time, then the differential pressures decrease rapidly 
followed by a second more stable period. This break-
down and restablilization is accompanied by an increase 
in the overall temperature of the system, as is illu-
strated in Figure 2. 

The rise in the temperature of the system is considered 
to be the result of two processes. There is a reduction 
in the heat transferred through the pipe wall, due to the
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coating of the pipe walls by the oil, and there is a 
significant increase in the energy added to the system 
when the emulsion changes, as indicated by the power 
required by the motor to turn the pump at constant 
speed. 

The overall trend in all the data collected indicates the 
emulsions are reasonably stable but break down quite 
rapidly after a certain distance or time. Chemical 
analysis for ions commonly associated with emulsion 
breaking, in both the water and oil phases, before and 
after a run, did not indicate that the instability was 
chemically induced. Rather the researchers believe the 
degradation is mechanical in nature, probably occurring 
at the pipe surface. 

They observed that: 

• Simple viscosity measurements will indicate the 
suitability of heavy oil emulsions for pipeline 
transport, but they may not predict the long 
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term stability of the emulsions under pipeline 
conditions. 

• The fresh emulsions showed pressure drop ver-
sus flow behavior that agreed well with that of 
the Newtonian calibration oil over a wide range 
of flow rates. 

• The breakdown of the emulsions was clearly 
indicated by a distinct change in the system 
characteristics such as pressure drop, tempera- 
ture, and power required to maintain a constant 
now rate. 

Thus, although emulsions are a promising technique, 
more knowledge is required for long distance applica-
tions. 

BACTERIAL ACTION AGES OIL SANDS 
DURING STORAGE 

Research reported by the Alberta Research Council 
indicates that bacterial activity can affect the process-
ing characteristics of Athabasca oil sands after the 
sand has been exposed to air. Dean Wallace points out 
that bitumen recovery experiments and measures of 
chemical and physical properties of oil sand are often 
complicated by the variability of oil sand. The use of 
oil sands from different locations within a deposit is 
often accompanied by corresponding shifts in experi-
mental results. In some types of experiments this shift 
may not be due so much to differences in the bitumen, 
solids and water contents as to differences in the 
physical structure between samples. For example, at 
the Alberta Research Council a high grade Athabasca 
oil sand (14 to 16 percent bitumen content) with an 
average particle size of 275 microns produced bitumen 
easily by in situ recovery experiments. On the other 
hand a different high grade sample with an average 
particle size of 175 microns blocked the production 
lines. 

It is difficult to find in different sampling locations oil 
sands which will react similarly in a given situation. 
Because there is a need under some circumstances for a 
relatively consistent source of oil sand over a period of 
months, or even years, storage of lots of oil sand that 
will last the duration of an experiment is required. This 
is a realistic approach only if it is known that the oil 
sand will not change during storage. Aging and storage 
studies therefore were carried out at the Oil Sands 
Sample Bank of the ARC. 

Oxidation of bitumen and asphalts under conditions of 
high temperature and pressure or prolonged exposure to 
weathering in nature was already known. However, 
techniques to detect the anticipated small changes that 
would occur in oil sand in sealed containers at tempera-
tures below 25°C were unknown. 

Two tests were found to be useful indicators of aging. 
These were the hot water processing characteristics of 
the oil sand, and sulfate concentration in the oil sand. 

Changes in the hot water processing characteristics of 
Athabasca oil sand after exposure to air have been 
reported previously. Aging often caused dramatic de-

creases in bitumen recovery, particularly in the primary 
flotation stage. 

Sulfate levels also increased with strorage time and 
temperature from 10 milligrams per kilogram of oil 
sands for freshly mined materials to 150 milligrams per 
kilogram for material stored for four years at +2°C. 

In December 1980, two 45 gallon drums were filled with 
oil sand, taken from a depth of 5 feet into an exposed 
face on the upper mining bench of Suncor's mine in the 
Athabasca deposit The oil sand was frozen immediate-
ly and transported to Edmonton where it was trans-
ferred into 1 gallon cans. Half of the cans were flushed 
with argon during filling. The containers were then 
placed in storage and analyzed periodically. 

Blanketing the samples with argon did not affect the 
stability of the oil sand in any of the tests. They found 
that freezing the oil sand is necessary to retard the 
production of sulfate in the oil sand. The data show 
that after three years, the total level of all sulfate 
species in the oil sand stored at -18°C was the same as 
that in oil sand stored at +3°C for two months and at 
+20°C for one month. 

Over the three year period, primary recovery from the 
hot water process never dropped below 70 percent for 
the oil sand stored in the freezer. For samples stored 
at 3°C and 20°C, primary recoveries as low as 40 per-
cent and 35 percent, respectively, were found near the 
end of the study. However, the scatter in the data was 
very severe. Total recoveries of 90 to 95 percent were 
consistently obtained in the study. Froth quality was a 
much better indication of aging than either primary or 
total recovery. 

As the oil sand aged, the total amount of froth col-
lected to maintain a constant bitumen recovery in-
creased. This implied increasing amounts of solids 
and/or water were entrapped in the bitumen froth. 

Data from a portion of the study are given in table 1. 

TABLE 1 

DEThRIORATIONOF THREE GRADES OF 
OIL SAND STORED AT +20°C 

Low Grade 
(8% Bitumen)

Medium Grade 
(12% Bitumen)

High Grade 
(15% Bitumen) 

Froth Froth Froth 
fl Weight soe Weight SO4= Weight	 504 

(g) (mg/kg) (g) (mg/kg) (g)	 (mj7j) 

0 108.3 19 101.1 31 116.6	 39 
1 126.7 - 106.2 32 130.1	 - 
2 113.5 - 108.5 33 121.6	 - 
3 97.3 - 106.7 43 129.8	 - 
6 130.1 45 109.6 54 117.8	 59 
9 120.0 - 111.1 58 137.3	 - 

12 140.7 66 119.6 60 139.3	 70
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These data suggest that the determination of sulfate is 
sensitive enough to monitor the aging of Athabasca oil 
sand. The mere fact that the sulfate level increases 
from 5 milligrams per kilogram in a fresh oil sand to 
30 milligrams per kilogram in an aged sample may not 
in itself cause a lot of concern. However, the increase 
may represent a change which is difficult to measure 
directly but which may have serious implications in oil 
sands research and the recovery of bitumen on a 
commercial scale. 

While developing the hot water process, Clark reported 
that runs performed on sand in storage provided pro-
gressively decreasing recoveries as time passed. Clark 
eventually concluded that the deterioration in the pro-
cessability of the oil sand was connected with the clay 
content of the oil sand and its association with the oil. 

The concentration of calcium and magnesium in tailings 
water also increases as the sulfate level rises. 

The mechanism responsible for the sulfate produced in 
the oil sand is apparently oxidation of pyrite. 

A chemical process "catalyzed" by bacterial activity 
(thiobacillus ferooxidans and thiobacillus thiooxidans) 
was probably the predominant process. 

When oxygen gains access to a moist oil sand some of 
the pyrite may oxidize to form ferrous ions and sulfate. 
When this step has occurred even to a small degree, the 
bacteria, thiobacillus ferooxidans, can then begin to 
metabolize, gaining its energy from the reaction be-
tween ferrous ion, oxygen, and hydrogen ion to form 
ferric ion and water. 

The ferric ion then acts as an oxidant to oxidize the 
remaining pyrite to ferrous sulfate. 

It is evident that exposure to oxygen is a prerequisite to 
the initiation of the process. Exposure to air during the 
sampling process is sufficient to set the process in 
motion, even though the samples were later blanketed 
with argon. 

A significant increase in iron content corresponding to 
sulfate in the water extracts did not occur. 

The explanation proposed for this is substitution of the 
ferric iron with exchangeable cations on the clay min-
erals, notably, montmorillonite (smectites). The in-
crease of polyvalent cations in the water and the 
substitution of cations (Ca, Mg, Na) for an ion (ferric) 
of higher valency both contribute to poorer separation 
of bitumen in the hot water process. Both the substitu-
tion of ferric iron into the clay minerals and the 
subsequent increase of calcium, magnesium, and other 
metals in the connate water would contribute to poorer 
separation due to decreased stability of the connate 
water layer and decreasing the charge of the clay 
surface leading to wetting of the clay by the bitumen. 

The researchers note that Athabasca oil sand is rela-
tively stable mineralogically. The components believed 
to cause aging, pyrite, and smectites, are both present 
in minor quantities.

The observed aging does not necessarily affect all 
research studies or processes. It would be unlikely to 
cause problems in a retorting or solvent-extraction 
process. 

There is little doubt, however, that aging does affect 
hot water processing. The reported deterioration in 
froth quality has implications for the capacity required 
in the froth clean-up stage of a commercial plant. 
Studies of outcrops in the Athabasca deposit have 
shown that aging is limited to the first few centimeters 
in depth. In other deposits however, where the reactive 
mineral components are in greater abundance, where 
the climate is warmer or where the oil sand is more 
permeable to air in the stockpile or windrow, serious 
consideration should be given to feeding oil sand into 
the extraction plant as quickly as possible after mining. 

Aging of oil sand may also affect in situ processes both 
in research and in the field. In laboratory simulators 
where experiments last only short periods of time 
(hours or days) the bitumen separation and emulsion-
forming properties may be different in an oil sand 
which has been improperly stored than in a reasonably 
fresh oil sand. 

In the field, pumping of hot water and air into a 
formation may be sufficient to stimulate bacterial 
activity up to the point the reservoir reaches about 
80°C, resulting in the production of multivalent metal 
ions which would interfere with the recovery process. 

MOBIL PATENTS AROMATIC/ACID PRETREATMENT 
SYSTEM FOR IN SITU RECOVERY 

United States patent 4,469,177 issued to V. N. Yen-
katesan of Mobil, discloses a method for the recovery 
of oil from a viscous asphaltic oil-containing formation 
by injecting a solution of aromatic hydrocarbon and an 
acid selected from the group consisting of phenol, 
carboxylic acid, and acidic anhydrite. Thereafter, the 
formation is subjected to a thermal recovery technique 
such as steam flooding or in situ combustion. 

The invention claims to greatly enhance the recovery of 
oil by synergistically reducing the viscosity of the oil 
when combined with a thermal recovery technique. 

Initially, a predetermined amount of solution is injected 
into the formation via an injection well. The concen-
tration of the selected acid in the solution is in the 
range of 45 to 60 weight percent and the amount of 
solution injected is within the range of 0.005 to 0.05 
pore volume. Suitable aromatic hydrocarbons include 
meta-xylene, ortho-xylene, benzene, toluene, and aro-
matic cutter stock, preferably toluene. 

In another embodiment, after the solution is injected 
into the formation, an oxidizing gas such as air or 
oxygen (or mixtures of air and oxygen) is injected to 
establish an in situ combustion front in the formation 
and thereby cause a synergistic reduction in the viscos-
ity of the formation oil. 
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While it is not completely understood why a synergistic 
reduction in viscosity occurs, it is believed to be the 
result of the acid neutralizing basic components in the 
oil or as a result of lowering the concentration of 
asphaltene-like species in the oil. 

It is also suggested that instead of injecting a slug of 
aromatic/acid mixture ahead of the steam or air, it 
may be desirable to inject simultaneously, or in alter-
nating cycles. 

In support of the invention one set of experimental data 
is presented. 

To a Cold Lake (Alberta) heavy asphaltic oil having a 
viscosity of 48,000 centipose at 77°F, 1 weight percent 
phenol was added. The oil viscosity was reduced to 
22,000 centipose at 77°F. 

Next, phenol (1 weight percent) was again added to a 
Cold Lake heavy asphaltic oil having a viscosity of 
48,000 centipose at 77°F and this mixed oil was heated 
to 570°F to simulate the high temperature prevailing in 
a steam drive process or in the cracking and vaporiza-
tion zone ahead of the flame front in an in situ 
combustion operation. After 48 hours, the viscosity of 
the oil decreased to 10,500 eentipose at 770?. In the 
absence of phenol, after 48 hours at 570°F the viscosity 
was reduced only to 24,000 centipose. 

According to the inventor this synergistic effect of 
lowering the viscosity of the heavy asphaltic oil should 
enhance its recovery.
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INTERNATIONAL 

WORLD BANK ASSISTS HEAVY 
OIL PROJECTS 

World Bank lending for oil and gas development began 
in 1977 and reached a cumulative total of $3.44 billion 
by the end of 1984. Recently drafted Bank guidelines 
on oil and gas lending continue to support the Bank's 
involvement in enhanced oil recovery (EOR) projects 
and pilot development schemes such as heavy oil de-
monstration projects. 

According to A. S. El-Mekkawy of the World Bank, the 
Bank has supported projects in 36 countries. Of the 74 
projects approved for Bank financing, 27 were for 
exploration promotion, 20 for exploration, 14 for oil 
development (including ROR), and 13 for gas develop-
ment. However, the Bank provides only a small portion 
of the financing required. The Bank tries to fill a 
catalyst role to help develop the policy framework, 
mobilize external financing and engage technical skills 
of the private sector to meet the needs of developing 
countries. 

The increase of oil prices during the seventies has 
prompted many developed and developing countries to 
apply enhanced oil recovery (EOR) technology to their 
dwindling oil reservoirs or to the so far untapped 
reserves of heavy oil. 

Following are highlights of some projects for which the 
Bank has provided assistance. 

The Bali Raman BOB Project (Turkey) 

The Bati Raman oil field is by far the largest oil 
accumulation in Turkey. The estimated oil in place is 
1.75 billion barrels. The absence of a significant water 
drive and the low gas oil ratio combined with the high 
viscosity of the crude have resulted in a low primary 
recovery rate estimated at 1.5 to 2 percent of the oil in 
place. 

A feasibility study examined three prospective 
methods: in situ combustion, steam flooding, and carbon 
dioxide injection. The results indicate that the injec-
tion of carbon dioxide, which could be produced from 
the nearby Dodan field, is the recommended EOR 
method. Carbon dioxide immiscible flooding could 
result in at least 17 percent incremental recovery of 
the oil in place, equivalent to 270 million barrels; this is 
more than double the current reserves of Turkey. 

The project consists of developing the Dodan carbon 
dioxide field, constructing a 50 mile pipeline, installing 
sulfur removal equipment, drilling additional infill wells 
and working-over old wells in Bati Raman and equipping 
the field with the necessary surface equipment and 
instrumentation. Construction and drilling operations 
are scheduled to be completed by the summer of 1985 
when carbon dioxide injection would start

Videle/Balarla BOB Project - Romania 

The Videle and Balaria oil fields are located in 
Romania, about 45 kilometers southwest of Bucharest. 
The fields produce high viscosity crude of about lS°API 
gravity from Sarmatian (Upper Miocene) sands and 
sandstones encountered at depths ranging from 500 to 
800 meters. The Balaria reservoir produces under nat-
ural water drive and the Videle reservoir has been 
subjected to water injection since 1965. Oil production 
at the start of the project was about 8,000 and 
1,200 barrels per day with water cuts of about 90 per-
cent from Videle and Balaria, respectively. 

In view of the low gravity and high viscosity of the oil, 
primary plus waterflood recovery is expected to be in 
the order of 15 percent. The Romanian Oil and Gas 
Research Institute recognized the suitability of in situ 
combustion for the Videle/Balaria EOR program. Four 
in situ combustion pilots have been installed since 1975. 
The oldest ones in Balarla have so far produced about 
40 percent of the initial oil-in-place. In addition, 
commercial scale In situ combustion operations in Sup-
lacu de Barcau report ultimate recovery of over 50 per-
cent Assuming that the reservoirs would all behave in 
a similar manner to the Balaria pilot, recovery from 
Videte/Balaria will be in excess of 300 million barrels of 
oil and the incremental volume attributable to fire 
flooding around 200 million barrels. 

The Bank-assisted project's main objective is to initiate 
the in situ combustion process through the entire 
18 kilometer length of the fields (which cover roughly 
80 square kilometers). Five spot well patterns and line 
drive schemes were recommended for Balaria and 
Videle, respectively. The project consists of drilling 
some 900 new wells, provision of oil and water treating 
and disposal facilities and installation of five compres-
sor stations. A major portion of the surface facilities 
has been commissioned and air has been injected in 
various reservoirs since early 1994. 

Thmiroro Heavy OR Exploration 
Project (Madagascar) 

Madagascar has a large heavy oil deposit at Tsimiroro 
in the northeast part of the country (some 170 miles 
west-northwest of Antananarivo and 60 miles east of 
Maintrirano. The Tsimiroro deposit has been under 
lease to oil companies most of the time since 1902. A 
number of wells previously drilled over the past 
60 years have more or less defined the extent of the 
deposit but the data from these wells are insufficient to 
determine the potential for commercial development. 

The sands are in part lenticular, with variegated shale 
Layers from a few inches to several feet thick. Per-
meability is generally low and averages 250 md and the 
porosity is 22 percent. Oil gravity is 130API and 
viscosity is 5,000 centipoise at reservoir conditions.

- 
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The Isimiroro horst is cut by a network of igneous dikes 
which are impermeable and impede oil production. 
These dikes range in thickness from a few inches to 
several yards and run laterally for variable distances, 
from a few hundred yards to several miles. The density 
of the dikes ranges from 8 miles per square mile in the 
northern part of the Tsimiroro area to 3 miles per 
square mile in the south. Assessing the commerciality 
of this large heavy oil deposit is extremely difficult in 
view of the compartmentalization of the area, the 
lenticularity of the oil sands and the lack of reliable 
logging and testing information for most of the wells 
drilled. 

The Tsimiroro exploration project involved the drilling, 
coring, logging and testing of eight wells drilled through 
the Amboloando formation to a depth of about 
1,000 feet The Bank loan covered, in addition to 
drilling, technical assistance for conducting laboratory 
analysis, geological interpretation and a feasibility 
study on the upgrading of the oil. These wells gave 
poor results, with oil saturation in the Amboloando 
sands of less than 40 percent. Recently, however, a 
supplementary 4-well program was done, and one well 
penetrated a sand section of 150 feet net pay at a depth 
of about 700 feet. The oil saturation was reported at 
72 percent.

viscosity from 250,000 centipolse (almost immobile) to 
about a thousand centipolse at reservoir conditions. 
Pilot projects conducted so far, using steam flooding 
and in situ combustion have not been successful for a 
variety of reasons. 

The Bank is assisting the Karamay Oil Company (KOC) 
in:

• Designing of pilot projects for thermal recovery 
of heavy oil by steam and in situ combustion 
processes. 

• Drilling, testing, coring and completion of the 
necessary injection-cum-production and obser-
vation wells and installation of surface and 
subsurface equipment and instrumentation. 

• Monitoring the performance of the pilot and 
designing therefrom an optimum process for 
field wide applications. 

A similar project is considered for the Liaohe field in 
the east of China. The. total cost of both projects is 
estimated at United States equivalent $17.0 million, out 
of which the Bank is financing the foreign exchange 
component equivalent to United States $11.5 million. 

t##1 

Enhanced Oil Recovery Pilots (Hungary) 

The World Bank is assisting Hungary in the implementa-
tion of several enhanced recovery pilots and one field 
demonstration project. These are: 

• Nagylengyel Carbon Dioxide Injection Project 

• Demjen Thermal Steam Injection and in situ 
Pilot Projects. 

• Algyo Micellar Solution Pilot Project and En-
riched Gas Injection Pilot Test. 

With the exception of the first project in the Nagy-
lengyel field, the EOR processes are applied to light oil 
reservoirs of varying characteristics. 

The Nagylengyel project, which is the only heavy oil 
project, is situated in southwest' Hungary, approxi-
mately 135 miles from Budapest. Current the field Is 
producing less than half a million barrels annually from 
some 240 wells with an average water cut in excess of 
95 percent. 

The reservoir contains an 18 degree API viscosity oil 
with low level of dissolved gas. Carbon dioxide will be 
supplied from the nearby (22 miles) Budafa field. It is 
expected that the project would provide an incremental 
recovery equivalent to 16 percent the original reserves. 

Karamay Petroleum Project (China) 

The oil-in-place reserves of heavy oil in the Karamay 
area are estimated at over one billion tons. Heavy oils 
are present at depths ranging from surface to about 
2,000 feet. API gravity ranges from 15 to 21 0 and oil

GIANT STEAMPLOOD PROJECT ON SUMATRA 
WILL BE WORLD'S LARGEST 

The Durl Field on the Indonesian Island of Sumatra Is 
the site of a steamflood project scheduled to start in 
early 1985. Caltex Pacific Indonesia, working with 
Pertamina, the state-owned oil company, is beginning 
what will become the largest steamflood project in the 
world. 

Duri is the second largest field in Sumatra, with an 
estimated 6 billion barrels of viscous crude oil still in 
place. Present primary production methods have re-
covered less than 10 percent of Dun's oil. With the 
drilling of more than 4,500 steam injection and oil 
producing wells, Dun's production is projected to go 
from 46,000 barrels per day in 1984 to over 
300,000 barrels per day in the 1990s. Ultimately, more 
than one-half of the field's oil In place is expected to be 
recovered.
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ENVIRONMENT 

BLM ISSUES EA FOR ENSERCH LEASES IN 
SUNNYSIDE SThA 

On April 10, 1985, the Bureau of Land Management, 
Vernal District Office, issued a Draft Environmental 
Assessment for the proposed conversion of oil and gas 
leases held by Enserch Exploration Inc., within the 
Sunnyside Special Tar Sand Area into combined hydro-
carbon leases (CHLs). 

Proposed Action 

Enserch proposes to convert three parcels totalling 
2,096.24 acres of existing oil and gas leases within the 
Sunnyside (Northern), and two parcels totalling 
116.07 acres in the Sunnyside (Southern) Special Tar 
Sand Areas to Combined Hydrocarbon Leases. The 
tracts basically lie along Nine-Mile Creek. The three 
larger tracts are centered in Section 31, T11S, R14E, 
and in Sections 28 and 30, TLIS, R15E. The two small 
tracts are in Sections? and 18, T125, R16E. 

Enserch intends to develop its leases using three stages 

• Exploration Phase - Four core holes would be 
drilled to determine the depth, quantity, and 
quality of the tar sands. 

• Pilot Phase - The location for the pilot site 
would be the SW*SWI SW*NEk of Section 28, 
near the intersection of Nine Mile and Gate 
Canyons. Access to the pilot site would require 
construction of an estimated 2.5 miles of new 
road. 

Preliminary operation would require five wells 
for product recovery. A fracture process would 
establish underground communication among 
the five wells, necessary for air circulation. 

Production recovery would be accomplished 
using either a forward or reverse combustion in 
situ process. Air and water would be injected 
to regulate the rate of burn and enhance recov-
ery. The quantity of oil produced could be 
approximately 150 barrels per day. 

The pilot phase is anticipated to begin in June 
1989 and be completed in June 1992. 

• Commercial Operation - The commercial pro-
duction phase would be a fourfold expansion of 
the pilot phase. Development would occur on 
10 acre blocks, requiring 13 wells per block 
(5 wells for product recovery and 8 wells for air 
injection). 

Crude bitumen within a ten acre tar sand tract 
would be exhausted within an estimated nine 
month period. The commercial phase would 
begin in June 1992. Operations would begin in 
June 1994. 

• Rehabilitation - Because the area disturbed at 
any one time during the pilot and commercial

phase would be limited to ten acres, loss of 
habitat due to the pilot or commercial opera-
tion would be contained within a small area and 
would be only temporary. 

Alternative No, 1—Multiple Use 

The same tar sand mining operation was proposed by 
BLM for Alternative No. 1 as that contained in the 
Proposed Action. The main difference from the Pro-
posed Action is that in Alternative No. 1, mining is 
more restricted on certain sensitive lands. This alter-
native adopts all of Enserch's proposed mitigation from 
the plan of operations. It also recommends additional 
mitigation, most of which is for conformance with the 
recently amended Management Framework Plans, and 
with the Utah Combined Hydrocarbon Leasing Regional 
EIS. 

Alternative No. 1 incorporates impact preventive mea-
sures from the EIS for soils, water resources, cultural 
resources, threatened or endangered species, and visual 
resources as follows: 

In regard to soils, approximately 1,530 acres or about 
69 percent of the land within the 5 parcels is on very 
steep (over 40 percent) slopes, most of which has a high 
erosion hazard. To protect these soils, it was recom-
mended that: 

"No occupancy or other surface disturbance would be 
allowed on slopes in excess of 40 percent (Parcels 1-3) 
or 50 percent (Parcels 4-5). 

To minimize soil damage, exploration, drilling, and 
other development activity would be allowed from 
April! to November 1. During November 1 to April 1, 
only during dry soil periods, over a snow cover, or on 
frozen ground." 

In regard to water resources, there are approximately 
37 acres of wetlands in the five parcels. No occupancy 
or other surface disturbance would be allowed within 
600 feet of wetland and floodplain environments. The 
STSA also includes several springs or seeps. To protect 
the springs, it was recommended that no occupancy or 
other surface disturbance would be allowed within 
600 feet of live water. 

In regard to archaeology, the Nine Mile Canyon area is 
within the Nine Mile Archaeological District, which was 
added to the National Register of Historic Places in 
1974. These lands amount to 2,040 acres. Prior to 
undertaking any surface-disturbing activity on the lands 
covered by this lease, the lessee/operator would have to 
engage the services of a qualified cultural resource 
specialist acceptable to the surface management 
agency to conduct an intensive inventory for evidence 
of cultural resource values. 

In regard to threatened or endangered species, potential 
habitat for one threatened and two sensitive plant 
species has been identified within the EA area. 
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In regard to visual resources, there are 1,112 acres of 
scenic federal lands designated Class II (considered as 
areas of high visual sensitivity) which require special 
stipulations. Therefore, locations of all long-term 
permanent facilities would be selected to conform to 
natural surroundings, and color tones on all permanent 
and semi-permanent structures and facilities must 
blend with natural surroundings. Site facilities would 
have to be located so as not to be visible from Gate 
Canyon, Nine Mile Creek, or Argyle Creek. 

Description of the Environment 

The lease area is in a Prevention of Significant De-
terioration of Air Quality (PSD) Class II area. No air 
quality of meteorological data are available at the site. 

The Enserch leases lie in the northern part of the 
Sunnyside Special Tar Sand Area on the southwestern 
flank of the Uinta Basin of northeastern Utah. Ele-
vations vary from about 7,640 feet above mean sea 
level in the western-most lease tract to about 
5,500 feet in the southern tract in Dry Canyon. The 
lease tracts encompass plateau and bench and deeply 
dissected canyon-land topography. Slopes vary from 
gentle on benches to 90 degrees along some canyon 
walls. 

According to Enserch, bitumen impregnated rocks in 
the lease tracts occur in the Basal Member of the 
Green River Formation or in an interbedded tongue of 
Wasatch Formation. Enserch reports a reservoir depth 
of 500 feet and a reservoir thickness of 20 feet (esti-
mate). 

Identifiable mineral resources within the lease tracts 
include oil shale, coal, and building stone. Thin, econ-
omically insignificant beds of oil shale occur in the 
Parachute Creek Member. These generally overlie 
units that contain the bitumen impregnated rocks or 
occur at the surface in the lease tracts, so the proposed 
in situ process will have no impact on the oil shale 
resources in the area. The entire area is part of an oil 
shale withdrawal. 

Coal probably exists under the lease tracts in the Mesa 
Verde Group of Cretaceous age. These beds are proba-
bly several thousand feet beneath the bitumen impreg-
nated beds, so the in situ process will not affect the 
coal resources. 

Building stone routinely is obtained from the area 
immediately north of the lease tracts by residents of 
Uintah, Duchesne, and Carbon Counties. Long distance 
to market precludes extensive development of this 
resource, and usable stone occurs stratigraphically 
above the bitumen impregnated units. 

The Environmental Analysis states that the steep 
walled cliffs in canyons in thelease tracts preclude 
development in accordance with Enserch's development 
plan. However, technologies are available (i.e., direc-
tional drilling, etc.) that will allow Enserch to develop 
the tracts.

Argyle Creek and Nine Mile Creek. All of the parcels 
lie within a distance of 2.2 miles of Nine Mile Creek or 
Argyle Creek. Generally, groundwater yields are small 
and quality of the water is variable. 

Since the publication of the Utah Combined Hydro-
carbon Leasing Regional EIS was released in 1984, 
preliminary data have been obtained that would indi-
cate three threatened or endangered plant species may 
be affected by the proposed action. The three species 
are:

Status as of 
Plant Species	 February 1985 

Sclerocactus Glaucus, Uintah Threatened 
Basin Hookless Cactus 

Lepidium Barnebyanum, Barneby Sensitive, Cate-
Peppergrass gory 1 

Glaucoearpum Suffrutescens, Sensitive, Cate-
Rollins Thelypody gory 1

Category 1 is translated to mean: sufficient data 
exists to propose a species as either threatened or en-
dangered. Currently proposal plans for both these 
species are under review in Washington. 

Threatened or endangered wildlife species which may 
occasionally frequent the STSA consist of the bald 
eagle and peregrine falcon. The falcon would be found 
during spring and fall migration, while the eagle may 
forage in the area during winter months. 

Distribution of acreage by Visual Resource Manage-
ment class within the EA area is as follows: 

Percent 
VRM Class	 of Total	 Acreage 

II	 (Most Restrictive) 	 50.3	 1,112.31 
III	 7.2	 160.00 
IV	 (Least Restrictive)	 42.5	 940.00 

Total	 100.0	 2,212.31 

The Nine Mile Canyon area is within the proposed Nine 
Mile Archaeological District. Previous inventories in-
dicate Nine Mile Canyon is an archaeologically rich 
area, with petroglyph and pictograph sites being num-
erically dominant. Structures of various sizes and 
functions are common in the Nine Mile Canyon system. 

Environmental Consequences of Proposed Action 

Anticipated impacts of the proposed action would in-
clude air pollution from: 

• A flare for disposing off-gasses produced from 
the in situ combustion 

• Air compressors used to produce pressurized air 
for the in situ combustion 

The only permanent water on the tar sand tracts is 	 • Vehicular travel on unpaved roads 

3-35	 SYNTHETIC FUELS REPORT, JUNE 1985 



• Wind erosion of disturbed areas. 

Enserch is not proposing to remove hydrogen sulfide or 
sulfur dioxide from the off-gasses. Emissions were 
estimated as follows: 

Estimated Pollutant Emission Rates
(Kilograms Per Hour) 

sox TSP CO HC NOx 

Compressors 0.8 0.8 2.4 0.9 11.5 
Flare 84.7 neg neg neg neg 
Dirt Roads -neg 64.3 neg neg 

Total 85.5 65.1 2.4 0.9 11.5

Based upon the estimated emission rates, a PSD permit 
would be required. 

A screening-level air quality modeling analysis was 
done to estimate impacts from point source emissions. 
Results are shown as follows: 

Comparison of Estimated 502 and TSP 
Concentrations to the Class II

Incremental Limitations 

Sulfur Dioxide	 TSP 
3	 24 An- 24	 An-

Hour Hour nual Hour nual 

Estimated Increase	 491	 123 NC 39	 NC 
Class II Increment	 512	 91	 20	 37	 19 

Sulfur dioxide concentrations could exceed the Class 11 
twenty-four hour increment up to 1.5 to 2 kilometers 
from the project. Maximum TSP impacts from com-
pressors would be approximately equal to the Class II 
twenty-four hour increment in the immediate vicinity 
of the project area. Fugitive. TSP emissions could 
exceed the Class II increments near dirt roads and areas 
of disturbed soil surfaces. Total pollutant concentra-
tions are expected to be within the national Ambient 
Air Quality Standards (NAAQS) for all pollutants, ex-
cept possibly for particulates, which may exceed the 
NAAQS near dirt roads and other areas of disturbed soil 
surfaces. 

More than two-thirds (about 69 percent) of the tar sand 
area is on very steep slopes of 40 to 80 percent. Most 
of this area has soils with very high erosion hazard. Tar 
sand development on these soils would have high nega-
tive impacts to the soil resource. Large cuts and fills 
would be required to level the soil surface for nearly all 
tar sand production activities including roads, drill 
pads, campsites, storage, parking, and work areas. The

large amount of disturbed soil with steep edges on cuts 
and fills and larger topsoil storage would increase water 
and wind erosion hazard greatly. 

All water is fully appropriated by existing water rights. 
Therefore, water would need to be purchased or leased 
for a tar sand industry which would change present 
water rights allocations. The overall impacts on the 
water resource are expected to be low. 

Off-road vehicle travel to and within all land parcels 
may result in disturbance and/or destruction of Threat-
ened, Endangered, or Sensitive plant species' habitat. 

There would be no effect on the threatened or en-
dangered wildlife species. Neither the bald eagle nor 
the peregrine falcon is likely to be affected by the 
proposed development activities. Some disturbance to 
deer and elk would likely occur. Some disturbance to 
blue and ruffled grouse habitat could also be expected, 
with some possible short-term displacement of birds in 
parcel No. 1. 

Scenic quality would be impaired on y aM Class II and 
potentially VRM Class Ill lands. 

Environmental Consequences of Alternative 
No. 1—Multiple Use 

With hydrogen sulfide removal from the off-gasses prior 
to flaring, maximum increased sulfur dioxide concen-
trations would be about 160 grams per cubic meter for 
three hour averages and approximately 40 grams per 
cubic meter for twenty-four hour averages. These 
concentrations would be well within the PSD Class II 
incremental limitations of 512 and 91 grams per cubic 
meter. All other impacts would be the same as for the 
proposed action. 

Soils impacts from this alternative would be about the 
same as those described in the proposed action, but the 
magnitude would be less. No occupancy would be 
allowed on very steep slopes or on soils with high and 
very high water erosion hazard. All other impacts 
would be basically the same as for the proposed action. 

TRACE METAL STUDIES OF FORT MCKAY 
INDIAN BAND INCONCLUSIVE 

The Fort McKay Indian Band in Fort McKay, Alberta 
has voiced concerns about the health and environmental 
effects of contaminants from the oil sands plants in the 
area in which they live. Fort McKay is about 10 kilo-
meters north of the Syncrude facility and 17 kilometers 
north of the Suncor facility. Concerns voiced by band 
members included a change in the flora and fauna of 
the area as well as in the health of the citizens. It was 
agreed that an attempt be made to identify a marker of 
exposure in this population and that the most likely 
marker that could be identified would be the heavy 
metals. A research study carried out by faculty from 
Simon Fraser University and the University of British 
Columbia was completed in 1984. 
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The overall question at issue in this matter is: are 
there health and environmental effects of community 
exposures to the emissions of the tar sands plants? 
Bioaccumulation of metals in scalp hair was chosen as 
the measure of such exposure, based on the fact that 
metal levels in scalp hair are widely accepted as an 
index to exposure to metal contaminants in the environ-
ment, plus the fact that tar sands plant emissions are 
known to contain substantial amounts of a number of 
metals. 

To determine the presence of heavy metal contamin-
ation in residents in Fort McKay, as related to the area 
in which they live and their proximity to the oil sands 
plants, three villages were selected for study: Fort 
McKay in the immediate vicinity; Fort Chipewyan, 
downwind from the source and on the waterway coming 
from the area; and Garden River, a village of similar 
size, socioeconomic structure and traditional lifestyle 
but away from the prevailing winds or the waterways. 
It was decided to focus on the children in each of the 
areas because of the likelihood that confounding factors 
such as cigarette smoking and alcohol consumption 
would be minimized and because their residence within 
the various settlements was more stable. The adults 
travel extensively in the area and, in some cases, work 
in the oil sands plants.

TABLE 1 

SUMMARY TABLE OF RESULTS FOR
WASHED HAIR SAMPLES FROM CHILDREN

(Values in Parts Per Minion) 

Fort Garden Fort 
McKay 
(N=44)

River 
(N=39)

Chewyan 
(N=39) 

Lead 7.7 4.9 4.1 
Cadmium 0.454 0.415 0.243 
Chromium 0.499 0.523 0.352 
Copper 10.5 9.8 13.6 
Vanadium 0.086" 0.207 + 0.039 
Aluminum 28.9 67.6 + 22.6 
Iron 25.4 55.2 + 17.4 
Manganese 1.7 3.6 + 1.4 
Barium 1.4 2.9 + 1.5 
Zinc 109.3 162.9 + 124.7 
Magnesium 49.1 71.3 ++ 42.4 
Calcium 547.4 696.0 ++ 464.0

Higher than the remaining two communities at 
the 0.05 level 

"Higher than the remaining communities at the 
0.01 level 

***Higher than the remaining two communities at 
the 0.05 level 

""Higher than Fort Chipewyan at the 0.05 level 
+Higher than the remaining two communities at 

the 0.01 level 
++lligher than the remaining two communities at 

the 0.05 level.

Thirty-two metals were reported in the chemical analy-
ses but thirteen of these metals were not included in 
data analysis for the following reasons: beryllium, ura-
nium, thorium, arsenic, bismuth, cobalt, molybdenum, 
antimony, lithium and mercury were generally below 
the detection limit of the instrument; selenium was 
excluded because results were highly variable and it 
was not believed to be of interest in this study; boron 
and silicon are excluded due to use of borosilicate 
blades to trim and cut samples. Data for 12 metals for 
children are summarized in Table 1. 

Lead 

Fort McKay children had a mean hair lead level of 7.7 + 
or - 7.9 ppm, compared to 4.9 + or - 3.4 ppm for Garden 
River children and 4.1 + or - 3.1 ppm for Fort Chipew-
yan children. The difference between Fort McKay and 
Fort Chipewyan Is significant at the 0.01 level, and that 
between Fort McKay and Garden River is significant at 
the 0.05 level. 

Cadmium 

Fort McKay children with 0.454 + or - 0.297 ppm and 
Garden River children with 0.415 + or - 0.264 ppm had 
significantly higher cadmium levels than Fort Chipew-
yan children (0.243 + or - 0.187 ppm), both at the 0.01 
level. A high correlation between cadmium and lead 
was found in all three communities. 

Chromium 

The levels of chromium in Port McKay children (0.499 + 
or - 0.410 ppm) and Garden River children (0.523 + or - 
0.291 ppm) were approximately equal, and both were 
higher at the 0.05 level than in Fort Chipewyan children 
(0.352 + or - 0.182 ppm). 

Copper 

Fort Chipewyan children had significantly more copper 
in their hair (13.6 + or - 9.7 ppm) than Fort McKay 
children (10.5 + or - 3.7 ppm) or Garden River children 
(9.8 + or - 1.7 ppm). The difference between Fort 
Chipewyan and Fort McKay was significant at the 0.05 
level, while the difference between Fort Chipewyan and 
Garden River was significant at the 0.01 level. 

Vanadium 

Vanadium levels in hair from children in Garden River 
(0.207 + or - 0.124 ppm) were nearly two and one-half 
times as high as those from children in Fort McKay 
(0.086 + or - 0.071 ppm), and Fort McKay children had 
about two times as much vanadium as Fort Chipewyan 
children (0.039 + or - 0.026 ppm). The difference 
between Fort McKay and Fort Chipewyan was signifi-
cant at the 0.05 level, while the difference between 
Garden River and both Fort McKay and Fort Chipewyaa 
was significant at the 0.01 level. 
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The effect of washing on the metal content of hair was 
studied for the population as a whole, and separated by 
sex and community. For several metals, Pb, Zn, and P 
very little is removed by the washing procedure. For 
others like sodium (Na) and potassium (K), most of the 
metal is removed. 

Observations of the individual and mean values for hair 
metal levels (Table 1) indicate that no clinically signifi-
cant levels of any metal exist in any village. The study 
conclusions therefore focus on two metals—lead (Pb) 
and cadmium (Cd)—for which subclinical effects are of 
concern, and for which hair levels have been shown to 
reflect environmental exposure. 

Environmental factors which have been shown to in-
crease lead levels in human hair include urban living, 
residential proximity to industries with emissions con-
taining lead, and lead ingestion. The two most impor-
tant sources of body lead for most North Americans 
generally are accepted to be automobile exhaust emis-
sions and ingested lead. 

There is no standard for hair lead levels as there is for 
blood lead, for which both the United States Environ-
mental Protection Agency and Canada Health and Wel-
fare specify an acceptable limit of 30 micrograms of 
lead per deciliter of blood. A comparison of human 
blood and hair lead levels suggests that a blood lead 
level of 301ag/dl would correspond (roughly) to a hair 
lead level of 24 ppm	 g/g). 

Subclinical effects of lead on behavioral and cognitive 
function in children, at hair lead levels in the range 20-
30 ppm, are suggested by at least two studies. 

Analysis of the results of the Fort McKay study sug-
gest, first, that the mean hair lead level in Fort McKay 
children of 7.7 ppm (Table 1), which is significantly 
higher than that found for children in the other two 
villages, is still typical of values of 9.1 ppm and 
17.6 ppm found for rural North American children in 
other studies. Individual data show that four children 
from Fort McKay had hair lead levels exceeding 
20 ppm. These children may be at risk for impaired 
cognitive and school achievement abilities. 

The hair cadmium results suggest that no subclinical 
effects due to cadmium exposure are likely to be 
discovered among children examined in this study. 

The study was designed to obtain evidence for possible 
exposure to environmental contamination among Fort 
McKay residents, relative to residents in two other 
Indian communities further removed from the tar sands 
plants. The study authors state that the Fort McKay 
results are of concern, because the only two metals 
which show the highest hair concentrations in both 
children and adults in this community, relative to the 
other two communities are lead and cadmium, both 
with proven toxicity in humans and both with docu-
mented subclinical effects on cognitive and behavioral 
functions in children. 

Ingestion and industrial pollution represent major 
sources of exposure to both lead and cadmium. Auto-
mobile exhaust emissions also represent a major source

of exposure to lead. 

The three villages studied are all native villages, with 
comparable socioeconomic status. Major differences in 
diet, and in pica (paint chip) ingestion, among the three 
villages therefore are not likely. Differences in trace 
metal levels in the water supplies of the three villages 
may exist. Therefore, differences in ingestion patterns 
cannot be ruled out as a possible source of the elevated 
hair Pb and Cd levels in Fort McKay residents, relative 
to the other two villages. 

Fort McKay is on a logging road with low vehicular 
traffic. Fort Chipewyan has no through roads leading 
to it. Garden River is isolated from any road. All 
three communities display mean hair lead levels typical 
of those found by other studies of rural residents. It 
does not seem likely that automobile exhaust emissions 
account for the elevated hair Pb and Cd levels among 
Fort McKay residents, but this possibility is not ruled 
out. 

The major difference is that Fort McKay is in closer 
proximity to the two oil sands plants than the other 
villages. Lead is present (0.026 percent) in fly ash 
emitted from these plants, from which an annual emis-
sion rate of 3.85 tons of lead per plant is estimated. 
Cadmium exists in fly ash at levels below the detection 
limit. 

However, the study authors suggested that vanadium 
(V), aluminum (Al), nickel (Ni), and molybdenum (Mo) 
are likely exposure markers, because of their appre-
ciable presence in fly ash emissions by the plants. The 
analytical results show that hair levels of V and Al are 
higher in Fort McKay than in Fort Chipewyan residents, 
but that levels for both villages are lower than Garden 
River levels. Hair Mo levels generally were below the 
detection limit, and no significant differences among 
the three villages in hair Ni levels were observed. 
These results, therefore, do not support the hypothesis 
that industrial pollution accounts for the pattern of 
trace metal distribtuion in the hair of Fort McKay 
residents. 

In summary, this study neither confirms nor denies the 
possibility that pollution from the oil sands plants 
represents a source of exposure among residents in Fort 
McKay. Further study will be needed to document the 
degree to which air and water pollution by the tar sands 
plants contribute to the trace metals, particularly Pb 
and Cd, found in the hair of Fort McKay residents. 
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RESOURCE 

TEXAS TAR SAND RESOURCES ESTIMATED 
AT 4.8 BILLION BARRELS 

The University of Texas Bureau of Economic Geology 
has estimated total measured plus speculative tar sand 
resources in Texas at a little less than 5 billion barrels 
equivalent of in-place tar. 

Almost 4 billion barrels equivalent have been identified 
in three major deposits in South Texas, with an addi-
tional 0.9 billion barrels possibly accompanying these 
occurrences (Table 1). No tar sandstones of interme-
diate size have been located in Texas, but there are at 
least 13 smaller deposits, including seeps, shows, and 
more sizable impregnations, which together account for 
only about one million barrels. Approximately 4.8 bil-
lion barrels is a relatively small amount when compared 
with the total conventional oil resource of 156 billion 
barrels of in-place oil in Texas. However, when 
compared with the remaining reserves of conventional 
recovery of about 16 billion barrels, their importance as 
a target for oil recovery is greatly enhanced. 

TABLE 1 

TEXAS TAR SANDSTONE RESOURCE
(Million Barrels) 

Measured Speculative 

Major Deposits (100 MMB) 
San Miguel Sandstone 3,200 610 
Anacacho Limestone 550 300 
Hensel Sandstone 120 - 

Sub-Total 3,870 910 

Other Deposits - 0.75 
Total 3,870 911 

Grand Total 4,781

Tar sandstones and tar-impregnated 'carbonates are 
scattered throughout Texas (Figure 1). The three larg-
est deposits, the San Miguel 0, the Anacacho, and the 
Hensel tar belts, are located at the southern end of the 
Cretaceous outcrop belt in South Texas. All of the 
major tar deposits in Texas occur at or within 
2,000 feet of the surface in Permian to Tertiary aged 
sandstones and in Cretaceous carbonates. By far the 
bulk of the resource is contained in the Cretaceous 
System and in particular in the Upper Cretaceous, in 
the Anacacho Limestone and the overlying San Miguel 
Formation. 

According to the Bureau of Economic Geology, at-
tempts have been made to develop all of the major and 
several of the minor deposits. The San Miguel 0 tar 
belt has proved responsive to fracture-assisted steam

FIGURE 1 
LOCATION OF TAR SANDS,

TAR-IMPREGNATED CARBONATES,
SEEPS, AND SHOWS IN TEXAS 
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injection in tests undertaken by Conoco. The Anaeaeho 
Limestone has been quarried since 1891 for road paving 
material, and the Hensel was subjected to a small 
steam injection pilot by Shell. Annual sustained pro-
duction of Texas tar amounts to the equivalent of about 
400,000 barrels, chiefly in the form of asphaltic Ana-
Cacho Limestone quarried from Whites Mines in the 
Uvalde District Approximately 1 million tons of tar-
impregnated limestone are processed from these pits 
annually. 

The San Miguel Tar Belt 

The San Miguel Formation is composed of a series of 
broadly lenticular, strike-elongate sandstones that ex-
tend over a five-county area in South Texas. All the 
sandstone units are relatively thin; maximum thick-
nesses are 80 to 120 feet. 

Deltaic unit 0, which crops out in Maverick County, 
extends over much of Maverick and western Zavala 
counties, covering an area of about 300,000 acres at 
depths from outcrop to 2,500 feet. Conventional and 
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heavy etudes are found downdip in the 0 unit as well as 
in other sandstones of the San Miguel, where trapping is 
both structural and stratigraphic. 

The San Miguel 0 sandstone is a mature arkose with a 
low clay content that displays relatively high porosities 
and permeabilities of -26 to 30 percent and 250 to 
1,000 md, respectively. Tar saturations range from 20 
to 60 percent, and net pay from 0 to 60 feet. A recent 
survey of tar sandstone in Texas delineated the re-
source in an area of 164,000 acres straddling the 
Maverick-Zavala County line. Hydrocarbon richness 
varies from a trace at the margins of the reservoir to 
over 40,000 barrels per acre in an area that coincides 
with the thickest pay (Figure 2). This rich and thick 
pay zone accounts for approximately one half of the 
total inpiace tar resource of 3.8 billion barrels. Conoco 
estimates the tar in-place to be slightly lower, between 
2 to 3 billion barrels. The most optimistic estimate of 
tar-in-place is 10 billion barrels; however, this figure is 
based on an inference of tar saturation throughout the 
O sand at a richness equivalent to that in northeastern 
Maverick County.

FIGURE 2 
SAN MIGUEL D TAR SAND FIELD 
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The physical and chemical properties of San Miguel tar 
are considered unique and are postulated to be the 
result of severe bacterial degradation. At the reservoir 
temperature of 95°F, the tar is a solid, having an API 
gravity of -20API and a viscosity range of 20,000 to a 
hypothesized 2 million centipoise. The pour point is 
180°F and initial boiling point 500°?. It contains 
10 percent sulfur by weight. 

Several pilot recovery operations conducted in the San 
Miguel involving varied thermal methods (fireflood,

steam flood, steam soak) have met with mixed success. 
All were in the richest area of tar saturation. A Mobil 
fireflood in the early 1960s was technologically suc-
cessful but uneconomic. Apart from Conoco's projects, 
Exxon has a five acre pilot at Fessman Ranch, and 
Enpex Corporation and Chaparrosa Oil Company pre-
viously made applications to the Synthetic Fuels CON 
porátion for price supports for their projects. 

The Anacacho Limestone 

The Anacacho bituminous deposits are probably the 
most well known and certainly the best exposed of the 
tar-saturated sandstones and carbonates in Texas. 
These deposits have been exploited for over 90 years. 
Initially bitumen was extracted using solvents (naphtha) 
to produce "lithocarbon" for paint and varnish products; 
subsequently (since 1900), asphaltic material has been 
used for road building. Whites Mines, southwest of 
Uvalde, annually supplies I million tons of asphaltic 
limestone for this purpose. 

The Anacacho Limestone is a discontinuous carbonate 
bank 180 miles long and 25 miles wide extending from 
southwest Kinney County through southern Uvalde 
County eastward to near San Antonio. It averages 
about 500 feet thick and is composed predominantly of 
carbonate grainstones that locally contain large un-
broken mollusk shells, rudists, and echinoids. The 
Anacacho grew as atoll reefs on and around sea-mounts 
on the Austin sea-floor and as patchy biostromes on 
igneous intrusive and extrusive mounds. Tar accumu-
lation as well as heavy and high gravity oil is mainly 
associated with the porous coquinoid and grainstone 
facies, although several of the volcanic cones consti-
tute tar and crude oil reservoirs. 

The Anacacho is a porous, permeable reservoir rock 
that can contain up to 25 percent bitumen by weight. 
Porosity, averages 25 percent. Permeabilities range 
from 0.2 md to as much as 7,000 md. Average tar 
saturation is about 9 percent but ranges up to 20 per-
cent. At White Mines, asphalt-bearing zones range 
from 10 to over 75 feet thick in the quarries to as much 
as 300 feet recorded from drill holes. Borehole infor-
mation has delineated 550 million barrels of measured 
resource under 8,400 surface acres with an additional 
speculative resource of 400 million barrels under 
20,000 acres. A small area south of the Uvalde tar 
quarries was very rich, averaging over 200,000 barrels 
per acre; however, most of the tar deposit contains 
between 20,000 to 70,000 barrels per acre. 

Like the San Miguel tar, the Anacacho bitumen re-
sponds to heat; viscosity decreases from 235,000 centi-
poise at 70°F to 200 centipoise at 150°F. Estimated 
sulfur content is three weight percent. Annual produc-
tion of tar for road material is 400,000 barrels equiva-
lent; cumulative production exceeds 10 million barrels 
equivalent. 

The ilensel Sandstone 

The Lower Cretaceous Hensel Sandstone is a composite 
coastal alluvial fan deposit. The Hensel covers a large 
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area, with approximately 8,000 acres containing bitu-
men. The formation consists of fine-to medium-
grained, well-sorted sandstone that attains a maximum 
thickness of 100 feet. 

Reservoir sandstones are highly porous (29 percent) and 
extremely permeable (8,400 md), displaying an average 
oil saturation of 52 percent. The Hensel tar belt is 
characterized by a fairly constant oil content over 
much of the field area, ranging from 1,000 to 1,500 bar-
rels per acre-foot. In the middle of the field is a north-
south belt of 50,000 barrels per acre, but much of the 
remaining area contains less than 20,000 barrels per 
acre. The total measured resource in the Hensel is 
120 million barrels underlying 8,100 acres. The bitumen 
is high in sulfur at five weight percent, is compara-
tively high gravity (7°API), and displays viscosities of 
450 centipoise at 210°F and 75 centipoise at 277°F. 
Shell attempted two steam injection projects, but both 
were terminated within a year because of very low 
recovery of oil. 

Minor Deposits 

Minor seeps, shows, and tar impregnations containing 
less than 10 million barrels of tar inpiace occur 
throughout Texas (Figure 1). None of these deposits 
contains more than 1 million barrels, and most are 
estimated to hold less than 20,000 barrels (Table 2). 

NVAORAPI

MINOR TEXAS TAR DEPOSITS

Estimated 
District	 Unit	 Resource 

Uvalde/Zavala Escondido Ss L 
Palestine Queen City Ss L 
St. Jo/Muenster Antlers Ss L 
East Uvalde Anacacho Ls L (?) 
Burnet Glen Rose Ls S 
Coke Permian Ss S 
Walnut Creek Eagle Ford Ls S 
Alligator Creek Woodbine Ss S 
Nacogdoches Sparta Ss, Seeps S 
Jasper Seep S 
Sour Lake Beaumont Clay S 
Tatum Springs Clay S 
West Texas Cretaceous Ls S 

L:	 More than 100,000 barrels 
5:	 Less than 20,000 barrels 
Ss:	 Sandstone 
Ls:	 Limestone

CONCLUSIONS 

The Bureau of Economic Geology believes that the

Texas heavy oils and tars result from water washing and 
bacterial degradation of fluid, medium-gravity crude 
oils. The sulfur-rich, low-gravity San Miguel, Ann-
cache, and Hensel tars were subjected to varying de-
grees of water washing (which removed the lighter 
hydrocarbons and particularly the aromatics) and bio-
degradation (preferentially removing normal paraffins). 
These processes result in higher densities and sulfur 
contents, with the sulfur being tied to bacteria-resist-
ant heavy and complex cyclic organic compounds. The. 
processes take place wherever crude oil is in contact 
with oxygen and bacteria-carrying meteoric water at 
relatively low temperatures. 

Degradation followed updip migration and entrapment 
of medium-gravity crudes, probably at relatively shal-
low depths. Stratigraphic entrapment is a unifying 
characteristic of Texas tars. 

Early attempts to produce crude oil from Texas tar 
deposits statewide proved singularly unsuccessful. 
However, recent advances in steamflood technology 
applied in the San Miguel tar belt have convinced the 
Bureau that the technology to successfully produce low-
gravity crude is available, given a more favorable 
economic climate. 

Conoco, which leads the field in South Texas thermal 
recovery technology, has attained a recovery efficiency 
of 50 percent of the original tar inplaee using Fracture-
Assisted Steam flood Technology. 

In total, cumulative production from the San Miguel D 
tar belt exceeds 600,000 barrels; ultimate recovery is 
unknown at this time, being highly dependent on econ-
omics and evolving technology. 

Should economic considerations improve, the production 
of several tens, or perhaps hundreds, of millions of 
barrels of additional crude from South Texas tars would 
be possible. 

WESTERN KENTUCKY TAR SAND PROJECTS 
HAVE BEEN DIVERSE 

C. Noger, of the Kentucky Geological Survey, speaking 
at the 1984 Eastern Oil Shale Symposium, noted that 
tar sand deposits in western Kentucky have been recog-
nized as a potentially significant mineral resource since 
the middle of the 19th century. Deposits of bitumen-
bearing Late Mississippian and Early Pennsylvanian 
sandstones have been reported both at the surface and 
in the sub-surface for a distance of approximately 
100 miles along the southeastern rim of the Eastern 
Interior Basin (Figure 1). 

Resources 

Prior to 1981, published studies of western Kentucky 
tar sand deposits had concentrated on the out-crop 
areas where bitumen-bearing sandstones were present 
at or near the surface. In-place oil resources were 
estimated at less than 50 million barrels. Reports 
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FIGURE 1 
REGIONAL FEATURES AND AREAS
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which delineated sub-surface occurrences of asphaltic 
sandstones in western Kentucky were not available. 

In 1981 the Kentucky Geological Survey initiated a 
project to inventory and evaluate the oil resource 
potential of the asphaltic sandstones in the sub-surface 
of western Kentucky. A preliminary report on the Big 
Clifty (Late Mississippian) was published in 1982. 

In 1982 this project was combined with the Interstate 
Oil Compact Commission's project to catalog and eval-
uate the tar sand resource potential of the United 
States. Results of investigations by the Kentucky 
Geological Survey, in conjunction with Lewin and Asso-
ciates, who were selected to compile the 10CC report, 
confirmed that major tar sand resources are present in 
western Kentucky. In-place resources are calculated to 
exceed 3 billion barrels (Table 1). 

TABLE I

VA. 
WESTERN KENTUCKY IN-PLACE 

TAR SAND RESOURCE
	 NASHVILLE 

(Million Barrels)
	

Aymont	
TENN. 

Measured Speculative 
Major Deposits	 Resource	 Resource 

Big Clifty Sandstone	 1,180	 910 
Hardinsburg Sandstone 	 250	 180 
Tar Springs Sandstone 	 -	 340 
Caseyville Sandstone	 300	 250 

Total	 1,730	 1,680

Total In-Place Resource - 3,420 

Tar sand deposits in western Kentucky dip approxi-
mately 30 to 50 feet per mile to the north, northwest, 
and west into the basin. Regional structure is modified 
by east-west trending faults (Figure 1). 

The principal stratigraphic units that contain tar sand 
deposits (also referred to as asphaltic sandstones, heavy 
oil deposits, or bitumen-impregnated sandstones) are 
the Kyrock and Bee Spring Sandstones of Early Pennsyl-
vanian age and the Tar Springs, Hardinsburg, and Big 
Clifty Sandstones of late Mississippian age. 

No single geological control will adequately explain the 
localization of all the Kentucky deposits, and there is a 
diversity of opinion regarding the source of hydrocar-
bons which formed the bitumen in the sandstones. 
Some writers have concluded that the marine shales of 
Late Mississippian age were the source of the oil from 
which the asphalt-like material was produced, whereas 
others suggested that the source was the deeper Devon-
ian-age Chattanooga Shale. 	 -

Projects 

The first known plant designed to extract bitumen from 
a sandstone of Early Pennsylvanian age was constructed 
in Grayson County in 1891, but it was shut down after 
about 80 barrels of oil had been extracted. 

In the early 1890s several companies opened quarries or 
surface mines in the Caseyville Formation or Big Clifty, 
Sandstone for the production of paving materials. Peak 
production was between 1923 and 1931. The largest 
mines were in Edmonson County. 

During 1959 and 1960, a major energy company con-
ducted a field pilot test of forward combustion in a 
bitumen-impregnated sandstone of Early Pennsylvanian 
age near Bee Spring in Edmonson County (Figure 2). In 
a recent report on the project, it was concluded that 
fire-flooding through a system of induced horizontal 
fractures was a technically feasible method for produc-
ing oil from the tar sand deposit at that locality. 

The locations of more recent projects in Kentucky are 
also shown in Figure 2. 

In northeastern Warren County, Sunset Petroleum Com-
pany drilled ten closely spaced wells in 1969 into 
shallow (approximately 270 feet deep) Big Clifty Sand-
stone for an in situ recovery project. Reportedly, the 
test was successful in producing oil, but was discon-
tinued before technical results could be made available. 

In 1974, an independent group set up an experimental 
operation, also near Bee Spring, Edmonson County, to 
produce crude petroleum by mixing crushed asphaltic 
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FIGURE 2 
TAR-SAND DEVELOPMENT 
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sand with a patented chemical solution. Results of the 
endeavor are not known. 

In 1981, Tarco Incorporated, constructed a pilot plant in 
Logan County for the extraction of oil from bitumen-
impregnated sandstones of the Big Clifty Sandstone. 
Oil was successfully extracted from crushed and disag-
gregated sandstone by use of a solvent. 

In 1981, Wcstken Petroleum Corporation began a pilot 
project in Edmonson County to recover oil from bitu-
men-impregnated sandstones of the Big Clifty by an in 
situ combustion process. A forward wet combustion 
process, preceded by a steam pre-heat to establish good 
communication with producing wells, was selected for a 
one acre pilot test area. Overall results of the pilot are 
considered satisfactory, with high production rates per 
unit of displacing fluid having been achieved. 

In 1983, Cresset Corporation constructed a pilot plant 
in Logan County to extract oil from surface-mined 
asphaltic sandstone of the Big Clifty by use of a 
solvent. Test runs using daily mine samples of 200 tons 
have been successful. 

Bo-Ark Oil and Gas Company has been involved in a 
demonstration project in Breckinridge County to heat 
heavy oil in the Tar Springs Sandstone by use of a 
microwave technique. 

Noger concludes that these pilot studies have demon-

strated that technologies are available for the success-
ful recovery of oil from both sub-surface and surface 
deposits in western Kentucky. 

The majority of deposits contain two, and sometimes 
three tar sand deposits in vertical sequences, enhancing 
the economic attractiveness of the area. 
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Roberts, W.H. Ill, "Common Conditions for Heavy Oils," AAPG-UNITAR-USGS Research Conference, November 
1984. 

Ropchan, D.M., at al, "Study of Oil Shale, Hydrocarbon and Tar Sand Mining," November 1984, Colorado School of 
Mines. 

Schramm, L.L., "Surface Chemical Aspects of the Hot Water Process," Proceedings of Energy Mineral Processing, 
1985. 

Seeder, J.D., at al, "Process and Apparatus to Produce Crude Oil from Tar Sands," July 1984, University of Utah. 

Smith, Marian McNally, at al, "The Effect of Grain Shape on Oil Sand Recovery," University of South Carolina. 

Takamura, Koichi, "Physico-Chemical Characterization of Athabasca Oil Sand and Its Significance to Bitumen 
Recovery," Alberta Research Council, August 1984. 

Turner, L. Robert, "The Alberta Oil Sand Technology and Research Authority—Ten Years of Progress," AOSTRA. 

Wallace, Dean, at al, "Aging of Oil Sand During Storage," Engineering Foundation Conference, Henniker, New 
Hampshire, August 1984. 	 - 

The following papers were presented at the 1985 Western Synfuels Symposium held in Grand Junction, Colorado on 
April 24, 1985: 

Donley, William H., "Petroleum Mining—Health and Safety Concerns." 
Cummings, Brad C., "Gravity Oil Recovery the Target—The Method, The Economics." 
Trend, Robert, "Federal, State and Local Disincentives to Oil Mining." 
Ayler, Maynard P., "Oil Recovery Mining Method and Apparatus," 

Harstein, Art, "Oil Mining and Tar Sands, United States Potential and Priority." 
Doyle, Diane M., at al, "Oil Mining Ventilation Control Techniques." 
More, David C., "The Direct Determination of Bitumen in Routine Tar Sand and Heavy Oil Assays." 
Ritzma, Howard, "Tar Sand Deposits of the Uinta Basin, Northeast Utah." 
Miller, Bob, "Underground Platform Approach to Oil Recovery." 
Watson, Richard W., at a], "Fire and Explosive Hazards of Oil Mining." 
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Wilson, M.F., "Cetane Improvement of Middle Distillates from Oil Sands by Catalytic Hydroprocessing," American 
Chemical Society, April 1985. 

Yui, S., et al, "Kinetics of Aromatics Hydrogenation and Prediction of Centane Number of Synthetic Distillates," 
Syncrude Canada Ltd. 

SANDS - PATENTS 

"Method of Operating A Blast Furnace to Extract Carbonaceous Oil and Gas from Bituminous Materials," H. Bruce 
Claflin - Inventor, United States Patent 4,495,054, January 22, 1985. A blast furnace Is employed to process a 
natural material selected from the group consisting of oil shale, oil sandstone, asphalt rock or mixtures thereof. A 
first carbonaceous material selected from the group consisting of oil shale, oil sandstone, asphalt rock or mixtures 
thereof and a second carbonaceous material are charged to the top of a blast furnace and the carbonaceous char 
material remaining when the burden reaches the lower portion of the blast furnace in front of the primary tuyeres is 
burned to provide a hot, upwardly-moving gas stream containing carbon monoxide and hydrogen to vaporize 
recoverable hydrocarbons contained in the carbonaceous material as the carbonaceous material moves downwardly 
through the blast furnace. A gas containing hydrocarbons, carbon monoxide, hydrogen, and vaporized carbonaceous 
oil and tar is withdrawn from near the top of tht blast furnace and a molten slag is withdrawn from near the bottom 
of the blast furnace. The off gas can be condensed to provide liquid oils and a gas having a desirable BTU content. 
Provision is also discosed for the removal of alkali metals from the process. 

"Combination Thermal and Solvent Extraction Oil Recovery Process and Apparatus," Bahram Arnirijafari and 
Herbert E. Nuttall, Jr. - Inventors, United States Patent 4,495,057, January 1, 1985. A combination process 
disclosed utilizes a therm (pyrolysis) operation and solvent extraction operation that operate simultaneously on an 
in-feed of crushed tar sand in a heat recovery operation the solvent extraction operation receives waste heat from 
hot spent sand from the thermal operation to increse operating efficiency of the process. Makeup solvent is taken 
from the oil product derived from the extraction operation and recycled to be used In the solvent extraction 
operation. In a blending operation the sand from both thermal and solvent extraction operations Is blended in a sand 
mixer to improve the quality of the sand discharged and the oil products from both operations are blended by a 
product mixer to increase the viscosity of the final oil product. 

"Thermal Injection and In Situ Combustion Process for Heavy Oils," Alfred Brown, Warm Shang Huang, and Yick Mow 
Shum - Inventors, Texaco Inc., United States Patent 4,495,994, January 29, 1985. A method for stimulating the 
production of hydrocarbons from a subterranean heavy oil or tar sand formation penetrated by an Injection well and 
a production well, which comprises: (a) stimulating the production well by injecting steam into the production well, 
shutting in the production well and then producing the well; (b) injecting about 0.6 to about 1.2 pore volumes of 
steam having a quality greater than about 75 percent into the injection well; (c) after Injection of greater than 
75 percent quality steam, injecting about 0.1 to about 0.6 pore volume of steam into the Injection well while 
gradually decreasing the quality of the steam from its initial quality of greater than about 75 percent to a quality 
less than about 20 percent; (d) after injection of decreasing quality steam, injecting about 0.5 to about 1.5 pore 
volumes of water into the injection well; (e) after water injection, injecting air into the formation and creating an in 
situ combuston front; and (f) injecting water into the formation along with the air after the combustion front has 
propagated about 30 to 50 feet from the point of injection. 

"Apparatus for Treating Tar Sands Emulsion," Rene F. Bialek - Inventor, Texaco Canada Resources Inc., United 
States Patent 4,498,958, February 12, 1985. Method and apparatus for treating an oil-In-water, such as a bitumen-
in-water emulsion, by premixing the emulsion for a sufficient period of time to permit it to become fully intermixed 
with emulsion breaking diluents and other additive materials. The modified, bitumen-containing emulsion stream is 
circulated through a premixer. At least a part of the emulsion stream is recirculated therein to intermix with fresh 
incoming emulsion flow. Thereafter the now more thoroughly intermixed emulsion, together with the various 
diluents and additives, is in better condition to be introduced to a separator unit for effecting a quiescent separation 
of water from the bitumen. 

"Separation of Bituminous Material from Oil Sands and Heavy Crude Oil," Georgi Angelov and Paul W. Shibley (both 
of Canada) - Inventors, Bitumen Development Corporation Ltd., United States Patent 4,498,971, February 12, 1985. 
A process for the separate recovery of oil and asphaltene/polar components from oil and asphaltene/polar bearing 
sand-containing material includes cooling the material to a temperature at which the material behaves as a solid, 
crushing the material at such a temperature to produce relatively coarse particles containing a major proportion of 
the sand and oil, and relatively fine particles containing a major proportion of the asphaltenes and polars, and 
mechanically separating the relatively coarse particles from the relatively fine particles at such a temperature. 
The relatively coarse particles are treated to recover oil, and the relatively fine particles are treated to recover 
asphaltenes and polars. Similar processes are desirable for the treatment of heavy crude oil which may or may not 
contain sand.
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"Combined Surface and In Situ Tar Sand Bitumen Production," Costandi A. Audeh - Inventor, Mobil Corporation, 
United States Patent 4,499,949, February 19, 1985. In situ combustion of tar sand formations is improved by 
introducing into an unmineable tar sand formation prior to initiation of in situ combustion hydrogen sulfide produced 
from upgrading tar sands from a mineable tar sand formation in an area proximate the area of the unmineable 
formation. The stream of hydrogen sulfide may contain a small proportion of hydrocarbons condensible at 
temperature and pressure conditions of the unrnineable formation. The improvement is applicable to both forward 
and reverse in situ combustion processes. 

"Method of In Situ Hydrogenation of Carbonaceous Material," Armand A. Gregoli - Inventor, Cities Service 
Company, United States Patent 4,501,445, February 26, 1985. A process for the recovery of carbonaceous materials 
from an underground formation, comprising: (a) fracturing a portion of an underground formation, comprising 
carbonaceous material selected from the group consisting of coal, oil shale, tar sands, and havy crudes, (b) 
contacting the carbonaceous material in situ in the fractured formation with (1) a preheated liquid solvent, wherein 
at least a portion of the liquid is a hydrocarbon-containing liquid having a boiling range of from about 300° to about 
1,200°F, and further wherein at least a portion of the liquid is a hydrocarbonaceous liquid having the property of 
donating and accepting hydrogen, and having a boiling range of from about 650° to about 975°F, and (2) a preheated 
gas comprising at least 50 volume percent hydrogen, and wherein the pressure in the fractured formation is 
maintained at from about 200 psi to about 2,000 psi, and the temperature is maintained at from about 500 0 to about 
900°F, to produce a product mixture of at least a partially hydrogenate carbonaceous material and dissolved 
carbonaceous material, and (c) removing said product mixture from said formation. 

"Eleetrophoretic Process for Separating Aqueous Mineral Suspensions," Robert A. Ritter - Inventor, Alberta Oil 
Sands Technology & Research Authority, United States Patent 4,501,648, February 26, 1985. An aqueous suspension 
of fine mineral solids, for example oil sand tailings sludge, is separated into separate solid and liquid components by 
first chemically conditioning the suspension with the addition of lime, and thereafter passing an electrical potential 
between electrodes submerged in the suspension. The electrical potential causes the solids to migrate toward, and 
deposit on, the positive of the electrodes. The lime pretreatmeth allows the electrode deposit to dry, through 
electroosmosis, to render it sufficiently dry by disposal. The chemical conditioning step preferably includes adding a 
carbonate- or bicarbonate-forming reagent after the lime addition. 

"Destabilization of Sludge with Hydrolyzed Dasheen Startch Flocculants," Amer J. Sethi and Raymond N. Yong (both 
of Canada) - Inventor, Suncor Inc., United States Patent 4,502,960, March 5, 1985. In the process for the 
destabilization of collodial sludge suspensions containing clay minerals or metal oxides-hydroxides, by treatment of 
said suspensions wiht an effective amount of a flocculating reagent to substantially separate water from suspended 
solids, the improvement wherein the flocculating reagent is a hydrolyzed dasheen startch obtained by the aqueous 
hydrolysis of the startch in the presence of about 1 to 30 grams per 100 grams of starch of insoluble metal salts 
formed in situ, and wherein the salts employed during the hydrolysis to form said insoluble salts are the soluble salts 
of metals selected from the group consisting of sodium, potassium, ammonium magnesium, calcium, and aluminum, 
and respective anions of said soluble salts are selected from the group consisting of sulfates, acetates, chlorides, 
nitrates, chlorates, bromides, iodides, thiocyanates, and phosphates. 

"Destabilization of Sludge with Hydrolyzed Cassava Startch Flocculants," Amar J. Sethi and Raymond N. Yong (both 
of Canada) - Inventor, Suncor Inc., United States Patent 4,502,961, March 5, 1985. In the process for the 
destabilization of collodial sludge suspensions containing clay minerals or metal oxides-hydroxides, by treatment of 
said suspensions with an effective amount of a flocculating reagent to substantially separate water from suspended 
solids, the improvement wherein the flocculating reagent is a hydrolyzed dasheen startch obtained by the aqueous 
hydrolysis of the startch in the presence of about 1 to 30 grams per 100 grams of starch of insoluble metal salts 
formed in situ, and wherein the salts employed during the hydrolysis to form said insoluble salts are the soluble salts 
of metals selected from the group consisting of sodium, potassium, ammonium magnesium, calcium, and aluminum, 
and respective anions of said soluble salts are selected from the group consisting of sulfates, acetates, chlorides, 
nitrates, chlorates, bromides, iodides, thiocyanates, and phosphates. 

"Method of Extracting Hydrocarbons from Oil-Containing Rock or Sand Through Hydrogenating Low Temperature 
Carbonization," Gerd Brunner, Rainer Hoffmann, and Konrad Kunstle (all of West Germany) - Inventors, Kraftwerk 
Union AG, United States Patent 4,505,808, March 19, 1985. Method of extracting liquid hydrocarbons from oil-
containing stone or sand, wherein the oil-containing stone or sand undergoes hydrogenating, low temperature 
carbonization in a reactor at temperatures of 450 0 to 520°C and a pressure of approximately 50 bar through the 
action of carbon monoxide, hydrogen and steam, and wherein the hydrocarbons are separated from the resulting 
gaseous, low temperature carbonization mixture. The low temperature carbonization mixture from the reactor is 
cooled in a first separation stage to a temperature of approximately 350°C to condense the less volatile 
hydrocarbons. The separated liquid phase is fed to a solids separator and placed in contact with a circulating gas of 
carbon dioxide and a C6/C7 hydrocarbon fraction. The low temperature carbonization mixture containing 
uncondensed gases and more volatile hydrocarbons are washed in a second separation stage with water and cooled to 
approximately 250°C gas containing hydrogen separated from the volatile hydrocarbons is fed at least partly to the 
reactor again. Carbon monoxide is obtained from the solids through the action of carbon dioxide, contained in hot, 
combustion gases. This carbon monoxide together with carbon dioxide of the combustion gases is fed to the reactor. 
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"Coking Contaminated Oil Shale or Tar Sand Oil on Retorted Solid Fines," Robert J. Klett, Byron 0. Spars, and 
Henrick P. Wellman - Inventors, "Chevron Research Company, United States Patent 4,507,195, March 26, 1985. An 
improved process for retorting a raw particulate hydrocarbonaceous solid comprising both coarse and fine particles 
to recover pyrolysis oil of a lower average molecular weight and containing reduce contamination, said 
hydrocarbonaceous solid being selected from the group consisting of oil shale and tar sand. The process comprising: 
(a) mixing, at the top of a vertical retorting vessel designed to control gross vertical backmixing, the raw 
particulate hydrocarbonaceous solid with a hot particulate heat-transfer material comprising combusted, pyrolyzed 
hydrocarbonaceous solids to raise the raw hydrocarbonaceous solid to a temperature sufficient to pyrolyze the 
hydrocarbons therein; (b) passing the mixture of step (a) downward through a pyrolysis stage while retaining it in the 
stage for a time sufficient to decompose a significant amount of the raw hydrocarbonaceous solid to yield 
hydrocarbon vapors, and whereby fine particles comprising primarily at least partially pyrolyzed hydrocarbonaceous 
solids are also formed; (c) passing a stripping gas through a mixture in the pyrolysis stage at a rate sufficient to 
significantly lower the dew point of the evolved hydrocarbon vapors and to entrain the fine particles in the pyrolysis 
zone; (d) recovering from the top of the pyrolysis stage a mixture of contaminated hydrocarbon vapors, stripping 
gas, and entrained fine particles; (3) withdrawing, from the bottom of the pyrolysis stage, a mixture of retorted 
particulate hydrocarbonaceous solids and the heat-transfer material; (1) separating at least some of the fine 
particles from the contaminated hydrocarbon vapors and stripping gas and introducing said fine particles into a 
coking stage, separate from the pyrolysis stage, comgrising a fluidized bed; (g) condensing from the contaminated 
hydrocarbon vapors at a temperature between 550 and 680°F a high-boiling fraction containing concentrated 
contaminants, said high-boiling fraction comprising at least 90 percent hydrocarbons having a boiling point above 
850°F; (h) contacting the contaminated high-boiling fraction with the fine particles contained in the coking stage, 
which fine particles consist essentially of the fine particles formed in step (b) and separated in step (f), at a 
temperature between about 8500 and 975°F, whereby the high-boiling fraction is thermally cracked in contact with 
the fine particles to produce oil vapors and the contaminants are deposited along with coke on the fine particles; (i) 
withdrawing the product oil vapors having a lower average molecular weight and having substantially reduced 
contamination compared to the high-boiling fraction from the coking stage; (j) withdrawing coked fine particles 
from the coking stage; (Id combusting the coked fine particles of step (j) and the mixture of solids of step (e) in a 
combustion stage to form a hot particulate heat-transfer material; and (I) recirculating at least a portion of the 
material of step (k) to step (a). 

"Destabilization of Sludge with Hydrolyzed Yam Starch Flocculants," Amar J. Sethi and Raymond N. Yong (both of 
Canada) - Inventors, Suncor Inc., United States Patent 4,507,209, March 26, 1985. In the process for the 
destabilization of colloidal sludge suspensions containing clay minerals or metal oxides-hydroxides, by treatment of 
said suspensions with an effective amount a flocculating reagent to substantially separate water form suspended 
solids, the improvement wherein the flocculating reagent is a hydrolyzed yam starch obtained by the aqueous 
hydrolysis of the starch in the presence of about 10 to 30 grams per 100 grams of starch of insoluble metals salts 
formed in situ, wherein the salts employed during the hydrolysis to form said insoluble salts are the soluble salts of 
metals selected from the group consisting of sodium, potassium, ammonium, magnesium, calcium, and aluminum, 
and respective anions of said soluble salts are selected from the group consisting of sulfates, acetates, chlorides, 
nitrates, chlorates, bromides, iodides, thiocyanates, and phosphates and wherein the yam starch is obtained from a 
yam selected from the group of cocoa yam, negro yam and sweet yam. 

"Rubber Compound for Conveyor Belts," Yasuhiko Matsumuro, Hideaki Saigo, and Tadashi Utsunomiya (all of 
Japan) - Inventors, Bridgestone Tire Company Limited, United States Patent 4,507,418, March 26, 1985. A rubber 
compound essentially for use in making conveyor belts on which tacky materials such as oil sands are transported 
without adhesion, comprising a base rubber such as acrylonitrile-butadiene rubbers, urethane rubbers, acryl rubbers, 
and blends of these rubbers with polybutadiene rubbers, styrene-butadiene rubbers and natural rubbers, and an 
organic carboxylate such as alkyl oleates and alkyl stearates. 

"Tar Sand Production Using Thermal Stimulation," Richard S. Allen and Donald S. Mims - Inventors, Texaco Inc., 
United States Patent 4,508,172, April 2, 1985. Method and apparatus for recovering hydrocarbons from a 
subterranean formation in which a well completion, including a well liner, lies in a generally horizontal disposition 
within the hydrocarbon producing layer. The liner encloses conduit means for delivering a stream of a hot 
stimulating agent to the well's remote or injection end, and means for regulating the production of bitumen emulsion 
from the production end. A fluid impervious barrier is carried on and depends from the conductor means and forms 
a transverse fluid barrier within the liner. The conductor member is fixed within the liner whereby to serve as a 
means for introducing the thermal stimulating agent or medium to the substrate as well as functioning as a guide for 
the moveable fluid impervious barrier. By adjusting the longitudinal position of said barrier, the hot stimulating 
agent is more effectively introduced to the substrate to improve the sweeping action thereof. 

"Hydrogenation Process for Solid Carbonaceous Feed Materials Using Thermal Countercurrent Flow Reaction Zone," 
Edwin S. Johanson and Paul D. Schuler - Inventors, if RI Inc., United States Patent 4,510,037, April 9, 1985. Thermal 
hydrogenation of solids-containing carbonaceous feed materials to produce hydrocarbon gaseous and liquid products 
is performed in a thermal reaction zone, in which the feed material flows generally downwardly countercurrent to 
upflowing hydrogen and recycled hydrocarbon liquid. The recycled hydrocarbon liquid is at a rate sufficient to 
control the settling of solids-containing feed through the reactor, and is obtained from the reaction zone upper end 
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by phase separation from gaseous effluent at reaction conditions. The gaseous effluent material is removed from 
the thermal reaction zone upper end, and heavy liquid material containing less than about 40 weight percent solids is 
withdrawn from the reaction zone bottom end, with both streams being passed to further phase separation and 
distillation steps for recovery of the hydrocarbon gas and liquid products. The process is useful for hydroconversion 
of solids-containing tar sand bitumen, shale oil and particularly for coal, with the coal being fed into the thermal 
reaction zone as a coal-oil slurry. If desired, the heavy liquid bottoms stream withdrawn from the lower end of the 
thermal reaction zone containing unconverted coal and ash solids can be advantageously passed to a second reaction 
zone containing an ebullated catalyst bed for further hydrogenation reaction to increase the conversion and yield of 
low-boiling hydrocarbon liquid products. 

"Solvent Flooding to Recover Viscous Oils," John L. Pitch and Lynn D. Mullins - Inventors, Mobil Corporation, 
United States Patent 4,510,997, April 16, 1985. Oil may be recovered from viscous oil-containing formations 
including tar sand deposits by providing at least one injection well and at least one space production well which 
extend downwardly from the surface and which extend to, and generally horizontally through, the bottom of the oil-
containing formation with fluid communication of the horizontally extending portions of each well with the oil-
containing formation. A predetermined amount of solvent, preferably 0.05 to 0.30 pore volume, is injected into the 
bottom of the formation via the injection well and fluids including oil are recovered from the formation via the 
production well. After the desired amount of solvent has been injected into the formation, production is terminated 
and both the injection well and production well are shut-in to allow the formation to undergo a soak period for a 
variable time, preferably for a time between 2 to 20 days per foot of vertical thickness of the oil-containing 
formation. During the soak period, there is substantial mixing of the heavy oil and the solvent in the formation by 
gravity-driven convection wherein the viscosity of the heavy oil is reduced, thereby making it easier to produce. A 
driving fluid such as water is then injected Into the formation via the injection well and oil of reduced viscosity is 
produced until there is an unfavorable amount of driving fluid, preferably at least 90 percent. 

"Fluid Bed Retorting System," lacovos Vasalos - Inventor, Standard Oil Company (Indiana), United States Patent 
4,511,434, April 16, 1985. A fluid bed system for retorting solid hydrocarbon-containing material, such as oil shale, 
coal, and tar sands, in which solid hydrocarbon-containing material and heat carrier material are fed into a mixing 
chamber, mixed and rapidly transported upwardly by a lift gas through a lift pipe into a solids-containing vessel to 
retort the hydrocarbon-containing material with minimal thermal cracking of the liberated hydrocarbons to increase 
the recovery of condensable hydrocarbons. The retorted material can be conveyed to a dilute phase lift pipe and 
combustor vessel where carbon residue in the retorted material is combusted, leaving hot spent material that can be 
fed into the mixing chamber as solid heat carrier material. 	 - 

"Process for Extracting Bitumen from Tar Sands," Harold S. Chung and Joseph J. Dickert, Jr. - Inventors, Mobil 
Corporation, United States Patent 4,512,872, April 23, 1985. This invention provides a process for the recovery of 
bitumen from mined tar sands that comprises admixing mined tar sands with a hydrocarbon liquid such as light crude 
oil or a mixture of light crude oils from a nearby reservoir, thereby obtaining a bitumen-hydrocarbon mixture mixed 
with sand, separating the bulk of said bitumen-hydrocarbon mixture from the sand as a liquid, and recovering the 
remainder of the bitumen-hydrocarbon mixture using chemical waterflooding techniques. 
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LISTING OF STATUS UPDATES OF

OIL SANDS PROJECTS 

The following list provides updated descriptions of projects whose status have 
changed during this quarter. 

If the status of a project has not changed this quarter, only the project name 
and sponsor(s) are provided. The most recent description of each of these 
projects is referenced by identifying the appropriate date and page number of a 
previous issue. 

Complete descriptions of all active projects will be provided in the March 1986 
issue.
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STATUS OF OIL SANDS PROJECTS 

BATTRUM IN SITU WET COMBUSTION - Mobil Oil Canada, Ltd. (T-135) 

(see the March 1985 issue, page 3-42) 

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. Construction of the tool will commence in the second quarter of 1985, and 
initial mining operations will commence within six months thereafter. Operations will take place in 
California and Canada. 

Project Cost:	 $547 million 

CANSTAR - Nova - An Alberta Corporation, Petro-Canada (T-10) 
(see the March 1985 issue, page 3-42) 

CHAPARROSA RANCH TAR SANDS PROJECT - Chaparrosa Oil Company (T-13) 
(see the March 1985 issue, page 3-42) 

COLD LAKE PROJECT - Ease Resources Canada Limited (T-20) 
(see the March 1985 issue, page 3-42) 

*DAPHNE PROJECT - Petro-Canada (T-25) 

Petro-Canada is studying a tar sands mining/surface extraction project to be located on the Daphne leases 
near Fort McMurray, Alberta. The proposed project would produce 71,000 barrels per day. Based on mining 
studies by Loram International Ltd., and engineering studies by Bechtel Canada Ltd., the project is expected 
to cost $4.1 billion (Canadian). Approximately 114 core wells were drilled at the site during the 1984/1985 
winter 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:	 $4.1 billion (Canadian) 

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 McKittrick 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 about 380 million barrels of recoverable oil, which will be recovered using open pit 
mining and backfilling techniques. No more than 350 acres would be open at any given time. Two extraction 
processes, the Dravo solvent extraction method and a Lurgi-Ruhrgas retort, were tested in pilot plants. 
Texaco, has selected the Lurgi process. The Lurgi 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 48 years, with 
approximate average crude oil production of 30,000 barrels per day throughout the life of the project. 
Texaco estimates crude oil produced from the project will average 13 to 18° API gravity. An estimated 832 
million barrels are thought to be in place. 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 6,864 hectares of oil sands leases in the area. The proposed 
Phase 1 Thermal Project is located in the NW 1/4 of Section 28, Township 55, Range 6 West of the 4th 
Meridian. Access to the Thermal Project site will be via county and private roads from Alberta Highway 41. 
Access to other areas developed in Phase I will be via the same means. Roads will be designed and 
maintained to provide year-round access.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1985) 

COMMERCIAL PROJECTS (Continued) 

Amoco Canada's involvement in Elk Point oil sands development began in December 1981 with the drilling of 
a well at 1-28-55-6W4. As of December 31, 1983 forty-five additional wells have been drilled. 
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 McMurray, Clearwater, and Sparky. 

Amoco Canada has identified three separate 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 will be 
drilled on a 16.19 hectare spacing and will be cold produced and/or huff-puff stimulated during Phase 1. 

Construction of the Phase 1 Thermal Project and cleaning facilities is scheduled to begin following regulatory 
approval. Operations at the Phase 1 Thermal Project would continue until such time as it would be 
incorporated into Phase 2 development (tentatively beginning in 1987) or until steam injection was proven to 
be a non-viable recovery process for the reservoir. 
Drilling of the delineation and development wells will continue in 1985. These wells will be cold produced for 
a short period of time in order to confirm the wells' producibility and to detect the presence of any reservoir 
conditions which will affect steam injection (e.g., gas caps, water legs, sand production). Production of a 
small amount of bitumen from these wells will also improve future steam injectivity by providing voidage 
within the reservoir. This will lead to improved thermal response. These wells will be converted to thermal 
recovery during Phase 2. The total estimated cost of Phase 1 is approximately $50 million (Cdn). 

Phase 2 development, scheduled to begin in 1987, will Involve the commercial development of the field up to 
Its maximum production rates of 3,630 cubic meters per day (22,800 barrels per day) in 1995. Phase 3 of the 
Project will involve maintenance drilling and construction through eventual termination of the Project. 
Approximately 1,000 wells will be drilled over the Project life. Preliminary plans call for slant or directional 
drilling of these wells from pad locations but a final decision on this method will await results from Phase 1. 
The estimated capital investment required for Phases 2 and 3 (in escalated dollars) is $1.75 billion. 

Project Cost:	 (See Above) 

FOREST HILL PROJECT - Greenwich Oil Corporation (T-26) 

Greenwich Oil Company is proposing 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° API crude oil 
by a fire flooding technique utilizing injection of high concentration oxygen. Construction is expected to 
begin in the third quarter 1985. Loan and price guarantees are requested from the United States Synthetic 
Fuels Corporation under the third solicitation. The project passed both the SFC's project maturity and 
project strength evaluations. On April 5, 1984 the SFC Board notified the Department of the Treasury to set 
aside $60 million for the project 

The sponsor also submitted a proposal to the SFC for loan and price guarantees under the fourth general 
solicitation that closed June 29, 1984. 

Project Cost:	 Estimated $42.5 million 

HOP KERN RIVER COMMERCIAL DEVELOPMENT PROJECT - Ladd Petroleum Corporation (T-310) 

A project to produce heavy oil from a 225 acre site in Kern River Field, California. A recovery technology 
known as the Heavy Oil Process (HOP) will be employed. The HOP technology has been licensed to the 
project pursuant to a license agreement with Cornell Heavy Oil Process, Inc., who obtained rights to the HOP 
through its acquisition of Barber Heavy Oil Process, Inc., in June 1981. 

A Demonstration Unit has been constructed on an additional 25 acres in the center of the project site. Start-
up occurred in July 1982, and regular operation last approximately eight months. The pilot was restarted in 
January 1984 after being shut down in June 1983. Initial production after restart was only 30 barrels per day. 
However, by November 1984 production from the pilot increased to an average of approximately 200 barrels 
per day, with production occassionally peaking at nearly 300 barrels per day. 

The HOP technology originally involved "huff-and-puff" steam injection into horizontal lateral boreholes that 
are drilled from a large central verticle shaft Heated oil from the reservoir then drains through the laterals 
to a sump at the bottom of the central shaft
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When the pilot was restarted in 1984, the technology was modified slightly. Presently, steam is injected into 
eight verticle wells that intersect the eight horizontal boreholes. The verticle wells are perforated to allow 
steam injection over the entire depth of the oil-bearing strata. In the future, the lower portion of the wells 
may be sealed, thus heating only the top portion of the reservoir. 

The HOP Kern River Commercial Development project, sponsored by Ladd Petroleum Corporation, is 
expected to produce 3,600 barrels per day of 14°API crude oil from eligible heavy oil resources using the 
proprietary steamdrive process. The project involves the construction of six production units over a three-
year period from 1984 to 1987. Construction was to start in 1984 with initial production beginning in late 
1985. 
Loan and price guarantees have been requested of the Synthetic Fuels Corporation for the project, which was 
seleéted for Phase II consideration under the SFC's Second Solicitation. On February 24, 1984 the SFC 
announced that the project had been moved froth the second to the third general solicitation. On April 5, 
1984 the SFC requested the Department of the Treasury to set aside $100 million for the project, and on June 
22, 1984 the SFC signed a letter of intent with the sponsor. 

In mid-April 1985, Ladd withdrew its request for SEC assistance. The project acrea ge and facilities have 
been sold to Shell Oil Company. Ladd retained the rights to the HOP technology. 

Project Cost:	 Estimated at $15 million total 

KENTUCKY TAR SANDS PROJECT - Texas Gas Development Corporation (T-33) 

The Kentucky Tar Sands project is sponsored by Texas Gas Development Corporation and is lócatéd in 
northeastern Logan County. it will employ the Dravo Solvent Extraction Process for tar sands. It will 
produce 5,000 barrels per day of heavy crude oil. A'200 tons per day pilot plant was completed February 1983 
with start-up mid-March 1983. The plant successfully operated through October 10, 1983. The pilot is 
available to other parties for test Owner is The Cresset Corporation, a wholly-owned subsidiary of Texas 
Gas Development Corporation. A proposal was submitted January 10, 1983 to the United States Synthetic 
Fuels Corporation for financial support for the 5,000 barrels per day commercial plant. The proposed 
commercial project was advanced to Phase II negotiations by the SFC on June 30, 1983. On April 5, 1984 the 
SFC Board directed the Department of the Treasury to set aside $543 million for the project. Further work 
to attract one or more equity investors in the project had no success. 

This project has been terminated. 	 - 

Texas Gas Development withdrew its proposal for SFC price supports in mid-March 1985, and the SFC deleted 
Kentucky Tar Sands from their consideration list 

Project Cost:	 Not disclosed 

LLOYDMINSTER REGIONAL UPGRADER --Husky Oil, 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 hydrocracker followed by delayed coking of the hydrocracker residual. 
Engineering and design of the plant began in mid-1984 and is expected to require approximately two years. 
Construction is slated to begin in the fall of 1985 and will be completed in late 1988. 

Estimated cost of the project during the next five years is $3.2 billion (Canadian), with the upgrader expected 
to cost $1.4 billion. Additional capital expenses of approximately $900 million will be spent on drilling 
approximately 2,000 new wells in the two deposits, building pipelines, and installing support production 
facilities. The remaining $900 million will cover heavy oil production operating costs for the project for the 
first five years. 

The project was announced in June 1984 after terms of loan guarantees and royalty concessions were 
approved by the federal government and the Alberta and Saskatchewan provincial governments. 

Project Cost:	 Upgrader -$1.4 billion 
Wells, Pipelines, and Production Facilities - $0.9 billion 
First Five Years Production Operating Costs - $0.9 billion 
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PEACE RIVER COMMERCIAL EXPANSION -- Shell Canada Resources Ltd. (T-35.5) 

(see the March 1985 issue, page 3-45) 

PORTA-PLANTS PROJECT - Porta-Plants, Inc. (T-36) 
(see the March 1985 issue, page 3-45) 

PRIMROSE LAKE COMMERCIAL PROJECT— Dome Petroleum Ltd. (T-38) 
(see the March 1985 issue, page 3-45) 

SANTA ROSA OIL SANDS PROJECT - Solv-Ex Corporation (T-570) 
(see the March 1985 issue, page 3-45) 

SELECTIVE CATALYTIC COHESION PROJECT - Porta-Plants, Inc. (see Porta-Plants project) 

SCOTFORD SYNTHETIC CRUDE REFINERY - Shell Canada Resources Ltd. (T-40) 
(see the March 1985 issue, page 3-46) 

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. 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 Develop-
ment The Sunoco Group refines and markets petroleum products. The Oil Sands Group is explained in the 
following paragraphs. 
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. 
Oil Sands Group is a commercial oil sands plant located in the Athabasca bituminous sands deposit 
30 kilometers north of Fort McMurray, Alberta, which 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 it is thermally cracked into 
coke and distillates. The distillates are desulfurized and blended to form high-quality synthetic crude oil, 
most of which is shipped to Edmonton for distribution. An expansion was completed in -1981 adding a third 
mining system, a fifth line in the extraction plant, an additional pair of coking drums, and a 250,000 pounds 
Per hour gas-fired boiler. 

The plant receives world price for its oil which has ranged from $38 to $45 per barrel over the last few years. 

Project Cost:	 (see above)-

SUNNYSIDE TAR SANDS PROJECT - Great National Corporation (T-590) 
(see the March 1985 issue, page 3-46) 

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 UBOG 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 129,400 barrels per calendar day; 
however, current capacity is 118,000 barrels per calendar day and has been in early stages of production since 
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July 31, 1978. Mining—electric draglines; extraction—hot water flotation process; upgrading—two fluid 
cokers. Canadian Bechtel Ltd. was managing contractor. In 1979, 18 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 1992 production figure was 31.33 million barrels, and 1983 was 40.8 million barrels, and 1984 was 
31.6 million barrels. All major equipment is in place and operational; four draglines and four bucketwheels 
working. Syncrude's staff is 4,441. A 5-year, $1.2 billion capital investment program underway will increase 
synthetic crude oil production by 30,000 barrels per day to 138,100 barrels per day. The expansion is 
expected to be complete by 1988. 

Project Cost:	 Total cost $2.3 billion (1978 cost) 

WOLF LAKE PROJECT - HP Canada Resources Ltd. and Petro-Canada (T-680) 

Located 30 miles north of Bonnyville near the Saskatchewan border, on 75,000 acres, the Wolf Lake 
commercial oil sands project (a joint venture between HP Canada Resources Ltd. and Petro-Canada) is slated 
for daily oil production of 7,000 barrels when fully operational in mid-1985. The oil will be extracted by the 
"huff-and-puff" method. Nearly two hundred wells will be drilled initially, then steam injected. As 
production from the original wells declines more wells will be drilled. 

Twenty-two wells were drilled in 1981 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 

Urilling or wells began octooer l, 1ssJ ano tne initial 1tJZ weus were compiete in early outy laQ, 
7.5 months ahead of schedule. An estimated 1,200 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 (12°API) and thus cannot be handled by most Canadian 
refineries. There are no plans to upgrade thebitumen 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, and would also qualify for a special 133 percent tax write-off. 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. 

(Also see Marguerite Lake Phase A Pilot and Marguerite Lake B Unit Experimental Test.) 

Estimated Cost: $200 million (Cdn) 
(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) 

(see the March 1995 issue, page 3-48) 

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 continuing. 

Project Cost:	 Undisclosed
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ATIIABASCA IN SITU PILOT PROJECT - Alberta Oil Sands Technology and Research Authority, CDC Oil and Gas, 
Ltd., Tenneco Oil of Canada, Ltd. (1-130) 

(see the March 1985 issue, page 3-49) 

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 31-61-1 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 in jection at end of 1984. Started heat scavenge phase in January 1985, but 

Project Cost:	 $14 million (estimated) 

CANMET HYDROCRACKING PROCESS - Canada Centre for Mineral and Energy Technology (CANMET), Petro-
Canada, and Partec Lavalin Inc. (T-175) 

(see the March 1985 issue, page 3-49) 

CEDAR CAMP TAR SAND PROJECT - Enercor, Mono Power (T-190) 
(see the March 1985 issue, page 3-50) 

CELTIC HEAVY OIL PILOT PROJECT - Mobil Oil Canada, Ltd. (T-200) 
(see the March 1985 issue, page 3-50) 

CHARLOTTE LAKE PROJECT -- Canadian Worldwide Energy Ltd., and others (T-205) 
(see the March 1985 issue, page 3-50) 

CIRCLE CLIFFS PROJECT - Kirkwood Oil and Gas (T-220) 
(see the March 1985 issue, page 3-50) 

COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada, Ltd. (T-230) 
(see the March 1985 issue, page 3-50) 

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 is currently operating 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. 
ENPEX is negotiating with the United States Synthetic Fuels Corporation for an award which will provide for 
scale-up of the existing facility to 800 barrels per day. A "Pour Corners Agreement" with the SFC was 
negotiated on July 6, 1984 which would provide $38 million in price guarantees to the project. The price 
guarantee level is $26.50 per barrel for the first three years, and $32.00 per barrel for the next seven years. 
ENPEX was determined to be a qualified project in the SFC's Fourth General Solicitation by the SFC Board of 
Directors on January 15, 1985. Enpex project was removed from consideration for a SFC award by the SFC 
Board of Directors. Desirn of a 3.000 barrels oer day commercial facility has been ijndertnken 

Project Cost:	 Not disclosed
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ESSO COLD LAKE PILOT PROJECTS - Esso Resources Canada Ltd. (T-270) 
(see the March 1985 issue, page 3-51) 

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 16-40-28-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. Infill of one of the 
patterns to a nine-spot was completed September 1, 1984. Five of the original primarywells 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 14.3 0API, viscosity 2,750 Cp at 70°?, 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. 
A total of 118 production wells are included in this project, with a current production level of 3,400 barrels 
per day. 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 stearndrive. Two evaluation wells were drilled in 1984, and a small expansion to 
the project is contemplated based on results from these wells. 
Ultimate recoveries are anticipated to he approximately 21 percent. Engineering work is underway to 
determine the feasibility of increasing this recovery, particularly with regard to the use of steam additives 
such as carbon dioxide. Results from the laboratory work, which has now been completed,Jndicate that 

a field pilot, to be undertaken in 1986. Costs for the work up to the point of commencing a field test are 
estimated at $1.2 million; however, due to the participation of AOSTRA and the Alberta Government Industry 
Access Program, Canadian Worldwide's share of the program is reduced to $135,000. 
Field trials are also being carried out to determine the benefits of other 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 

POSTERTON N.W. IN SITU WET COMBUSTION - Mobil Oil Canada Ltd. (T-295) 
(see the March 1985 issue, page 3-52) 

GLISP PROJECT - Amoco Canada Petroleum Company Ltd., AOSTRA, and Petro-Canada Ltd. (T-297) 
The Gregoire Lake In Situ Steam Pilot (GLISP) Project will be 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 will be operator. The 
production pattern will consist of a four-spot geometry with an enclosed area of 0.28 he (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 (1 x 10 million cP at virgin reservoir temperature). In the absence of 
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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 will be operational by 
mid-May 1985. 

Project Cost:	 $22 million (Cn) 

GROSMONT THERMAL RECOVERY PROJECT -- Union Oil Company of Canada Limited (T-300) 
(see the March 1985 issue, page 3-52) 

INTERNATIONAL HYDROCARBON TAR SANDS PROJECT --International Hydrocarbons Inc. (T-320) 
(see the March 1985 issue, page 3-52) 

IPIATIK LAKE PROJECT - Alberta Energy Company and Petro-Canada (T-330) 
(see the March 1985 issue, page 3-53) 

KENSYNTAR PROJECT - Kensyntar Company (a partnership consisting of KSA Resources, and Ward Douglas) 
(T-340)

In May 1981 the Kensyntar Company was formed, the principals being Pittston Synfuels (managing partners), 
KSA Resources, and Ward Douglas. Westken Petroleum was named operating contractor. On December 1, 

anu 'WA 'tesources. itensyntar acquirea a ii,uuu acre lease-hold in Edmonson County, Kentucky and has 
developed techniques for the recovery of the heavy oil or tar sands on this lease. Westken Petroleum 
Corporation acts as lease operator and technical advisor to the Kensyntar Company on this project The pilot 
project employs an in situ wet combustion technique in which steam is injected into the center well followed 
by air injection. The pilot drilling pattern has been operational since February 1982 and produced over 
6,400 barrels of oil through April 1983. 

Assuming favorable recovery and economic data the Kensyntar Company developed plans for a 10,000 barrels 
per day commercial facility in Edmonson County producing 10,000 barrels per day of refinery feedstocks and 
heavy asphalt-type materials. Loan and price guarantees were requested from the United States Synthetic 
Fuels Corporation (SFC) for the project, which was in Phase II consideration under the SFC third Solicitation 
until October 1983, when it was dropped for reasons of sponsorship structure. Project cost was $150 million. 
An alternative privately-financed project is under consideration. This would initially involve a 1,000 barrels 
per day production facility at an estimated cost of $20 million. 

Project Cost:	 see above 

LETC TS-1S, 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 consists of 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 9 well 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. A four-phase commercial scale expansion is planned. 

Project Cost:	 $7 million to date 

LINDBERGH THERMAL PROJECT - Dome Petroleum Limited (T-370) 
(see the March 1985 issue, page 3-53)
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MARGUERITE LAKE PHASE APILOT -- Alberta Oil Sand Technology and Research Authority - 50 percent; SF 
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 PanCanadian 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 
1987, 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 the remaining 
project costs are shared in the following manner: SF Canada (20 percent), Hudson's Bay Oil and Gas (17.5 
percent), PanCanadian Petroleum (12.5 percent). At the end of 1985 the first phase of the project will be 

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 infill wells were drilled in 1981 and 
five additional infill wells were drilled in 1984. Initial steam injection (Phase A) commenced in mid-1978 and 
will continue through the mid-1980s. Completion is scheduled for 1987. Preliminary testing of the in situ 
combustion stage began in several special test wells located immediately adjacent to the main pilot wells. 
The project is using oxygen injection in place of air injection in the main pilot, although air injection 
continues with encouraging results in the out-of-pattern" test wells. Oxygen injection was successfully 
tested on an experimental basis in March 1983, and the main pilot area converted to oxygen injection in 
October 1983. (See Wolf Lake Project listed In commercial projects.) Combustion will continue until 1988. 

Project Cost:	 $44 million 

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 (AOSTRA) 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 three or more cycles. (See Wolf Lake Project listed in commercial projects.) 

Project Cost:	 $3.3 million (Canadian) 

MEOTA STEAM DRIVE PROJECT (North Battleford Heavy Oil Project) -- Canterra Energy Ltd., Saskatchewan Oil 
and Gas Corporation, Total Petroleum Canada Ltd. (T-400) 

(see the March 1985 issue, page 3-54) 

MINE-ASSISTED PILOT PROJECT - Alberta Oil Sands Technology and Research Authority (AOSTRA) (T-410) 
(see the March 1985 issue, page 3-55) 

MORGAN COMBINATION THERMAL DRIVE PROJECT-- Dome Petroleum Company (T-420) 
(see the March 1985 issue, page 3-55) 

MURIEL LAKE PROJECT - Canadian Worldwide Energy Ltd. and others (T-435) 
(see the March 1985 issue, page 3-55) 

NORTH KINSELLA HEAVY OIL - AOSTRA and Petro-Canada (T-450) 
Heavy oil tertiary recovery experiment conducted in the North Kinsella field, in Alberta Canada. The 
experiment featured the contrasting of two recovery methods; (1) a steam-driven mobilization, and (2) an in 
situ combustion method. Twelve wells have been drilled for each scheme. Pilot plant construction was 
completed in October 1979. The steamflood, which began operating in June 1981, was suspended in December 
1981. Operations continue in the combustion pilot. Three new producers were drilled to form a 5 acre - 5 
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spot pattern around one of the original injectors. Air injection continued in this and one other injector until 
December 31, 1984 at which time the pilot work had been completed. 

Project Cost:	 $26.7 million 

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 consisting of electric preheat process followed by more conventional steam flood 
recovery mode. Site is located at Stoney Mountain, about 35 kilometers south of Fort McMurray. Twelve 
wells were drilled, consisting of four electrode wells and eight observation wells. Electric current was 
connected by April 1981. The steam flood phase commenced in early 1982, and pilot operations were 
completed in 1983. 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 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 (T-470) 

(see the March 1985 issue, page 3-56) 

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 will complete an additional two 7-spot patterns. Operations are continuing. 

Project Cost:	 Not Specified 

PR SPRING PROJECT - PR Spring Tar Sand Company (Enercor and Solv-Ex Corporation) (T-485) 
(see the March 1985 issue, page 3-56) 

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, 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 threeor 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 

RTR PILOT PROJECT - RTR Oil Sands (Alberta) Ltd. (T-540) 
(see the March 1985 issue, page 3-57) 

SANDALTA - Canadian Superior Oil Ltd., Gulf Canada Resources, Inc., and H me 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. Under terms of the farmout agreement, Gulf, through expenditures totalling some $42 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1985) 

R & D PROJECTS (Continued) 

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 1985. 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) 
(see the March 1985 issue, page 3-57) 

SOUTH KINSELLA (KINSELLA B) -- Dome Petroleum Ltd., PanCanadian Petroleum, and Petro-Canada (T-565) 
(see the March 1985 issue, page 3-58) 

SOUTH TEXAS TAR SANDS (SOn'S) PROJECT (Fracture Assisted Steamflood Technology (FAST)) - Conoco 
(T-240)

(see the March 1985 issue, page 3-58) 

SUFFIELD HEAVY OIL PILOT - (SHOP) - Alberta Energy Company Ltd., AOSTRA, Dome Petroleum Limited, 
Westcoast Petroleum Ltd. (T-580) 

(see the March 1985 issue, page 3-58) 

SUNNYSIDE PROJECT - Amoco Production Company (T-600) 

Amoco Corporation is continuing to study the feasibility of a commercial project on 1,120 acres of fee 
property and 9,600 acres of leases in the Sunnyside deposit in Carbon County, Utah. Research continues on 
various extraction and retorting technologies. A coring program was completed in September 1984 on part of 
Amoco's Federal Oil and Gas Leases in the area. In 1985, core data will be analyzed and used to develop a 
conceptual mining study. Data from this work will be used to determine the extent of the resource base in 
the areas examined and to provide direction for additional exploration work. Amoco submitted a combined 
hydrocarbon lease unitization plan to the BLM in December 1984 and leases were converted to a combined 
hydrocarbon lease effective May 1, 1985. 

Project Cost:	 Not disclosed 

TACIUK PROCESSOR PILOT - AOSTRA/The UMA Group Ltd. (T-620) 
(see the March 1985 issue, page 3-59) 

TAR SAND RESEARCH PROGRAM - United States Department of Energy (T-625) 
(see the March 1985 issue, page 3-59) 

TAR SAND TRIANGLE - Kirkwood Oil and Gas (T-630) 

Kirkwood Oil and Gas drilled some 16 coreholes by the end of 1982 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 (STSA). 
Kirkwood is also active in two other STSA as follows: 
•	 Raven Ridge-Rimrock--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 Sweel Special Tar Sand Areas. 

Project Cost:	 Unknown
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1985) 

B & D PROJECTS (Continued) 

TEXACO ATHABASCA PILOT - Texaco Canada Resources Ltd. (T-650) 
Texaco Canada Resources Ltd. is continuing to operate the experimental in situ recovery project located 
within Section 15-88-8 W4M on the Oil Sand Lease No. 0981030008 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 1). 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 1913 and 1984. 

981, eight wells including three horizontal wells were drilled for a third pattern (Pattern 110. During 
, artificial equipment was ins talled din one of the outside horizontal wells. Steam injection continues into 

the center well. The remaining well was produced for only a short period of time. 
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:	 Data for 1984 is not available at this time 

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 with seven wells to be 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. Husky plans 
eight to ten cycles during 1985. 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 10°API with a viscosity of 100,000 op 
at reservoir temperatures of 60°F. 

Husky plans to complete the pilot project by 1987. A decision to expand the project or not will be made at 
the conclusion of the pilot 

	

Project Cost:	 Not Disclosed 

ULTRA SONIC WAVE EXTRACTION - Western Tar Sands Inc. (T-660) 
(see the March 1985 issue, page 3-60) 

YAREGA MINE-ASSISTED PROJECT -- Union of SoWet Socialist Republics (T-665) 
(see the March 1985 issue, page 3-60) 

"200" SAND STEAMFLOOD DEMONSTRATION PROJECT -- Santa Fe Energy Company, U.S. Department Energy 
(T-670)

(see the March 1985 issue, page 3-61) 

COMPLETED AND SUSPENDED PROJECTS 

	

Project	 Sponsor	 Last Appearance in SFR 

(No additional completed or suspended projects - see the March 1985 issue, page 3-61/62) 
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STATUS OF OIL SANDS PROJECTS 
INDEX OF COMPANY INTEREST 

Company or Organization	 Project Name

Alberta Energy Company Ipiatik Lake Project 
Suf field Heavy Oil Pilot 
Syncrude Canada Ltd. 

Alberta Oil Sands Equity Syncrude Canada Ltd. 

Altex Oil Corporation Santa Fe Tar Sand Triangle Project 

Amoco Canada Ltd. Elk Point Project 
GLISP Project 
Peace River In Situ Pilot Project 

Amoco Production Company Sunnyside Project 

Alberta Oil Sands Technology ABS Cold Lake Pilot 
and Research Authority (AOSTRA) Athabasca In Situ Pilot Plant 

GLISP Project 
Marguerite Lake Phase A Project 
Marguerite Lake "B" Unit Experimental Test 
Mine-Assisted Pilot Project 
North Kinsella Heavy Oil Project 
Peace River In Situ Pilot Project 
Suffield Heavy Oil Pilot 
Taciuk Process Pilot 

Bow Valley Industries, Inc. ABC Cold Lake Pilot 

BP Resources Canada Ltd. Marguerite Lake Phase A Pilot Plant 
Marguerite Lake "B Unit Experimental Test 
Wolf Lake Project 

California Tar Sands Development Corp. California Tar Sands Development Project 

Canada Centre for Mineral & Energy CANMET Hydrocracking Process 
Technology 

Canada Cities Service, Ltd. Eyehill In Situ Steam Project 
-	 - PCEJ Project 

Canadian Occidental Petroleum, Ltd. Syncrude Canada Ltd. 

Canadian Reserve Oil & Gas Ltd. Eyehill In Situ Steam Project 

Canadian Superior Oil Ltd. Sandalta 

Canadian Worldwide Energy Ltd. Charlotte Lake Project 
Muriel Lake Project 

Canterra Energy Ltd. Meota Steam Drive Project 

CDC Oil and Gas, Ltd. Athabasca in Situ Pilot Project 

Chaparrosa Oil Company Chaparrosa Ranch Tar Sands Project 

Chevron Canada Resources Ltd. Beaver Crossing Thermal Recovery Pilot 

Cold Lake Heavy Oil Ltd. ABC Cold Lake Pilot
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Company or Organization Project Name 

Conoco Inc. Conoco South Texas Tar Sands Project 3-60 

Dome Petroleum Canada Ltd. Lindbergh Thermal Project 3-57 
Marguerite Lake Phase A Project 3-58 
Morgan Combination Thermal Drive Project 3-56 
Primrose Lake Project 3-53 
South Kinsella (Kinsella B) 3-60 
Suffield Heavy Oil Pilot 3-60 

Douglas, Ward Kensyntar Project 3-57 

Enercor Cedar Camp Tar Sand Project 3-55 
P R Springs Project 3-56 

Enpex Corporation Enpex Syntaro Project 3-50 

Esso Resources Canada Ltd. Cold Lake Pilot Project 3-56 
Cold Lake Projects 3-50 
PCEJ Project 3-59 
Syncrude Canada Ltd. 3-53 

General Electric Hop Kern Project 3-51 

Getty Oil Company Diatomaceous Earth Project 3-50 
Enpex Syntaro Project 3-56 

Great National Corporation Sunnyside Project 3-53 

Greenwich Oil Corporation Forest Hill Project 3-51 

Gulf Canada Resources Ltd. Pelican-Wabasca Project 3-59 
Sandalta 3-59 
Syncrude Canada Ltd. 3-53 

Home Oil Company Sandalta 3-59 

Hudson's Bay Oil and Gas Marguerite Lake Phase A Pilot 3-58 
Syncrude Canada Ltd. 3-53 

Husky Oil, Ltd. Lloydminster Regional Upgrader 3-52 
Tucker Lake Pilot Project 3-61 

International Hydrocarbons Inc. International Hydrocarbon Tar Sands Project 3-57 

Japan Canada Oil Sands, Ltd. PCEJ Project 3-59 

Kensyntar Company Kensyntar Project 3-57 

Kirkwood Oil and Gas Company Circle Cliffs Project 3-55 
Tar Sand Triangle 3-60 

KM Resources Kensyntar Project 3-57 

Ladd Petroleum Corporation Hop Kern Project a-si 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 3-50 
Celtic Heavy Oil Wet Combustion 3-55 
Cold Lake Steam Stimultation Program 3-55 
Fosterton N.W. In Situ Wet Combustion 3-56 

Mono Power Cedar Camp Tar Sand Project .	 3-55
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Murphy Oil Canada Ltd. Eyehill In Situ Steam Project 3-56 
Lindbergh Steam Project 3-57 

Nova, An Alberta Corporation Canstar 3-50 

Ontario Energy Resources Ltd. Suncor, Inc. 3-53 

PanCanadian Petroleum Marguerite Lake Phase A Pilot Plant 3-58 
South Kinsella (Kinsella B) 3-60 
Syncrude Canada Ltd. 3-53 

Partec Lavalin Inc. CANMET Hydrocracking Process 3-55 

Petro-Canada CANMET Hydrocracking Process 3-55 
Canstar 3-50 
Daphne Project 3-50 
CUSP Project 3-56 
Ipiatik Lake Project 357 
Marguerite Lake "B" Unit Experimental T'st 3-58 
North Kinsella Heavy Oil 3-58 
PCEJ Project 3-59 
Primrose-Kirby Project 3-59 
South Kinsella (Kinsella B) 3-60 
Syncrude Canada Ltd. 3-53 
Wolf Lake Project 3-54 

Porta-Plants, Inc. Porta-Plants Project 3-53 

PR Spring Tar Sand Company PR Springs Project 3-59 

RTR Oil Sands Alberta, Ltd. RTR Pilot Project 3-59 

Santa Fe Energy Company Santa Fe Tar Sand Project 3-60 
"200" Sand Steamflood Project 3-61 

Saskatchewan Oil and Gas Corporation_ Meota Steam Drive Project 3-58 

Shell Canada Resources, Ltd. Peace River Commercial Expansion 3-53 
Peace River In Situ Pilot Project 3-59 
Scotford Synthetic Crude Refinery 3-53 

Shell Explorer, Ltd. Peace River In Situ Pilot Project 3-59 

Sohio Shale Oil Company Asphalt Ridge Tar Sands Pilot Plant 3-54 

Solv-Ex Corporation Santa Rosa Oil Sands Project 3-53 
P R Springs Project 349 

Southworth, Ray M. Enpex Syntaro Project 3-56 

Standard Oil of Indiana (Amoco) Sunnyside Project 3-53 

Suneor, Inc. Port Kent Thermal Project 3-56 
- Suncor 3-53 

Sun Oil Company Suncor, Inc. 3-53 

Superior Oil Company Enpex Syntaro Project 3-56 

Tenneco Oil of Canada, Ltd. Athabasca In Situ Pilot Project 3-55 

Texaco Canada Resources Ltd. Texaco Athabasca Pilot 3-61
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Texaco Inc. 

Texas Gas Development Corporation 

Texas Tar Sands, Ltd. 

Total Petroleum Canada, 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, N. H. 

Worldwide Energy

Diatomaceous Earth Project 

Kentucky Tar Sands Project 

Enpex Tar Sands Project 

Meota Steam Drive Project 

Taciuk Processor Pilot 

Grosmont Thermal Recovery Project 

Yarega Mine-Assisted Project 

"200" Sand Steamflood Project 
Tar Sand Research Program 

Suffield Heavy Oil Pilot 

Ultra Sonic Wave Extraction 

Expex Syntaro Project 

Fort Kent Thermal Project 

3-50 

3-52 

3-55 

3-58 

3-60 

3-57 

3-61 

3-61 
3-60 

3-60 

3-61 

3-56 

3-56 
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PROJECT ACTIVITIES 

SIC CONTINUES TO EVALUATE TEN COAL/ 
LIGNITE/PEAT PROJECTS 

The SEC continued to evaluate or monitor ten coal, 
lignite, and peat projects listed in Table 1 during the 
second quarter of 1985. The SFC monitored the 
progress of two projects, Cool Water and Dow Syngas, 
that have received awards of financial assistance. 
Negotiations continued with four other projects that 
are under consideration in three separate solicitations. 
These projects are Northern Peat, Great Plains, 
Keystone, and Utah Methanol. Lastly, decisions 
regarding four coal-water fuels projects continued to be 
deferred by the SEC Board of Directors. 

TABLE I 

STATUS OF ACTIVE COAL/LIGNITE/PEAT PROJECTS THAT 
APPLIED TO THE st'C FOR ASSISTANCE 

Project Solicitation Status 

Cool-Water Second General Awarded $120 Million Price 
Guarantee 

Dow Syngas Third General Awarded $620 Million Price 
Guarantee 

Northern Peat Third General Letter of Intent signed 
Great Plains Competitive Gasification Letter of Intent Signed 
Ilillsborough Bay Competitive Coal-Water Qualified, But Deferred 
Port Sutton Competitive Coal-Water Qualified, But Deferred 
Mobile-Utility Competitive Coat-Water Qualified, But Deferred 
Savarmah-utility Competitive Coal-Water Qualified, But Deferred 
Keystone Fourth General Qualified Project 
Utah Methanol Fourth General Qualified Project

Although the status of these ten active coal projects 
remained relatively unchanged during the quarter, the 
SEC Board made one major decision regarding the 
Great plains project. On May 21, 1985 the SEC Board 
decided to request that the United States Department 
of Energy (DOE) restructure the debt repayment sche-
dule for Great Plains. As explained on page 4-1 of the 
March 1982 issue of the Pace Synthetic Fuels Repoj4, 
the sponsors of the Great Plains project received a loan 
guarantee for $2.02 billion from DOE on January 29, 
1982. The project subsequently received a letter of 
intent for up to $790 million in price guarantees from 
the SEC. The SEC Board's recent decision, which is 
explained in the Government portion of the Coal sec-
tion in this issue, will now require that new negotiations 
be initiated between the SFC, DOE, the Federal Fin-
ancing Bank, and the sponsors of Great Plains. 

Other actions by the SEC Board during the period from 
March through May 1985 that affected other coal, lig-
nite, and peat projects are as follows: 

• Northern Peat—Granted a 60 day delay on 
March 19 to complete additional verification 
work 

• Keystone—Milestone dates revised (full equity 
commitment by July 16, and key financial

terms determined by August 20, 1985) 

• Utah Methanol—ILilestone dates revised (same 
dates as Keystone) 

• Hillsborough Bay, Port Sutton, Mobile, and 
Savannah Coal-Water Fuel Projects—Decision 
to amend or cancel the solicitation was defer-
red. 

The status of all 17 projects (oil shale, oil sands/heavy 
oil, and coal/li gnite/peat) that are presently under 
consideration by the SEC are summarized in Figure 1 in 
a separate article entitled "Seventeen Projects Remain 
Before the SEC." Additionally, Figure 2 in the same 
article depicts the status of all projects, either active 
or dropped, that applied to the SEC for financial 
assistance. 

SITE CONSTRUCTION UNDERWAY AT 
DOW SYNGAS PROJECT 

Some site construction work is now underway at Dow 
Chemical Company's Syngas Project plant site. 

The Dow Syngas Project will be a commercial coal 
gasification plant that converts coal into medium BTU 
syngas for use in combined cycle gas turbines generat-
ing electricity and steam. The project, which is ex-
pected to cost over $300 million, will feed about 
2,400 tons per day of low-rank coal and produce 30 bil-
lion BTUs per day of synthetic gas. A computer-
controlled instrumentation system allows on-stream 
switching of the fuel to the gas turbines. Dow has 
demonstrated the ability to interchange the gas turbine 
feed between medium BTU syngas and natural gas 
without shutting down the gas turbine. 

The project is located within Dow's existing petrochem-
ical manufacturing site near Plaquemine, Louisiana and 
will be fully integrated with existing power generating 
units. 

The project has a price guarantee commitment from 
the United States Synthetic Fuels Corporation of up to 
$620 million over a ten year period which commences 
with plant startup in early 1987. 

Process design is complete and detail engineering is 
currently in progress and will be completed late this 
year. Dow anticipates that major construction will be 
underway by late 1985 and will be completed in time 
for the planned early 1987 startup. 

Commitments for major equipment items have been 
made. It is anticipated that all equipment commit-
ments will be made by mid-1985. 

Dow's present plans are to use the syngas only for 
power generation, although conversion to chemicals is 
an obvious possibility for the future at the site chosen. 

4-1	 SYNTHETIC FUELS REPORT, JUNE 1985 



DETAILS OF SHELL COAL GASIFICATION 
DEMONSTRATION UNIT RELEASED 

in mid-April 1985 Shell Oil Company, the Electric 
Power Research Institute, and Lummus Crest, Inc., 
announced that they will jointly fund and build a 
demonstration unit for making medium-BTU gas, using 
the Shell coal gasification process. The facility will use 
250 to 400 tons of coal daily to produce synthetic gas 
and steam. The design, engineering, operating, and 
environmental data necessary to build large commercial 
facilities should be provided by this demonstration 
plant. 

Engineering is being done by Lummus Crest to incorpor-
ate all the advanced features of the Shell process. The 
demonstration unit will be located at Shell's Deer Park, 
Texas manufacturing complex. The facility's gasifier 
will use pure oxygen, and is designed to process a broad 
range of coals, including about 250 tons per day of high 
sulfur bituminous coal, or about 400 tons per day of 
lignite. The medium-BTU gas and steam that are 
produced will be consumed within Shell's adjacent man-
ufacturing complex. Construction is expected to begin 
later this year, with startup planned for early 1987. 

The Shell Coal Gasification Process can convert nearly 
any coal into medium-BTU gas that can be used as an 
industrial fuel or as a feedstock for manufacturing 
hydrocarbon or petrochemical products. The Shell 
process incorporates a dry coal feed system and en-
trained bed, slagging gasification under elevated pres-
sures. Its principal advantages are: complete conver-
sion of a wide variety of coals, including high sulfur 
coal, low-ranked coals, lignites and coal fines; high 
thermal efficiency; efficient heat recovery through 
production of high-pressure, superheated steam; high 
throughput; clean gas production without by-products; 
and environmental compatibility.

several years. The L112 is now supplied just before each 
launch by 44 tank trucks from a methane reforming 
plant in New Orleans. The normal GN2 demand and 
that for launch-peak GN2 are supplied through a high 
pressure gas pipeline from an industrial facility near 
Kennedy Space Center (KSC). The contract formulas 
on which NASA buys the LH2 and GN2 lead to relative-
ly high delivered prices. Escalating prices of natural 
gas and electricity would increase prices of these 
commodities in the future. 

Annual Space Shuttle launches are expected to increase 
from a few at present to 18 or more, increasing many-
fold the use of LH2 and nearly doubling the overall 
annual use of NG2. NASA studies in the last two years 
have indicated that the most secure, low-priced supply 
could be achieved through coal gasification in a multi-
product plant at KSC. These studies, by Scientific 
Design Company, were discussed at the session on 
synthetic fuels of the American Petroleum Institute 
meeting in Kansas City, Kansas on May 14, 1985. It 
was concluded that the plant might be optimized to 
supply some or all of NASA's electric power require-
ments (10 to 35 megawatts) and to cogenerate steam. 

The project's purpose and its site location would dictate 
many constraints on the design. These include relative-
ly small gasification capacity; environmental and 
aesthetic sensitivity; a rapid schedule for design, con-
struction, and initial startup; high system availability 
required; and high peak demands for all the products. 

The basis for the economics of the study are the price 
projections given in Table 1. Results of the analyses 
suggest that a coal gasification polygeneration plant 
can be built by the government at KSC to significantly 
reduce the cost of Space Shuttle launches over the next 
twenty years.

TABLE 1 

The Royal Dutch/Shell Group of companies initiated 
work on the Shell process in the early 1970s based on 
their extensive experience in partial oxidation techno-
logy. In 1976, a process development unit feeding 
6 tons per day of coal was put in operation at their 
Amsterdam laboratories. In 1978, Deutsche Shell com-
pleted and put into operation a 150 ton per day gasifier 
located at its Harburg, West Germany refinery. Shell 
Oil entered an agreement with Shell International Re-
search Maatschappij By in 1980, and both companies 
are now participating in research programs to develop 
the Shell process. 

NASA'S POLYGENERATION PROJECT WOULD 
SUPPLY HYDROGEN FOR SPACE SHUTTLE 

The National Aeronautics and Space Administration's 
Space Shuttle program is an ongoing business with a 
schedule of payload missions already on order for the 
next decade. 

The contracts that set prices for NASA's liquid hydro-
gen (LH2) and liquid oxygen (Lox) Space Shuttle pro-
pellants and purge gaseous nitrogen (GN2) will expire in

KENNEDY SPACE CENTER
MANUFACTURED COMMODITIES PRICE FORECAST

(1983 DoiIafl) 

	

1985	 1990	 1995	 2000	 2010 

Electricity in Florida Region	 0.06	 0.06	 0.07	 0.07	 0.08 
5/KWH 

sulfuric Acid, at KSC, $/Ton 	 47.38	 48.87	 49.10	 49.45	 53.82 

Hydrogen Price, to K5C, 	 1.98	 2.25	 2.47	 2.60	 2.83 
s/Pound 

Nitrogen Price, to NBC	 5108	 4.35	 3,97	 3.66	 3.38 
$/MSCF 

	

Oxygen Price, to K5C, I/ton 90.00 	 125.05	 167.35	 222.90	 430.35 

The actual saving will depend on the replacement costs 
of the products as they increase over the years, the 
gasification process chosen, the exact mix of plant 
products, and the number of launches per year. Table 2 
shows that the discounted cash flow return on invest-
ment for government ownership is 12 to 15 percent 

Such a plant would supply liquid hydrogen fuel and 
nitrogen purge gas to the Space Shuttle operation. The 
project also would generate power in a gas turbine 

-
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combined-cycle system for [(SC needs. The plant would 
convert about 690 tons per day of coal and cost $140 to 
$154 million (1983 dollars). About 20 percent of the 
syngas made from this amount of coal would produce 
the required hydrogen by membrane separation and the 
nitrogen would be made as a by-product of air separa-

TABLE 2 

FINANCIAL PERFORMANCE FOR
POLYGENERATION PLANT 

	

GKT	 Texaco 

Coal Capacity, Short Tons/Day 	 676	 688 
Capital Cost (1983 Basis, MM$)	 146.8	 150.7 
Payback years	 8.6	 6.9 

Discounted Cash 
Flow Internal 

Rates of Return 
(Escalated 

Dollar Basis) 

	

(%)	 (96) 

Government Ownership 	 12	 15 
Private Ownership (100% Equity) 	 10	 13 
Private Ownership (40% Equity)	 17	 24 

tion. By using two parallel gasifier trains, with 
345 tons per day coal capacity each, there would be 
enough syngas capacity to continue liquid hydrogen 
production if only one gasifier is operating. 

NASA considered government ownership of the plant, 
and also the possibility that a private investor or group 
would build, own, and operate the plant. Under assump-
tions for the study, such a plant is expected to yield a 
discounted cash flow rate of return (10 to 13 percent) 
that would be unattractive to most investors, unless the 
project is leveraged (see Table 2). Thus, NASA would 
need to offer guarantees to buy the products, eliminat-
ing much of the commercial risk to the investors. 
Finance leveraging is the most significant factor af-
fecting equity return for private ownership. 

Scientific Design also looked at the possibility of not 
generating power, but designing the plant for only about 
96 tons per day of coal conversion, which, with a direct 
quench (no heat recovery) and water-gas shift reactors, 
would be sufficient to produce the needed amount of 
hydrogen. The air separation unit would be made just 
large enough to supply the required oxygen and the by-
product nitrogen. With the study assumptions, this "no-
power" case is predicted to yield a somewhat higher 
return. However, it lacks the inherent flexibility of the 
base case for expansion, and requires an idle spare 
gasifier to reliably produce the required hydrogen. This 
plant without power production would cost about 
$65 million (1983 dollars).

Because NASA specified plant startup in 1988, the poly-
generation plant would require commercially available 
technologies throughout. It could use either the GICT or 
Texaco gasification processes. Both of these are coin-
mercial, operate at high temperature, take pulverized 
coal feed, and use entrained-flow reactors which can 
accept a wide range of coal types. GKT operates at 
low pressure, and takes dry coal feed with steam 
injection. Texaco operates at high pressure and is fed 
by a prepared coal/water slurry and no additional 
steam. Both systems react coal with oxygen and water 
vapor to yield a syngas composed mostly of carbon 
monoxide and hydrogen with little hydrocarbon by-
product. 

Oxygen feed is produced by cryogenic air separation, 
and must be compressed for the high-pressure Texaco 
process, but not for the GKT process. The air separa-
tion unit also produces the continuous 0N2 supply 
during Shuttle launches. 

The gasification capacity was sized to use an available, 
General Electric MS-5000 gas turbine combined-cycle 
system (including a heat recovery steam boiler and 
steam turbogenerator). 

The cooled raw syngas from the low pressure GET 
gasifiers is compressed after particulate solids removal 
for further processing, hydrogen recovery, and use as 
gas turbine fuel. In the pressurized Texaco process, no 
syngas compression is necessary. The gaseous sulfur 
compounds are scrubbed out and then hydrogen is 
extracted from the clean synthesis gas using semi-
permeable membrane separators. The crude hydrogen 
is then purified in conventional Pressure-Swing-Adsor-
bers and cryogenically liquefied. The low pressure 
purge gas from purification is used as plant fuel. 

This plant was designed without idle spare gasifiers. 
Each gasifier runs at full capacity whenever possible, 
and this will ensure sufficient liquid hydrogen supply 
even in the tightest Shuttle launch schedule envisioned. 
The risk of even partial non-supply was calculated to be 
one out of 130 launches, or about one launch in seven 
years. To inventory for this reliable supply, only a 
small storage tank would need to be added to the large 
existing tank capacities at the two [(SC Shuttle launch 
pads. 

The production of crude hydrogen by a membrane 
separator operating on coal-derived gas was accom-
plished in April 1984 at the TVA Ammonia from Coal 
facility in Muscle Shoals, Alabama. A membrane test 
unit was provided by Monsanto and operated by Scienti-
fic Design and NASA personnel on a coal derived 
synthesis stream produced by the TVA Texaco gasifier. 

According to the authors, 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 (SF!) released 
on March 8, 1985. This SF! 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 regard-
ing their interest. As requested in the SF!, responses 
were received by April 19, 1985. These responses are 
currently being reviewed by NASA. 
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EASTMAN GASIFICATION COMPLEX ACHIEVES 
80 CONSECUTIVE DAYS OF OPERATION 

Tennessee Eastman Company's chemicals-from-coal 
plant in Kingsport, Tennessee produces several chem-
icals from the major intermediate acetic anhydride. It 
is used primarily in the manufacture of cellulose ace-
tate, which is the building block for photographic film 
base, cigarette filter tow, and various fibers and plas-
tics. These are referred to as acetyl products. Acetyl 
products account for more than 30 percent of Eastman 
Chemicals Division sales. 

Traditionally, acetic anhydride was produced by East- 
man through several processing steps beginning with 
ethane and propane. 

The new chemicals-from-coal plant is designed to pro-
duce 500 million pounds per year of acetic anhydride, 
about half of Eastman's requirements. In addition, the 
acetic anhydride plant coproduces 150 million pounds 
per year of acetic acid, approximately 20 percent of 
Eastman's total acetic acid production. The new plant 
also produces enough methanol to meet the entire 
requirements of the Eastman Chemicals Division. 

The plant was described recently for the EPRI con-
ference on Coal Gasification and Synthetic Fuels for 
Power Generation. Approximately 900 tons of high 
sulfur coal from nearby Southwest Virginia and South-
east Kentucky mines are wet ground each day into a 
slurry containing 60 to 70 percent solids. Oxygen for 
gasification is provided by three air separation plants 
owned and operated by Air Products and Chemicals, 
Inc. The gasification plant utilizes two Texaco gasi-
fiers to produce both shifted and process (or unshifted) 
synthesis gas streams (Figure 1). See Pace Synthetic 
Fuels Report, March 1985, page 4-2, for a description 
of plant start-up problems.

Part of the process gas is mixed wit) the shifted gas to 
control composition in the feedgas stream to the meth-
anol synthesis plant. The remainder of the process gas 
is sent to the carbon monoxide/hydrogen separation 
plant for processing. 

The carbon monoxide/hydrogen separation plant cryo-
genically separates the process gas in a cold box to 
produce the carbon monoxide which is then compressed 
and fed to the acetic anhydride plant. llydrogen 
separated by the cold box makes up the remainder of 
the feedgas to the methanol synthesis plant. 

The methanol plant, licensed from Lurgi, is designed to 
produce 365 million pounds of methanol per year. Most 
of this methanol is used to produce the methyl acetate 
requirements of the complex. The remainder is used 
for other processes in Eastman Chemicals Division and 
Kodak's Photographic Division. 

The methyl acetate plant reacts methanol and acetic 
acid to produce methyl acetate, which feeds the new 
acetic anhydride plant. 

Methyl acetate and carbon monoxide react to produce 
acetic anhydride and acetic acid. 

During the start-up phase, the gasification and gas 
clean-up plants were operated to produce methanol 
while construction of the acetic anhydride plant was 
completed. 

Gasifier 1 was started on June 19, 1983. Gasifier 2 was 
first started on August 12, 1983, and operated con-
tinuously for twelve days on its first run. 

Initial operation of the entire complex began with the 
first production of acetic anhydride and acetic acid on 
October 6,1983, and lasted for nine months. During 
this period, the gasifiers were on stream 85 percent of 
the time and the acetic anhydride plant operated 
75 percent of the time. 

For the last half of 1984, the gasification plant was on 
stream 97 percent of the time. During the same period, 
the acetic anhydride plant was on stream 95.5 percent 
of the time. Chemical production rates averaged the 
following percentages of nameplate capacity: 

Percent 

Methanol	 80 
Methyl Acetate	 112 
Acetic Acid	 104 
Acetic Anhydride	 105 

Limitcd by demand to 82% 

Although the longest single gasifier run during this time 
was 28 days, by switching gasifiers Eastman was able to 
continuously provide gas for chemical plant production 
for 80 consecutive days. 
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According to an Eastman representative, this plant 
demonstrates that it is possible to manufacture chem-
icals from coal more economically than from tra-
ditional petroleum-related feedstocks. 

The plant was designed and constructed on schedule and 
within budget. Original financial projections were met 
during the fourth quarter of 1984; return on investment 
from the new complex has been favorable. Eastman is 
now evaluating alternatives for expansion of the chemi-
cals from coal complex. They are confident there will 
soon be other chemicals manufactured from coal. 

GREAT PLAINS OPERATES AT 87 PERCENT 
OF DESIGN CAPACITY 

The Great Plains Gasification Associates (GPGA) syn-
thetic-natural-gas-from-coal plant near Beulah, North 
Dakota was operating at rates as high as 87 percent of 
design capacity in March and April 1985. 

During single train operation, the plant produced SNG 
at a rate of over 50 million standard cubic feet per day 
(37 percent of design) until the end of October 1984. 
With initiation of two-train operation, rates were grad-
ually increased to as high as 120 million standard cubic 
feet per day (87 percent of design). Plant reliability 
has increased markedly as well as operating knowledge 
and experience. As of April GPGA had delivered gas to 
the pipeline all but one day in 1985. 

Startup experiences at the plant have been discussed 
recently at a number of symposiums, including the 
AIChE meeting in Houston in March, the 12th Energy 
Technology Conference in Washington, D.C. in March, 
the EPRI Coal Gasification and Synthetic Fuels for 
Power Generation Conference in San Francisco in April, 
and the API Session on Synthetic Fuels Production in 
Kansas City in May. 

Construction of the project started in the summer of 
1981 and was essentially complete by the fourth quarter 
of 1984. The plant was commissioned and started up in 
a planned sequence with initial production of SNG 
occurring on July 28, 1983. Both trains were in oper-
ation and the plant was producing at about 70 percent 
of design capacity by December 1984—a date that had 
been targeted in a start-up schedule prepared four to 
five years earlier. 

The project is designed to convert 14,000 tons per day 
of North Dakota lignite into 137.4 million standard 
cubic feet per day of pipeline quality synthetic natural 
gas. Twelve years passed from the time the project 
was conceived until it began producing SNG into the 
Northern Border pipeline in 1984. The $2 billion project 
came in under budget and ahead of schedule. 

Fourteen Lurgi Mark IV dry bottom gasifiers are in-
stalled in the plant with twelve gasifiers on-stream and 
two gasifiers on standby at any one time.

Start-Up Problems 

The GPGA start-up period was scheduled to begin in 
mid-August 1983 and the plan was to have both trains 
producing into the pipeline by December 1, 1984. Dur-
ing this lengthy start-up period, there were many 
problems encountered, but three problems were of 
general interest. 

Cooling Tower Sliming 

The cooling tower, in addition to removing process heat 
by evaporation, also serves as a biological oxidation 
unit. Initial operation of the tower before stripped gas 
liquor (SGL) was available, used Zeolite-softened water 
to fill the circulating system and as makeup. When SGL 
became available in early fall of 1984, the system 
inventory was quickly changed out, and since then, SGL 
has been the main makeup water source. 

Two years of pilot cooling tower experience in South 
Africa, using SASOL SOt spiked to simulate Great 
Plains SGL, showed that sliming could occur in the 
tower and heat exchangers. Microbiological research 
identified which biological species were "good" from 
the standpoint of achieving microbiological degradation 
of organic compounds in SGL (e.g., fatty acids and 
phenols) and which were "bad" from the standpoint of 
causing sliming. 

The cooling tower was initially filled with plastic film 
packing. About six or seven days after SGL was 
introduced into the tower, a microbiological population 
growth resulted in slime that virtually blocked off air 
and water flow passages in the tower. In late June, a 
program was begun of replacing film packing with 
ceramic splash packing as a test 

Washing slime off the plastic packing caused the cool-
ing tower pump suction screens to rapidly plug. Around 
the clock, continuous cleaning of screens was required 
for over two weeks, when frequency was gradually 
reduced. Slime had started to foul some plant heat 
exchangers, particularly those with carbon steel tubes 
and cooling water velocities below 2 to 3 feet per 
second. A hot caustic wash was found to be effective 
in cleaning fouled exchangers. 

As more and more ceramic packing was placed in the 
tower and with aggressive specific biocide addition, 
gradually the system began to function satisfactorily. 
Frequent inspections showed no slime growth on the 
ceramic splash packing. Heat exchanger monitoring 
programs identified fouled exchangers which were gra-
dually cleaned up. 

Daily samples of cooling water now show aerobic mi-
crobiological populations of 108 to 10 9 per milliliter. 
No biocides have been added to the tower since Novem-
ber 1984. Phenol degradation is above 65 percent. 
Fatty acid reduction is 95 percent, and COO and DOC 
reductions are in the 60 to 65 percent range. 
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Reetisol Problems 

Initial operation of the Itectisol units produced sweet 
gas with very low sulfur content (less than 50 ppb). 
Gradually, however, some organic sulfur species built 
up in the circulating methanol, and sulfur levels 
climbed to over 100 ppb and then 200 ppb in the sweet 
gas. Extensive laboratory work shows that North 
Dakota lignite produces sulfur compounds that are not 
removed during methanol regeneration. By some as yet 
unknown mechanism, this affects the sulfur content of 
the sweet gas. 

Extensive stream analysis, changes in operating condi-
tions, and pilot tests by Lurgi in Frankfurt suggested 
modifications to the Rectisol units that were being 
made as of April 1985. These changes plus some other 
modifications or mechanical fixes, e.g., improved low 
temperature metallurgy in some exchangers, improved 
degassing of the absorber intercooler pump suction line 
preventing cavitation, and addition of a new methanol 
water column (which has never run at design capacity), 
it is hoped will solve the Rectisol problems. 

Odor Problems 

North Dakota lignite emits some very malodorous com-
pounds when steamed or heated in air. The various raw 
gas, gas liquor, and naphtha streams are also extremely 
foul smelling. The severity of this problem was not 
fully recognized in the design of the GPGA plant, 
because odor problems at SASOL are practially non-
existent with South African coal. 

Shortly after start-up, due to minor operating errors of 
procedures, some of these odiferous streams were re-
leased to the atmosphere, and odor complaints from the 
surrounding neighborhood became prevalent. 

A task force was formed to identify odor sources and an 
engineering team was assigned to design and install 
modifications to odor-releasing equipment. A list of 
21 odor projects were identified and fixes are being 
implemented. The projected cost for odor control 
projects completed or being implemented is about 
$7.5 million.
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CORPORATIONS 

FOSSIL FUEL GASIFICATION R & 0 PROGRAM AT 
THE GAS RESEARCH INSTITUTE 

Fossil fuel gasification research and development ef-
forts supported by the Gas Research Institute (Gill) 
have been recently described in a paper by Howard S. 
Meyer and others. This paper was presented in 
May 1985 at the 50th Mid-Year Refining Meeting of the 
American Petroleum Institute in Kansas City, Missouri. 

GRUs Fossil Fuels program concentrates efforts in 
three areas: (1) coal gasification processes, focusing on 
the gasifier itself and intrinsically related equipment; 
(2) associated coal gasification technology, dealing with 
processing the raw gases taken from the gasifier; and 
(3) in situ coal gasification technology, focusing on 
technology for gasifying coal underground. 

Coal Gasification Processes 

Two developing gasification processes supported by CR! 
are: 

• The agglomerating ash, fluidized bed 
• Slagging ash, moving bed. 

Both systems can potentially process all types of coals, 
coal fines, and can reduce or eliminate liquid by-
products. 

In mid-1983, CR1 deferred support of the fluidized bed, 
agglomerating ash technology when Westinghouse de-
cided to cancel a large-scale demonstration unit at 
SASOL in South Africa and sell their gasification pro-
cess. Currently, CR1 is funding a program to develop a 
high pressure data base on bituminous, sub-bituminous, 
and lignite coals through tests in an 8 inch diameter, 
ash agglomerating gasifier. Test pressures up to 
500 psig will be investigated in a program which should 
be completed by September 1985. 

CR1 is continuing to investigate alternative approaches 
to improve efficiency and cost of the dry-bottom Lurgi 
gasifiers. In this regard the British Gas Corpora-
tion/Lurgi slagging process will be evaluated for its 
capacity to gasify both eastern and western coals. 

Associated Coal Gasification Technology 

In coal gasification plants, the methanation step in-
volves a catalytically promoted reaction of carbon 
monoxide and hydrogen in the gas to produce methane. 
Catalyst poisons have been a problem. Methanation 
catalyst research supported by GRI has resulted in 
discovery of a group of sulfur-tolerant catalysts that 
promote methanation by a totally different mechanism 
from that of conventional catalysts. During 1984, 
patents covering the latest formulations of the GRI 
Series C-600 and C-700 catalyst were awarded. 

In January 1983, the Institute of Gas Technology (ICT), 
under a CR! contract, initiated a thermophysical pro-

perties project to define the data needs of the coal-to-
SNG industry and present a multi-year program for 
their acquisition. This industrywide analysis was con-
centrated on processes downstream of a coal gasifier. 

As the basis for technoeconomic studies, GRI has 
established a set of guidelines that are used in all 
engineering evaluations. The methodology, entitled 
"Guidelines for Evaluation of Commercial Fossil Fuel 
Gasification Concepts," gives a definition of the design 
basis and assumptions, requirements for data, criteria 
for costs and methodology for calculation of gas price. 

In Situ Coal Gasification 

CR1 has plans to co-fund with the Department of 
Energy and industry, a further evaluation of the Con-
trolled Retracting Injection Point process which has 
been tested in Centralia, Washington since 1981. Plan-
ned tests will be conducted in an open cast mine 
highwall rather than coal seam outcrop. Conduct of 
this test will involve two modules operating simulan-
eously for 100 days and gasifying approximately 
20,000 tons of coal. Data from this test will provide 
information on optimum spacing for commercial 
designs. 

Search is underway for a site which will allow similar 
tests to be done in bituminous coal seams. At each of 
these field tests concurrent research is devoted to 
minimization of environmental effects of underground 
gasification systems. 

An assessment of costs for SNG produced in flat, deep, 
sub-bituminous coal seams was completed by Williams 
Brothers Engineering Company in 1983 indicating pro-
duction was possible at a levelized constant dollar gas 
price of $4.79 per million 8Th. Sensitivities on 
methane yield could drop this price to $3.68 per million 
8Th. 

CR! concludes that underground coal gasification re-
search over the next five years will be concentrated on 
sub-bituminous coals but by 1987 the transferrability of 
data to bituminous coal seams will be ascertained by 
planned research projects.

- 
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GOVERNMENT 

DOE SUBMITS CLEAN COAL TECHNOLOGIES 
REPORT TO CONGRESS 

In May 1985 the United States Department of Energy 
(DOE) issued its report entitled Report to Congress on 
Emerging Clean Coal Technologies. The Report was 
prepared in response to Section 321 of the Department 
of the Interior and Related Agencies Appropriations 
Act for Fiscal Year 1985. As described on page 4-11 of 
the December 1984 Pace Synthetic Fuels Report, the 
Act established a $750 million Clean Coal Technology 
Reserve. 

The Act also directed DOE to determine the private 
sector's interest in developing emerging clean coal 
technologies, which were defined as concepts that could 
reduce the emissions of pollutants from coal-fired uti-
lity and industrial facilities. Therefore, on Novem-
ber 27, 1984 DOE requested that industry submit infor-
mation regarding clean coal technologies. The Report 
to Congress summarizes the responses that were re-
ceived, analyzes the potential usefulness of various 
technologies, and evaluates the role of the federal 
government in the commercialization of the technolo-
gies. 

One hundred and seventy six responses with project 
values totalling over $8 billion were received. Sixteen 
responses did not propose specific projects, but instead 
supported projects submitted by others, or endorsed the 
program proposed by Congress. As shown in Table 1, 
responses applicable to every fossil energy coal techno-
logy program except one —solid waste manage-
ment—were received.

TABLE I 

CLEAN COAL SUBMISSIONS RECEIVED
CATEGORIZED BY TECHNOLOGY 

Number of 
Technolov	 Submissions

Flue Gas Cleanup 31 
Fluidized Bed Combustion 28 
Surface Coal Gasification- 27 
Coal Preparation 22 
Heat Engines 13 
Advanced Combustors 10 
Alternative Fuels 8 
Fuel Cells 8 
Coal Liquefaction 5 
Underground Coal Gasification 4 
Gas Stream Cleanup 2 
Magnetohydrodynamics 2 
Solid Waste Management 0 
Non-Technology Specific 16 

Total 176 

* One submitter proposed two projects, so that 
the total number of proposed projects is 32.

The 160 project-specific submissions were classified 
into one of twelve program areas for analysis. The 
following are DOE's summary overviews of those sub-
missions by technology area. Due to the large amount 
of information in the Report to Congress Pace has 
preferentially emphasized the synthetic fuels techno-
logy areas. However, comparable information is pre-
sented in DOE's report regarding other technology 
areas. 

Flue Gas Cleanup (Including 
Furnace Injection) 
Of the 32 submissions in this program area, 15 concen-
trated on in-boiler sulfur dioxide control via the use of 
sorbents. Seven submissions were received on dry 
waste flue gas desulfurization (POD) processes, and five 
were received in the regenerable flue gas desulfuriza-
tion process category. The remaining six submissions 
represent a variety of miscellaneous approaches. 

Most flue gas cleanup submissions were targeted to 
large utility boilers. The federal incentives proposed, 
with one exception, were requests for direct funding 
support. Where provided, the justifications presented 
by the proposers for the federal incentives included 
statements that (1) the private sector does not have the 
required resources, (2) the proposed projects are high 
technological risks, and (3) federal support is required 
for early commercialization of processes that address a 
national need (e.g., acid rain control). 

Advanced Combustors 

Ten submissions involved advanced combustor techno-
logy. Most of the projects that were proposed repre-
sented the continuation of various developmental ef-
forts already underway. Justification for federal sup-
port entailed the unavailability of private funds and the 
need for minimization of risk to the first users. 

Atmospheric Fluidized Bed Combustion 

In the Atmospheric Fluidized Bed Combustion (AFB) 
area, 22 statements of interest and proposals were 
received. These submissions were classified by DOE 
into the following six categories: 

• Circulating Utility 
• Bubbling Utility 
• Unknown Utility 
• Circulating Industrial 
• Bubbling Industrial 
• Other or Research and Development. 

The utility projects ranged in size from 20 megawatts 
to 235 megawatts. The industrial projects proposed 
ranged in size from 200,000 to 500,000 pounds per hour 
of steam production. In the R & D category, submis-
sions included projects ranging in size up to 
100,000 pounds of steam per hour. Justifications for 
federal assistance included: (1) the hurdle of the signifi-
cant capital cost differentials between atmospheric 
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fluidized bed combustors and proven alternative tech-
nologies, (2) the need to offset partners' financial 
commitments, and (3) in the case of immature techno-
logies, to pay for the risks involved. 

Pressurized Fluidized Bed Combustion 

The Pressurized Fluidized Bed Combustion Technology 
area received six submissions. These submissions are 
grouped by DOE in the following categories: 

• Early steam-cooled combined cycle and turbo-
charged boiler systems 

• Advanced PFB systems 
• Operation of 13 megawatts pilot plant. 

The three proposals that offer to demonstrate the early 
steam-cooled combined cycle and turbocharged boiler 
systems state that federal incentives are expected to 
offset the technology risk and initial high cost asso-
ciated with prototype demonstration projects. The 
three other proposals propose to conduct research on an 
air-cooled circulating FF8 combined cycle and on two 
pressurized circulating fluidized bed units. These three 
projects involved testing units at the pre-demonstration 
plant scale. 

Coal Preparation 

Twenty-two submissions were received in the techno-
logy category of Coal Preparation, of which only seven 
proposed demonstration projects. The remaining 15 
submissions were for technologies at stages of techno-
logical development that DOE believes are not ready 
for scaleup to demonstraton project size. Some of the 
technologies and approaches include the following: 

• Various approaches to chemical coal cleaning 
• Wet air oxidation 
• Microbubble flotation 
• Explosive comminution 
• Briquetted fuel 
• Ultra-clean coal-water mixture fuels 
• Electrostatic ash removal 
• Froth flotation 
• True heavy liquid cyclones 
• High gradient magnetic separation 
• Microbial desulfurization. 

The federal incentives requested by the submitters 
were almost exclusively in the form of direct funding. 
The submitters suggest that federal incentives are 
needed: (1) because they do not have the internal funds 
available to support a demonstration project for this 
technology; and (2) to promote this technology for 
sulfur reduction in a timely manner and to make this 
technology available to the industry by the late 1980s. 

Alternative Fuels 

Eight submissions were received in the alternative fuels 
or coal-water mixtures category. Six of the eight

submissions involve projects that have been initiated in 
some form. The others range from bench scale to 
proof-of-concept projects. The submissions were pri-
marily applicable to the industrial sector; was applic-
able to utilities. None of the submitters, with the 
exception of one proprietary proposal, directly 
addressed justification for the federal incentives. 

Gas Stream Cleanup 

Two gas stream cleanup projects were submitted, one 
from Bechtel and the other from Color Cable, Inc. 

The technical description of the submission by Color 
Cable is proprietary. Consequently, DOE provided only 
a general summary of the project which concerns 
operating an ebullating bed gasifier in conjunction with 
in-bed zinc copper oxide/zinc copper ferrite sorbents 
for desulfurization. The desulfurizing slagging gasifier 
has several desulfurizing stages which require very 
little regeneration due to its overall configuration. The 
gasifier system has several stages with unique complex 
chemistry with proposed very high reactivity uniformly 
throughout the bed. 

The 33 month program proposed by Color Cable would 
be totally funded by the federal government. Total 
cost of the program is estimated to be $25 to $75 mil-
lion. 

The submission by Bechtel concerns making a clean fuel 
from a gasifier stream for utility boiler applications. 
The entire submission is proprietary. 

Surface Coal Gasification 

Twenty-seven submissions were identified as utilizing 
surface coal gasification technology. These submissions 
were subsequently subdivided by DOE into three groups 
depending on what was considered to be the major 
application of the technology. These three groups are: 

• Utility Systems—Eleven submissions 

• Industrial/Residential Systems—Nine submis-
sions 

-. Special Applications—Seven submissions. 

The surface coal gasification submissions are sum-
marized in Table 2.	 - 

2t_iltt.cl1a 

DOE received eleven submissions describing projects 
for application in the utility sector. The projects 
presented ranged from commercial demonstration of 
Integrated Gasification Combined Cycle (10CC) sys-
tems to the development of a gasification thermo-
dynamic model. The gasification processes that were 
integrated with the combined cycle systems included 
the slagging fixed-bed, fluidized bed, and entrained 
flow gasifiers. Gas cleanup systems considered in the 
10CC submissions ranged from conventional cyclones 
and wet scrubbers to one advanced in-bed desulfuriza-
tion and hot particulate removal system.

- 
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TABLE 2 

SURFACE COAL GASIFICATION 
PROJECT COST/COST.SHAR1I6O SUMMARY

(Million Dollars) 

Total CostSharing 
Submitted By Cost Federal Private Remarks 

Utility Syitems 

Air Products & Chemicals p p p 
Desert Research Institute 0.06 0.08 0.0 
Niagara Mohawk Power Corp. 525.5 262.5 283.0 
General Electric Corp. P p p 
Virginia Electric & rower 500.0 200.0 200.0 Grant specified 
Foster Wheeler USA 360.3 Ba na 
Kellogg Rust Synrueli 042.3 86.0 $7.3 
Foster Wheeler USA we As he 
Detroit Edison 450.0 250.0 270.0 
Northeast Utilities 620.0 020 mas Ba EPRI, GE and Shall CII 

- will be solicited for 
cofundlng by Northeast 
Utilities 

Potoroao Electric Power Isa Ba ma 

lmantrlal/Realdantial Syatams 
Calderoo Automation 
Management & Technical 

Consultants 
Senitach, Inc. 
Kellogg Rust Bynfueis 
Appalachia Development 
Battens Columbus Laboratory 
Black. Sivalls, & thyson 

Gas Research Institute 
Technology Integration 

Special Applications 

UCC Research Corporation 
Pennsylvania Coke Techsso-

logy 

K-Fuel PartnershIp 
Sattelle Columbus 

WIsconsIn Power & Light 
Soata or Minnesota 
Weirton Steel Corporation 

Ba Not available from the mibmissiona or not applicable 
P	 propriatary or confidential as designated by lisa submitter 

According to DOE the overall emphasis of this group of 
projects is directed toward a more advanced/higher 
efficiency integrated gasification power generation sys-
tem than is used at Cool Water. The proposers state 
that demonstration of improved IGCC technology would 
show that operating, maintenance, and capital costs can 
be reduced from 10 percent to 30 percent. 

In general the submissions regarding utility projects 
sought direct financial support for capital costs and in 
some cases operating costs. The reasons presented to 
justify federal assistance are: 

• Significant economic risks exist due to the 
heavy dependence- on the projected fuel price 
differentials 

• The large cost of IGCC equipment cannot be 
financed by the usual private utility means due 
to its novelty and the lack of evidence that the 
technology is practical and economical. 

Brief descriptions of each of the eleven submissions in 
the utility systems sub-category follow.	 - 

The submission by Air Products and Chemicals, Inc., 
contains a description of a commercial demonstration 
project for combined cycle power generation to be

located at an unspecified site. The complete submis-
sion is identified as being proprietary. 

Desert Research Institute submitted a research pro-
posal. Another interested party listed in the submission 
is the University of Nevada. The technology involves 
the reaction of coal with sulfuric acid, compressing the 
slurry mixture and generating a gas containing carbon 
dioxide, water, and sulfur dioxide. The sulfur dioxide is 
removed and the water reacted with sulfur dioxide to 
generate H2SO4 + H2. This reaction under pressure and 
temperature produces hydrogen and a hot gas which 
would be expanded through a gas turbine to generate 
electricity. Direct federal assistance of $59,851.00, 
with no industrial cost sharing, is requested. The 
proposed program would last one year. 

Niagara Mohawk Power Corporation proposed a com-
mercial demonstration repowering project to be located 
at Albany, New York. The proposer intends to repower 
one of four existing power plant boilers with the 
addition of a gasifier and conventional gas turbines. A 
major feature of the program is an orderly introduction 
of new technology such as advanced gas turbines. 
Federal support of $262.5 million with 50 percent indus-
trial cost sharing is requested Niagara Mohawk would 
fund $131.25 million of the $262.5 million industrial 
cost. The proposed program would span approximately 
ten years. 

A proposal entitled "Integrated Coal Gasification 
Second Generation Combined Cycle Gas Turbine Sys-
tem" was submitted by General Electric Company. The 
complete submission is proprietary. 

The submission by Virginia Power described a commer-
cial demonstration coal gasification combined cycle 
repowering project to be located at Chesterfield. Vir-
ginia. The proposed 400 megawatts repowering project 
would utilize two retired fossil-fired generating units 
combined with the British Gas Corporation/Lurgi Slag-
ging gasification process and the General Electric ad-
vanced gas turbine. Direct federal assistance in the 
form of a $200 million grant is requested, with Virginia 
Power to fund the remaining 60 percent of the project 
($300 million). The proposed program would have a 
duration of eight years. 

Foster Wheeler USA Corporation proposed a commer-
cial demonstration project to be located at an-appro-
priate location that is served by the Allegheny Power 
Systems Companies. The project would use the British 
Gas Corporation/Lurgi GmbH slagging gasifier. The 
medium-BTU gas produced by the gasifier would be 
used by a combined cycle plant with a General Electric 
advanced high efficiency turbine. The plant would be 
designed to process 1,700 tons per day of coal to 
produce 180 megawatts of electrical power. Federal 
assistance in the form of a grant-in-aid or a direct 
price support awarded by the United States Synthetic 
Fuel Corporation (5cC) is requested. Total project cost 
is estimated to be $361.25 million. The proposed pro-
gram would last approximately nine years after the 
start of the project. 

- 
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The submission by Kellogg Rust Synfuels, Inc., specifies 
a demonstration hot gas combined cycle power plant 
project to be located at the site of an eastern United 
States electric utility power plant. The proposed 
technology integrates a KRW fluid bed gasifier with a 
new concept of in-bed desulfurization and hot particu-
late removal. Advanced gas turbines will be utilized 
for the combined cycle section. The combined cycle 
system would produce 73 megawatts net of electric 
power by gasification of 620 tons per day of eastern 
bituminous coal. An additional 5 megawatts would be 
generated through heat recovery and a steam turbine. 
Direct federal assistance of $86 million is requested, 
which is 60 percent of the total estimated pre-opera-
tional costs. The balance of funding would come from 
private sources. The proposed program would have a 
duration of approximately 54 months. 

Poster Wheeler USA Corporation proposed a demonstra-
tion 10CC project to be located at an unidentified site 
but preferably close to an existing power station. The 
project utilizes small modular units of electric power 
generation based on IGCC using fluid-bed ash agglomer-
ating technology. No details are specified on the power 
generation section of the small module, federal assist-
ance required, or project schedule. 

The Detroit Edison submission contains a description of 
a demonstration IGCC project to be located in Michi-
gan. The facility would use British Gas/Lurgi slagging 
gasification technology coupled with General Electric 
Model F turbine. The project would process 1,800 tons 
per day of eastern bituminous coal to produce 
180 megawatts of electric power. Federal assistance of 
$180 million with an industrial cost sharing of $270 mil-
lion for the $450 million project is requested. The 
proposed program will last approximately seven years. 

Northeast Utilities proposed a demonstration project to 
be located at an unspecified site, processing an unspeci-
fied coal. The proposed project would utilize Shell Oil 
Company's coal gasification process and General 
Electric model 7001F combustion turbine. No federal 
assistance of any kind nor indication of level of cost 
sharing was requested. The proposed project would 
have a duration of nine years. 

A Notice of Interest was submitted by the Potomac 
Electric Power Company (PEPCO). This submission 
notified DOE that PEPCO may petition for funds in the 
event that Congress authorizes DOE to disperse funds. 
PEPCO is interested in technologies for atmospheric 
and pressurized fluid bed combustors/gasifiers, com-
bined cycles, and fuel cells for electric power genera-
tion. 

bithJiaVRe!iclen!jaj Systems 

The nine submissions in the Industrial/Residential Sys-
tems Group were further divided by DOE into two sub-
groups. One sub-group containing seven submissions 
was designated Gasifier/Gasification Systems; the other 
sub-group containing two submissions was designated 
Other Products/Applications.

In the sub-group designated Gasifier/Gasification Sys-
tems, projects ranged from a small (3.75 tons per day) 
pilot plant for a novel gasifier concept to a near 
commercial size demonstration (1,648 tons per day) 
advanced gasification system. Projects in the second 
sub-group (Other Products/Applications) included the 
production of chemicals and the production of pipeline 
quality synthetic natural gas (SNG). Federal incentives 
for this group of submissions were generally justified on 
the basis of the lower level of technical maturity and a 
resultant higher degree of risk associated with the 
newly emerging technologies. 

The nine submissions in the Industrial/Residential Sys-
tem Group are each described in the following sum-
maries. 

The submission by Calderon Automation, Inc., contains 
a description of a commercial project based on a 
proprietary concept for devolatilization and gasifica-
tion of coal to produce medium-BTU gas from a variety 
of coals. The specific details of the project are 
proprietary. 

Management and Technical Consultants, Inc., proposed 
to conduct a feasibility of a project to be located in 
Durango, Colorado on the Southern Ute tribal lands. 
The project would use the German KGN fixed-bed 
gasification process to produce low-BTU value fuel gas 
for the synthesis of ammonia. The process would also 
feature a unique pressure-swing adsorption process for 
the purification of raw product gas prior to ammonia 
synthesis. The process is claimed to be capable of 
producing tar free gas which reduces overall plant 
capital costs and improves cold gas efficiencies to 80 to 
82 percent. The submission alludes to a capital cost of 
from $60 to $80 million that would be required, and 
DOE assumes that direct federal assistance is 
requested. 

The submission by Sanitech, Inc., contains a description 
of a demonstration project possibly to be located at 
Hamilton, Ohio. A traveling grate technique (also 
known as a circular grate) would be used to contact 
coal with gasification agents to produce low-BTU value 
gas. The advantages of the proposed concept lie in its 
ability to process caking coals and also to crack some 
of the devolatilization products. The addition of dolo-
mite/limestone to the coal feed would also provide 
effective capture of sulfurous compounds in the coal. 
Direct federal assistance is requested for $10.6 million. 
Cost sharing at 20 percent is proposed, with $1.32 mil-
lion coming from the state of Ohio and an additional 
$1.32 million coming from Sanitech and other investors. 
The project would be of 42 months duration, terminat-
ing in April 1989. 

Kellogg Rust Synfuels, Inc., proposed a commercial 
demonstration project. Although the location was not 
specified, the Great Plains Gasification Plant in Beulah, 
North Dakota was identified as a possibility. The 
concept would employ the KRW advanced fluidized bed 
coal gasifier with dolomite sorbent in-bed desulfuriza-
tion and a proposed multiple tube oxidant injection 
system. The gasification system would be integrated 
into a "host" plant, and would export medium-BTU gas 
and steam for either synthetic natual gas (SNG) and/or 
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methanol and/or ammonia production by the host faci-
lity. Federal assistance of $86 million (60 percent) with 
a 40 percent cost share by the proposer for a total of 
$143 million is requested. The program would have a 
duration of almost four years after being initiated in 
March 1986. 

Appalachia Development Company's submission de-
scribes a commercial demonstration project for 
medium-BTU industrial fuel gas production to be 
located in Hazelton, Pennsylvania. The process in-
volves the gasification of coal in a dual compartment 
fluidized bed reactor. The oxygen necessary for gasifi-
cation is generated by the thermal decomposition of 
calcium sulfate, which is injected as limestone into the 
bed of coal in a reducing atmosphere. The calcium 
sulfide that is generated during the gasification process 
is converted back to calcium sulfate in the oxidizing 
section of the reactor. Direct federal assistance of 
$19 million is requested without proposed cost sharing 
from the industrial sources. 

A two-phase project was proposed by Battelle Columbus 
Laboratories. This project includes a pilot development 
phase to be located at Columbus, Ohio and a commer-
cial demonstration project to be located at an unspeci-
fied host facility. The project would be based on a 
multi-solid fluid bed concept that is under development 
at Battelle, coupled with an open cycle gas/steam 
turbine. Total cost of the project is $300 million, with 
federal assistance of $10 million requested for the 
development phase. No mention is made of the amount 
of assistance that would be requested for the commer-
cial demonstration phase. The project is proposed to 
span approximately seven years. 

Black, Sivalls and Bryson, Inc., proposed to use an 
existing Wellman Galusha fixed-bed gasifier located at 
the Bureau of Mines Twin Cities Research Center, 
Minneapolis, Minnesota. The gasification unit would 
provide fuel gas to be used for new gas clean-up 
systems evaluation, fuel cell life testing, characteriza-
tion and evaluation, and diesel engines testing and 
evaluation. The program would cover a three-year 
testing period. The government (and others such as 
EPRI, Utah Power and Light, and NRECA) would pro-
vide $12.6 million of the $18.9 million program costs by 
direct funding assistance. The gasifier and site would 
also be provided by the federal government. 

The submission by the Gas Research Institute describes 
an advanced commercial demonstration project for the 
production of SNG from coal to be located at an 
unspecified site, possibly the Great Plains Gasification 
Plant site in Beulah, North Dakota. The project would 
demonstrate the integration of commercial or near 
commerical size advanced gasifier, acid gas removal, 
and direct methanation systems to produce synthetic 
natural gas at pipeline quality. The submission proposes 
direct funding assistance of $79.5 million with an equal 
amount of cost sharing by industry. The proposed 
program would have an initiation date of January 1986 
and a termination date of December 1992. 

Technology Integration, Ltd, and the Cooper Union 
Research Foundation proposed a demonstration project 
to be located at New York, New York. The proposed

gasification concept would gasify coal and municipal 
waste using carbon dioxide and lime. A rotary horizon-
al hollow shaft gasifier and combustor in a combined 
two-vessel system is proposed. The project would 
process 20 tons of coal per day to produce 400 BTU per 
standard cubic foot product gas for power generation 
and carbon dioxide as a by-product. Financial assist-
ance of $5.0 million in the form of a grant to support 
the pilot plant phase is requested with no industrial cost 
sharing. The proposed project would begin in March 
1986, and terminate in February 1988. 

§jxcial  

The seven projects proposed in this category ianged 
from the production of upgraded coal products (five 
submissions) to the production of iron (two submissions). 

One major thrust of the coal upgrading submissions is 
the use of special treatment to produce a product char 
having significantly better properties for the production 
of fuel gas. The concepts would be developed in 
facilities that range from a small laboratory sized 
research unit (0.5 gallons per hour coproduction of 
liquids) to a 1,065 tons per day demonstration plant. 
Two projects proposed to use the beneficiated char as a 
clean combustion fuel for utility and industrial uses. 

The two submissions proposing advanced iron-making 
techniques feature coal gasification as an integral part 
of the process for making iron. This concept utilizes 
the German-owned KR process to produce high purity 
iron for use in the steel making industry. The submit-
ters believe that government participation in the de-
monstration program would accelerate the widespread 
commercialization of this emerging technology. 

The following descriptions summarize each of the seven 
submissions in the Special Applications Group. 

13CC Research Corporation proposed a research project 
involving pyrolysis char beneficiation via gaseous phase, 
thermally induced, chemical separation technology for 
application as a fuel in locomotive and turbine type 
engines. Total cost of the project for a 24 month 
period would be $2.25 million. The UCC Research 
Corporation would share 10 percent of that cost. 

The submission by Pennsylvania Coke Technology, Inc. 
(PACTO, described a commercial demonstration project 
to be located at the Weirton Steel Plant in West 
Virginia. The plant would produce 200,000 tons per 
year of coke and 13 megawatts. The proposed project 
would use an advanced coke making technique devel-
oped by PACTI which includes specially designed coke 
ovens. The coking portion of the technique has been 
tested at a commercial scale plant size, but the energy 
recovery, desulfurization, and steam/water quench sec-
tions have yet to be tested or incorporated at any scale. 
Total project cost is $76.0 million. Direct federal 
assistance of $11 million cash and both a loan guarantee 
of $36 million and a price guarantee of about $100 per 
ton of coke are requested. A cost share of $10 million 
from the industrial participants is proposed. The pro-
posed project would have a duration of approximately 
four years.	 -

- 
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In a separate but related proposal Weirton Steel Cor-
poration described a commercial demonstration project 
to produce iron by means of the KR process to be 
located in Weirton, West Virginia. The system consists 
of two compartments, one an oxygen blow fluid bed 
gasifier and the other a blast furnace hearth. Direct 
federal assistance of $65 million (no industrial cost 
sharing) is suggested with Weirton Steel providing all 
real estate and coal barge handling and transport facili-
ties. 

The State of Minnesota, US Steel Corporation, and Koff 
Engineering GmbH also submitted a proposal for dem-
onstration of the KR process for the production of iron. 
The demonstration plant would be situated in Minne-
sota. The proposal contains confidential data on the 
KR process and on business and marketing strategies of 
the submitter. 

The K-Fuel Partnership proposed a commercial demon-
stration project to be located in Fort Union, Wyoming. 
The proposed project would use the K-Fuel process to 
beneficiate low rank coals to a higher BTU value 
pelletized fuel with a lower sulfur and moisture con-
tent. The project does not propose work in utilization 
of the processed fuel. The submitter requests direct 
federal assistance to support the $40.5 million cost for 
pilot plant design, construction, and start-up. The 
proposed program will begin in June 1985 and is 
expected to be completed by March 1987. 

In a separate submission, Wisconsin Power and Light 
Company proposed a demonstration project to be 
located at Rock River, Wisconsin, using K-Fuel in a 
conventional coal-fired generating station. The test 
burn is expected to last approximately 200 days and 
would consume approximately 100,000 tons of K-Fuel. 
Federal funding of $2 million with an industrial cost 
sharing of 70 percent for the $6.6 million project is 
requested. 

Battelle Columbus Laboratories proposed a demonstra-
tion project with an associated pilot plant to be located 
at a Columbus, Ohio site. The demonstration plant is to 
be located at a Neville Island, Pennsylvania site. The 
proposed project is based on the coal beneficiation 
technology developed by Battelle which involves 
aqueous treatment of coals with a calcium salt. The 
presence of calcium in the coal structure coverts low 
reactivity coals into high reactivity coals, reduces the 
agglomerating tendency of coals, and enhances the 
capture of sulfur by ash at significantly higher temper-
ature. The project features gasification of these bene-
ficiated coals in a fixed-bed gasifier to produce a fuel 
gas. Direct federal assistance of $5.3 million for the 
20 month pilot plant development phase of the project 
is requested. No details are provided for the commer-
cial demonstration stage estimated as lasting 
36 months. Industry is expected to cost share the 
commercial demonstration. 

Fuel Cells 

Eight submissions were placed in the fuel cells techno-
logy category by DOE. One suggested an advanced 
internal reforming molten carbonate fuel cell for inte-

gration with a coal gasifier, while the rest proposed the 
use of phosphoric acid fuel cells. These submissions use 
a fuel cell module in conjunction with an existing or 
state-of-the-art gasifier and cleanup equipment. Most 
of the fuel cell projects proposed were for electric 
utility power generation, although one was for direct 
current power production for a chlorine/sodium hydr-
oxide plant. The submissions ranged from a small test 
facility to large multi-megawatt applications. Gasi-
fiers proposed to be linked with the fuel cells included 
the molten Iron, Wellman Galusha, and Texaco. 

According to DOE the submissions generally imply a 
need to demonstrate the technical feasibility of operat-
ing a fuel cell on coal-derived gas. Proposed federal 
incentives for fuel cell projects all included direct 
funding, and several also proposed use of government 
facilities and price guarantees for the product energy. 

Table 3 presents a summary of the project costs and 
federal incentives requested for each project. Each of 
the eight fuel cell submissions is described in the 
following information.

TABLE 3 

FUEL CELLS 
PROJECT COST/COST-SHARING SUMMARY

(Million Dollar,) 

Total	 Cost sharing 
Submitted By	 Cost Federal	 Private	 Remarks 

no Not available from the submission or not applicable 
P Proprietary or confidential as designated by the subnitter 

The letter from ORCAS Power and Light Company of 
Eastsound, Washington did not propose a specific pro-
ject. ORCAS expressed interest in providing a unique 
environment for testing fuel cell operational readiness 
through use in their service area. 

Georgetown University responded with a letter of inter-
est which stated that they might propose a project at a 
later date. The letter contained a description of their 
current contract with the United States Army to deter-
mine the physical and economic feasibility for operat-
ing coal gasification/phosphoric acid fuel cells with 
cogeneration at four sites in the United States. 

The entire proposal submitted by PPG Industries, Inc., 
is indicated to be proprietary. The letter of transmittal 
describes the project as a semi-works fuel cell plant 
with early phases fueled by hydrogen which is produced 
as a by-product of plant operation. Later phases would 
require an additional source of hydrogen provided by a 
coal gasification plant. 

0RCA5 Power & Light as na as No project proposed 
Georgetown University as na na No project proposed 
Pro Industries P P P 
Montana Fuel Cell Demon- 20.0 10.0 10.0 Electricity sales to 
stratlon Associates pay operating coats 

Energy Research Corporation 55.8 na na 
Fluor Technology, Inc. P P P 
Public service Electric 38.0 23.0 15.0 Electricity sales to pay 

and Gas Company operating and maintenace 
costs 

Tennessee valley Authority 54 5 5 0.0
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Montana rue! Cell Demonstration Associates, Inc., pro-
posed a project that would demonstrate operation of an 
engineering development sized phosphoric acid fuel cell 
system (about 7 megawatts) on gas derived from a 
molten iron gasifier at the United States/DOE Compo-
nent Development Integration Facility in Butte, Mon-
tana. The gasifier and gas cleanup equipment would be 
new, but the coal handling equipment exists as part of a 
DOE magnetohydrodynamics test facility. Cost sharing 
is expected to include $10 million to be provided by 
equipment vendors and $10 million by government 
sources. The proposed schedule would start the project 
in 1985 and complete two years of testing in 1990. 

The submission by Energy Research Corporation and 
Pacific Gas and Electric Company proposed a project to 
combine a 5 megawatts internally reforming molten 
carbonate fuel cell with a Wellman-Galusha gasifier. 
The location of the project would be somewhere on the 
Pacific Gas and Electric Company grid in California. 
The proposed date for completion of the project was 
mid-1994. The projected cost of the project was given 
as $65.8 million with cost sharing amounts not defined. 

Fluor Technologies, Inc., submitted a proprietary pro-
posal. However, the letter of transmittal described a 
plan to demonstrate operation of a phosphoric acid fuel 
cell power plant with fuel supplied by an existing coal 
gasification plant. The 7.5 to 11 megawatts fuel cell 
powerplant would be installed on the site of the Coo! 
Water plant in Barstow, California. The fuel cell 
feedstock would be a side stream of coal-derived gas 
from a Texaco gasifier at the site. 

Public Service Electric and Gas Company (PSE&G) of 
Newark, New Jersey proposed a demonstration of a fuel 
cell power plant to be located at a PSE&G site or a 
customer site within the PSE&G service region. Opera-
tion is planned to begin in 1992, and the facility would 
be operated for testing during the first five years of 
operation. Total project construction cost is estimated 
to be $38 million in 1985 dollars with PSESCG prepared 
to cost-share up to40 percent. 

The submission by the Tennessee Valley Authority 
(TVA) proposes a test of a 250 kilowatt phosphoric acid 
fuel cell stack on coal-derived gas at the TVA 
Ammonia-from-Coal Project gasifier at Muscle Shoals, 
Alabama beginning in 1985 and ending in 1989. The 
existing fuel cell stack and gasifier plant are both 
owned by TVA. Government funding would cover the $5 
to $6 million startup costs plus operating and mainten-
ance costs which were not estimated. This proposal is 
contingent upon operation of the gasifier under another 
proposed program so that •a slip stream of product gas 
would be available. 

Heat Engines 

DOE received thirteen submissions describing projects 
specifically identified as heat engine technology. How-
ever, additional submissions were received that in-
cluded heat engine technology as part of a system 
principally featuring another technology (e.g., gasifica-
tion, fluidized bed combustion, etc.). The heat engine 
submissions were subsequently sub-divided by DOE into 
the following groups:

• Locomotive Propulsion Systems - Seven submis-
sions 

• Co-Generation Systems - Three submissions 

• Combined Cycle Power Generation Sys-
tems - Three submissions. 

Locomotive Propulsion Systems 

The seven submissions in this area are all aimed toward 
substitution of coal fuels for distillate fuels in locomo-
tive propulsion systems that would culminate in unde-
fined full scale locomotive tests. The proposals are 
essentially informational with respect to costs, sche-
dules, technical substantiation, and expected benefits. 

Federal support is requested primarily in the form of 
direct funding, with one loan guarantee proposed. Sev-
eral offerors claimed that without substantial federal 
support, a coal-fired locomotive would likely not be 
developed before the end of the century, but with the 
proposed programs initial testing could be conducted in 
3.5 to 6 years. 

Of the seven proposals for locomotive propulsion sys-
tems, the following five proposals do not involve coal 
gasification or liquefaction: 

• National Steam Propulsion Company: Worrnser 
fluidized bed boiler 

• Allison Gas Turbine Division: Dry powdered 
coal or coal slurry fueled gas turbine (proprie-
tary submission) 

• Systematics General Corporation: Advanced 
coal combustion system (proprietary submis-
sion) 

• General Electric Company: Diesel engine and 
gas turbine power plant fueled by a coal-water 
slurry 

• Shoemaker and Associates, Inc.: Coal burning 
condensing steam turbine (technology not dis-
closed by DOE due to a proprietary submission). 

The remaining two submissions in this area propose the 
use of gasification technologies as described in the 
following summaries. 

Brobeck Corporation's proposal is directed toward the 
design, construction, and test of two prototype coal-
fired locomotives. A low BTU gas produced from coal 
would be burned in either a gas turbine or spark ignition 
reciprocating engine to drive the locomotive through a 
conventional electric generator-motor system. A five 
year, $50 million, fully government-funded program is 
proposed. 

The submission by American Coal Enterprises, Inc. 
describes a $27 million, 3.5 year engineering project 
aimed toward field testing of two advanced, coal-burn-
ing steam locomotives. These locomotives would em-
ploy a proprietary gas producing combustion system 
(GPCS). The proposal requests loan guarantees to cover 
about 90 percent of the total cost of approximately 
$27 million. 
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corporate participants). Both submittals entail retro-
fitting an MUD topping cycle to the existing Frank E. 
Bird electric powerplant in Billings, Montana. The 
addition of the MHD topping system would increase the 
net output of the plant from 66 to 88.6 megawatts with 
an increase in overall efficiency from 29 to 32 percent. 
The total cost of the retrofit project is estimated by 
the MILD Development Corporation as $412.8 million. 
Westinghouse estimates the total cost at between $349 
and $385 million. 

Coal Liquefaction 

DOE received five submissions in this area of clean coal 
technology. Two described exploratory bench scale 
research efforts, one was an informational letter docu-
menting continuing interest in coal liquefaction techno-
logy, and two addressed co-production of electric power 
and methanol. According to DOE the two submissions 
suggesting bench scale research efforts do not duplicate 
existing research. Only the two proposals suggesting 
testing once-through methanol-synthesis are considered 
demonstrations of commercial or near-commercial ap-
plications. 

A summary of the total costs and federal incentives 
requested are provided in Table 4. The five coal 
liquefaction submissions are briefly described in the 
following summaries.

TABLE 4 

COAL LIQUEFACTION
PROJECT COST/COST-SHARING SUMMARY 

(Million Dollars) 

submitted By 

Brookhaven National Lab 
Standard Oil Company (Indi, 
Air Products & Chemicals 
Flow Industries, Inc. 
Tennessee valley Authority

	

Total	 Cost 
Cost Federal 

	

0.4	 0.4 

	

na) 79.0	 na 

	

na	 Ia 

	

3.1	 3.1 

	

40.0	 20.0

Sharing 
Private	 Remarks 

0.0 
na 
na 
0.0 

20.0 In addition, TVA will 
provide their coal-to-
methanol facility 

na	 Not available from submissions or not applicable 

copnerationsjstems 

Three informational proposals were submitted in the 
category of industrial cogeneration. Two of these were 
submitted by the Allison Gas Turbine Division of Gen-
eral Motors, and were identified as being proprietary. 

The third proposal in this subcategory was submitted by 
Transamerica Dc Laval Inc., a multi-year plan for 
development of a gasified coal-burning diesel engine 
cogeneration system was proposed. Development costs 
were estimated at $85 million of which $46 million of 
government support is requested. Development and 
testing of components is expected to require 5 years 
with an additional 2 years to construct a site-specific 
system and conduct verification tests and endurance 
tests. Initial commercial operation was projected to 
begin in 1992. An appropriate low-BTU gasifier and the 
most promising hot-gas cleanup system would fuel De 
Laval's Enterprise R5 diesel engine which would be the 
prime mover for an electric generator. An appropriate 
waste heat recovery unit would provide steam in a 
cogeneration mode. An overall efficiency in excess of 
50 percent is projected. 

Tjk!ice (I 	 Bysterns 

The three submissions in this subcategory are basically 
gas turbine machine development efforts for IGCC 
applications. The incentives requested are in the form 
of direct funding support justified by the submitters on 
a combination of the relatively high early development 
costs and the uncertainty of long-term rates of return. 
Periods of performance range from 2.5 to 10 years. 

The Pacific Gas and Electric Company proposed an 
advanced gas turbine concept called Intercooled Steam-
Injected Gas Turbine (ISTIG). The proposal involves two 
modifications to the General Electric Company model 
LM 5900 gas turbine: (1) cooling the working fluid at 
some point in the compression cycle, and (2) injecting 
steam into the power turbine. The total length of this 
project is four years. The cost of the total project is 
approximately $100 million with the General Electric 
Company providing 50 percent and a utility consortium, 
including Pacific Gas and Electric Company, contribut-
ing 25 percent 

In an informational letter, General Electric calls atten-
tion to a current study they are making of steam 
injection to enhance gas turbine performance. 

The Energy and Environmental Research Corporation 
(EERC) proposal describes two gas turbine design con-
cepts intended to enable gas turbines to burn minimally 
cleaned, pulverized coal directly (not slurried), and 
improve the overall efficiency of combined gas turbine-
steam turbine power systems. 

Magnetohydrodyaamics 

Two submittals were received in the MIlD category. 
One was by the MUD Development Corporation (repre-
senting nine corporate participants) and the other by 
the Westinghouse Electric Corporation (plus six other

The submission by Brookhaven National Laboratory 
(BNL) preserfts a brief description of a proposed basic 
research study to be conducted in small-scale batch 
equipment. The two objectives to this study are: (1) to 
determine if hydrogen can be replaced by methane in 
direct liquefaction in the presence of donor solvent and 
(2) to determine if hydrogen can be replaced by 
methane in coal liquids upgrading. Costs are $259,000 
to Task 1 and $150,000 for Task 2, both to be 100 per-
cent funded. The study is expected to require 
24 months to complete. 

Standard Oil Company (Indiana), now Amoco, provided 
an overview of their involvement in direct coal lique-
faction technology over the last ten years and plans for 
the future. The need to test emerging coal liquefaction 
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concepts on both a proof-of-concept scale (such as 
EPRI's facility at Wilsonville, Alabama; 2 to S tons per 
day) and at a pre-commercial scale (such as the Ashland 
Oil H-Coal facility at Catlettsburg, Kentucky; 200 tons 
per day) in a cost effective manner is emphasized. The 
cost estimate for testing at the H-Coal facility is 
$30 million for plant modifications and $48 million for a 
two year operating program. 

Air Products and Chemicals, Inc., proposed progression 
of the on-going DOE-funded liquid phase methanol PDU 
project at LaPorte, Texas. The TVA coal-to-ammonia 
facility at Muscle Shoals, Alabama (with necessary 
process changes) would be utilized to reduce capital 
costs and shorten the time for a scale-up from LaPorte 
(5 to 125 tons methanol per stream day). 

The submission by Flow Industries, Inc., describes a two 
year research effort to develop a novel concept of 
mechanically bringing feed coal to operating pressures 
of gasifiers and/or liquefaction reactors. This proposal 
involves three interrelated work efforts costing 
$3.1 million in constant 1983 dollars ($675,000 Task!; 
$575,000 Task 2; and $1,824,000 Task 3). One hundre' 
percent direct funding support was requested. 

Tennessee Valley Authority (TVA) proposed modifica-
tion of the ammonia-from-coal plant at Muscle Shoals, 
Alabama. TVA (with EPRI) is to choose at least one of 
three syngas-to-methanol technologies (Lurgi, ICI, or 
Chem Systems' Liquid Phase) for testing in a simulated 
once-through mode. A 2 year design/construction 
period followed by a 2 to 3 year test operating period is 
proposed. Project costs are estimated at $40 million 
with $13 million for construction and $26 million for 
operations. EPRI is reported to have budgeted funds 
for 50 percent of the estimated cost, with federal or 
other private sector assistance providing the other 
50 percent. 

Underground Coal Gasification 

Four submissions were received in the area of under-
ground coal gasification. According to DOE each 
proposal represented a totally separate technology op-
tion or concept. 

A summary of the total costs and federal incentives 
requested in the UCG submissions is provided in 
Table 5. 

The submission by Western Research Institute (WRI) 
suggests that a promising approach to the development 
of the oil shale resource is to retort non-uniform rubble 
beds or fractured formations indirectly using a hot inert 
flue gas produced by underground conversion of thin 
coal seams. The description of necessary research and 
development, including estimated costs, is proprietary. 

Spruce Creek Energy Company requested 50 percent 
funding by DOE for a $19.5 million pilot plant and 
subsequent commercialization demonstration program. 
The planned schedule is to perform a small pilot plant 
operation in Schuylkill County, Pennsylvania in calendar 
year 1986 with operation of a commercial sized module 
scheduled for 1989. The technology to be employed is

TABLES 

UNDEftOROUND COAL GASIFICATION 
PROJECT COST/COsT-ShARING SUMMARY 

(Million Dollars) 

Total	 Cost Sharing 
Submitted BY	 Cost Federal	 Private	 Remarks 

Western Research Institute P 	 p	 p 
Spruce Creek Energy	 19.5	 9.75	 9.75	 Total cost includes capi-

tal cost plus 6 months 
operating cost for pilot 
plant test and commer-
cial demonstration and 
$1.5 million already ex-
pended by sponsor. Does 
not include power plant 

Air Products & Chemicals 30.0	 no	 na	 Total cost estimated for 
year It & 0 program ad-

dressing the 9 stated 
needs 

World Energy Inc.	 89.1 71.25	 17.82	 Cost represents total In-
stalled cost including 
31.6 MW power plant. Does 
not Include operating costs. 

as	 Not available from submission or not applicable 
P	 Proprietary or confidential as designated by submitter 

UCO in steeply dipping coal seams. The proposers plan 
to consume about 750 tons of coal per day to produce a 
medium BTU gas to produce a nominal 50 megawatts in 
a power plant. 

The submission by Air Products and Chemicals, Inc., 
expresses willingness to submit formal proposals on 
future solicitations for R & D in underground coal gasi-
fication. Nine areas needing additional development 
are suggested in the letter of interest. 

The Byrne Creek Power Project proposed by World 
Energy, Inc., would utilize in situ gasification of a flat-
lying sub-bituminous coal by the linked vertical well 
method to generate electricity. The proposal requests 
80 percent equity funding by DOE for construction of a 
$89 million, 32 megawatt electrical power plant in 
Uinta County, Wyoming. 

Technology Assessment 

In addition to descriptions of the proposals that were 
received, DOE provided their assessment of the various 
clean coal technologies. These assessments include a 
description of each technology, the status of develop-
ment, the environmental aspects, economics, and use-
fulness. 

(Editor's Note: Pace has obtained copies of many of the 
proposals submitted to DOE that pertain to coal lique-
faction and gasification. Some of the more "interest-
ing" proposals will be described in more detail in the 
September issue of the Pace Synthetic Fuels Report) 
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SFC REQUESTS RESTRUCTURED DEBT REPAYMENT 
SCHEDULE FOR GREAT PLAINS 

At their meeting on May 21, 1985 the Board of Direc-
tors of the United States Synthetic Fuels Corporation 
(SFC) decided that the most positive way of obtaining 
long term operation of the Great Plains Gasification 
Associates (GPGA) project was to restructure and ex-
tend its debt repayment schedule. As described on 
page 4-1 of the March 1982 issue of Pace Synthetic 
Fuels Report, GPGA formally received a $2.02 billion 
loan guarantee from the United States Department of 
Energy (DOE) on January 29, 1982. (The conditional 
loan guarantee, which was approved on August 6, 1981 
is reproduced in its entirety beginning on page 5-38 of 
the September 1981 issue.) The SFC subsequently 
issued a letter of intent to GPGA for up to $790 million 
in price guarantees on April 26, 1984. Details of the 
proposed SFC assistance are summarized on page 4-9 of 
the June 1984 issue. 

In a May 22, 1985 letter to DOE Secretary Herrington, 
Chairman of the SFC Board Edward Noble requested 
that DOE and the Federal Financing Bank (FFB) provide 
a "realistic schedule of debt interest and principal 
repayment." Because of the heavy FFB debt, the 
proposed price guarantee payments by the SFC would 
have had to be very large during the initial operating 
period for the plant. The SFC's contention is that 
postponing the repayment of the DOE loan until later 
years of plant operation (when positive net income will 
be available) will considerably reduce the SFC price 
guarantees from those now in the proposed SFC 
agreement. Lower price guarantee levels would extend 
SFC support over a longer period, resulting in lengthy 
operation of the plant. 

Mr. Noble's letter further states that the SFC is pre-
pared to sustain a high level of negotiating activity 
over the next few weeks to produce an appropriate 
price guarantee assistance agreement. To facilitate 
coordinating the SFC's efforts with the efforts to 
restructure the FFB payments, Mr. Noble suggests that 
DOE set up an ad hoc interagency task force of senior 
officials in the appropriate agencies. His letter con-
cludes with a warning that, "Until I receive your 
response to this suggestion, I cannot commit the Cor-
poration to further negotiations with GPGA." 

The new SFC proposal cound therefore jeopardize con-
tinued operation of the Great Plains plant in the near 
future. The sponsors of the project—American Natural 
Resources, Tenneco Inc., Transco Energy Company, 
MidCon Corporation, and Pacific Lighting Corpora-
tion—have warned that they will terminate operation 
of the plant until SFC price guarantees are obtained. 

SFC ISSUES NEW SOLICITATION FOR THREE TYPES 
OF EASTERN COAL GASIFICATION PROJECTS 

On May 28, 1985 the United States Synthetic Fuels 
Corporation (SFC) issued a solicitation for gasification 
projects that utilize bituminous coal from the Eastern

Province or Eastern Region of the Interior Province of 
the United States. The solicitation provides for either 
a price guarantee, a loan guarantee, or a combination 
loan/price guarantee. Under the solicitation the SFC 
intends to make awards to a project in each of the 
following three technology categories: 

• Pressurized fixed-bed slagging gasification 

• Pressurized fluidized-bed gasification 

• Pressurized dry feed entrained-flow gasifica-
tion. 

The solicitation is reproduced in its entirety in the 
Appendix of this issue of the Pace Synthetic Fuels 
Report. The following information summarizes the 
major highlights of the solicitation. 

To be eligible for an award of financial assistance, the 
projects must meet the requirements specified in 
Table 1. If more than one project in each category is 

TABLE I 

ELIGIBILITY REQUIREMENTS FOR PROJECTS UNDER 
THE SFC EASTERN BITUMINOUS COAL

GASIFICATION SOLICITATION 

Resource: Bituminous coal from the Eastern Province 
and/or the Eastern region of the Interior Province 
which includes coal from Alabama, Illinois, Indiana, 
Kentucky, Ohio, Pennsylvania, Tennessee, Virginia, and 
West Virginia. 

Technology: Any integrated process or processes using a 
technology selected from one of the following three 
categories: 

• Fixed-bed slagging gasification 
• Fluidized-bed gasification 
• Entrained-flow gasification with dry coal feed. 

The gasification is to take place at a minimum pressure 
of 10 atmospheres, absolute, followed by the appro-
priate steps to convert the raw gas to synthetic fuel 
product. The technology is to be made available for 
replication on reasonable commercial terms. 

Project Scale: No minimum scale, provided the scale is 
suitable for the commercial production of synthetic 
fuel product. 

Synthetic Fuel Product: Any solid, liquid, or gas (or 
combination) that can be used as a substitute for 
petroleum or natural gas and that is produced by 
chemical or physical transformation (other than wash-
ing, coking, or desulfurizing). 

Project Schedule: Planned Start of Operations before 
1992. 

Project Design: Designed to operate a minimum of 300 
stream days per year for at least 20 years. 

4-17	 SYNTHETIC FUELS REPORT, JUNE 1985



selected by the SEC for negotiations, they will compete 
for financial assistance, with awards being made to the 
project in each category that offers the most advant-
ageous terms and conditions to the SEC. However, 
there is no guarantee that any awards will be made 
under the solicitation. 

A three-step process will be utilized by the SEC to 
review the projects that are submitted in response to 
the solicitation. This procedure is intended to reduce 
sponsor expenses by initially requiring that only mini-
mal information be supplied, with progressively more 
detailed information required in subsequent steps. The 
procedure will consist of: (I) submission of a Prelimi-
nary Qualification Statement; (2) submission of a Quali-
fication Proposal; and (3) submission of a Project Pro-
posal. 

The Preliminary Qualification Statement should demon-
strate that the proposed project meets the require-
ments of the solicitation. In particular, the Preliminary 
Qualification Statement should provide (1) a description 
of the project, (2) the name of each sponsor, (3) the 
state In which the proposed project is to be located, (4) 
the proposed conversion technology, (5) the plant pro-
duction capacity, (6) the general source of plant feed-
stocks, (7) the major products and by-products, (8) a 
description of the intended market for the major pro-
ducts and a rationale for the market price, (9) an 
overall project schedule, (10) an order-of-magnitude 
project cost estimate (within +1-40 percent) of the 
capital and operating costs of the project and the basis 
on which the estimate rests, (11) evidence that there Is 
a reasonable prospect of assembling the financial, engi-
neering, and management capabilities needed to exe-
cute and operate the project, and (12) the date the 
sponsor(s) request as the deadline for submitting the 
Project Proposal and the rationale for the requested 
date. The Preliminary Qualification Statement is not 
expected to exceed approximately 15 to 20 pages. 

The SEC will review the Preliminary Qualification 
Statement for each project and inform the sponsor(s) of 
any deficiencies. The sponsor(s) may then modify the 
project if they so desire. No projects will be dropped 
from the solicitation by the SEC at this first step of the 
procedure. 

To continue to be considered under the solicitation, 
sponsors who submitted a Preliminary Qualification 
Statement must next submit a signed Qualification 
Proposal to the SEC. The Qualification Proposal must 
include: the state in which the project will be located, 
the proposed technologies to be used by the project, an 
arrangement plan of the major project units, general 
specifications and quantities of all products and by-
products, an overall schedule for construction and 
start-up, the useful life of the project, and the source 
of the project feedstocks. An estimate of the capital 
and operating costs of the project, accurate to 
+1-30 percent, must be included. A financing plan, 
including the type and amount of SEC assistance that is 
being requested, must also be specified. The status of 
the project technology and engineering must be 
described, including heat and material balances, P & I 
plans, technology readiness, licensing, and project mile-
stones. Other information that must be supplied in-
cludes a preliminary project management plan, feed-

stock and water resources, marketing plans for products 
and by-products, environmental impact assessment, 
permit acquisition schedule, and socioeconomic impact 
evaluation. 

The Qualification Proposals for each project will be 
reviewed against criteria specified in the solicitation. 
Projects that do not satisfy the criteria to the SEC's 
satisfaction will be dropped from further consideration 
under the solicitation. At the conclusion of the review 
of the Qualification Proposals, the SEC may choose to 
proceed directly to negotiations with projects that 
meet the criteria. 

The sponsor(s) of projects that satisfy the evaluation 
criteria must next submit a Project Proposal to con-
tinue to be considered for SEC assistance. The project 
sponsor(s) must demonstrate an equity commitment of 
at least 15 percent of the total estimated cost of the 
project. The Project Proposal must include the same 
type of information as the Qualification Proposal, but 
In greater detail. Specifically, the sponsor(s) must 
demonstrate a Level Il/Ill design for the project. Capi-
tal and operating cost estimates based on the 
Level Il/Ill design must also be provided. Other Infor-
mation that is required include a detailed management 
plan, status of project technology, project site identifi-
cation, feedstock and water sources description, pro-
ducts and by-products marketing plans, and environ-
mental and socioeconomic assessments. 

Certain information in the Project Proposal will be 
evaluated on a pass/fail basis, while other data will be 
evaluated for project ranking purposes. The criteria to 
be used in this evaluation procedure are summarized in 
Table 2. 

One or more of the highest ranked projects within each 
category may be selected for negotiations. If more 
than one project within a category is selected for 
negotiations, they will compete for financial assistance 
within that category. 

If a price guarantee is requested, the SEC will nego-
tiate with the project sponsor(s) regarding the price 
guarantee period, the fair market price of the product, 
the support price (which may be variable over the 
period of the payments), and the revenue sharing ar-
rangement. In the case of loan guarantees, the primary 
limitations include a restriction that the SFC liability 
cannot exceed 75 percent of the project cost estimate, 
and that the guaranteed debt cannot exceed 30 years, 
Combination loan/price guarantees, which allow the 
price guarantee amount to be increased correspondingly 
as the guaranteed debt is retired, have the same 
provisions as those specified for separate price guaran-
tees and loan guarantees. 

As shown in Table 3, project sponsors who wish to 
respond to the solicitation must submit Preliminary 
Qualification Statements by July 8, 1985. The dead-
lines for submitting Project Proposals for projects that 
meet the qualification criteria will be established by 
the SEC for each of the three categories based on the 
dates that are specified by each project sponsor(s) in 
their Preliminary Qualification Statement 
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TABLE 2

SEC EVALUATION CRITERIA FOR PROJECT PROPOSALS 

Category	 Pass/Fail	 Relative Ranking 

Project Elig ibility
	

Compliance with project require- 	 None 
ments regarding resources, techno-
logy, scale, products, schedule, and 
design standard (tee Table 1) 

Cost Estimate 

Financing Plan 

Management Plan 

Technology and Engineering 

Site and Resources

Must be a Level Il/Ill estimate and 
must be consistent with the project 
design 

Mutt demonstrate equity commit-
ment of at least tS% 

Must be at least a Level Il/Ill design 
and have rights to project technolo-
gies 

Must demonstrate that (1) the rights 
to the project site are secured or 
otherwise obtainable, (1) sufficient 
resource for the life of the project 
is available, and (3) rights to water 
in amounts necessary for the life of 
the project are adequately secured 
or otherwise obtainable

The degree to which it provides a basis 
for determining the maximum prob-
able capital and operating cost for the 
project 

The capability of each identified spon-
sor to raise its share of capital neces-
sary to execute and operate the pro-
ject; the degree to which identified 
sponsors are collectively capable of 
assembling the balance of the equity 
contemplated by the financing plan; 
and the degree to which the project is 
economically viable in terms of being 
able (i) to generate cash sufficient to 
cover all operating and other on-going 
coats, (ii) to provide, with SF0 assist-
ance, an adequate overall incentive to 
sponsors, and (iii) to continue operat-
ing for the life of the project. 

Capable of meeting the deadUne for 
achieving Start of Operations before 
1992, and meeting good engineering 
practice requirements for reliability 
and availability of the production 
plant. 

None 

None The capability and experience of the 
sponsors to execute and operate the 
project; the degree to which the cap-
ability for managing the design, con-
struction, start-up and operation of 
the project is demonstrated; and the 
degree to which the project schedule 
is a basis for the planning and control 
of the project. 

None The degree to which the marketing 
plan demonstrates that a satisfactory 
market will exist for all principal pro-
ducts and by-products for the life of 
the project, and the degree to which 
the projected market prices for such 
products and by-products are substan-
tiated. 

Must demonstrate that (I) all re-	 The degree of planning for any pending 
quired permits are identified, (2) 	 rules and regulations, the degree of 
the schedule for obtaining such	 planning for an adequate labor force 
permits is complete and reasonable,	 for the construction and operation of 
and (3) the schedule is consistent	 the project, and the degree of identifi-
with that of the project cation of project-related socioecon-

omic impacts and the plannng for their 
mitigation.

Marketing Plan 

Environment and Socioeconomic 
Impact

- 
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TABLE 3 

SCHEDULE FOR THE SFC SOLICITATION
FOR EASTERN BITUMINOUS

COAL GASIFICATION PROJECTS 

Deadline for Submitting Preliminary Qualification 
Statements: July 8, 1985 for all three technology cate-
gories 

Deadline for Completing Review of Projects 

Against Preliminary Qualification Criteria: Approxi-
mately 14 days after deadline for submitting Prelimin-
ary Qualification Statements 

Deadline for Submitting Qualification Proposals: 

• September 9, 1985 for fluidized-bed gasifica-
tion and entrained-flow gasification with dry 
coal feed projects 

• November 15, 1985 for fixed-bed slugging gasi-
fication projects. 

Deadline for Designating Projects Meeting Qualifica-
tion Criteria: Approximately 30 days after deadline for 
submitting Qualification Proposals 

Deadline for Submitting Project Proposals: The SFC's 
chairman will establish, for each category, the deadline 
for submitting Project Proposals based on the date 
requested by each project sponsor(s) and the rationale 
for such deadline as set forth in the Preliminary Quali-
fication Statement. 

Deadline for Selecting Projects for Negotiations: Ap-
proximately 60 days after deadline for submitting Pro-
ject Proposals. 

DOE 1986 BUDGET REQUEST SLASHES 
39 PERCENT FROM COAL SYNFUEI.S 

In the 1986 fiscal year budget request submitted to 
Congress by the United States Department of Energy, 
heavy cuts are proposed in the synthetic fuels from coal 
section under fossil energy research and development. 
Under coal liquefaction, a 25 percent cut would drop 
spending from $25,815,000 to $19,386,000. In the 
underground coal gasification area, a similar 26 percent 
cut would reduce spending from $5 9 753,000 to 
$4,260,000. Surface coal gasification would be slashed 
by over one-half, from $32,011,000 to $15,028,000. The 
total sum for these three areas would be reduced by 
39 percent, from $63,579,000 to $38,674,000. Some 
$150,000 of the decrease would accrue from a 5 percent 
cut iii pay for federal employees.

Coal Liquefaction 

Historical and proposed budgets in the coal liquefaction 
area are given in Table 1. A decrease of $337,000 in 
Advanced Research would be accomplished by reducing 
research on low rank coal at UFmERC, and reducing 
projects on innovative catalyst concepts at the National 
Laboratories.

TABLE 1 

DOE COAL LIQUEFACTION BUDGET
(Thousand Dollars) 

Appropriation Request 
FY FY FY 

1984 1965 1986 

Advanced Research 5,350 5,424 5,067 
Indirect Liquefaction 7,870 7,179 4,405 
Advanced Process 15,500 12,932 5,635 

Development 
Support Studies/Engi- 5,430 5,704 4,279 

neering Evaluations  

Total 34,150 31,239 19,386 

Staffing Total PTE's: 
Direct 72 62 49 
Indirect 60 36 66

The main focus in Advanced Research is small scale, 
fundamental phenomenological studies in coal lique-
faction. Research areas include catalysts and kinetics 
and mechanisms of indirect liquefaction. Other studies 
leading to advanced liquefaction concepts include: hy-
droextraction of coal, extraction with novel solvents 
and supercritical fluids, the effects of specific solvent 
components on kinetic and liquefaction products, and 
biological approaches to coal liquefaction. 

In fiscal year 1986, the following activities will be 
supported: 

• Continue the exploration of innovative process 
concepts and fundamental studies of the con-
trolling parameters in coal liquefaction and 
advanced catalysis. 

• Continue research on biological approaches to 
coal liquefaction. 

• Continue research on application of new and 
evolving concepts in catalyzing coal liquefac-
tion reactions, such as the use of immobilized 
homogeneous catalysts and cluster catalysts. 

In addition, this progress consolidates and augments 
scientific research on the physical, chemical, and ther-
modynamic (POT) properties of fossil fuel liquids. 

In fiscal year 1986, $1,113,000 is requested to fund the 
thermophysical properties program. The following ac-
tivities will be included: 
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• Continue research on the characterization of 
synthetic mixtures. 

• Continue thermodynamic measurements on 
model compounds and mixtures of model com-
pounds, under a cooperative agreement with the 
National Institute of Petroleum and Energy 
Research. 

• Continue selected university research projects 
begun in previous years. 

The indirect liquefaction area would see a big drop of 
$3,234,000 due to completion of testing at the liquid 
phase methanol process development unit at LaPorte. 
$460,000 of this would be redirected to continue re-
search with private sector participants as contracted in 
fiscal year 1984 and extend research to exploit en-
couraging results from earlier cost-shared industrial 
contracts. 

In fiscal year 1986, the indirect liquefaction activity 
will continue to emphasize laboratory research to pro-
vide data for better understanding of catalyst and 
reactor systems to convert coal-derived synthesis gas 
to gasoline, distillate or alcohol fuels selectively. 
PETC will investigate the role of preparation and 
activation techniques in Fischer-Tropsch catalyst per-
formance. Research with private sector participation 
will continue to investigate techniques in the laboratory 
for modifying catalyst performance and developing new 
approaches to increasing the yield of liquid fuels, and 
understanding slurry phase reactor performance. 

The Advanced Process Development area under coal 
liquefaction will also see a big drop. The base program 
in process research would be reduced by $784,000. 
Completion of operations at the Wilsonville pilot plant 
would chop $5,489,000; discontinuing the infra-
technology and generic technology development items 
would save another $1,000,000. 

In fiscal year 1985, the Advanced Process Development 
program was reoriented toward laboratory and bench 
scale process research and technology base studies. 
Proof-of-concept testing of integrated staged lique-
faction process concepts at Wilsonville would be com-
pleted in fiscal year 1985. No funds are requested for 
continued operation of Wilsonville in fiscal year 1986. 

Work will continue with bench scale studies on copro-
cessing coal and heavy oil to provide yields and oper-
ational data for initial evaluation of process merit. 

There were a number of laboratory and bench scale 
projects in the base program whose contracts were 
completed in fiscal year 1985. These include projects 
in catalyst development and evaluation, bench scale 
process research, and exploratory process research. 
Funds are required to continue work on the most 
promising developments in these existing projects. 

Funds are also being requested to continue in-house 
research at PETC and to complete work at the Univer-
sity of North Dakota Energy Research Center 
(UNDERC) initiated under the cooperative agreement. 
The PETC projects are focused on innovative direct 
liquefaction process concepts and fundamental studies

to improve understanding of coal liquefaction reaction 
mechanisms and catalysts. In fiscal year 1986, four 
projects will be pursued: 

• Studies of coal conversion catalysts 

• Coprocessing of coal with heavy oil 
• Fractionation of liquefaction residuum 
• Use of supercritical water in direct liquefac-

tion. 

The support studies/engineering evaluations subactivity 
would be cut by $1,425,000. 

Certain fractions of coal-derived liquids have produced 
toxic effects in laboratory animals. A technology 
oriented biomedical test program is underway which is 
coordinated with the health effects program of the 
Office of Energy Research. In fiscal year 1985, health 
and environmental studies included further biochemical 
characterization of two-stage liquefaction products, 
and additional screening of inexpensive chemical up-
grading methods as part of the research guidance 
studies efforts. This research guidance effort along 
with instrument and components activities is reduced in 
fiscal year 1986. Biochemical characterization of close 
coupled two-stage liquefaction products and products of 
coprocessing of coal with petroleum residue will be 
initiated. Long-term skin painting studies for eval-
uating levels of hydrotreatment of bioactivity will be 
completed in fiscal year 1986. 

Research and development is needed to improve critical 
mechanical components and controls. In fiscal year 
1985, work was continued or initiated in de-ashing feed 
monitoring instrumentation and solvent quality en-
hancement and measurements. In fiscal year 1986, 
these projects will be continued, and novel residue ash 
monitoring and separation systems will be investigated. 

This budget line includes funds for generic laboratory 
research in support of the process research activities, 
such as experimental studies on catalyst deactivation 
mechanisms, process solvent characterization, and re-
action kinetics and mechanisms. These studies will 
continue in fiscal year 1986 along with work on catalyst 
characterization and deactivation mechanisms. 

Underground Coal Gasification 

The underground coal gasification budget would be 
reduced by $638,000 by canceling plans for outcrop 
studies in swelling bituminous coals in a cooperative 
program. This would come out of the Gasification 
Technology Development item (Table 2). The Envir-
onmental and Advanced Research item would sustain a 
cut of $855,000 by reducing long-term environmental 
mitigation and aquifer restoration studies and mon-
itoring, and by deferring laboratory simulation re-
search. 
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• A novel ion exchange membrane technique will 
be applied to demonstrate separation of acid 
gases from the gasification products. 

• A fundamental investigation will be conducted 
on the use of supported metal complexes as an 
efficient gas separation method. 

TABLE 2 

DOE UNDERGROUND COAL GASIFICATION BUDGET 
(Thousand Dollars) 

Appropriation	 Request 
FY	 FY	 FY 

1984	 1985	 1986 

Gasification Technology	 -	 3,098	 2,460 
Development 

Environmental and Ad-	 6,000	 2,655	 1,800 
vanced Research 
Total	 6,000	 5,753	 4,260 

Staffing Total FTE's: 
Direct	 0	 0	 0 
Indirect	 8	 12	 9 

The Gasification Technology Development subactivity 
includes all those activities relating to field gasifi-
cation testing for development of basic input data for 
process designs. Over a dozen UCG field tests in 
shrinking, subbituminous coals have been completed in 
past fiscal years. In fiscal year 1985, an industrial cost 
shared project was initiated near Centralia, Wash-
ington. In fiscal year 1986, the second year of this cost 
shared effort will continue with the installation of field 
facilities for the 100 day, parallel row field test. This 
project is designed to further develop the promising 
CRLF ignition and control technique, to study inter-
acting modules, to explore operational variations and to 
investigate such burn parameters as burn width, coal 
thickness, vertical and horizontal production wells and 
others. In addition to the subbituminous activity, a low 
level effort will be maintained in the application of 
UCG to swelling coals. 

Cooperation with Brazil and Spain initiated in fiscal 
year 1985 will continue in fiscal year 1986. 

The Environmental and Advanced Research subactivity 
addresses relevant environmental and technology base 
efforts necessary for the long-term development of 
underground coal gasification. 

In fiscal year 1986, compliance activities will be con-
tinued in conjunction with Wyoming and Washington 
state environmental quality departments, as will re-
search related to quantifying the mechanics and chem-
istry and physics of aquifer contamination but at a 
reduced level. The development of cleanup techniques 
for the pollutants left in concentrated and/or dispersed 
patterns upon completion of gasification will also be 
conducted at a reduced level of effort. 

Surface Coal Gasification 

Under Advanced Research (Table 3) an increase of 
$141,000 would be allocated to continue research on 
novel gas separation, cleanup, and gas processing tech-
niques.

TABLE 3 

DOE SURFACE COAL GASIFICATION BUDGET 
(Thousand Dollars) 

Appropriation	 Request 
FY FY F? 

1984 1985 1986 

3,650 3,364 3,495 
6,950 4,376 3,303 

22,209 21,119 3,243 

4,342 3,516 2,212 

3,040 3,000 2,775

	

40,191	 35,375	 15,028 

	

31	 20	 23 

	

70	 63	 56 

In fiscal year 1986, research will also be supported in 
these areas: 

• Examine coal softening, including modeling of 
mass transfer in softening coal. 

• Assess ash softening, including ash agglomer-
ation, reaction kinetics, and mechanisms. 

• Develop and validate fundamental gasification 
models which incorporate multiphase flow, coal 
softening, ash softening and agglomeration, and 
heterogeneous reactions. 

• Obtain data at intermediate heating rates to 
complete the pyrolysis data base; and combine 
experimental data into an integrated model to 
predict coal pyrolysis phenomena from raw coal 
measurements. 

• Investigate novel approaches to coal gasifi-
cation, such as new catalyst systems. 

• Investigate novel approaches to gas separation, 
such as supported metal complexes and mem-
branes. 

• Study catalytic upgrading of synthesis gas to 
enhance hydrogen recovery. 

• Continue research activities in the kinetics of 
devolatilization of coal and the effect of tem-
perature and pressure on fines production in 
fluid bed reactors. 

Advanced Research 
Advanced Process 

Development 
Systems Engineering 

Concepts 
Environmental and Engi-

neering Analyses 
Great Plains Coal Gasi-

fication Project 
Total 

Staffing Total FTE's: 
Direct 
Indirect 
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Advanced Process Development would drop by 
$1,073,000 due to completing studies on low rank coals 
to determine mechanisms of pyrolysis at mild tem-
peratures and slow heating rates; reducing the level of 
effort on compositional interrelationships of the ag-
glomeration and fusion of ash components; and redir-
ecting the program being performed in the advanced 
gasification facility to only those studies generating 
data specifically needed in the gasification data base. 

In fiscal year 1986, the Advanced Gasification Test 
Facility will also be used for the development of 
advanced gas cleanup devices in conditions common to 
entrained gasifiers. Investigations will continue in the 
area of rapid steam pyrolysis and steam hydrolysis. 
Studies will be continued in improved processing con-
cepts for pyrolysis products of coal. Studies will be 
continued with advanced, new feedstocks (e.g., micro-
pulverized deep-cleaned coal, coal/carbon dioxide mix-
tures) used in short residence time high-rate gasifiers 
(e.g., entrained, hydrogasifier, plasma arcs, etc.). 

The Systems Engineering concepts line item would be 
almost totally eliminated at a savings of $17,876,000. 
In fiscal year 1986 the effort to identify and develop 
hybrid gasifiers (e.g., two-stage pyrolysis/gasification, 
gasification/combustion gasifiers, etc.) will be con-
tinued. Also in fiscal year 1986, ongoing projects that 
specifically address the objectives of significantly re-
ducing the large capital costs and shortening the length 
of the construction periods now associated with coal 
gasification facilities will be continued. These projects 
emphasize the modularization capacities and reliability 
of key operating components. 

Under Environmental and Engineering Analyses, a re-
duction of $1,304,000 would be achieved by redirecting 
modeling efforts and continuing work only on high 
priority items. The studies on gasification plant envir-
onments, fugitive emissions and accidental exposure to 
plant streams will be continued. Proof-of-concept 
studies will be initiated on new and novel techniques of 
acid gas cleanup previously determined to have tech-
nical merit at the bench scale. Efforts will be con-
tinued to make environmental processing codes com-
patible with, and a valuable addition to, the ASPEN 
procesing model. 

The line item labeled Great Plains Coal Gasification 
Project would be reduced slightly, from $3,000,000 to 
$2,775,000. The objectives of this subactivity are to 
maintain an effective loan guarantee control and pro-
ject monitoring program, collect and disseminate infor-
mation on the technological, economical, environ-
mental, and social costs, benefits and impacts of the 
Great Plains Gasification Project, and to assure the 
conduct of an effective supplemental environmental 
program.

BLM ISSUES PROGRAM GUIDELINES FOR COAL 
RESOURCE MANAGEMENT PLANNING 

By notice in the Federal Register on March 13, 1985, 
the United States Bureau of Land Management 
announced the availability of a draft "Supplemental 
Program Guidance" document. Public comment on the 
document is being solicited. The overall purpose of, 
and the rationale behind this document are discussed in 
an article in the General section of this issue of the 
Pace Synthetic Fuels Report 

The portion of the guidelines specific to coal resource 
planning is summarized in the following. 

Determination 

Q!ji!iaZ2flLe!ft.tlan 

The following determinations are made in the Resource 
Management Plan: 

• Identify areas that are unacceptable for coal 
leasing. These are areas that have been elimin-
ated under the four coal screens set forth at 
43 CFR 3420.1-4. 

• Identify "coal study areas" acceptable for fur-
ther consideration for coal leasing. These are 
areas that have passed the four coal screens. 

• In areas identified as acceptable for further 
consideration, determine if there are any miti-
gating measures, conditions, or special deter-
minations necessary, such as: 

- Data gaps that must be addressed in sub-
sequent planning, lease sale, or post lease 
activities. 

- Impact thresholds that may limit the 
timing, location or extent of coal devel-
opment. 

- Mitigation measures required to apply an 
exception or to resolve or reduce a multi-
ple use conflict or socio-economic im-
pact. 

- Procedures for making adjustment, if nec-
essary, in the application of the unsuit-
ability criteria. 

- Priorities among coal study areas based 
on their relative desirability for develop-
ment. 

MtLvLt . Plans -

The following determinations or actions are not appro-
priate to the resource management plan, but are de-
cided upon and documented in the activity plan: siting 
of coal tracts, analyzing site-specific impacts, ranking 
of tracts, assessing leasing levels and regional environ-
mental impacts, and recommending tract sale schedules 
to the Secretary. 
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Analysis 

To arrive at the liMP determinations above, the four 
coal screens as found in 43 CFR 3420.1-4 (e) must be 
applied. The screens must be applied sequentially (as 
enumerated below), except in special cases. 

The liMP and its supporting documentation must clearly 
identify how the four coal screens were applied during 
the land use planning process. The plans should include 
legal descriptions and/or accurate maps with specific 
documentation standards as follows: 

• Development Potential. The plan must contain 
an estimate of the amount of coal recoverable 
by either surface or underground mining oper-
ations or both. The rationale for selecting 
areas with development potential must be in-
cluded and a map showing these areas must also 
be included. 

• Unsuitability Criteria. Each of the twenty 
unsuitability criteria set forth in 43 CEll 3461.1 
must be applied to any lands identified as 
having coal development potential. 

- A narrative should be included for each 
criterion explaining how it was applied. If 
exceptions or exemptions were included, 
give the rationale and discuss any agency 
consultations that occurred. The narra-
tive should include a statement on the 
quality of the data. 

- A composite map must be prepared which 
defines areas acceptable for further con-
sideration for coal leasing. Additional 
maps should be included, if appropriate, 
showing the results of applying each indi-
vidual criterion, exception and exemption. 

- Where data are unavailable or where the 
best available data are not of sufficient 
quality to allow a decision on the appli-
cation of a criterion or exception to be 
reached with reasonable certainty, the 
plan must state when in subsequent plan-
ning, lease sale or post lease activities 
the data will be obtained. At such time 
as the data become available, the public 
must be provided an opportunity to com-
ment on the application of the unsuit-
ability criterion or exception in question. 

• Multiple Use Trade-Offs. The multiple use 
screen is used to balance the development po-
tential of the coal with other potential end 
uses. Coal areas that have passed through the 
previous two screens may be eliminated from 
further consideration if other public land re-
source values are determined to be superior to 
the coal. 

• Surface Owner Consultation. Section 714 (d) of 
SMCRA requires the Secretary to consult 
during the planning process with specified 
classes of owners of the surface estate over-
lying federal coal resources being considered 
for leasing. Where a significant number of

surface owners in an area have expressed a 
preference for underground mining techniques, 
that area shall be considered acceptable only 
for development by underground mining. 

Information 

The following information should be available to the 
interdisciplinary team during the planning effort: 

• Geologic and coal data, including topography, 
estimated recoverable reserves, coal quality, 
and overburden and intcrburden characteristics. 

• Leasing history, including areas and amount of 
coal currently under lease, and pending PRLA's. 

• Coal development patterns, including existing 
and proposed mining operations, transportation 
facilities, and processing facilities. 

• Data required to apply the unsuitability cri-
teria. 

S Surface ownership data. 

Much of the information required to apply the coal 
screens described above can be collected from other 
federal agencies and affected state governments. In-
formation requests to these entities should be accom-
panied with a map of the planning area in questions. 

Notices, Consultations, and Hearings 

Call for Resource Information 

Before initiating, revising or amending a resource man-
agement plan or a land use analysis involving coal, a 
Call for Resource Information will be published in a 
Federal R ter egis notice and in the local news media. 
The Call for Resource Information must also encourage 
submission of proprietary coal and other resource infor-
mation in as much detail as possible. 

Consultation Requirements 

The Bureau is required to consult with a number of 
federal and non-federal entities before it recommends 
an area as acceptable for further consideration for 
leasing: 

• Unsuitability Consultations. The consultation 
requirements associated with the application of 
the unsuitability criteria are set forth in 
43 CFR 3461.3. 

• Surface Owner Consultation. General require-
ments for surface owner consultation are set 
forth at 43 CFR 3420.1-4 (e) (4). 

- Contact with surface owners should be 
made. The contact may be made by 
certified mail or in person by the District 
Manager or his representative. 
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- The response period, for surface owners 
to submit their preferences to the Dis-
trict Manager, must be at least 30 days 
from the time of mail contact. 

• Coordination and Consistency with other 
federal surface management agencies, states, 
and Indian tribes, It is essential that RMP deci-
sions be coordinated with plans, policies and 
controls of other Federal agencies, States, lo-
calities and Indian Tribes to ensure that there is 
consistency and compatibility among plans. 

Heariequiremeas 

A hearing, if requested, shall be conducted as pre-
scribed in 43 CFR 3420.1-5 and may be combined with a 
regularly scheduled public meeting. The authorized 
office conducting the hearing shall: 

• Publish a notice of the hearing in a newspaper 
of general circulation in the affected geo-
graphical area at least once a week for two 
consecutive weeks, 

• Provide an opportunity for testimony by anyone 
who so desires. 

• Prepare a record of the proceedings of the 
hearings. 

The requirement for public comment on the application 
of unsuitability criteria may be combined with this 
hearing, if appropriate.
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ENERGY POLICY & FORECASTS 

DOE'S POLICY TO NOT FUND CLEAN COAL 
TECHNOLOGIES IS UNDER FIRE 

In May the United States Department of Energy (DOE) 
released its report entitled Report toCongress on 
Emerging Clean Coal Technologies. The Report sum- 
marizes 176 responses that DOE received regarding 
industry's interest in using federal funds to assist in 
developing clean coal technologies (i.e., technologies 
that could potentially utilize coal in an environmentally 
more acceptable manner). The report also contains 
DOE's analyses of various technologies. (Two separate 
articles in the Government portion of the Coal section 
in this issue summarize DOE's project descriptions and 
technology analyses.) 

In addition to these more technical portions, the Report 
also contains a brief summary of DOE's policy regarding 
commercialization of clean coal technologies. The 
policy statement in the Report is as follows: 

"After review of the submittals, the Department 
has concluded that federal incentives will not ac-
celerate commercialization of these technologies 
and may be counterproductive to their develop-
ment. 
An examination of the current market reveals that, 
because of the size and availability of United 
States coal reserves, the security of the coal 
supply, and the economics of the use of coal as 
fuel, free market forces are operating to select 
and commercialize the most efficient and environ-
mentally-effective technologies for processing and 
using coal as a replacement for other more costly 
fuels that are in more finite supply. The introduc-
tion of federal incentives into this process will not 
only hinder the operation of these beneficial 
forces, but will adversely affect the development 
of non-subsidized technologies which will, in many 
cases, be eliminated from further competition. 
The latter result is a matter for special considera-
tion given the Department's uncertain ability to 
judge which of the emerging technologies is most 
likely to be accepted for extensive future use by 
private industry. 
These conclusions are based on the Department's 
previous experiences with federal incentives. Pro-
jects selected to receive assistance under programs 
providing such incentives as direct funding, cost 
sharing, cooperative agreements, and price and 
loan guarantees, have with few, if any exceptions 
been unsuccessful in commercializing new fossil 
technologies. Their lack of success has also ad-
versely impacted related private sector projects by 
discouraging initiation of privately funded projects. 
Accordingly, the Department recommends to the 
Congress that no federal incentives be provided for 
the emerging clean coal technologies, but rather 
that the Department continue to be authorized to 
channel its resources into the highly productive 
areas of coal technology research and develop-
ment, leaving commercialization decisions to free 
market forces."

In October 1984, Congress initiated the program by 
establishing a $750 million Clean Coal Technologies 
Reserve to be used to assist industry commercialize 
various technologies. Therefore, both Houses of Con-
gress conducted hearings in May to hear DOE's explana-
tion of their policy and to receive industry's response to 
the Report. The United States House of Representa-
tives Subcommittee on Energy Development and Ap-
plications heard testimony on May 8, 1985 from the 
following people: 

William A. Vaughan 
Assistant Secretary for Fossil Energy 
United States Department of Energy 
Eric Reichl 
Chairman, Clean Coal Technologies Panel 
Energy Research Advisory Board 
Gene Minella 
Electric Power Research Institute 
David 0. Webb 
Senior Vice President 
Gas Research Institute 
John Wootten 
Director of Research & Technology 
Peabody Holding Company, Inc. 
John McCormick 
Environment Policy Institute 

On May 16, 1985 the United States Senate Subcommit-
tee on Energy Research and Development heard testi-
mony from a similar list of witnesses including: 

Max Baucus 
United States Senator 
The State of Montana 
William A. Vaughan 
Assistant Secretary for Fossil Energy 
United States Department of Energy 
Eric Reiehl 
Chairman, Clean Coal Technologies Panel 
Energy Research Advisory Board 
Dwain F. Spencer 
Vice President 
Electric Power Research Institute 
Richard E. Disbrow 
President 
American Electric Power Company, Inc. 
David 0. Webb 
Senior Vice President 
Gas Research Institute 

In his testimony, Assistant Secretary Vaughan reiter-
ated DOE's policy that federal assistance would not 
accelerate commercialization of clean coal technolo-
gies. The other witnesses were, in general, strongly in 
favor of the program. The following excerpts from the 
testimony indicates this support: 

• Eric Reichl—"No R & D program is ultimately 
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useful unless it leads to commercial accept-
ance. The key step required for this varies of 
course among industries, but electric utilities 
must be uniquely wary before any innovation 
can be adopted and there is simply no way to 
bypass the need for large, even full commer-
cial-scale testing. 
As matters stand, DOE. policy has frequently 
kept the Department from participation in such 
test or demonstration programs. The panel 
recommends that DOE do participate, or even 
lead, in such tests." 

• Gene Minella—"The problem affects all phases 
of the development cycle, but is greatest in the 
financially-intensive large pilot and demonstra-
tion steps necessary for commercial confid-
ence. The Clean Coal Technology Reserve to 
provide federal participation in private sector 
demonstration initiatives can substantially en-
hance the nation's ability to commercialize the 
many developments in clean coal technology." 

• David Webb—"The current federal energy re-
search policy has created a 'technology gap' for 
fossil fuels research by restricting the DOE role 
to proof-of-concept research. There is a need 
for a viable federal role in the applied and 
engineering research phases of coal conversion 
and utilization processes. Congress can take a 
bold step toward closing this 'gap' by appro-
priating funds in fiscal year 1986 for clean coal 
technology demonstrations to be cofunded with 
industry. Without this federal support, the 
timely development of advanced processes to 
use the nation's vast coal resources in an en-
vironmentally acceptable manner will be ser-
iously delayed. A joint DOE/industry program 
is needed now." 

• Dwain Spencer—"ln order to provide the utility 
industry with a range of options to achieve 
these requirements, a continuing federal assist-
ance program to bring these systems to com-
mercial readiness is essential. This program 
must include both capital and operating support 
provisions to be effective in stimulating the full 
scale testing of the most technically, econo-
mically, and environmentally sound options." 

• Richard Disbrow—"The marketplace has identi-
fied the technologies to be commercialized; the 
private sector is ready to commit very substan-
tial funds to these projects; and our members 
are willing to put their projects into the compe-
titive arena. 

From the point of view of the Clean Coal 
Technology Coalition, we would encourage 
rapid implementation and sufficient first year 
funding to ensure that industry will aggressively 
participate in this program." 

Industry's positive attitude toward the program was 
substantiated by two Senators' testimony as follows: 

• Senator John D. Rockefeller W—"l view as 
unacceptable and outrageous the contention by 
the DOE in its report that stepped up federal

support of clean coal technologies would be 
'counterproductive to their development'." 

• Senator Max Boweus—"If we are going to co,-
tinue using coal, we must find ways to burn it 
more cleanly and efficiently. That means, the 
federal government must make a commitment 
to developing clean coal technologies." 

Pace believes that the eventual implementation (or 
elimination) of the program will require many months 
to resolve. On one side of the controversy is industry, 
and at least some members of Congress, who favor the 
program. On the Other side is the DOE, which neces-
sarily reflects the Reagan Administration's policies, 
which do not favor government "intervention" in the 
marketplace. The clean coal technologies may become 
a victim of the push to reduce the federal deficit 
Conversely, it may be strongly supported by Congress 
as a step toward solving acid rain and other coal-
related air pollution problems. 
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TABLE I 

ASSUMPTIONS USED IN THE STUDY 

Coal Resource 

Type 
5013: 

Dip Angle 
Thickness 
Maximum Cavity Depth 
Minimum Cavity Depth 

Horizontal:
Depth 
Thickness 

Cost and Financial 

Oxygen 
Electric Power 
Plant Life 
Depreciation 
Year of Start-Up 
Combined Tax Rate 
Inflation Rate 

After Tax DCF-ROR

Western Sub-Bituminous 

60° 
25 feet 
1,500 feet 
550 feet 

600 feet 
25 feet 

Imported at $30/ton 
Imported at 3.2t/K WI! 
20 years 
5 years ACRS 
1990 
50% 
6%/Year on all costs and 
prices 
15% 

ECONOMICS 

UNDERGROUND COAL GASIFICATION MAY BE 
ECONOMIC AT CURRENT CONDITIONS 

Gulf Research & Development Company presented a 
paper at the San Francisco AIChE meeting (November 
1984) detailing the critical economic parameters for 
underground coal gasification. Gulf developed a pro-
cess economic model that can evaluate the change in 
process economics with changes in underground coal 
gasification process variables. The paper concluded 
that underground coal gasification plants producing a 
synthesis gas product with a SNG coproduct may be 
economically viable at current natural gas prices. 

The three critical commercial feasiblity elements are: 

• Quantity and type of resources must suport 
facility of optimal size. 

• Design and operating parameters must be 
chosen to optimize the facility economics. 

• Final product must have economic advantages 
over nearest competitor (natural gas). 

Gulf's model allowed them to evaluate different options 
of products, resources, and process design conditions to 
optimize and meet the feasibility criteria. The model 
quantifies parametric variations on process economics, 
identifies the economically significant parameters, 
compares products with available resources and gener-
ates preliminary economics. The methodology used 
consists of several steps: 

• Simulation of process 
• Calculation of underground gasification area 
• Design of surface facilities and process units 
• Estimation of capital and operating costs 
• Economic analysis 
• Report generation.

for increasing the cavity depth in the SDB ease. Gulf 
stated that the horizontal case changed little because 
increased well costs are offset by reduced plant invest-

Table.1 shows the assumptions used in a specific study 
by Gulf. The product produced was a mixture of 
synthesis gas and methane. For this study only SNG and 
methane were produced. Table 2 shows the study 
parameters selected for the study. 

Figure 1 shows the economics of syngas/methane pro-
duction7 versus plant size. As the output increased 
beyond 60 billion BTU per day, there was no apparent 
economic gain by increasing plant size. The 60 billion 
BTU per day point corresponds to 4,000 tons per day of 
coal consumption. Gulf concluded that the risk 
involved in an underground coal gasification plant is low 
and that relatively small plants can be competitive. 

Figure 2 presents plant economics versus coal seam 
thickness. The 60 billion BTU per day plant size was 
the basis for this and the remaining figures in the study. 
According to Gulf, the thick, steeply dipping seams 
appear to be the best commercialization prospects. 
Varying the steam/oxygen ratio in gasifying has mini-
mal effect. Figure 3 shows economics as a function of 
coal depth. Some gain in reducing product price is seen

TABLE 2 

STUDY PARAMETERS
For Synthesis Gas/Methane Mixture 

• Economics versus plant output 
• Economics versus coal seam thickness (5DB and 

horizontal) 
• Economics versus steam/oxygen ratio 
• Economics versus cavity depth 
• Economics versus production well flow rate 

• Economics of synthesis gas versus methane value 
and raw gas composition 
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FIGURE 4 

SYNCAS VALUE 
As a function of gas

composition and SNG price 
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ment resulting from smaller actual gas volumes and 
product gas compression needs. (Amoco independently 
confirmed this conclusion—see the article in the March 
1985 issue of the Pace Synthetic Fuels Report entitled 
"UCG Benefits from Depth, Methane Content.") 

Figure 4 presents the value of synthesis gas and copro-
ducts from different test cases as a function of gas 
composition and SNG price. The chart indictes that 
maximizing synthesis gas at SNG prices greater than 
$1.50 per million BTU does not yield the best econo-
mics. It also shows that underground coal gasification 
processes are competitive with natural gas reforming at 
SNG prices greater than $3.00 per million BTU.

Gulf Research & Development concludes that reason-
able economic return can be obtained with plants sized 
between 2,000 and 5,000 tons per day. Their model 
indicates that steeply dipping beds have a greater 
commercialization potential than horizontal beds. 
Underground coal gasification plants may be competi-
tive at current natural gas prices. 
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TECHNOLOGY 

CANMET COPROCESSING YIELDS NO. 6 FUEL TABLE 1 
OIL EQUIVALENT FROM LIGNITE AND 
VACUUM BOTTOMS

PROCESS PERFORMANCE 
The Canada Centre for Mineral and Energy Technology 
(CANMET) has been studying simultaneous processing 
of heavy hydrocarbon fractions such as petroleum crude Conversion 
oil,	 atmospheric	 tar bottoms,	 vacuum	 tar	 bottoms, (Weight %) Yields Hydrogen 
heavy recycle oils, crude oil residues, and heavy bitu- Sever- Distil- Resi- Consump- 
men oils with coals of various ranks. 	 An oil slurry fly" Coal Pitch late 1T tion 
containing fine coal particles is processed in a contin-
uous flow reactor at high temperature and pressure Coronach 
under reducing atmosphere. 	 The slurry medium (i.e., H 82.7 70.0 63.9 25.9 3.1 the heavy hydrocarbon fraction) appears to act as a NIH 73.8 54.5 52.7 39.2 2.2 hydrogen donor in the coal liquefaction reaction while NI 70.8 34.0 34.3 56.5 2.9 simultaneously being upgraded to lighter fractions. 57.7 12.4 20.6 75.4 - 
In coprocessing, the slurry medium is processed in a H 

H
73.8 
84.0

70.2 
69.0

65.6 
62.8

25.7 
27.0

2.6
1.6 once-through mode and constitutes a major portion of 

the feed stream.	 Consequently, a coproccssing facility Blenfait of given unit reactor volume can produce significantly 
larger	 quantities of products than can an ordinary H 81.3 67.1 59.8 28.4 2.9 
direct liquefaction	 facility	 that	 requires solvent	 re- NI 72.0 38.1 40.2 53.2 2.5 
cycle. NIH 73.7 50.7 53.5 42.6 2.6 

M''' 68.7 41.2 41.5 50.7 2.1' 
Preliminary investigations have showed that the oper- MI!" 75.1 45.9 54.0 46.6 1.6' 
ability of a coprocessing scheme is strongly dependent 
on the choice of slurry medium and coal. 

In tests reported to the AIChE Spring National Meeting 
in March, Saskatchewan lignite (Coronach or Bienfait) 
was pulverized and sieved. The pulverized coal was then 
mixed with the CANMET additive and Cold Lake 
vacuum bottoms in a slurry feed tank. The slurry feed 
was pumped into the bottom of a stirred tank reactor 
with compressed and preheated hydrogen or synthesis 
gas. The hydrogenated slurry and gases overflowed 
from the reactor through a stand pipe to the sample 
collection system. 

Table 1 shows the process performance at various oper-
atThjtonditions. Coal conversion is defined as the 
difference between THE insolubles in the feed and the 
THE insolubes in the product, divided by the THE 
insolubles in the feed. Similarly pitch conversion is 
defined by the weight of 525°C+ fraction in the feed 
minus the 525°C+ fraction in the product, divided by the 
525°C+ fraction in the feed. Both yields and hydrogen 
consumption (weight percent) are based on maf slurry 
feed. 

Figure 1 shows the effect of reactor temperature on 
the coal conversion. The coal conversion appears to 
increase linearly with the reactor temperature at a 
given operating pressure and space velocity. Signifi-
cant coal conversion occurs even at relatively mild 
conditions. The use of synthesis gas instead of hydro-
gen appeared to have little effect on the coal conver-
sion. The broken line in Figure 1 shows previous results 
for Cold Lake vacuum bottoms and sub-bituminous coal. 
The difference in coal conversion behavior between 
Saskatchewan lignites and the sub-bituminous coal was 
found to be small.

'2 equivalent 
"H-High, NIH-moderate/high, M-moderate, L-low 

'"Synthesis gas run 
''"Weight percent of the maf slurry feed 

COAL 

'oc
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Figure? shows the effect of temperature on the pitch 
conversion. The pitch conversion also appears to in-
crease linearly with increasing reactor temperature. 
The coprocessing of Cold Lake vacuum bottoms with 
Saskatchewan lignites resulted in slightly lower pitch 
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that boils below 525°C. Both the distillate and gas 
yields increase linearly with higher pitch conversion. 
The gross yields obtained from the sub-bituminous coal 
are shown as broken lines. Saskatchewan lignites give 
slightly lower distillate and gas yields than the sub-
bituminous coal. Despite relatively large scattering the 
hydrogen (equivalent) consumption lies between 2 and 
3 weight percent of maf slurry feed (Table 1). Synthe-
sis gas runs appeared to consume slightly less hydrogen 
(equivalent) than the hydrogen runs. 

It was noted that the hydrogenation of the slurry at low 
pitch conversion was almost equal to that at high pitch 
conversion. 

Table 2 shows product characteristics from selected 
runs at various operating conditions. When the process 
severity is increased a significant upgrading of the 
distillates takes place.

TABLE 2 

PRODUCT CHARACTERISTICS 

Feeds 

Oil	 Cold Lake 
Vacuum Bottoms 	 Bien-

Coal	 Coronaeh	 fait 
Run Number	 1	 3	 4	 1 

Mader-
Severity	 High ate Low Highi. 

Distillate 
Yield	 (wt %) 63.9 34.3 20.6 59.8 
Specific Gravity 0.893 0.923 0.939 0.885 
H/C Ratio 1.67 1.64 1.53 1.65 
Aromaticity (%) 25 25 32 26 

Yields of Distillate 
Fractions* (Wt %) 
Naphtha (IBP-205°C) 22.0 5.3 2.9 15.2 
LGO (205-335°C) 11.8. 9.6 3.0 20.7 
HGOI(335-415°C) 17.0 7.1 6.0 11.3 
HGO 11(415-525°C) 13.1 11.7 8.8 12.6 

Residue 
Yields 25.9 56.5 75.4 28.4 
H/C Ratio 1.06 1.20 1.28 0.96 

*Based on maf slurry feed 

The hydrogen/carbon ratios of coprocessing liquid pro, 
ducts are similar to the.hydrogen/carbon ratio of No. 6 
fuel oil (Table 3). Boiling points are also similar. The 
oxygen contents in the coprocessing products are con-
siderably higher than those of No. 6 fuel oil, which is 
due to the very high oxygen content of the feed coals. 
While the aromaticity of coal derived products varies 
from 60 to 80, that of eoprocessing distillates ranges 
from 25 to 35. 
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conversions than obtained with the sub-bituminous coal. 

Figure 3 shows gross yields versus pitch conversion. 
The distillate is defined as the fraction of the product
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TABLE 

COMPARATIVE PROPERTIES OF VARIOUS LIQUID PRODUCTS 

Coprocesslng (High Severity, 
Petro- Distillate Only) 
burn Sub-

Constl- No. 6 Coro- men- Bitumi-
tuerst SRC Il-Coat Fuel Oil nach (sit flout C 

C 87.9 89.0 86.4 85.06 84.25 85.60 
H 5.7 7.9 11.2 11.91 18.55 10.56 
0 3.5 2.1 0.3 1.60 1.93 1.42 
N 1.7 0.77 0.41 0.31 0.38 0.80 
5 0.57 0.42 1.96 1.31 1.46 1.62 

Ash 0.11 0.02 0.68 0.00 0.00 9.00 
IMP	 C) 510 250 175 123 128 108 
Aromatic- 77 63 24 25 26 33 

ity (%) 
Il/C Ratio 0.78 1.07 8.56 1.67 1.66 1.49

BREAKTHROUGH SEEN IN CLEANUP PROCESS FOR 
GAS TURBINE POWER GENERATION 

At a meeting of the Washington Coal Club the Depart-
ment of Energy (DOE) recently revealed its optimism 
with a new process that may enable use of coal 
gasification to fuel electric power generation. 

According to DOE's Augustine Pitrolo, of the Morgan-
town Energy Technology Center (METC), off the shelf 
technology can clean up coal gasifier gas more effi-
ciently and less expensively than use of conventional 
quench type systems. Pitrolo described an experimen-
tal system which has been shown effective in cleaning 
up gas from a fixed-bed coal gasifier unit. 

The key to this system is a hot gas cleanup step based 
on passing gasifier effluent through a hot gas sulfur 
removal step, to a cyclone separator, and then directly 
to the gas turbine. 

Program Development 

Research on coal-fired turbine technology at METC has 
proceded along two different paths. 

The first coal-fired turbine system studied was direct 
coal combustion. Investigation by several companies 
and universities have shown this option to be viable. 
Positive findings include: 

• Coal fuels with less than 1 percent ash are 
available 

• Coals with less than 1 percent ash produce 
deposits that are manageable 

• Staged combustion can reduce NO, to one-half 
the current limits for oil fuels 

• Combustion efficiency of 99 percent can be 
obtained 

• Coal fed as slurry worked well 

• 50 percent removal of sulfur was obtained by 
injection of slaked lime

• Good design models have been developed for 
the combustor design 

• Basic studies of deposition were initiated. 

The second approach has apparently led to the dis-
covery of a simplified gas preparation system which 
holds promise for significant application on a coin-
nercial scale. 

This simplified feed gas system is compared with more 
conventional technology in Figure 1. 

In a gas turbine system operating temperatures exceed 
2,000°F and components are susceptible to destructive 
forces such as: 

• Ash deposits - choking passages 
• Corrosion - metal loss via chemical attack 
• Erosion - wear by ash particles 
• NOx - due to high content in coal. 

At Morgantown the DOE has operated a high pressure 
fixed-bed gasifier since 1965. This unit was chosen to 
support ash disposition studies. It produces a low-STU 
gas which comes off at about 1,000°F. 

Upon fitting this gasifier with a cyclone it was dis-
covered that the product gas contained a very low ash 
content-equivalent of less than 0.1 percent related to 
feed coal. This gas was considered comparable with 
that from a deep cleaned coal. 

When this gas was fed into a combustor it was found 
that the gas was clean enough to be utilized successful-
ly in existing turbines. Key results include the fact 
that no deposits are found in the combustor and harmful 
alkalis are either not released or are captured in the 
cyclone. 

Sulfur removal from the hot gas stream is accomplished 
by passing the high pressure effluent through a bed 
packed with iron oxide/zinc oxide pellets. In this 
technology, originally developed to support fluidized-
bed combustion, incoming sulfur levels of 9 to 
14,000 ppm are reduced by 99+ percent. Regeneration 
is done with steam and air, producing concentrated 
sulfur dioxide. 

Further tests involving actual turbine equipment have 
confirmed earlier indications that the cyclone system 
can achieve particulates emmission levels below those 
for coal-fired boiler plants. Measured alkali levels 
were below turbine specifications and NOx levels were 
acceptable. 

According to DOE estimates this technology could Lead 
to installed electrical generating capacity as low as 
$900 per kilowatt compared to about $1,500 per kilo-
watt for the more complex traditional quench and 
sulfur removal technology. By way of comparison, new 
conventional coal-fired plants with flue gas scrubbers 
cost in the range of $1,400 to $1,600 per kilowatt. 
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Future Work 

Reasons to support this program were discussed by 
Mr. Pitrolo, his points including the following facts 
relating to coal-fired turbine systems for utility power 
generation. 

• Flexible generating capacity—small power in-
crements of around 100 megawatts—are ideally 
suited to gas turbine technology 

• Pricing outlook for coal is currently attractive 

• United States leads in gas turbine technology. 

MINIMALLY CLEANED LOW-BTU COAL GAS 
TESTED FOR GAS TURBINES 

The integrated gasification combined cycle (IGCC) 
plant is an approach which is being vigorously pursued 
to address the technical and environmental issues that 
are encountered with the use of coal. There are 
questions, however, regarding the high capital costs and 
operability of the 10CC approach.

A somewhat simpler gasification/combined-cycle ap-
proach, which offers higher cycle efficiency and lower 
capital cost than the 10CC plant, is the so-called raw 
gas cycle (ROC) plant. In this approach, the coal-
derived fuel gas produced by the gasifier is utilized in a 
near-direct manner in the gas turbine combustor. The 
fuel is not thermally quenched as in the 10CC approach, 
and the heat of the fuel is thus retained. Also, the 
heavier hydrocarbons (tars, oils, etc.), which are pre-
sent as vapors in the fuel gas stream, are not con-
densed, and thus handling of these process liquids is not 
necessary. The only treatment of the fuel gas that is 
proposed is a particulate cleanup system, probably 
involving a cyclone or cyclone train. The environ-
mental feasibility of this system depends on regulations 
for the gaseous emissions of oxides of sulfur and 
nitrogen. Control of these emissions, if necessary, may 
be approached through treatment of the raw coal feed, 
of the coal-derived product gas, or the products of 
combustion (flue gas). Extensive treatment of the fuel 
gas is the approach normally used in the 10CC system. 

As part of the joint General Electric/Department of 
Energy Water-Cooled Components Test Program, a ser-
ies of tests was performed involving the combustion of 

I 
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a minimally cleaned low-BTU coal gas in a pressurized 
gas turbine simulator. Some results were reported at 
the ASME International Gas Turbine Conference held in 
Houston in March. The fuel gas was produced in a I ton 
per hour fixed bed gasifier using Illinois No. 6 coal, and 
filtered of particulate in a full pressure, full tempera-
ture cyclone separator. The resulting product had a 
gross heating value of approximatel 5,000 kilojoules 
per kilogram at a temperature of 540 C and a pressure 
of 22 bar. Numerous contaminants also remained in the 
fuel gas, including approximately 100 ppmw particulate 
matter (coal dust of 3 micron average size), 2,000 to 
4,000 ppmv ammonia, 2,000 to 25,000 ppmv hydrogen 
sulfide, and 0.5 to 1.0 percent vaporized tars, oils, 
phenols, and other condensible hydrocarbons (Table I). 

TABLE 1

MINIMALLY CLEANED LOW-Wit) GAS PROPERTIES 

Dry Gas Composition Test I Test 2 

Major (Vol %): 
Nitrogen 43.0 44.0 
Carbon Dioxide 14.0 14.0 
Carbon Monoxide 18.0 16.5 
Hydrogen 19.5 20.0 
Methane 4.5 4.5 

Trace (ppmv): 
Hydrogen Disulfide 2,300 2,400 
Ammonia (est)a 2,000-4,000 2,000-4,000 

Water Vapor (est)b 
Vol% 22 22 

Tars and Oils (est)c 
Wt %, Dry 1.0 1.0 

Lower Heating Value: 
Dry Basis, kjlscm 5,630 5,500 
Dry Basis, BTU/SCF 151 148 

Lower Heating Valued 
Wet Basis, kJ/scm 4,930 4,840 
Wet Basis, BTU/Lbm 2,120 2,080

a. Based on prior experience 
b. Calculated from mass balance of coal gasifica-

tion system 
C. Based on prior experience 
d. Assuming tars, oils, etc., make up 1% of fuel (by 

weight, dry), and have lower heating value of 
41,870 kJ/kg (18,000 BTIJ/Lbm) 

Figure 1 shows a cross section schematic of the coal 
gasifier. This facility has been in operation since 1975. 
The nominal capacities of the system are approximately 
99 kilograms per hour coal feed, 2,000 kilograms per 
hour air blast rate, 0.4 steam-to-air ratio, and a 
3,600 kilograms per hour low-BTU gas production rate.

The gasifier operates at a pressure of approximately 
2.2 MPa.

FIGURE 1 
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The low-BTU gas is delivered to the gas turbine simula-
tor facility at the full temperature and pressure (500° 
to 600°C, 2.2 MPa) of the gasifier exit, less heat losses 
in the transport piping (typically 10° to 30°C at steady-
state conditions). The cycle efficiency of a power plant 
that avoids quenching of the fuel will be higher than 
that of one that quenches (all other factors being 
equal). Keeping the gas temperature high also avoids 
problems associated with the condensation of tars, oils, 
etc.; these problems include plugging of valves, pipe 
and fittings, flow orifices, the fuel nozzle, and other 
components, as well as operational problems in the 
combustor. 

Figure 2 shows a schematic of the turbine simulator. 
The objective is to simulate the combustion system and 
hot gas path sections of an industrial gas turbine 
engine. Air is supplied at compressor discharge condi-
tions to a pressure vessel which contains the combustor 
and transition piece components. A standard reverse-
flow combustion system is used. 

The transition piece directs the products of combustion 
to an annular-sector turbine nozzle, which represents 
the first-stage nozzle of a multi-stage gas turbine. 
Downstream of the nozzle the gases are quenched, and 
passed through a back-pressure control valve. 

Because of the high temperature and low heating value 
of the fuel, very high volumetric now rates are re-
quired (approximately 850 cubic feet per minute, com-
pared to 50 cubic feet per minute for natural gas at the 
same firing conditions). This constraint results in 
relatively large gas inlet and internal passages in the 
fuel nozzle. 

The primary objective of the tests was to assess the 
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deposition/corrosion/erosion behavior of the water-
cooled turbine gas path components. However, there 
was also opportunity to gather data on the emissions. 
There are several important areas of current concern, 
including oxides of nitrogen and sulfur, carbon mon-
oxide, unburned hydrocarbons, and solid particulates. 

The oxides of nitrogen that are emitted from a conven-
tional gas turbine combustion system burning clean 
fuels result almost entirely from the high temperature 
oxidation of atmospheric nitrogen, which remains 
chemically " frozen" in the exhaust gas. In the case of a 
system using low-BTU fuel, the lower peak flame 
temperatures will substantially suppress this formation 
mechanism. 

The oxides of nitrogen were found to never exceed 
15 ppmv (dry) in tests using a simulated low-BTU gas 
fuel, while the same combustor operating on distillate 
fuel produced 250 ppmv (dry) at the same load condi-
tion. The peak flame temperature for distillate oil 
under the test conditions was approximately 4,150°F, as 
compared to 3,400°F for the low-BTU gas. These 
emissions results, however, do not hold for the actual 
test fuel because of the presence of nitrogenous com-
pounds in the fuel gas, principally ammonia. The 
emission levels for nitrogenous oxides in the turbine 
exhaust were actually as high as 500 ppmv. Currently 
the maximum allowable NOx emission for a power plant 
using a solid fuel is 0.6 pounds per million BTU of solid 
fuel consumed (30 day rolling average). The average 
levels (normalized to yield a so-called "emissions 
index"), were found to be approximately 0.70 pounds NO 
per million BTU of raw coal. Thus, despite the seem-
ingly high concentration of the oxides of nitrogen in the 
exhaust gas, the normalized levels are only slightly in 
excess of the current EPA/NSPS standard, It is thus 
possible that NOx control will not represent a major 
problem in a power plant utilizing a fixed-bed gasifica-
tion plant with minimal gas cleanup. 

The oxides of sulfur produced are entirely due to the 
direct oxidation of the hydrogen sulfide and carbonyl 
sulfide in the fuel gas. The sulfur present in the raw

coal converts directly to sulfur oxides (primarily sulfur 
dioxide), and would require some form of flue gas 
cleanup to meet the current EPA/NSPS standards. The 
EPA regulations would require that this emission be 
reduced by 90 percent. 

Emissions of carbon monoxide and unburned hydrocar-
bons in conventional combustion systems are generally 
not significant except at part-load conditions, when the 
combustor is operating too lean. In the present case 
this was also found to be the situation. Over the range 
of operation where the adiabatic temperature of the 
combustion system exceeded 550°C, the emissions of 
both carbon monoxide and unburned hydrocarbons were 
below 20 ppmv. 

Particulate emissions from coal-tired power plants are 
a major concern and the allowable level is 0.03 pounds 
of solid particulates emitted per million BTU of fuel 
consumed. For the test system, the allowable particu-
late loading in the flue gas is 12 ppm for the lower 
firing temperature and 16 ppm for the higher tempera-
ture. The actual particulate emissions were almost an 
order of magnitude less. 

The particulates in the products of combustion are a 
major concern because of possible deleterious effects in 
the combustion system and the hot gas path. These 
could involve erosion by particle impaction, or deposi-
tion of particulate leading to fouling. Erosion has been 
observed in many of the previous attempts to utilize 
coal as a fuel in gas turbines, and is a concern when 
larger particulate matter is present in the combustion 
products. Deposition has been a problem in gas turbines 
utilizing high-ash residual oil fuel, and appears to occur 
even for very small particulate matter. Therefore, a 
careful assessment was made of the deposition in the 
turbine nozzle and of possible erosion damage to the 
gas path. No significant evidence of either was de-
tected. This was in part due to the low particulate 
loading in the gas path (on the order of 1 ppmw). Also, 
the average size of particulate in the gas path was on 
the order of 2 microns, which would preclude signifi-
cant erosion. Deposition might also be inhibited be-
cause the water-cooled turbine nozzle surface tempera-
tures were extremely low—below 200°C in both tests. 
This compares with values of 700 to 859°C for conven-
tional air-cooled first-stage turbine nozzles. The low 
temperature is thought to reduce the stickiness of the 
deposits at the blade surface. 

According to General Electric, the test data support 
the conclusion that minimally cleaned, low-BTU coal-
derived gas is an acceptable fuel for a gas turbine 
combustion system, provided design modifications ac-
count for the high fuel specific volume. Emissions of 
the oxides of nitrogen and sulfur will require and some 
form of control in a commercial power plant. This 
might take the form of a fuel treatment (either of the 
raw coal or of the hot fuel gas), or possibly a flue gas 
treatment, or some combination of these approaches. 
The combustion efficiency, as indicated by the low 
emissions of carbon monoxide and unburned hydro-
carbons, was very high. Particulate emissions were 
acceptable, and indications are that a conventional 
cyclone separator will satisfy emission requirements. 

SI 
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INDUSTRIAL TURBINE SUCCESSFULLY 
BURNS 150 BTU GAS 

General Electric Company has carried out an experi-
mental test program with the objective of evaluating 
the combustion performance of fuel gases comprised of 
mixtures of carbon monoxide, hydrogen, and nitrogen. 
These gases were intended to be representative of 
alternate fuels produced by air blown coal or biomass 
gasifiers. The purpose of this test program was to 
identify if the LM2500 combustion system would burn 
fuels at heating values (150 BTU per standard cubic 
foot) typical of those produced by gasifier processes. 

In gasification processes the resulting product gas con-
tains large quantities of inerts such as carbon dioxide 
and nitrogen. These result in a low BTU content. The 
large air supply capacity of the General Electric 
LM2500 gas turbine provided impetus to investigate the 
capability of the LM2500 combustor to burn low heat 
content fuels. 

The LM2500 engine had previously demonstrated the 
capability to operate on hydrocarbon-based gaseous 
fuels down to about 300 BTU per standard cubic foot 
with nitrogen and carbon dioxide as the major diluents. 

The General Electric LM250O marine and industrial gas 
turbine is a derivative of the TF-39/CF6-6 family of 
engines used extensively in military and commercial 
aircraft service. The CF6-6 and marine versions of the 
LM2500 both operate primarily on liquid fuels, such as 
kerosene and have demonstrated excellent reliability. 

The LM2500 in industrial service has accrued over 
1 million hours of operation on conventional fuels such 
as natural gas. An engineering program was initiated in 
January 1980 to determine the capability of the 
LM2500 engine to operate with hydrocarbon based low 
heating value fuels. It was concluded that the current 
LM2500 engine will operate satisfactorily on 300 BTU 
per standard cubic foot gas fuels consisting of hydro-
carbons heavily diluted with carbon dioxide, and on 
natural gas, and/or liquid fuel. 

Since the conclusion of that program, activity has 
continued in the direction of generating energy from 
coal or non-fossil type fuels via gasification processes. 
These gases typically have a heating value in the 100 to 
250 BTU range, and contain chiefly hydrogen, methane, 
and carbon monoxide as combustibles with large propor-
tions of carbon dioxide and nitrogen. 

To investigate the performance of the LM2500 combus-
tion system with gaseous fuels typical of those pro-
duced in a coal gasifier, a full annular—full scale test 
program was formulated fashioned after the earlier 
successful LMZSOO medium BTU gas tests. 

Composition of the gas provided from a gasification 
process is expected to vary as shown in Table 1. The 
typical gas mixtures shown in Table 1 contain quantities 
of ethylene and carbon dioxide. To simplify the test, 
sufficient methane to provide an equivalent heating 
value was substituted for the ethylene and nitrogen was 
used in place of carbon dioxide. Although the substitu-

TABLE 1

GASIFIER FUELS NOMINAL COMPOSITION 

Typical 
Gasifier Test 

Fuels Fuel 

Heating Value: 
BTU/SCF 150-250 150-225 
MJ/M 3 (5.6-8.4) (5.6-8.4 

Gas Composition (Vol %)
10-8 7.0-5.1 

CO 14-20 16.7-12.3 
CH4 5-9 8.3-10.6 
C2H4 2-4 - 
N2 52-43 68.0-72.0 
CO2 18-10 -

tion of CH4 is expected, to have no bearing on the 
results, the substitution of nitrogen for carbon dioxide 
could produce more conservative results. 

Two key performance parameters were considered. The 
first was to determine the flammability limits of the 
combustor over the range of engine operating condi-
tions of interest. The second was to determine the 
impact of low heating value gas fuels on combustor exit 
temperature distribution. Earlier exploratory programs 
showed a trend toward higher local exit temperatures 
as the BTU per standard cubic foot levels were de-
creased. 

The flammability results for the first of two LM2500 
combustor configurations tested is shown in Figure 1. 
The flammability characteristics are shown both as a 
function of engine operating conditions and percentage 
of hydrogen/carbon monoxide in the combustibles. As 
shown, the flameout levels are below the minimum BTU 
levels established for the range of conditions tested. 
As expected, as the combustor inlet temperature be-
comes more favorable and the hydrogen content in-
creases, the flameout margin improves. Based on the 
test results, the LM2500 engine would operate satis-
factorily in either of the combustor configurations 
tested using these low BTU fuel compositions. 

Measurement of the combustor exit temperature distri-
bution was obtained using standard procedures. The 
two parameters which characterize combustor exit 
temperature are profile and pattern factor. Profile 
represents the average of the temperatures at selected 
radial locations in the combustor exit. Pattern factor 
represents the highest individual temperature measured 
at any of the selected radial locations. Profile impacts 
downstream rotating parts whereas pattern factor af-
fects the stationary parts downstream of the combus-
tor. 

The results of the full annular test program demon-
strated the capability of the LM2500 combustor to 
operate at maximum output conditions when supplied 
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with a low BTU composition (150 BTU per standard 
cubic foot) representative of an air-blown coal gasifica-
tion process. Although some degradation in pattern 
factor occurs in the standard design as a result of the 
higher volumetric gas flows, operation of the engine at 
maximum power output with the current combustion 
system and appropriately sized gas nozzles appears 
completely viable. Some adverse impact on the turbine 
life may result from the higher pattern factor; how-
ever, these effects could be offset partially by intro-
duction of turbine nozzles with improved cooling.
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INTERNATIONAL 

UBE AMMONIA FROM COAL PLANT 
A COMMERCIAL SUCCESS 

Ube Industries, Ltd., of Tokyo which began making 
chemical fertilizer from coat as raw material in 1934, 
has successfully utilized several energy sources over 
the past 50 years. Recently, Ube has returned to coal 
and has completed the world's first large scale ammonia 
plant based on the Texaco coal gasification process 
("TCGP"). 

The new plant was completed and commissioned in a 
very short time. The plant makes it possible to switch 
the feedstock from naphtha or LPG to coal in Ube Am-
monia's existing large scale steam reforming plant. 

Ube reported to EPRI's Coal Gasification and Synthetic 
Fuels for Power Generation Conference, held in San 
Francisco in March, that the cost of producing ammonia 
has in fact been reduced as expected, and the TCGP has 
shown a considerably lower energy consumption in a 
comparative study of other coal gasification processes. 

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 began commercial operation iii Au-
gust 1984. 

A process flow sheet for the Ube Ammonia plant is 
shown in Figure 1. Ube installed the new coal gasifi-
cation process as an alternative "front end" of the 
existing steam reforming process, retaining the original 
synthesis gas compression and ammonia synthesis facil-
ity. 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. 

The air separation unit is a conventional low pressure 
type, and has the largest capacity in Japan. This unit 
produces gaseous oxygen and nitrogen necessary for 
gasification and ammonia synthesis, as well as high-
purity liquid argon, liquid oxygen and liquid nitrogen. 

A ball mill is used for grinding feed coal. The grinding 
characteristics depend largely on the kind of coal, and 
three trains of ball mill are installed to obtain a coal 
water slurry with stabilized properties. 

There are four complete trains of quench mode gasi-
fiers in the plant. In normal operation three trains are 
used with one for stand-by. 
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The recovered slag is effectively used as a raw material 
for cement industry. 

The Rectisol process is used to remove carbon dioxide 
and hydrogen sulfide from the synthesis gas by selective 
regenerative absorption in low-temperature methanol. 
Sulfur in the hydrogen sulfide fraction from the acid 
gas removal section is then recovered as a molten 
sulfur by the Claus process. Ammonium sufite is also 
recovered and is used in caprolactam production. 

A small amount of carbon monoxide and carbon dioxide 
remain in the outlet gas from the acid gas removal 
section. These compounds are catalyst poisons in the 
ammonia synthesis section so these are first converted 
to innocuous methane over a catalyst. 

So far, the gasification plant has operated using three 
kinds of coal—Canadian, Australian and South African. 
Because Canadian coal has a sulfur content as low as 
0.27 percent, it was exclusively used in the test run and 
at each start-up. In normal operation Australian and 
South African coal are being used for ammonia produc-
tion. 

The overall cost of ammonia is said by Ube to be 
reduced by more than 20 percent by using coal gasifi-
cation. Furthermore, the coal gasification plant is 
expected to be even more advantageous if the price 
difference between crude oil and coal increases. 

It 0 #0 

PRENPLO PILOT PLANT DUE FOR 
COMPLETION IN NOVEMBER 

In a progress report presented to the conference on 
Coal Gasification and Synthetic Fuels for Power Gener-
ation, held in San Francisco, California, April 14, 1985, 
Gesellschaft fur Kohie-Technologie mbH (01(T) an-
nounced that its 48 ton per day pilot plant, now under 
construction (Figure 1), would be finished in November. 
GKT is a wholly-owned subsidiary of Krupp Koppers 
GmbH, Essen, Federal Republic of Germany. 

The PRENFLO coal gasification process is a pressurized 
version of the venerable Koppers-Totzek entrained flow 
coal gasifier. See the Pace Synthetic Fuels Report, 
December 1984, page 4-41 for a process description. 
The insulated but non-pressure-stressed reactor vessel, 
with diametrically opposed burners, is totally enclosed 
in a pressurized but non-thermally-stressed outer vessel 
(Figure 2). 

GKT believes that the increase in efficiency possible 
with a dry coal dust feed system (as opposed to a slurry 
feed) will be a big advantage for PRENFLO. Coal 
supply is through a lock-hopper system and a flow 
control unit. 

A reliable and precise coal dust feeding system of high 
availability including a mass flow measuring method has 
been developed. Because the coal dust particle resid- 
ence time in the center of the reaction zone is very 
short (fractions of a second), mass flow fluctuations of 
greater duration would change the momentary gasifier 
conditions to poor or rich oxygen content. Thus precise
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measurement of coal dust flow and coal/oxygen ratio 
control are essential. To achieve this, the coal dust is 
fluidized by a conveyor gas (N2, CO2, possibly raw gas) 
in dense phase flow. It passes a density measuring 
device (absorption of radiation intensity), followed by a 
venturi type nozzle, that gives a differential pressure 
as an analog of flow velocity of the fluid-like dense 
phase. The product of density, flow velocity and the 
cross sectional area of the pipe gives the mass flow. 
The coal dust outlet hopper underwent special design 
work to reduce the coal dust wall friction, and a special 
geometry was developed in cooperation with a univer-
sity institute to improve the conditions for coal dust 
flow. 

The average flow velocity is low (25 feet per second), 
so that the wear is negligible. The flow density 
corresponds to 80 percent of the bulk density. 

The purpose of the 48 metric tons per day plant in 
Furstenhausen (West Germany) is to run a PRENFLO 
module for three years at 4,000 hours per year to 
establish availability data for all connected equipment, 
as a basis for commercial plant layout. 

Also in the Furstenhausen plant it is planned, in coop-
eration with the power plant supplier KWU, to run an 
installation for turbine blade tests and special gas-to-
gas-heat exchangers. 

The Furstenhausen plant should be in start-up operation 
by November of this year; tests to solve problems 
connected with the integration of the PRENFLO into a 
combined cycle process will be finished by the end of 
1987. 

The plant will also be used to study further applications 
such as syn-gas production, using direct quench of the 
product gas. 

In parallel, the basic and detailed design for a 
PRENFLO 1,000 metric tons per day reactor has been 
started. The detailed engineering for a 1,000 metric 
tons per day PRENFLO standard module will be finished 
by summer 1988. 

The pressure vessel of the PRENFLO 1,000 metric tons 
per day reactor is approximately 7 meters high and has 
a diameter of about 6 meters. The reactor chamber is, 
as previously described, a separate enclosed vessel, the 
face being protected by a ceramic lining. 

The PRENFLO project is being financially supported 
both by the West German Ministry of Development and 
Technology (BMFT) and by the commission of the 
European Communities. 

RHENISI! BROWN COAL LIQUEFACTION 
UNIT TO TEST COAL/OIL CO-PROCESSING 

A presentation by Rheinische Braunkohlenwerke AG at 
the EPRI Conference on Coal Gasification and Synthe-
tic Fuels for Power Generation, held in April in San 
Francisco, outlined plans for future research involving 
brown coal.

The development program jointly pursued by Union 
Kraftstoff and Rhcinische Braunkohienwerke AG 
(Rheinbraun) on the hydroconvcrsion of fossil fuels into 
high-grade liquid hydrocarbons has focused on: 

• Conversion of brown coal 

• Conversion of mixtures of brown coal and resi-
dual oils (co-processing) 

• Development of appropriate catalysts from 
brown coal coke. 

Modern development work was started in 1978 when a 
process development unit (PDU) went on stream where, 
until late 1983, brown coal hydrolique faction was 
tested. In 1984, the investigations were concentrated 
on the development of suitable brown coal coke-based 
catalysts for the conversion of residual oils. 

As of 1985 it is planned to examine co-processing of 
coal and oil using the newly developed catalysts. 

Since 1978 about DM $30 million have been spent on 
brown coal hydroliquefaction and residual oil conver-
sion. Central parts of the projects received or still 
receive financial support from the West German 
Federal Ministry of Research and Technology. 

The PDU feedstock is powdered brown coal which is 
pre-dried (60 percent moisture as mined) to a residual 
moisture content of about 12 percent weight and ground 
to a maximum grain size of 1 milimeter, along with oils 
with an initial boiling temperature above 525°C. 

The reaction pressure during hydrogenation is 160 to 
325 bar. Two reactors each having an inner diameter of 
4 centimeter are connected in series. The feed pumps 
allow a maximum coal slurry and/or oil throughput of 
15 liters per hour. 

The hydrogenation process is much simpler with oil than 
with coal because no recycle oil is required. Oil for 
slurry preparation is necessary to process coal under 
hydrogenation conditions. When mixtures are hydrogen-
ated, the residual oil assumes the function of the slurry 
oil. 

Supercritical Fluid Extract Recycling 

In cooperation with the Mulheim/Ruhr Max-Planck-
Institut fur Kohlenforschung, extraction in the presence 
of a supercritical fluid was tested as a method of 
processing sludge from the hot separator in the brown 
coal hydroliquefaction plant. 

Super critical fluid (SCF) extraction produced consider-
ably higher oil yields and smaller residue portions than 
would be feasible by application of conventional 
vacuum distillation of the sludge under identical condi-
tions. There are no substantial differences in capital 
and space requirements between SCF extraction and 
vacuum distillation. Personnel requirements are nearly 
the same. 
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The extracting agent required in the SCF extraction 
process produces considerably higher operating costs 
which, however, are offset by the higher oil yield. 

Sludge Recycling 

One crucial problem involved in hydroliquefaction of 
brown coals with calcium-containing ash is the forma-
tion . of CaCO3 containing sediments ("caviar") and 
resulting agglomerations. These agglomerations may 
cause serious operating trouble and largely reduce the 
availability of liquefaction plants. 

Part (about 3 percent) of the hot separator sludge was 
recycled to the reaction zone, thus preventing agglom-
eration and sedimentation in the P013 reactors. This 
was due to the density increase causing better fluid 
dynamics and an improved fluidizing behavior. 

The yields of distillable oils, residue, and hydrocarbon 
gases did not change with sludge recycling. Sludge 
recycling turned out to be the solution to the "caviar" 
problem in the P013. However, different fluid dynamics 
may not allow this procedure to be successful in large-
scale plants. 

New Process Principle for Brown Coal 
Rydroliquefaction 

In the tests carried out in the PD" from 1978 to 1983 a 
process principle was worked out which is tailored to 
the specific requirements of "brown coal." This process 
principle differs largely from the commercial coal 
hydroliquefaction processes applied in the 1930s and 
1940s as well as from those processes tested on hard 
coal liquefaction in pilot plants in the United States and 
the Federal Republic of Germany in the early 1980s. 

Some major differences are as follows: 

Old	 New 
1943	 1983 

Operating Pressure (bar) 710 200-300 
Partial H2 Pressure (bar) 510 180-270 
Reaction Temperature ('C) 478 450-470 
Processing of Residue Centrifuging Distilling! 

Carbonizing SCF-
Extraction 
Gasifying 

Specific Coal Throughput 0.4 0.6 
(t/cubic meters-hour) 

H2 Consumption (Wt%) 6.5 6.0 
(in terms of maf coal)

The process for brown coal hydroliquefaction provides 
the following steps: 

• Brown coal drying and slurrying 
• Liquid-phase hydrogenation at pressures of 200 

to 300 bar

• Partial sludge recycling from the hot separator 
to the slurry oil 

• Separation of the rest of the hot separator 
products by means of distillation or SCF ex-
traction into an oil that is free of solids for 
slurrying, and a residue for hydrogen genera-
tion; as an alternative, use of residual oils from 
oil refining 

• Use of hydrogen sulfide ai co-catalyst 
• Coal oil refining. 

Plans for a 25 tons per hour pilot plant to test this 
process in 1983 were deferred. 

Use of Residual Oils 

Modern refining technology encompasses several pro-
cesses to convert heavy residual oils as well as heavy 
crude oils into lower-boiling products. 

The process for converting residual oils by liquid-phase 
hydrogenation is suitable for a wide range of appli-
cations; it is based on the older process of coal lique-
faction. 

Still lacking however, is adequate knowledge of co-
processing. 

From 1948 to 1964 flue dust from brown coal gasifi-
cation was taken as the basic catalyst material for 
residual oil treatment. Iron salts were added to this 
base material to produce an effective and low priced 
disposable catalyst. 

No similar products obtained from brown coal gasifica-
tion are available today for commercial use. Thus, one 
of the objectives pursued in the PDU has been to 
develop an appropriate low priced substitute catalyst 
based on brown coal coke. 

The investigations were made on a reference residual 
oil. It was possible to develop a catalyst based on a 
brown coal coke which achieves a better yield structure 
than the residual oil hydrogenation catalyst formerly 
used. If required, this newly developed catalyst can be 
supplied in sufficient quantities at 5 to 10 DM per ton 
compared to 50 DM per ton for cobalt molybdenum 
catalyst. 

So far it has been demonstrated that various oils (e.g., 
residual oils from atmospheric oil distillation, vacuum 
distillates from visbreakers and aromatic oils from 
ethylene plants as well as brown coal tar oils and shale 
oils) can be added in quantities of up to 30 percent 
weight to the slurry oil in brown coal hydrogenation. 

Over the next six to twelve months, the ongoing test 
program for the operation of the P013 will cover a 
range of different operating parameters (temperature, 
pressure, residence time). 

Process variants such as sludge recycling, hydrogen 
sulfide recycling and SCF extraction of sludge from the 
hot separator which proved successful in straight brown 
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coal liquefaction are to be tested in residual oil conver-
sion as well. 

KLOCKNER IRON-BATH COAL GASIFICATION 
PROJECT EXTENDED FOR THREE YEARS 

The technology of coal gasification in a molten iron 
bath as developed by Klockner-Werke AG of West 
Germany has been tested in an industrial-scale plant 
designed for a throughput of up to 20 metric tons of 
coal per hour. Development and testing of the techno-
logy was recently described at the Electric Power 
Research Institute's conference in San Francisco. 

The process is based on simultaneous carburization and 
decarburization of liquid iron. Iron is neither produced 
nor consumed; it merely performs the function of 
catalyst and heat exchanger and remains in the gasifi-
cation vessel. 

The gasification vessel resembles a steelmaking con-
verter—a steel shell with refractory lining (Fi-
gure 1)—containing high-carbon molten metal. Ground 
coal and oxygen are injected through bottom tuyeres. 
Slag-forming additives such as lime, limestone, or slags 
can be added either through the bottom tuyeres in 
pulverized form or from above the bath. 
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At a temperature of 1,4500 to 1,600°C the following 
process steps take place within the iron bath: 

• Volatile constituents of the coal are cracked to 
C and 142 by the high temperature. 

• The carbon is dissolved in the iron. 
• The coal ash combines with the slag forming 

additives to form a basic liquid slag.

• The sulfur from the coal is first dissolved in the 
liquid iron, then reacts with Cu to form CaS 
which is stable in the stag. 

• The carbon dissolved in the iron bath reacts
with the oxygen to form carbon monoxide. 

Early experiments by Eisenwerksgescllschaft Maxim il-
ianshutte, Sulzbach-Rosenberg, were carried out in the 
1970s. A 1 metric ton capacity OBM converter was 
used. On the basis of promising results, further experi-
mental programs were carried out in 6 and 20 metric 
tons capacity steelmaking converters and the following 
results were achieved: 

• The carbon dioxide component of the coal gas 
was below 1 percent. 

• The water component was below 1 percent. 
• Sulfur contents down to below 20 ppm were 

achieved. 
• The power density of the system was very high 

(0.4 metric tons of coal per hour per ton of 
iron). 

The favorable results of experiments induced Klockner-
Werke to construct a pilot plant. 

In the meantime the technology of bottom blowing had 
been brought to maturity by the Maxim ilianshutte on 
large industrial scale for the purpose of increasing the 
scrap charge into steelmaking in the converter. During 
1980/1981, with EC subsidy, several experimental series 
in a 60 metric tons capacity production converter were 
carried out. 

The experiments provided ample proof that, with little 
scale-up risk, coal gasification can be carried out in an 
iron bath. 

Therefore during the period from October 1981 to 
March 1984, an extensive It & 0 project was carried 
out The financial scope of this project was 33 million 
DM subsidized by BMFT. The emphasis of this project 
was placed on large-scale experiments which were 
carried out under the direction of Kleckner Stahlfor-
schung GrnbH in the converter plant of Maxhutte which 
had been re-equipped extensively for this purpose. 

The practice of adding coal to steel melts has been 
tested in the EMS and 1(5 melt shops of Kleckner Werke 
AG at Maxhutte and Georgsmarienhutte. To date more 
than 250,000 metric tons of coal have been processed 
successfully. The throughput of the pilot plant was 
between 10 and 20 metric tons of coal per hour. Its 
upper limit was set by previously existing plant compo-
nents, namely the off-gas system. 

The gasification was carried out with oxygen. Coal gas 
was obtained without pressure. However, both opera-
tion with pre-heated air and under pressure are current-
ly being tested. 

To bind the sulfur originating from the coal it is 
necessary to add a lime-basic mineral. In most cases 
unhydrated lime (CaO) was added. Experiments with 
limestone (CaCO3) and with basic LD slags were also 
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successful. For a pit coal with 1 percent sulfur content 
and 10 percent ash content it is necessary to add about 
10 kilograms of unhydrated lime per metric ton of coal. 

For the iron bath process the expected maximum coal 
throughput is 400 kilograms per hour per metric ton of 
iron. The minimum throughput is a function of the 
minimum pressure on the oxygen tuyeres required to 
keep the tuyeres free of iron. 

No specific problems arise in the course of load varia-
tion because the quantity of oxygen and the addition of 
slag forming agents are at all times adjusted to the coal 
throughput. 

The control system allows for immediate interruption 
of the gasification process to reduce the coal injection 
to zero and to compensate the pressure by inert gas. 

During the gasification approximately 2,000 Nm 3 per 
metric ton of coal input will be produced when oxygen 
is used as the gasification medium. The gas from coal 
and oxygen essentially consists of carbon monoxide and 
hydrogen. Depending on the type of coal input, the 
contents of carbon monoxide are in the range of 65 to 
90 percent, and of hydrogen within the range of 35 to 
10 percent. 

When the process if being controlled in a satisfactory 
manner, the carbon dioxide and water components are 
very low; less than 1 percent total. The calorific value 
ranges from 11,000 to 12,000 kilojoules per Nm 3 (appro-
ximately 295 to 320 BTUs per cubic foot). 

The coal gas is characterized by exceptionally low 
concentration of pollutants, as shown in the following: 

112S 10 ppm (in coals to about 1.5%S) 
COS 
CS2 below the limit of detection (1 vpm) 
s02/S03 
NH3 approximately 15 vpm 
Cl Svpm 
F Svpm 
NOx 5 vpm
CmHn	 below the limit of detection. 

By comparing the concentrations of pollutants in the 
coal gas, with data from other experimental proce-
dures, the process developers believe that the results 
obtained through the iron bath process appear very 
favorable. In the majority of cases the concentration 
of pollutants in other processes in the crude gas is 
higher by powers of ten, so that expensive gas purifica-
tion processes must subsequently be carried out Subse-
quent to the Kloekner gasification, simple dry electro-
static de-dusting is sufficient. 

Steel converters, depending on the blowing conditions, 
discharge spatter in the form of iron and slag droplets. 
The converter spatter collects in the form of scabs on 
the adjusting collar and in the chimney during the 
blowing sections. During the staying times these scabs 
will drop off through cooling and shrinkage. In contin-
uous operation, however, as in the case of coal gasifica-
tion, specific measures must be instituted to eliminate 
the spatter.

Two possible ways can be considered: 

• Institution of constructive measures in the area 
of the gasifier mouth, or 

• Modification of gasifier geometry, i.e., chang-
ing to a horizontal construction form. 

In October 1984 such a horizontal drum-type vessel 
with about 10 metric tons iron capacity was made 
available at Maxhutte for carrying out experiments. 

The task of slag in the iron bath during coal gasification 
is to stably bind the noxious constituents originating 
from the coal, especially the sulfur. A slag production 
of from 150 to 300 kilograms is to be expected per 
metric ton of coal throughput. 

As indicated in the following table the composition of 
the slag is similar to that of blast furnace slag. 

Composition of Slag 

Coal 
Gasif 

Coal cation 
Gasifi- Stags 
cation Type B Blast 
Slags Standard Furnace 

Type A Values Slags 

Si02 (%) 21-30 30 34-41 
Al203 (%) 7-13 12 10-13 
CaO 1%) 42-54 40 34-45 
MgO (%) 5-20 as low as 5- 9 

possible 
FeOx(%) 1-4 2 1 
S(%) 1.5-3.5 3 1.1-1.5 
CaO/Si02 1.6-2.0 1.3-1.4 0.8-1.3 
(S)/	 S(%) 15-170 30 20

Although slag properties would allow harmless dumping, 
the slag should be utilized economically if possible: 

• In granulated form for cement production 

• In slowly solidified form for road construction 
(double broken and double screened chippings) 
and/or 

• As fertilizer (fertilizing lime). 

In steelmaking, pitch-saturated, low iron content mag-
nesite bricks have been found suitable for lining the 
converters. It was shown, however, that this quality is 
less suitable for the coal gasification. Experiments 
with ceramic-bonded magnesite bricks, magnesite 
bricks with increased carbon content, and with magne-
site-chromium qualities, resulted in distinctly longer 
refractory life. 

A rate of wear of about 0.5 millimeter per operating 
hour was determined corresponding to an approximately 
2,000 hours of gasifier service life, with the customary 
100 centimeters thick lining. 
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Upon successful completion of the It & D program in 
March 1984, Klochner Kohlegas applied for government 
subsidy of a direct follow-up project to optimize the 
results achieved so far. Authorization and approval for 
this second a & 0 package was received recently. The 
total scope covers an expenditure of about 13 million 
OM for research and experiments to be carried out for 
3 years from 1985 to 1987. Besides the optimization of 
the coal gasification process, the project will be 
extended by two important targets: 

• Establishment of a plant concept for a gas and 
steam power station with integrated iron bath 
gasification 

• Processing of waste materials and residues of 
the chemical and petrochemical industry. 

Another major area of development is a dual-purpose 
process called 1(80. This is a smelt reduction process 
of iron ores which are fed together with coal into the 
gasification vessel. Reduction of the iron oxides is 
achieved in molten state with optimum efficiency. This 
process, when fully developed under pressure should 
bring additional economic incentive to couple the iron 
bath with a combined cycle power station. 

JAPANESE HIGH EFFICIENCY REHEAT GAS 
TURBINE PROJECT UNDER WAY 

The Engineering Research Association for Advanced 
Gas Turbine (ERAAGT) was established in 1978 as a 
joint research organization by 14 Japanese gas turbine 
and gas turbine materials manufacturers. In the same 
year, the Japanese government started a national pro-
ject for energy conservation called the Moonlight Pro-
ject and ERAAGT was selected for research and devel-
opment of an advanced gas turbine for this project. 

About 20 years ago, reheat gas turbines were produced 
in relatively small numbers in Europe, but since then, 
the majority of the world's industrial gas turbines have 
been of the simple cycle type. Technological advances 
have been largely concerned with trying to achieve 
higher turbine inlet temperatures. 

However, Japanese studies of gas turbines that are 
optimal for combined cycle operation indicate that the 
reheat gas turbine is one possibility. 

Because they have a large specific power, combined 
cycle reheat gas turbines can maintain a high efficiency 
for partial load as well as for full load (Figure 1). It is 
thought that they best display their merits in 500 to 
1,000 megawatts central power stations. 

The R&D program is planned in two major phases. The 
first phase is building and operating a pilot plant, 
designated AGTJ-100A, with a turbine inlet temper- 
ature goal of 1,300°C. The second phase will be a 
prototype plant with a turbine inlet temperature of 
1,400°C, and a combined cycle efficiency of 55 percent.
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Table 1 shows the specifications of the pilot plant 
AGTJ-100A.

TABLE I

PERFORMANCE OF PILOT REHEAT GAS TURBINE 

Planned 
Performance Specifications	 Unit	 Design 

Gas Turbine Output MW 122 
Air Flow kg/s 220 
Fuel Natural Gas 
HP Shaft Speed rpm 8,500 
LP Shaft Speed rpm 3,000 
HPT Inlet Temperature °C 1,300 
LPT Inlet Temperature °C 1,171 
LPT Outlet Temperature °C 610 
HPC Oulet Pressure atm 56.41 
LPC Pressure Ratio 4.85 
HPC Pressure Ratio 11.60 
lIFT Pressure Ratio 3.98 
IPT Pressure Ratio 1.51 
LPT Pressure Ratio 8.21
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The pilot plant configuration consists of two com-
pressors and three turbines on two shafts. Air flow is 
from a low pressure compressor (LPC), through an 
evaporative intercooler, to the high pressure com-
pressor (liPC), through the combustor, to the high 
pressure turbine (HPT), to the intermediate pressure 
turbine (IPT), through the reheater, and to the low 
pressure turbine (LPT). One load shaft connects IPT, 
LPT, LPC and the generator. The HPC and HPT are 
on a second shaft. The difference from the ordinary 
compound two shaft type gas turbine is the addition of 
the IPT. The IPT is provided to lower the reheater 
inlet temperature to the allowable design value. This 
temperature could also be realized by increasing the 
heat drop of HPT but then the pressure ratio between 
the HPC and the LPC will be unbalanced and will 
prevent optimum cycle performance efficiency. 

The LPC consists of 10 stages. Variable pitch station-
ary vanes are adopted at all stages. Mass flow at 
3,000 RPM constant speed varies within the range of 40 
to 105 percent. The HPC consists of 16 stages. Only 
the inlet guide vanes have variable pitch. 

The lIFT (2 stages with cooling blades) operates at the 
high temperature of 1,300°C, the world's highest for a 
heavy duty gas turbine. Since the gas pressure at the 
HPT inlet is as high as 56 atmosphere; nozzle and blade 
dimensions are similar to an aeronautical engine de-
spite the large heavy duty type 120 megawatts power 
outlet. The turbine blades require a complex cooling 
system to withstand the high temperature of 1,300°C. 
The LPT consists of 4 stages, the 2 upstream stages 
have cooling blades and the 2 downstream stages have 
no cooling blades. The LPT blade size is similar to the 
ordinary heavy duty gas turbine and the turbine inlet 
temperature is designed at 1,200°C because the cooling 
configuration for a typical heavy duty gas turbine was 
adopted. The two IPT stages are non-cooling and the 
IPT first nozzle is designed with 18 large scale hollow 
vanes. 

The plant was installed at Sodegaura Power Station of 
Tokyo Electric Power Company in the Spring of 1984. 
A maximum power of only 66 megawatts was achieved 
in Phase I tests because of various insufficiencies. 
After the completion of the Phase I test, approxi-
mately six months was devoted to making improve-
ments and the Phase Il test began in February 1985. 

The Phase U test was interrupted after about two 
weeks because vibration in the HP rotor suddenly in-
creased and an overhauling inspection detected a 
broken blade in the thirteenth moving stage of the 
HP compressor. A precise inspection of the break 
surface showed that the cause was high-cycle fatigue. 

Because of this blade failure, an adequate performance 
test could not be performed. However, the combined 
cycle efficiency according to computer simulation ex-
ceeded 50 percent.

ILLINOIS COAL PERFORMS WELL IN GERMANY'S 
BOTFROP LIQUEFACTION PLANT 

The 200 tons per day coal hydrogenation pilot plant at 
Bottrop is a joint project of Ruhrkohle AG and Vcba OcI 
AG with substantial financial support from the Govern-
ment of the State of North Rhine-Westfalia as well as 
from the German Federal Government. 

Catalytic coal hydrogenation started at the facility in 
November 1981. Since mid-1982 the plant has been 
operated at design conditions. Approximately 
102,000 tons of coal have been hydrogenated in 
14,000 hours of operation, including a single run of 
5,000 hours. 

The three major feed coals tested in Bottrop are listed 
in Table 1. Illinois No. 6 coal differs from the two 
German coals by a higher content of volatile matter, 
oxygen and sulfur and a lower content of carbon and 
hydrogen. The maceral analysis shows higher vitrinite 
and lower cxinite and inertinitc in the Illinois No. 6 
coal.

TABLE I

BOTFROP FEED COAL PROPERTIES 

Illinois 
Prosper Westerholt No. 6 

Proximate Analysis (Wt %) 
Moisture 6.5 7.56 11.50 
Ash(mf) 3.90 6.20 7.20 
Volatile Matter (mafl 37.40 37.90 42.70 

Elementary Analysis 
Carbon (maO 85.74 83.91 80.75 
Hydrogen (maf) 5.14 5.30 4.90 
Oxygen (maf) 6.13 7.54 9.73 
Nitrogen (maf) 1.74 1.45 1.52 
Sulfur (maO 1.09 1.52 3.03 
Chlorine (maf) 0.16 0.28 0.08 

Maceral Analysis (Vol %) 
Vitrinite (maO 74 67 79 
Exinite (maf) 14 14 10 
Inertinite (maf) 12 19 11

The three coals were tested under similar conditions 
with red mud catalyst to ensure comparability of the 
results. 

Table 2 illustrates the product slate obtained by hydro-
genation of Illinois coal compared to Prosper coal. The 
main differences are that the Illinois coal has: 

• Lower production of hydrocarbon gases due to 
the approximately 6°K lower reaction tempera-
ture.
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• Higher middle oil yield, resulting in a higher 
practical and theoretical oil yield. 

The 62 weight percent theoretical oil yield from Illinois 
coal exceeds that from Prosper coal by 5 percent due to 
a higher hydrogenation activity. 

TABLE 2 

BOV1'ROP MASS BALANCE 

Prosper	 Illinois 
Feed Coal Coal 

Coal (mafl-wt96 100.0 100.0 
Ash 6.0 7.8 
Catalyst 4.0 4.0 

2 (Chem reacted) 6.4 6.8 

Total 115.4 118.6 

Products 

Gases 23.0 20.0 
Naphtha (C5-200°C) 15.0 15.0 
M-Oil(200-325°C) 35.0 37.0 
Residue 35.0 35.0 

Oil (wt %) 7.0 9.6 
Asphaltenes (wt %) 10.5 9.6 
Solids (wt %) 17.5 15.8 

H2S, NH3, CO, CO2 7.4 11.6 
H20 - 

Total 115.4 118.6

The thermal efficiency of hydrogenation of Prosper 
coal for a four week operation period in the Bottrop 
coal oil plant was 81.8 percent The definition of ther-
mal efficiency is the higher heating value of all pro-
ducts divided by total energy input of coal, hydrogen, 
power, steam, and fuel gas. 

Operation of the Bottrop pilot plant will continue until 
the end of 1986. Planning work for the design of the 
first industrial module was started in 1983. The capa-
city of this single-train unit is set at 2,500 tons (mafl 
per day coal throughput.
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ENVIRONMENT 

GREAT PLAINS WASTEWATER TESTED IN PILOT 
COOLING TOWER 

The Great Plains Gasification Associates (GPGA) pro-
ject utilizes minimally treated process wastewater as 
makeup water to the plant's cooling tower. This 
arrangement also uses the cooling tower as a natural 
biological oxidation system to treat the gasification 
process wastewater. (The entire wastewater treatment 
system for the Great Plains project, including the 
cooling tower makeup/gasification wastewater treat-
ment system, is described in the December 1992 Pace 
Synthetic Fuels Report beginning on page 4-53.) 

The concept of using minimally treated wastewater 
from a coal gasification facility is being studied at the 
University of North Dakota Energy Research Center 
(UNDERC). The results of these studies were sum-
marized at the Thirteenth Biennial Lignite Symposium 
on May 21, 1985 in a paper entitled "Evaluation of 
Treated Gasification Wastewater as Cooling Tower 
Makeup." 

Four phases of testing have been completed, three using 
wastewater from a 1 ton per hour oxygen-blown slag-
ging fixed-bed gasifier (SFBG) at UNDERC. Waste-
water from this process was pretreated to various 
degrees and used as makeup to a pilot cooling tower to 
investigate the process and environmental implications 
of wastewater-fed cooling systems. The fourth test 
used stripped gas liquor (SQL) from the dry-ash Lurgi 
gasification process at the GPGA plant. Stripped gas 
liquor refers to water that has been treated by solvent 
extraction for organics removal and by a stripping 
process to reduce the concentration of ammonia. 

An evaluation of the effects of increased pretreatment 
on wastewater-fed cooling tower performance was the 
objective of the Phase 1, II, and Ill tests using SFBG 
wastewater. These three tests used as makeup SQL 
(Phase 0, activated sludge/granular activated carbon 
treated SQL (Phase II), and finally this polished SQL 
with corrosion inhibitor addition (Phase 110. 

In the Phase I test, SFBG wastewater was processed by 
solvent extraction and steam stripping prior to being 
used as feed to the pilot cooling tower. These treat-
ment processes are similar to those used at the GPGA 
facility. The SQL produced at UNDERC was used, 
without corrosion inhibitor or biocide addition, as 
makeup to a pilot tower operating at 10 cycles of 
concentration. This operation resulted in severe fouling 
of heat exchange surfaces and excessive carbon steel 
corrosion rates. In addition, over 90 percent of the 
phenol entering the system in the SQL makeup stream 
was stripped into the tower exhaust stream. 

In Phase IV, SQL produced at the QPGA plant was 
shipped to the test facility and used directly as cooling 
tower makeup. This stream had been treated by the 
Phenosolvan and Phosam-W processes at GPGA to 
reduce high organic and ammonia loadings. As in the 
initial test with UNDERC liquor, no corrosion inhibitors 
or biocides were added. Therefore, this test provided

baseline data for comparison of the effects of similarly 
pretreated wastewaters from different gasification 
operations on the operability of a cooling tower. 

The pilot cooling tower at UNDERC is a forced-draft 
counterflow unit that was designed to simulate the 
liquid-to-gas ratio and the flow per unit area of packing 
surface that were stipulated in QPGA design. However, 
several GPQA tower configuration parameters have 
been modified from the design data since the UNDERC 
system was constructed. Although the tower interiors 
of the commercial and pilot units are dissimilar, the 
heat loads and operating parameters of the QPGA 
cooling water system were simulated in the IJNDERC 
operation. 

In the closed loop IJNDERC cooling system, supply 
water leaving the tower basin is pumped through a 
series of test equipment, including Calgon Dynamic 
Deposit Monitors, carbon steel and 304 stainless steel 
Corrater and Corrosometer probes, carbon and stainless 
steel weight loss coupons, and test heat exchangers. 
The two test heat exchangers are equipped with remov-
able tubes, and temperature, flow, and differential 
pressure measurement instrumentation for each tube. 

Fouling of heat transfer surfaces, biofouling of process 
equipment, corrosion of system components, blowdown 
quality, and atmospheric emissions were the primary 
focuses of testing at UNDERC. Carbon steel test heat 
exchanger tubes showed heat transfer losses of up to 
56 percent over the course of the 50 day test using 
SFBG wastewater. In comparison, during the Phase IV 
test with GPGA SQL, the system showed heat transfer 
deterioration in a range of 7 to 22 percent. Fouling 
throughout the system piping was prevalent during the 
Phase I test primarily due to biological deposition. 
Although general system fouling was less severe using 
GPGA SQL in Phase IV, the deposits contained inor-
ganic material, including carbonates and hydroxides. 

Fouling of the cooling tower film packing surface 
caused by biological deposits was observed using both 
SGL makeup streams. The extent of fouling in the 
tower packing was much more severe in the test using 
GPGA SQL. The suspended biological population in the 
Phase IV test using GPQA wastewater was approxi-
mately 3 x 10 8 counts per milliliter—two orders of 
magnitude higher than the steady state population 
maintained during Phase I with UNDERC SQL. The 
researchers believe that the high concentration of or-
ganic acids available in the GPGA wastewater was 
providing the carbon source for respiration and growth 
of micro-organisms in the cooling system. One factor 
that may have also significantly influenced this differ-
ence in the rate of biological growth was the relative 
phosphate levels of the two streams. The SFBQ SQL 
cooling tower feed stream contained less than 1 milli-
gram per liter of phosphate, while the QPGA SQL at 
times contained more than 200 milligrams per liter 
phosphate. 
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Carbon steel corrosion rates during Phase I were higher 
than those during Phase IV. In the Phase I test, using 
SFBQ SQL, an average carbon steel corrosion rate of 
12 mils per year was observed at fluid temperatures 
(82°F) and 20 mils per year at 120°F. In comparison, 
carbon steel corrosion during cooling tower testing with 
GPQA SQL ranged from 5 to 12 mils per year at lower 
fluid temperatures, and was only 7 mils per year at the 
high fluid temperatures. Corrosion of stainless steel 
surfaces was negligible during both test phases. The 
researchers conclude that localized corrosion asso-
ciated with deposit formation represents a significant 
problem n the reuse of organically contaminated 
streams such as gas liquors. However, the nearly 
exclusive dependence of corrosion rate on surface foul-
ing in the test using GPGA SQL indicates that an 
effective solids dispersant may be sufficient to reduce 
local metal attack to acceptable levels. 

Exhaust emissions from the cooling tower were sampled 
during each of the two wastewater reuse tests. In 
neither the Phase I -r Phase IV tests were any signifi-
cant quantities of fatty acids released into the cooling 
tower exhaust. For phenolic compounds, ammonia, and 
methanol firm evidence of cooling tower stripping was 
collected in both the Phase I test using UNDERC SQL 
and the Phase IV test with QPGA SQL. In each case, 
approximately 90 percent of the phenol entering the 
cooling tower was emitted in the tower exhaust. In 
Phase 1, 98 percent of the influent methanol was strip-
ped, whereas in Phase IV this fraction was 95 percent. 
Eighty-one percent of the ammonia entering the Phase I 
system was emitted via the exhaust, while 90 percent 
of the ammonia was stripped during Phase IV operation. 

In summary, the Phase I and Phase IV tests demon-
strated several facts concerning the use of gasifier 
wastewaters in cooling towers. Comparative data from 
these two tests showed SQL from the dry-ash gasifiers 
operated at GPGA to be less corrosive than that from 
operation of the pilot slagging gasifier at UNDERC. In 
addition, less deterioration in heat transfer perform-
ance was observed using the GPGA liquor. Operational 
problems such as severe biofouling and foaming were 
encountered in both systems, and the degree of strip-
ping of volatile organics and ammonia into the tower 
exhaust was similar in both cases.
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RESOURCE 

PROPOSED INTERIOR DEPARTMENT COAL 
REGULATIONS TO IMPLEMENT OTA 
RECOMMENDATIONS 

On March 15, 1985 the Bureau of Land Management 
proposed new rules to amend existing federal coal 
regulations. These rules incorporate responses of the 
Secretary of the Interior to certain suggested policy 
changes made by the Office of Technology Assessment 
(OTA) in a 1984 report entitled "Environmental Protec-
tion in the Federal Coal Leasing Program." (See 
page 4-51 of the December 1984 Pace Synthetic Fuels 
Report.) 

The proposed rules, published in the March 15, 1985 
Federal Register . will: 

• Set a minimum period of thirty days for public 
comment on federal coal management activi-
ties unless otherwise specified in the regula-
tions 

• Add a statement that the recommendations of 
the Regional Coal Team will be accepted by the 
Secretary unless there are preeminent national 
interest considerations or unless the Secretary 
accepts a state governor's recommendation in-
stead 

• Add new language that would reinstate the 
public comment period on the application of the 
unsuitability criteria in land use planning 

• Propose that activity planning commence with 
the Regional Coal Team's review of land-use 
data/decisions and the market analysis 

• Recommend combining the call for coal re-
source information with a call for other re-
source information relevant to evaluating lands 
for potential coal lease offering 

• Recommend the reinstatement of the threshold 
concept in coal management regulations. The 
threshold concept refers to levels at which 
significant impacts to the environment occur as 
a result of mining. This concept was removed 
from the coal regulations in July 1982. 

The changes proposed by this rulemaking have been 
included in the Federal Coal Management Draft Envir-
onmental Impact Statement Supplement (DEIS). (See 
page 4-46 of the March 1985 issue). All comments on 
the DEIS that relate to this proposed rulemaking will be 
considered in formulating the final rules. In addition, 
no final rules will be issued until the Federal Coal 
Management Final Environmental Impact Statement 
Supplement is completed. 

This rulemaking represents the last in a series of items 
referenced for publication in the DEIS. These items, 
announced in the Federal Register, include: "A Guide to 
Federal Coal Property Appraisal" (announced on 
March 1), "A Review of the Unsuitability Criteria in 
Federal Coal Leasing" (announced on March 11), and

"The Federal Coal Production Forecast Technical Re-
port" (announced on March 11). 
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RECENT COAL PUBLICATIONS/PATENTS 

The following papers were presented at the American Chemical Society Meeting held in Miami Beach, Florida, 
April 28, 1985: 

Stamoudis, V.C., "Chemical and Biological Evaluation of Oils and Tars Produced Under Varying Coal 
Devolatilization Conditions." 
Diehl, J.W., "The Formation of Hydantoins in Gasifier Condensate Water." 

Mallya, N., at al, "A Study of the Reduction, Alkylation, and Reductive Aikylation of a Volatile 
Bituminous Coal." 
Hirschon, A.S., at a!, "Catalytic Hydrodenitrogenation of an SRC-11 Coal Liquid. Effect of Hydrogen 
Sulfide." 
Pennline, H.W., at al, "The Effect of Aviation and Promotion on a Fischer-Tropsch Catalyst" 

Agny, R.M., at al, "Catalytic Synthesis of Methanol from Hydrogen and Carbon Monoxide on a Copper-
Zinc Oxide Supported Catalyst." 
Later, D.W., "Determination of Hydrogen Donating Properties of Coal Liquefaction Process Solvents." 
Stephens, H.P., "The Kinetics of Catalytic Hydrogenation of Polynuclear Aromatic Components in Coal 
Liquefaction Solvents." 
Farnum, S.A., "Coal Liquefaction with 13 Clabelled Carbon Monoxide." 
Gibbon, G.A., "Exhaust Gas Sampling and Analysis in Small-Scale Synfuel Combustion." 
Burford, D.P., "Evaluation of Coal-Derived Liquids as Utility Boiler Fuels-Eastern Test." 
Piispanen, W., "Missions Sampling of Combustion Effluents from a Stationary Diesel Burning a Coal 
Derived Liquid Fuel.- 
Blaustein, B.D., "Water-Assisted and Non-Donor Vehicle-Assisted Coal Liquefaction." 
Slomka, B., at at, "Aqueous Liquefaction of Illinois No. 6 Coal." 
Philip, C.V., at at, "Separation of Coal Liquids by Size Exclusion Chromatography-Gas Chromatography." 
Reyes, S., at al, "Application of Percolation Theory to the Analysis of Coal Gasification." 
Colgrove, S.C., at al, "High Resolution Mass Spectrometric Analysis of Coal Liquids." 
Sundarum, M.S., at al, "Flash Pyrolysis of Coal in Mon-Reactive Gases." 
Gokhale, A.J., at at, "Evolution of Tars and Gases During Devolatilization of Coal in a Fixed Bed 
Reactor." 
Cannon, S.A., at al, "Hydroxyl Functional Group Determination in Coal Tars and Pyrolysis of 0-
Methylated Coal." 
Solomon, P.R., at al, "Very Rapid Coal Pyrolysis." 
Cab, J.M., at at, "Transient Kinetic Studies of Char Reactions: Gasification of Stem-Argon Mixtures." 
Ratcliffe, C.T., at al, "Opulation and Turnover Number of Active Potassium sites on Bituminous Coals 
During Gasification." 
Sams, D.A., at al, "Temperature Programmed Reaction Studies of Potassium/Carbon Interactions and 
Catalyst Loss." 
Kelemen, S.R., at al, "Characterization of Potassium Catalysts Added as 1COH to Carbon Surfaces." 
Lawson, J.R., at al, "Solvent Effects During the Reaction of Coal and Biomass Compounds in Dense 
Water." 

The following papers were presented at the American Institute of Chemical Engineers held in Houston, Texas on 
March 24, 1985: 

Yen, T.Y., at al, "Simultaneous Residual Coking and Coal Partial Gasification." 
Rosgonyi, T., at at, "Lignite Beneficiation Research at Texas A & M University." 
Oxley, J.H., at at, "Physical and Chemical Techniques to Remove Ash from Coals." 
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Phillips, R.C., eta!, "Design of Fort Union K-Fuel Facility.' 
Block, F.R., at al, "The Proximate Analysis of Lignite and its Gasification Residues." 
Baxter, D.C., at a!, "Hydrogasification Kinetics for Lignite and Lignite Char." 
Hoffman, E.J., "Copeting Reactions and Catalysis in the Gasification of Coal or Lignite." 
Ikura, M., at al, "Coprocessing Canadian Lignite and Bitumen." 
Everitt, J.H., et al, "Beneficiation of Texas Lignite." 
Borland, D., et al, "Liquefaction of Lignite Coal at Mild Conditions." 
Conkle, R.N., et al, "Selective Flocculation Process for Cleaning Low Rank Coal." 
Rai, C., "Microbial Desulfurization of Coals and Texas Lignite." 
Paulaitis, M., et a!, "Vapor-Liquid Equilibrium of Mode! Coal-Derived Compounds with Methanol at 
Elevated Temperatures and Pressures." 
Imler, D.L., "An Update on the Great Plains Coal Gasification Project" 
Tarrer, A.R., et a!, "Poison Effects of Heteroatom Compounds and Coal Derived Solvents on Typical 
Coal Liquefaction Reactions." 
Lamb, C.W., et a!, "Effects of Feedstock Characteristics and Reaction Conditions on Hydrotreatment of 
Coal-Derived Extracts in Two-Stage Coal Liquefaction Process." 
Chen, J.C., at a!, "A Lumped Kinetics Model for Hydroprocessing Coal Extracts." 
Shih, 5.8., et al, "Kinetic Studies of Coal Liquids Upgrading." 
Sclilinger, W.G., at al, "Texaco Coal Gasification Process for Production of Clean Synthesis Gas from 
Coke." 

The following papers were presented at the American Petroleum Institute 50th Midyear Refining Meeting held in 
Kansas City, Missouri on May 13, 1985: 

Langhoff, Joseph, at al, "The Gasification of Molten Coal Hydrogenation Residues—Experiences with 
Ruhrkohle/Ruhrchemie's Coal Gasification Plant at Oberhausen-Ho!ten." 
Spencer, D.F., at a!, "The Coo! Water Integrated Coal Gasification Combined Cycle Project—Status and 
Results." 
Deacon, James S., "The Application of the KILnGAS Technology to the Gasification of Petroleum Coke." 
Thompson, Brian H., at a!, "App!ications of the British Gas/Lurgi Slagging Gasifier." 
Novicki, R.E.M., "Petrobras-Petrosix Process Reaches Commercial Stage." 
Wilson, A. Laird, at al, "Syncrude Canada, Ltd.—A Successful Commercial Reality.,' 
Pollack, Donald C., at a!, "Status of Great Plains Gasification Project." 
Meyer, Howard S., "Fossil Fuel Gasification Research and Development Program at the Gas Research 
Institute." 
Holt, Neville A., at al, "Coal Gasification for Electric Power Generation." 

Ball, R.W., "Alternative Fuels for Gas Turbines," New Zealand Electricity Division, March 1985. 

Batchelder, Ri'., et a!, "Catalytic Conversion of C3-C4 Paraffins to Gasoline," PETC, December 1984. 

Blanton, John C., "Gas Turbine Combustion of a Minimally Cleaned, Coal-Derived Low-BTU Gas," General Electric 
Company, March 1985. 

von Bogdandy, L. et al, "The Klockner Process of Coal Gasification in the Iron Bath-High Efficiency at Minimum 
Pollution Achieved with a Simple Metallurgical Reactor," Klockner-Werke AG. 

Breidung, P., et a!, "Alternating Pressure Underground Gasification," Geotechnics and Deposits. 

The following papers were presented at the Thirteenth Biennial Lignite Symposium meeting held in Bismarck, North 
Dakota on May 21, 1985: 

Mujadin, M.J., "Experience in Starting Up the Great Plains Coal Gasification Plant." 
Wachter, J.K., et a!, "Environmental Characterization of Process and Waste Steams Generated During 
Lignite Gasification in a Fixed-Bed Gasifier with Cleanup System." 
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Galegher, S.J., "Evaluation of Treated Gasification Wastewater as Cooling Tower Makeup." 
Webber, B.M., "Solving Problems in Cooling Water Treatment at Pilot Plants through Systematic 
Approach and Computer Simulation." 
Thimsen, D., "Fixed-Bed Gasification of Low-Rank Coals: Performance in an Industrial Gasifier." 
Pater, K., et al, "Fixed-Bed Gasification of North Dakota Lignite." 
Teggers, H., "Progress in Rheinbraun's Hydrogasification (I1KV) and High Temperature Winkler (HTW) 
Processes in Converting Rhenish Lignite to Gaseous Products." 
Haralampu, S., et al, "Biogasification of Texas Lignite to Methane." 
Rastle, C., at al, "The ChemCoal Process for the Liquefaction of Low-Rank Coals." 
Silver, IL, "Effects of Drying on Liquefaction of Wyoming Sub-Bituminous Coal." 
Philip, C.V., at al, "Analysis of Coal Liquids Using Size Exclusion and Gas Chromatography." 
Chambers, K., at al, "Co-Generation of Electricity and Synthetic Liquids via Hydropyrolysis of Alberta's 
Sub-Bituminous Coals." 
Fischer, P.E., et al, "Liquefaction of Texas Lignite with Alkaline Solutions." 
Garcia, .LM., et al, "A Charring Principal Isolated from Two American Lignites." 
Miller, R.L., "Use of Non-Coal Derived Heavy Solvents in Direct Liquefaction of Wyodak Coal." 
Mikhlin, J.A., "High Ash Low-Rank Coal Liquefaction Concept Including Integrated Oil Agglomeration 
Coal Benefication." 

Carlton, D.M., et al, "Technology Selection for New Electrical Generating Facilities in the 1990s," Radian 
Corporation, May 1985. 

Case, G.D., at al, "Evaluation of Particulate Collection Devices Developed for Pressurized Fluidized-Bed 
Combustors as Applied to Coal Gasification Processes," October 1984, Research Technologies Group, Inc. 

Davies, H.S., et al, "Application of the British Gas/Lurgi Slagging Gasifier for Combined Cycle Power Generation," 
British Gas Corporation/Lurgi GmbH. 

Givens, P.8., at al, "The Mobile Phase in Coals: Its Nature and Modes of Release," December 1984, Pennsylvania 
State University. 

The following papers were presented at the 8th Annual Energy-Sources Technology Conference held in Dallas, Texas 
on February 17, 1985: 

Hao, B.R., at al, "Mechanical Equipment Survey at Bi-Gas and Westinghouse Coal Gasification PDUs." 
Hoffman, E.J., "Ammonia from Coal and Lignite: A Comparison of Conversion Routes." 
Thimsen, D., at al, "Synthetic Fuel Gas from Petroleum Coke—Performance in an Industrial Gasifier." 
Fletcher, G.N., at al, "Review of Particle Size Reduction Systems for New Energy Source Applications." 

The following papers were presented at the 12th Energy Technology Conference held in Washington, D.C., on. 
March 25, 1985: 

Wolowska D., "German Pilot Plant Experiences and Results." 
Uthara, K., "Japan's Coal Liquefaction Program." 
Lacey, J., "The United States Coal Liquefaction Program." 
Miller, C.L., "Extending the Gasification Program R&D Dollar Through Joint Government/Industry 
Funding." 
Crim, M.C., "Operation of TVA Ammonia from Coal Project Plant." 
Pullock, D.C., "Great Plains Project Status Report." 
Reed, T., "Cool Water: First Use of Coal in California." 
Gluckman, M., "Commercial Potential of Texaco Integrated Combined Cycle Power Plants." 
Grisso, J., "British Gas Corporation/Lurgi Coal Gasification for Electric Power Generation." 
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The following papers were presented at the 1985 EPRI Meeting held in San Francisco, California on April 14, 1985: 

Axelrod, L., "The Role of the Synthetic Fuels Corporation." 

Tagawa, Shigeo, "The Current Situation of Syn Fuels Development in Japan." 
Lommerzheirn-Thyssengas, W., "The Pilot Development Stage of the Comflux Process for Methanization 
of Coal Gas." 
Kam, A.Y., at al, "Production of Synthetic Gasoline and Diesel Fuel from Non-Petroleum Resources." 
Mikhlin, J.A., "Incorporation of Coal Beneficiation as Part of High Ash, Low Rank Coal Liquefaction." 
Hicks, H.N., "The H-Coal Pilot Plant—Technical Accomplishments and Learnings." 
Becker, P.W., at a!, "EDS Coal Liquefaction Process Update." 
Reavill, Peter S., at al, "Technology in Oil Sands Success." 
Ueda, Shigeru, "Coal Liquefaction Project in Japan—NEDOL Process." 
Lens, Uwe, at al, "Status of the Hydro Liquefaction of Rheinisch Brown Coal and the Further 
Development Results of PDU Tests." 
Langhoff, J., et al, "The Liquefaction of Hard Coal in Ruhrkohle/Veba Oel's Pilot Plant at Bottrop." 
Huffman, E., at al, "Evoluation and Development of Two-Stage Liquefaction." 
Pacheco, Michael A., at a!, "Concepts for Improved Liquefaction of Coal.. 
Rib, David, "Experience at Cool Water with the General Electric Combined Cycle Equipment." 
Takeya, K., at a!, "The Japanese High Efficiency, Reheat Turbine Development." 
Robets, J.A., "A Review of Rolls Royce Activities in the Field of Coal Gasification Combined Cycle 
Power Generation." 
Basler, B., at al, "Gas Turbines for Tomorrow's Fuels and Its Applications." 
Becker, B., at al, "Advanced Gas Turbines for Efficient and Reliable Combined Cycle Plants." 
Brungel, at a!, "Recent Operational Results of High-Temperature Winkler and Hydrogasification-
Process." 
Peterson, C., "Allis-Chalmers KILnGAS Coal Gasification Process—Status." 
Mujadin, M., at al, "Great Plains Gasification Associates SNG from Coal Plant—Start Up and Operation." 
Pohl, B.C., at al, "Pressurized Entrained Flow Gasification and Its Application to Combined Cycle Power 
Plants." 

Weinzerl, IC, "VEW—Coal Conversion Process Coal-Fired Combined Cycle with Integrated Coal Gasifica-
tion." 
Scherer, Steve, "PEPCO's Early Planning for a Phased Coal Gasification Combined Cycle Plant." 
Fisackerly, ILH., Jr., at al, "Dow Syn Gas Project—An Overview and Status." 
Davis, at al, "Experience with the British Gas/Lurgi Slagging Gasifier." 
Plass, L., "Combustion/Gasification in the Lurgi Circulating Fluid Bed." 
Weinhold, F., "Economics of the North Alabama Coal-to-Methanol Project." 
Schora, F., at a!, "Present Status of the U Gas Process." 
Reals, W., "Commercial Application of Texaco Coal Gasification." 
Clark, W., at a!, "Cool Water: The First Integrated Gasification Combined Cycle Power Plant." 
Horton, E.C., "Tennessee Eastman's Industrial Chemicals from Coal Experience." 
Sueyama, Tetsuei, "Ube Industries Ammonia from Coal Plant Using Texaco Gasification." 
Cornils, B., at a!, "The Gasification of Coal and Liquid Residues in Ruhrchemie/Ruhrkohle's Texaco Coal 
Gasification Plant" 
Waitzman, D., at al, "The TVA Ammonia from Coal Project-1985 Update." 
Tagawa, Shigeo, "The Current Sitution of Syn Fuels Development in Japan." 
Wurfel, Helmut, "Saarberg Coal Liquefacton Developments." 

Hill, R.W., at al, "Summary Report on Large Block Experiments in Underground Coal Gasification, Tono Basin 
Washington," Lawrence Livermore National Laboratory, December 1984. 
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Horner, M.W., at al, "Technical Evaluation of Simplified IGCC Components," General Electric Company, March 
1985. 

Im, C.J., at al, "Conceptual Design and Economic Analysis for the Manufacture of an liltraclean Coal/Water 
Mixture," February 1985, UCC Research Corporation. 

Klier, K., at al, "Catalytic Combustion of Coal and Synthetic Fuels," Lehigh University, October 1984. 

Konkol, W., at at, "The Gasification of Coal and Liquid Residues in Ruhrchemie/Ruhrkohle's Texaco Coal 
Gasification Plant," Ruhrchemie AG. 

Lienhard, H., "Combustion/Gasification in the Lurgi Circulating Fluid Bed," Lurgi GmbII. 

Meier, .3.0., at al, "Development and Application of Industrial Gas Turbines for Medium-BTU Gaseous Fuels," ASME, 
1985. 

Mikhlin, J.A., "New Outlook on Low Rank Coal Liquefaction by Incorporating Coal Beneficiation as an Integral Part 
of the Liquefaction Process," SNC Inc. 

Occidental Research Corporation, "Technical and Economic Assessment of the Occidental Coal Flash Pyrolysis 
Process," December 1984. 

Pacheco, Michael A., at al, "Concepts for Improved Liquefaction of Coal," Amoco Oil Company. 

Paranjape, A.S., "Advanced Direct Coal Liquefaction," December 1984, Kerr-McGee Corporation. 

Reels, Willis B., "Coal Gasification and Synthetic Fuels for Power Production," Texaco Inc., April 1985. 

Reichl, Eric H., "The ERAB Report on Clean Coal Use Technologies," May 1985. 

Roszkowski, Theodore R., at al, "Evaluation of British Gas/Lurgi Slagging Gasifier for Combined-Cycle Power 
Generation," Ralph M. Parsons Company. 

Sable, P.E., at al, "Combustion Characteristics of the GE LM2500 Combustor with Hydrogen-Carbon Monoxide-
Based Low BTU Fuels," General Electric Company, March 1985. 

Schlinger, W.G., at al, "Texaco Coal Gasification Process for Production of Clean Synthesis Gas from Coke," Texaco 
Inc. 

Schorr, Marvin M., "The Impact of Legislation on Cogeneration System Development," General Electric Company, 
February 1985. 

Simmons, F.J., "Heavy Liquid Beneficiation of Fine Coal," November 1984, Otisca Industries, Ltd. 

Steadman, W.G., at at, "Integration of Advanced Preparation with Coal Liquefaction," January 1985, Battelle 
Columbus Laboratory. 

Stern, S.S., "Great Plains Model Development: Gas Compression and Drying Section," November 1984, Scientific 
Design Company. 

Stratton, A., at al, "The Economics of Producing Ammonia and Hydrogen," December 1984, lEA Coal Research. 

Sullivan, R.F., "Refining and Upgrading of Synfuels from Coal and Oil Shales by Advanced Catalytic Processes," 
Chevron Research Company, January 1985. 

The following papers were presented at the Synfuels 1985 Conference held in Hilton Head, South Carolina: 

Hogan, William, "Meeting Electricity Demand in the 1990s." 

Poti, John, "Coal Developments." 

Dennis, Thomas J., "A Utility View of Meeting Increasing Electricity Demand Through Clean Coal 
Technologies." 

Takeya, Kazuo, "The Japanese High Efficiency Reheat Gas Turbine Development," Engineering Research Association 
for Advanced Gas Turbines.
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Taper, M., at al, "The Cost of Liquid Fuels from Coal," November 1984, lEA Coal Research. 

United States Department of Energy: 

"Report to Congress on Emerging Clean Coal Technologies," May 1985. 
"Bench-Scale Development of the TRW Process for Cleaning Coal," August 1984. 

United States Department of the Interior (Bureau of Land Management): 

"A Review of the Unsuitability Criteria in Federal Coal Leasing," March 1985. 
"Production Forecast Technical Report," March 1985. 
"A Guide to Federal Coal Property Appraisal," February 1985. 
"Amendment to the Hanna Basin Management Framework Plan and Draft Environmental Assessment." 

Washington State University, "Chemistry of Mercury in Coal Hydrogenation and Wastewater Treatment," October 
1984. 

The following papers were presented at the 1985 Western Synfuels Symposium held in Grand Junction, Colorado on 
April 24, 1985: 

Rhodes, William, "Source Testing of Coal Gasification Technologies." 
Dockter, Leroy, "Underground Coal Gasification: Past, Present." 
Gruber, George, "Coal Gasification: Process Plant." 
Galegher, Sheila, "Coal Gasification: Water Treatment." 
Stephens, Doug, "Coal Gasification: General." 
Klein, Roy, "Construction of Sasol Coal Gasification Plant." 

Westinghouse Electric Corporation, "Evaluation of Coal Liquids as Utility Combustion Turbine Fuels," December 
1984. 

COAL - PATENTS 

"Two-Stage Coal Liquefaction Process," Ronald W. Skinner, John C. Tao, and Samuel Znaimer - Inventors, 
International Coal Refining Company, United States Patent 4,491,511, January 1, 1985. An improved SRC-I two- 
stage coal liquefaction process which improves the product slate is provided. Substantially all of the net yield of 
650 to 850°F heavy distillate from the LC-Finer is combined with the SRC process solvent, substantially all of the 
net 4000 to 650°F middle distillate from the SRC section is combined with the hydroeraeker solvent in the LC-Finer, 
and the initial boiling point of the SRC process solvent is increased sufficiently high to produce a net yield of 650° to 
850°F heavy distillate of zero for the two-stage liquefaction process. 

"Automated Apparatus for Solvent Separation of a Coal Liquefaction Product Stream," Frank K. Schweighardt - In-
ventor, International Coal Refining Company, United States Patent 4,492,674, January 8, 1985. An automated 
apparatus for the solvent separation of a coal liquefaction product steam that operates continuously and unattended 
and eliminates potential errors resulting from subjectivity of the aging of the sample during analysis. In use of the 
apparatus, metered amounts of one or more solvents are passed sequentially through a filter containing the sample 
under the direction of a microprocessor control means. The mixture in the filter is agitated by means of ultrasonic 
cavitation for a timed period and the filtrate is collected. The filtrate of each solvent extraction is collected 
individually and the residue on the filter element is collected to complete the extraction process. 

"Gas Cooler Arrangement," Jaroslav Zabeilca - Inventor, Sulzer Brothers Ltd., United States Patent 4,493,291, 
January 15, 1985. A gas cooler arrangement for a coal gasification plant, said arrangement comprising a first 
pressure vessel having a peripheral radiant cooling wall defining an axial downcomer chamber for receiving a flow of 
particle-laden gas and a surrounding cooling surface about siad wall defining an annular riser chamber therebetween; 
and a convection gas cooler connected at an upper end to a top of said annular riser chamber, said cooler including a 
vertically disposed second pressure vessel, a faller flue composed of vertically disposed heat-removing tubes, at 
least one riser flue composed of heat removing tubes, and an ash chamber connected to said flues at a bottom end of 
said second pressure vessel. 

"Continuous Process for the Production of Solvents for Coal Liquefaction," Hiroyuki Ihara, Fumio Kumata, Michiro 
Matsubara, Yoshitomo Sanami, and Kazuo Takahashi (all of Japan) - Inventors, Mitsubishi Oil Company, Ltd., United 
States Patent 4,495,089, January 22, 1985. A continuous process for the production of a solvent for use in the 
liquefaction of coal is described. The process comprises hydrogenating a mixture of 100 parts by wieght of a 
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hydrocarbon mixture and from 0.2 to 10 parts by weight of phenol and/or alkylphenol. The hydrocarbon mixture 
contains at least 50 percent by weight of a polycyclic (from tricyclic to pentacyclic) aromatic hydrocarbon or its 
alkyl derivative. The hydrocarbon mixture is distilled away in a proportion of at least 80 percent when heated at a 
temperature of from 320 0 to 550°C. The hyrogenation of the hydrocarbon mixture and phenol and/or alkylphenol 
may be carried out with or without the addition of from 0.05 to 0.5 percent by weight (calculated as sulfur) of an 
easily desulfurizable sulfur compound in a high temperature and pressure hydrogen atmosphere in the presence of a 
catalyst containing the sulfide(s) of Group VIII metal and/or Group VI metal of the periodic table to prepare a 
partially hydrogenated product resulting from the partial hydrogenation of the aromatic ring of the polycyclic 
aromatic hydrocarbon or its alkyl derivative. 

"Silane-Propane Ignitor/Burner," Richard W. Hill, Dewey F. Skinner, and Charles B. Thorsness - Inventors, United 
States Department of Energy, United States Patent 4,499,945, February 19, 1985. A silane propane burner for an 
underground coal gasification process which is used to ignite the coal and to controllably retract the injection point 
by cutting the injection pipe. A narrow tube with a burner tip is positioned in the injection pipe through which an 
oxidant (oxygen or air) is flowed. A charge of silane followed by a supply of fuel, such as propane, is flowed through 
the tube. The silane spontaneously Ignites on contact with oxygen and burns the propane fuel. 

"Method of In Situ Hydrogenation of Carbonaceous Material," Armand A. Gregoli - Inventor, Cities Service 
Company, United States Patent 4,501,445, February 26, 1985. A process for the recovery of carbonaceous materials 
from an underground formation, comprising: (a) fracturing a portion of an underground formation, comprising 
carbonaceous material selected from the group consisting of coal, oil shale, tar sands, and havy crudes, (b) 
contacting the carbonaceous material in situ in the fractured formation with (1) a preheated liquid solvent, wherein 
at least a portion of the liquid Is a hydrocarbon-containing liquid having a boiling range of from about 300° to about 
1,200°F, and further wherein at least a portion of the liquid is a hydroearbonaccous liquid having the property of 
donating and accepting hydrogen, and having a boiling range of from about 650 0 to about 975°F, and (2) a preheated 
gas comprising at least 50 volume percent hydrogen, and wherein the pressure in the fractured formation is 
maintained at from about 200 psi to about 2,000 psi, and the temperature is maintained at from about 500° to about 
900°F, to produce a product mixture of at least a partially hydrogenate carbonaceous material and dissolved 
carbonaceous material, and (c) removing said product mixture from said formation. 

"Apparatus for the Selective Retorting of Carbonaceous Materials," Delbert U. Thomas - Inventor, United States 
Patent 4,501,644, February 26, 1985. A staged retort is provided for the retorting of certain types of carbonaceous 
materials such as oil shale, coal or lignite, wherein the staged retort includes a number of separate retort chambers 
arranged in a modular configuration, with one retort chamber above the other, and mounted transversely within the 
staged retort. Each retort chamber is heated to a different temperature, and carbonaceous material is moved from 
a given retort chamber to a retort chamber having a higher temperature, whereby heavier fractions of liquid and/or 
gaseous hydrocarbons are formed as the carbonaceous materials undergo pyrolysis. Arrangements such as pressure 
regulating valves are provided to reduce mixing of the various fractions between the individual retort chambers to 
nearly zero, and conduits are provided to separately withdraw the hydrocarbon gases and/or liquids from each retort 
chamber. The carbonaceous material leaving the last retort where the final pyrolysis reactions occur, is routed to a 
combustion compartment wherein it is burned to produce heat used to heat the retort chambers. The staged retort 
also includes arrangments for heating a predetermined portion of the gases formed in the retort chambers, to mix 
the heated portion with a predetermined unheated portion to arrive at a controlled temperature, and then to inject 
this controlled temperature gas and/or any other substances into the retort chamber interiors to control the 
temperatures and/or the reaction therein so that each retort chamber en be maintained at the proper temperature 
and conditions chosen for pyrolysis therein. 

"Apparatus for Coal-Gasification and Making Pig Iron," Michiharu Hatano, Tomio Miyazaki, Koji Oki, Teruhisa 
Shimoda, and Hideyuki Yamaoka (all of Japan) - Inventors, Sumitomo Metal Industries Ltd., United States Patent 
4,504,043, March 12, 1985. In a melting/gasifying furnace including a coke-filler layer, coal is gasified by oxygen 
blown through tuyeres into a hot reducing gas which is caused to ascend through the coke-filled layer so as to melt 
reduced iron supported on the top of the coke-filled layer. The resulting molten iron flows down through the coke-
filled layer, and is collected in the lowermost region of the coke-filled layer and discharged therefrom, while the hot 
gas is recovered. The thus-recovered gas is fed into a shaft reduction furnace to reduce iron ores, and the thus-
formed reduced iron is supplied into the melting/gasifying furnace. In addition to the coal, a variety of fuels mainly 
comprising carbon and hydrogen such as heavy oil, natural gas, etc., are used for gasification. The fuel is blown 
through the tuyeres and/or charged through middle openings disposed above the tuyeres. 

"Slag-Separator for a Coal Gasification Installation," Erwin Althoff, Ulrich Gerhardus, Wolfgang Kolodzey, and 
Joseph Langhoff (all of West Germany) - Inventors, United States Patent 4,508,542, April 2, 1985. In a coal 
gasification installation having a gasifier rector and a water bath at the bottom of the gasifier reactor, n mixture of 
water and slag particles removed from the water bath is admitted under pressure into a container full of water and 
having a partition member for separating the heavier slag particles entrained to the bottom of the container from 
the lighter particles allowed on its opposite side to rise and float. A dam at the surface of the water in the 
container retains the floating particles while the clean water flows over the dam to an outlet. The floating particles 
which may be collected inside the container or entrained through a second outlet, are filtered and classified. 
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Filtering is effected with a drum filter; and when several such filters are used in cascade, the slag particles are 
classified for recycling. 

"Recovery of Organic Solvents from Liquid Mixtures," Jack W. Roach - Inventor, Kerr-McGee Refining Corporation, 
United States Patent 4,508,597, April 2, 1985. A method of recovering light organic solvent from a liquid mixture 
containing the solvent and a product material, such as asphaltenes or coal liquefaction products. The solvent-
product material mixture is treated to separate a first vapor phase rich in solvent and a first liquid phase rich in 
product material. The first liquid phase is then intimately contacted with steam, under shearing conditions, in a 
static or dynamic mixer. The steam liquid phase mixture is then treated to separate a second vapor phase, rich in 
steam and solvent, and a second liquid phase, rich in product material and substantially depleted of solvent. Solvent 
is recovered from the first and second vapor phases. 

"Hydrogenation Process for Solid Carbonaceous Feed Materials Using Thermal Countercurrent Flow Reaction lone," 
Edwin S. Johanson and Paul B. Schuler - Inventors, IIRI Inc., United States Patent 4,510,037, April 9, 1985. Thermal 
hydrogenation of solids-containing carbonaceous feed materials to produce hydrocarbon gaseous and liquid products 
is performed in a thermal reaction zone, in which the feed material flows generally downwardly countercurrent to 
upflowing hydrogen and recycled hydrocarbon liquid. The recycled hydrocarbon liquid is at a rate sufficient to 
control the settling of solids-containing feed through the reactor, and is obtained from the reaction zone upper end 
by phase separation from gaseous effluent at reaction conditions. The gaseous effluent material is rcmoved.from 
the thermal reaction zone upper end, and heavy liquid material containing less than about 40 weight percent solids is 
withdrawn from the reaction zone bottom end, with both streams being passed to further phase separation and 
distillation steps for recovery of the hydrocarbon gas and liquid products. The process is useful for hydroconversion 
of solids-containing tar sand bitumen, shale oil and particularly for coal, with the coal being fed into the thermal 
reaction zone as a coal-oil slurry. If desired, the heavy liquid bottoms stream withdrawn from the lower end of the 
thermal reaction zone containing unconverted coal and ash solids can be advantageously passed to a second reaction 
zone containing an ebullated catalyst bed for further hydrogenation reaction to increase the conversion and yield of 
low-boiling hydrocarbon liquid products. 

"Coal Liquefaction Using Vacuum Distillaton and an External Residuum Feed," Christopher W. Kuchler - Inventor, 
Chevron Research Company, United States Patent 4,510,038, April 9, 1985. A process for liquefying coal in which a 
slurry comprising a petroleum or petroleum-derived solvent and particulate coal is heated in a dissolution zone to 
substantially dissolve the coal and produce a rist effluent containing undissolved solids to which petroleum residuum 
is added to produce a second effluent which is distilled under reduced pressure. The process eliminates the need for 
physical solids separation such as filtration or centrifugation and is most advantageously employed in high severity 
coal liquefaction. 

"Coal Liquefaction Process," Ronald W. Skinner, John C. Tao, and Samuel Znaimer -. Inventor, International Coal 
Refining Company, United States Patent 4,510,040, April 9, 1985. This invention relates to an improved process for 
the production of liquid carbonaceous fuels and solvents from carbonaceous solid fuels, especially coal. The claimed 
improved process includes the hydrocracking of the light SRC mixed with a suitable hydrocracker solvent The 
recycle of the resulting hydrocracked product, after separation and distillation, is used to produce a solvent for the 
hydrocracking of the light solvent refined coal. 

"Power Recovery System for Coal Liquefaction Process," David M. Eissenberg and Joel R. Horton - Inventor, United 
Staes Department of Energy, United States Patent 4,510,121, April 9, 1985. A flow work enchangcr for use in 
feeding a reactant material to a high-pressure reactor vessel comprises an outer shell, an inner shell concentrically 
disposed within said outer shell, means for conducting said reactant into the lower end of said lower shell and then 
to said reactor vessel, and means for conducting a hotter product effluent from said reactor vessel into the upper 
end of said inner shell and out of the annulus between said inner and outer shells. 

"Fluid Bed Retorting System," Iacovos Vasalos - Inventor, Standard Oil Company (Indiana), United States Patent 
4,511,434, April 16, 1985. A fluid bed system for retorting solid hydrocarbon-containing material, such as oil shale, 
coal, and tar sands, in which solid hydrocarbon-containing material and heat carrier material are fed into a mixing 
chamber, mixed and rapidly transported upwardly by a lift gas through a lift pipe into a solids-containing vessel to 
retort the hydrocarbon-containing material with minimal thermal cracking of the liberated hydrocarbons to increase 
the recovery of condensable hydrocarbons. The retorted material can be conveyed to a dilute phase lift pipe and 
combustor vessel where carbon residue in the retorted material is combusted, leaving hot spent material that can be 
fed into the mixing chamber as solid heat carrier material. 

"Corrosion Inhibition When Distilling Coal Liquids by Adding Cresols or Phenols," Kenneth L. Baumert, Burton H. 
Davis, and Alberto A. Sagues - Inventors, International Coal Refining Company, United States Patent 4,511,453, 
April 16, 1985. In a process for the solvent refining of coal which includes fractionation of coal liquids containing 
nefarious amine hydrochloride by atmospheric or sub-atmospheric distillation in a fractionation tower, the 
improvement which consists of adding to said coal liquids, before fractionation, a compound selected from the group 
consisting of phenolates of Group IA, hA, VI, VIII, and ID, C1-C4 alkylate substituted metal phenolates, C1-C4 alkyl 
substituted metal cresols, C1-C4 polyalkyl metal phenolates and C1-C4 poly-substituted metal cresols, said selected 
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compound having a P1<13 of less than 6 to reduce corrosion within said fractionation tower. In a process for the 
solvent refining of coal which includes fractionation of coal liquids containing nefarious amine hydrochloride by 
atmospheric or sub-atmospheric distillation in a fractionation tower, the improvement which consists of adding in 
the 400 0 to 450°F range of said fractionation tower a compound selected from the group consisting of phenolates of 
group IA, hA, VI, VIII, and Ill, C1-C4 alkyl substituted metal phenolates, Cl-C4 polysubstituted metal cresols, said 
selected compound having a P1<8 of less than 6 to reduce corrosion within said fractionation tower. 

"Minimizing Corrosion in Coal Liquid Distillation," Kenneth L. Baumert, Burtron H. Davis, and Alberto A. 
Sagues - Inventors, International Coal Refining Company, United States Patent 4,511,460, April 16, 1985. In an 
atmospheric distillation tower of a coal iiquefactipn process, tower materials corrosion is reduced or eliminated by 
introduction of boiling point differentiated streams to boiling point differentiated tower regions. 

"In Situ Coal Gasification," John M. Fernbacher and Joseph G. Santangelo - Inventors, Air Products and Chemicals 
Inc., United States Patent 4,512,403, April 23, 1985. In an injection well for underground gasification of 
carbonaceous materials, either liquids or solids, by partial combustion with oxygen-rich gas in the presence of a 
moderating fluid such as steam, air, carbon dioxide, or the like, in which the moderating fluid is introduced through 
an annular path surrounding the injection tube through which the oxygen-rich gas is injected, back flow of 
gasification products from the well Is prevented by providing a flow restriction in the annular path to increase the 
linear flow velocity of the moderating fluid while maintaining the designed mass flow rate of said moderating fluid. 
The flow restriction is so designed that at the predetermined downward flow rate of said moderating fluid the 
critical velocity of the moderating fluid at the restriction corresponds to the formula: VC equals square root GD 
wherein C Is the gravity constant, D is the equivalent diameter of the largest opening in the restriction. 
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LISTING OF STATUS UPDATES OF 

COAL PROJECTS 

The following list provides updated descriptions of projects whose status have 
changed during this quarter. 

If the status of a project has not changed this quarter, only the project name 
and sponsor(s) are provided. The most recent description of each of these 
projects is referenced by identifying the appropriate date and page number of a 
previous issue. 

Complete descriptions of all active projects will be provided in the March 1986 
issue.

4-59	 SYNTHETIC FUELS REPORT, JUNE 1985



STATUS OF COAL PROJECTS 

ADVANCED COAL LIQUEFACTION PILOT PLANT -- Electric Power Research Institute (EPRI) and United States 
Department of Energy (DOE) (C-is) 

(see the March 1985 issue, page 4-61) 

AECI AMMONIA/METHANOL OPERATIONS - AECI LTD. (C-i?) 
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 lCl'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. 
AECI has successfull y 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 AECI. In addition, the economic viability of converting 

Project Cost:	 Not disclosed 

AQUA BLACKTM COAL-WATER FUEL PROJECT -- Gallagher Asphalt Company, Standard Havens, Inc. (C-23) 
(see the March 1985 issue, page 4-62) 

AUSTRALIAN SRC PROJECT— CSR Ltd. and Mitsui Coal Development Pty, Ltd. (C-30) 
(see the March 1985 issue, page 4-62) 

BEACH-WIBAUX PROJECT - (See Tenneco SNG from Coal Project) 

BEACON PROCESS - Standard Oil Company of Ohio and TRW, Inc. (C-40) 
(see the March 1985 issue, page 4-62) 

BI-GAS PROJECT - United States Department of Energy (C-Go) 
(see the March 1985 issue, page 4-63) 

BOVrROP DIRECT COAL LIQUEFACTION PILOT PLANT PROJECT -- Federal Ministry of Research and 
Development of West Germany, Ruhrkohle AG, VEBA Oel 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: $74 million (1984 dollars)) 
By mid-May 1985 the coal oil pilot plant had operated with coal for about 15,500 hours. Total coal 
throughput was about 115,000 tons. 

During operation of the pilot plant the process improvements and equipment components have been tested. In 
addition to an analytical testing program, the project involves up grading 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 the end of 1986 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 Ministrycsearch and Development of West Germany. 

Project Cost:	 $175 million (by end of 1984)
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STATUS OF COAL CONVERSION PROJECTS (Underline denotes changes since March 1985) 

(Continued) 

BROKEN HILL PROJECT -- The Broken Hill Proprietary Company Ltd. (C-75) 
(see the March 1985 issue, page 4-63) 

BYRNE CREEK POWER PROJECT -- (See Underground Coal Gasification - World Energy, Inc. Project) 

CAN DO PROJECT -- CAN DO, Incorporated (C-85) 
(see the March 1985 issue, page 4-64) 

CATERPILLAR TRACTOR LOW BTU GAS FROM COAL PROJECT-- Caterpillar Tractor Company (C-90) 
(see the March 1985 issue, page 4-64) 

CHEMICALS FROM COAL - Tennessee Eastman Co. (C-iso) 

Project Cost:	 Unavailable 

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 Pacific 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-170) 
(see the March 1985 issue, page 4-65) 

CITIES SERVICE/ROCKWELL PROCESS DEVELOPMENT - Rockwell International (Energy Systems Group) and 
United States Department of Energy (C-180) 

(see the March 1985 issue, page 4-65) 

COALPLEX PROJECT - AECI (C-190) 

(see the March 1985 issue, page 4-66) 

COGA1 PROJECT -- Coal Gasification (C-195) 
(see the March 1985 issue, page 4-66) 

CONVENT, LA., PROJECT - (see Medium BTU Gasification Project.) 

COOL WATER COAL GASIFICATION PROJECT -- Participants (Equity Owners): Bechtel 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 

4-61	 SYNTHETIC FUELS REPORT, JUNE 1985



STATUS OF COAL CONVERSION PROJECTS (Underline denotes changes since March 1985) 

(Continued) 

been integrated 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 budget. A five-year demonstration 
period is underway. 

A spare quench gasifier, which has been added to the original facility to enhance the plant capacity factor, is 
expected to be commissioned during April 1985. 

A Utah bituminous coal is being used for present operations. Several other coal feedstocks will also be 
tested, including Illinois No. 6 and Pittsburgh No. 8. 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. 

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 has been 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 liii 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 SEC believed sufficient private funding was available 
without government assistance). However, the sponsors reapplied for a price support under the SFC's second 
solicitation which ended June 1, 1982. On September 17, 1982, the SFC 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 SFC 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 SFC acceptance test was successfully completed and the Program was declared to be in initial 
production on June 24, 1984. Since initial production through the end of January 1985, the accumulative 
plant capacity factor was approximately 39 percent versus an expected of 25 percent and in excess of 
239,000 megawatts of power had been generated. The highest monthly capacity factor through the first 
7 months of operation was in excess of 70 percent. 

Project Cost: 	 $263 million 

DOW GASIFICATION PROCESS DEVELOPMENT -- The Dow Chemical Company (C-242) 
-	 (see the March 1985 issue, page 4-68) 

DOW SYNGAS PROJECT - Dow Chemical Company (C-245) 

(see the March 1985 issue, page 4-68) 

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 
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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 y 
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 

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 

The Dunn-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 

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 thelilitcapacity. 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 ID 
$0.4 billion (In-plant electrical generation) 
$0.2 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
$0.3 billion (mine) 

EDS PROCESS - Anaconda Minerals Company, EN!, Electric Power Research Institute, Exxon Company, USA, 
Japan Coal Liquefaction Development Co., Phillips Coal Company, Ruhrkohle A.G., and United States Department 
of Energy (C-290) 

Exxon Research and Engineering Company and DOE entered into a Cooperative Agreement in July 1977 for 
an integrated coal liquefaction development program to develop the EDS coal liquefaction process, funded by 
DOE and seven private sector participants. A central feature of the research and development project was 
the operation of a 250 ton-per-day coal liquefaction pilot plant which started up in 1980 in Baytown, Texas. 
First operations were on Illinois No. 6 coal in the once-through mode between June 1980 and June 1981 with a 
total of 3,903 hours on coal. All subsequent operations were in the bottoms recyèle mode, as follows: 
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Wyoming coal July 1981-Oct. 1981 1,842 hrs. on coal 
Illinois No. 6 coal Nov. 1981-Feb. 1982 2,024 hrs. on coal 
Wyoming coal Feb. 1982-May 1982 1,080 hrs. on coal 
Lignite coal May 1982-August 1982 1,843 hrs. on coal
The results of these tests indicate that the liquefaction section of a commercial-size plant could be designed, 
when commercially justified, for any of a broad range of coals, and ER&E are prepared to license the 
liquefaction section of an EDS plant. Development of the hybrid boiler which combusts liquefaction bottoms 
to provide steam and process heat from the EDS process has been completed and is also available for license. 
In a separate program, gasification of EDS bottoms in the Texaco Gasification Process was successfully 
demonstrated on bottoms from Illinois No. 6 coal in the TVA 200 tons per day unit and on bottoms from Texas 
Lignite in the Ruhrkohle/Ruhrchemie 165 tons per day unit at Oberhausen-Holten, West Germany. All test 

among the sponsors as follows: DOE-47%, Exxon Company, USA-24%, EPRI-12%, JCLD-8%, Phillips-2%, 
Anaconda-2%, Ruhrkohle-2%, and ENI-2%. 

Project Cost:	 $343.2 Million 

ELM WOOD COAL-WATER FUEL PROJECT -- Foster Wheeler Corporation (C-265) 
(see the March 1985 issue, page 4-70) 

ENRECON COAL GASIFIER - Enrecon, Inc. (0-270) 
Enrecon was developing a fluidized bed, medium-BTU coal gasification process in Golden, Colorado. The 60 
tons per day Phase I pilot plant began operation in December 1979, and was operated until August 1980. 
Kinetic and equilibrium models predict system performance for different feed materials for SNG, hydrogen 
and synthesis gas production. Enrecon predicts over 75 percent cold gas efficiency at over 400 BTU per 
standard cubic feet using either western sub-bituminous or eastern bituminous coals. 
C.F. Braun & Co., a subsidiary of Santa Fe International, completed an evaluation of how the ENRECON 
process compares technologically and economically with other known processes for SNG production. Costs 
range from $4.10 per million BTU to $4.50 using a Pittsburgh No. 8 coal at $27 per ton, 1979 dollars, utility 
financing. 
Enrecon was seeking investors for the $25 million test program to complete its pilot plant studies of coal 
gasification. However, the fund raising effort proved unsuccessful and was terminated in August 1982. 
Enrecon has been moved to Pittsburgh, Pennyslvania where the technology will be held pending some future 
interest. Based on this experience, a new hydroearbonization process, designed to retain the operating cost 
advantages of the Enrecon System, while reducing capital costs per unit of production, is being developed by 
Eneotec, based in Golden, Colorado. Enrecon holds a minority interest in'Encotec. 
Energy Conversion Technology, Ltd. (Encotec) has been formed to develop new fluidized bed processes for the 
production of oil and gas from tar sands, oil shale and coal, as well as combustion of these materials and char 
formed in the hydrocarbonization process. 
The Encotec hydrocarbonization process can be used in conjunction with existing fixed-bed processes, because 
it can convert the fine materials produced by normal mining, crushing and grinding and which are not 
normally converted by these processes. Coal may be converted to high quality gas (800 BTU per standard 
cubic feet) and oil by the use of the Encotec process and a proprietary catalyst. Liquid effluents are 
eliminated in a partial oxidizer and in a fluid bed combustor which are part of the Encotec process. As an 
example of projected process performance, preliminary heat and material balances indicate that oil yield will 
be over 140 percent of Fischer Assay, and that thermal efficiency will be over 80 percent for Green River 
shale fines. 

The fluidized bed combustor can be pressurized for use as a PFBC and is based on fluid catalytic cracker 
technology, including a power recovery turbine. Partners are being sought for application of the PFBC to 
steam enhanced oil recovery and cogeneration.
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Estimated Cost: $20 million over two years 

FIAT/ANSALDO PROJECT - Ansaldo, Fiat TTG, I{RW Energy Systems, Inc. (C-330) 
(see the March 1985 issue, page 4-10) 

FLASH PYROLYSIS OF COAL WITH REACTIVE AND NON-REACTIVE GASES - Brookhaven National Laboratory 
and United States Department of Energy (C-340). 

(see the March 1985 issue, page 4-71) 

GASIFICATION ENVIRONMENTAL STUDIES - University of North Dakota Energy Research Center (C-390) 
The University of North Dakota Energy Research Center (UNDEEC) 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 UNDERC 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, UNDERC 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 Associates (GPGA) 
plant. In the second phase, wastewater pretreatment will be 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 It 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 DOD 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 II 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 II test provide evidence that AS and GAC treated liquor cannot be used as cooling tower makeup 
without the addition of an appropriate corrosion inhibitor. 
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Project Cost:	 $1.6 million for annual research Year 2 (April 1984-April 1985) 
$0.9 million for annual research Year 3 (April 1985-April 1986) 

GEGAS-D PROJECT - (See IGCC Simulation) 

OF  DIRECT LIQUEFACTION PROJECT — Saarbergwerkc AG (C-400) 
(see the March 1985 issue, page 4-72) 

GREAT PLAINS GASIFICATION PROJECT -- Great Plains Gasification Associates, (Composed of ANR Gasification 
Properties Company, MCN Coal Gasification Company, Pacific Synthetic Fuel Company, Tenneco 3MG Inc., and 
Transco Coal Gas Company) (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 thy 
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 which escalates 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 
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 is sufficient to cover 
the debt portion of the gasification plant, Great Plains' share of the coal mine associated with the plant, an 
SNO 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 are 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. 
On May 13, 1982, it was announced that a subsidiary of Pacific Lighting Corporation would acquire a 
10 percent interest in the partnership; 7.5 percent from ANR's interest and 2.5 percent from Transco. The 
consortium is as follows after the transfer which was approved by the DOE in November: 
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•	 American Natural Resources - Detroit, Michigan 
Partner - ANR Gasification Properties Company 25.0% 
Purchaser - Michigan Wisconsin Pipe Line Company 25.0% 

•	 Tenneco Inc. - Houston, Texas 
Partner - Tenneco SNG Inc. 30.0% 
Purchaser --Tennessee Gas Pipeline 30.0% 

•	 Transco Energy Company - Houston, Texas 
Farther —Transco Coal Company 20.0% 
Purchaser - Transcontinental Pipe Line Corp. 25.0% 

•	 MidCon Corporation - Chicago, lllinios 
Farther - MCN Coal Gasification Company 15.0% 
Purchaser - Natural Gas Pipeline Co. of America 20.0% 

•	 Pacific Lighting Corporation - Los Angeles 
Farther - Pacific Synthetic Fuel Company 10.0% 
Purchaser - (none)

The project, when it reaches full production in 1988 will produce 125 million cubic feet per day 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 will be required as feedstock. 
At the end of April 1985, Great Plains was producing an average of 102 million cubic feet per day of high-
BTU syngas. The gas is marketed through a 34 mile long pipeline connecting the plant with the Northern 
Border pipeline running into the eastern United States. Great Plains uses 12 of the 14 gasifier vessels in 
normal, full production. 
In Summer 1983 the sponsors notified the DOE that, due to world oil prices, they expected to lose up to 
$1.3 billion over the first 10 years of project operation. The sponsors sought price supports from the SPC as a 
result. The project sponsors applied to the SFC's Competitive Solicitation for Coal Gasification Projects that 
closed on February 2, 1984. On February 24, 1984 the SFC announced that the Great Plains Project was a 
qualified bidder under the solicitation. The project received a letter of intent proposing up to $790 million in 
price guarantees on April 26, 1984. 

Project Cost:	 $2.1 billion 

GREEK LIGNITE GASIFICATION COMPLEX -- Nitrogenous Fertilizers Industry SA (AEVAL) (C-430) 
AEVAL, a Greek state-owned company, is planning a lignite gasification complex at its existing fertilizer 
plant near Ptolemais, Greece. The size and the exact configuration of the complex have not yet been 
finalized, but under the larger scenario product from the facility will be used to produce approximately 
600,000 tonnes of ammonia per year and 70,000 cubic meters per hour of medium-BTU town gas, or 
36,000 cubic meters per hour of methane-rich gs (SNG). The town gas or SNG will be transported via a 
pieline from Ptolemais to Thessalonika (135 kilometers), and it will feed residential and industrial users along 
the pipeline. 
Following a 5,000 tonne full-scale industrial test of Greek xylitic type lignite conducted by TECHNOEX-
PORT, a Czech state-owned company, at an existing gasification plant near Usti Czechoslovakia, TECIINO-
EXPORT 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 financial consultant in order to conduct a 
detailed feasibility study and evaluate the TECHNOEXPORT proposal. 
The study is expected to be finalized by the end of 1985. 

Project Cost:	 $500 million
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GULF STATES UTILITIES PROJECT-- Gulf States Utilities Company and KEW Energy Systems, Inc. (C-440) 
(see the March 1983 issue, page 4-74) 

HILLSBOROUGH BAY COAL-WATER FUEL PROJECT -- ARC-COAL, Inc.; Bechtel Power Corporation; COMCO 
of America, Inc. (C-455) 

(see the March 1985 issue, page 4-74) 

HOWMET ALUMINUM PROJECT - Howmet Aluminum Corporation (C-470) 
(see the March 1985 issue, page 4-74) 

IIUENXE CGT COAL GASIFICATION PILOT PLANT - Carbon Gas Technology (CGT) GmbH, a joint venture of 
Deutsche Babcock AG, Celsenberg AG, and Manfred Nemitz Industrieverwaltung (C-472) 

(see the March 1985 issue, page 4-74) 

HYDROGASIFICATION OF COAL TO SNG - Lurgi GmbH, Ministry of Research & Technology of the Federal 
Republic of Germany and Rheinisehe Braunkohienwerke AG (C-475) 

(see the March 1985 issue, page 4-75) 

IGCC EXPERIMENTAL SIMULATION - General Electric Company (C-480) 
(see the March 1985 issue, page 4-75) 

INTEGRATED TWO-STAGE LIQUEFACTION - Cities Service/Lummus and United States Department of Energy 
(C-490) 

(see the March 1985 issue, page 4-76) 

JAPANESE BITUMINOUS COAL LIQUEFACTION PROJECT - New Energy Development Organization (NEDO) 
(C-505)

Basic research on coal liquefaction was started in Japan when the Sunshine project was inaugurated in 1974, 
just after the first oil crisis in 1973. NEDO assumed the responsibility for development and commercializa-
tion of coal liquefaction and gasification technology. NEDO plans a continuing high level of investigation 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 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 0C+) from the vacuum 
tower will be hydrotreated at about 350°C 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-ACHINSK BASIN COAL LIQUEFACTION PILOT PLANTS -- Union of Soviet Socialist Republics (C-495) 
(see the March 1985 issue, page 4-78) 

KEYSTONE PROJECT - The Signal Companies (C-Sb) 
(see the March 1985 issue, page 4-78)
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K-FUEL COMMERCIAL FACILITY -- Energy Brothers Inc. (C-518) 
(see the March 1985 issue, page 4-78) 

KILnGAS PROJECT -- Allis-Chalmers, KILnGAS R & D, Inc., State of Illinois, Electric Utility participants are: 
Baltimore Gas and Electric Company, Central Illinois Light Company, Consumers Power Company, Electric Power 
Research Institute, Illinois Power Company, Iowa Power & Light Company, Monongahela Power Company, Ohio 
Edison Company, The Potomac Edison Company, Public Service Indiana, Public Service Company of Oklahoma, 
Union Electric Company, West Penn Power Company (C-520) 

(see the March 1985 issue, page 4-79) 

KING-WILKINSON/HOFFMAN PROJECT-- E. J. Hoffman and King-Wilkinson, Inc. (C-530) 
(see the March 1985 issue, page 4-80) 

KLOCKNER COAL GASIFIER - CRA (Australia), Elockner Kohlegas, West German Federal Government (C-535) 

(see the March 1985 issue, page 4-80) 

KEW ENERGY SYSTEMS INC. ADVANCED COAL GASIFICATION SYSTEM FOR ELECTRIC POWER GENERATION 
- Kellogg Rust Inc., United States Department of Energy, and Westinghouse Electric (C-980) 

(see the March 1985 issue, page 4-80) 

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 S 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 1984, 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 S 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. 

Project Cost:	 DOE: $15.6 million 
Private participants: $1.8 million 

• LFC COAL LIQUEFACTION/COGENERATION PLANT - AEM Corporation and SGI International (C-557) 
AEM Corporation of Pacific Palisades, California and SO! International are developing a 30.75 megawatts 
electric cogeneration and coal liquids production facility to be located near Coistrip, Montana. This facility 
is designed to utilize the Liquids from Coal (LPC) process, developed by SGI International. An 
LFC/cogeneration plant consists of combustion and electric generation units combined with LFC process 
equipment in one cogenerating system. 
According to the developers, 501'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 600°F). In the system, the electric 
generation units supply waste heat to meet these LFC process thermal loads, while the waste by-products 
from the LFC process are used to fuel the electric generation units. 
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AEM has obtained a long-term (35 year) power sales agreement with Montana Power Company. The 
estimated project cost is $40 million. Statements of interest are being received from design/construction 
firms and equipment suppliers. Selection of the contractors and suppliers is currently under way. The project 
is currently scheduled for completion in 1986. Once in full operation, the facility will employ a staff of 30 to 
35. 

Project Cost:	 Not disclosed 

LIQUEFACTION OF ALBERTA SUB-BITUMINOUS COALS, CANADA -- Alberta/Canada Energy Resources Re-
search Fund and Alberta Research Council (C-567) 

(see the March 1985 issue, page 4-81) 

LOUISIANA SYNTHETIC FUELS - (See Slagging Gasification Consortium Project) 

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. The pilot plant is under 
construction in Lulea, Sweden at the country's steel research center. Construction of the pilot plant is 
expected to be completed by mid-1985, with operation scheduled to last through 1987. 

The pilot plant will be designed for operation at pressures up to S 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) 

(see the March 1985 issue, page 4-82) 

MAZINGARBE COAL GASIFICATION PROJECT - Cerchar (Research Organization of Charbonnages de France-
CdF), European Economic Community, Gas Development Corporation, Institute of Gas Technology (C-595) 

In June 1983, the U-GAS process was selected by Charbonnages de France (CdF), the French national coal 
company, as its future commercial coal gasification technology. The 201 metric tons per day facility, to be 
located at Mazingarbe, near Calais, will be operated by CdF. The plant will be designed to process a wide 
variety of coals. 
The Institute of Gas Technology (IGT) has developed the 
development in progress since 1974. The product gas car 
medium-BTU or synthesis gas when operating with oxygen.

U-GAS process as the fruition of research and 
i be low-BTU gas when operating with air, or 

Project Cost: 	 $24.4 million - EEC 
n&a million - CdP 

$61.0 million (U.S.) 

MINING AND INDUSTRIAL FUEL GAS GROUP (MII'GA) GASIFIER - American Natural Service Company; 
Amerigas; Bechtel Incorporated; Black, Sivalls, Bryson; Burlington Northern; Cleveland-Cliffs Iron Company; Davy 
McKee Corporation; 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) 

(see the March 1985 issue, page 4-83)
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(Continued) 

MOBILE COAL-WATER FUEL PROJECTS -- Foster Wheeler Corporation (C-655) 
(see the March 1985 issue, page 4 84) 

MONASH HYDROLIQUEFACTION PROJECT - BP United Kingdom Ltd. and Monash University (0-665) 
(see the March 1985 issue, page 4-84) 

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, 39 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 draft final report has been submitted to DOE for review. 

Project Cost: $8.9 million 

MULBERRY COAL-WATER FUEL PROJECT-- CoaLiquid, Inc. (0-682) 
(see the March 1985 issue, page 4-85) 

NATIONAL COAL BOARD LIQUID SOLVENT EXTRACTION PROJECT -- British Department of Energy and 
National Coal Board (C-690) 

(see the march 1985 issue, page 4-85) 

NATIONAL COAL BOARD LOW BTU GASIFICATION PROJECT - British Department of Energy and National Coal 
Board (C-700) 

(see the March 1985 issue, page 4-86) 

NATIONAL SYNFUELS PROJECT - Elgin Butler Brick Company and National Synfuels Inc. (0-705) 

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 ooeratfon indinate 150 RTII nap ctandord n.,hin Cant yoo non ha a.,1nk1a Th...thn.. 

Project Cost:	 $2 million 

NEW MEXICO COAL PYROLYSIS PROJECT - Energy Transition Corporation (C-710) 
(see the March 1985 issue, page 4-86)
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NORTHERN PEAT ENERGY PROJECT --Signal Cleanfuels, Inc. (C-753) 
The Signal Companies, Inc., is proposing a project utilizing wet carbonization of peat developed by J. P. 
Energy of Finland to produce a "peat-derived fuel" which is a low-sulfur, low-ash solid fuel substitutable for 
oil in existing and new utility, industrial, and residential burning facilities. The project will produce 
960,000 barrels oil equivalent per year of fuel. Project site is Milford, Maine. Feedstock requirements are 
for 365,000 tons per year of dry peat. Construction could start in 1986 upon completion of a federal E 15, 
and production would begin in 1988 with full production later that year. A letter of intent with term sheet 
has been executed with the United States Synthetic Fuels Corporation under the third solicitation. Sponsors 
are hopeful of concluding a financing agreement with the SEC in 1985. Engineering will be done by Kellogg-
Rust Synfuels, Inc., a wholly-owned subsidiary of The Signal Companies, Inc. 

Project Cost:	 $132 million (June 1983 dollars) - Estimated 

NYNAS PROJECT -- Nynaesha:nnsykombinatet (consortium of Nynaes Petroleum, ASEA AB, and Storstockholms 
Energi AD) (C-754) 

(see the March 1985 issue, page 4-88) 

OBERHAUSEN COAL GASIFICATION PROJECT - Ruhrkohle Oil & Gas GmbH, Ruhrchernie AG (C-755) 
(see the March 1985 issue, page 4-88) 

PENN/Sl-IARON/KLOCKNER PROJECT - Klockner Kohlegas GmbH, Pennsylvania Engineering Corporation, Sharon 
Steel Corporation (C-775) 

(see the March 1985 issue, page 4-89) 

PORT SUTTON COAL-WATER FUEL PROJECT-- ARC-COAL, Inc. and COMCO of America, Inc. (C-795) 
(see the March 1985 issue, page 4-89) 

PRENFLO GASIFICATION PILOT PLANT-- Gesellsehaft fur Kohle-Technologie mbH (GKT) (C-798) 
(see the March 1985 issue, page 4-89) 

PYROLYSIS OF ALBERTA THERMAL COALS, CANADA -- Alberta/Canada Energy Resources Research Fund and 
Alberta Research Council (C-798) 

(see the March 1985 issue, page 4-90) 

RHEINBRAUN HIGH-TEMPERATURE WINKLER PROJECT - Rheinische Braunkohlenwerke AG, Uhde GmbH, West 
German Federal Ministry for Research & Technology (C-803) 

(see the March 1985 issue, page 4-90) 

SASOL TWO AND SASOL THREE - Sasol Limited (C-820) 
(see the March 1985 issue, page 4-90) 

SAVANNAH COAL-WATER FUEL PROJECTS --Foster Wheeler Corporation (C-821) 
(see the March 1985 issue, page 4-91) 

SCOTIA COAL SYNFUELS PROJECT - DEVCO (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) 

(see the March 1985 issue, page 4-91) 

SCRUBGRASS - Scrubgrass Associates (C-825) 
(see the March 1985 issue, page 4-91) 

SHARON STEEL - (See Penn/SharonfKlockner Project)
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*SHELL COAL GASIFICATION PROJECT -- Royal Dutch/Shell Group and Shell Oil Company (U.S.) (C-840) 
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 is being 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 Park 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 day 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 
expected to begin later this year, with startup planned for early 1987. 

Project Cost:	 Not disclosed 

SLAGGING GASIFICATION CONSORTIUM PROJECT -- Babcock Woodall-Duckham Ltd., Big Three Industries, Inc., 
The SOC Group plc., British Gas Corporation, and Consolidation Coal Company (C-845) 

(see the March 1985 issue, page 4-92) 

SLAGGING GASIFIER PROJECT - British Gas Corporation (C-850) 
(see the March 1985 issue, page 4-93) 

SOLVENT REFINED COAL DEMONSTRATION PLANT (SRC-1) - International Coal Refining Company (Air 
Products and Chemicals Inc./Wheelabrator-Frye Inc., partnership), Kentucky Energy Cabinet, and United States 
Department of Energy (C-860) 

(see the March 1985 issue, page 4-93) 

SOUTH AUSTRALIAN COAL GASIFICATION PROJECT -- Government of South Australia (C-865) 
(see the March 1985 issue, page 4-94) 

SYNTHESEGASANLAGE RUHR (SAR) - Federal Ministry of Economics of West Germany, Ruhrchemie AG, 
Ruhrkohle Oat and Gas GmbH, and Western German State of North-Rhine Westphalia (C-869) 

(see the March 1985 issue, page 4-94) 

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 
Section 10 and 404 permits have been issued by the Corps of Engineers. Tenneco Coal Gasification Co., 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 filed 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 

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.
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TEXACO COAL GASIFICATION PROCESS DEVELOPMENT --Texaco Inc., Government of the Federal Republic of 
Germany, Ruhrchemie AG, Ruhrkohle AG, and State of North Rhine-Westphalia (C-890) 

(see the March 1985 issue, page 4-95) 

TOSCOAL PROCESS DEVELOPMENT - Tosco Corporation (C-900) 

(see the March 1985 issue, page 4-95) 

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) 

UNIVERSITY OF MINNESOTA LOW-BTU GASIFIER FOR COMMERCIAL USE - United States Department of 
Energy and University of Minnesota (C-970) 

(see the March 1985 issue, page 4-96) 

UTAH METHANOL PROJECT -- Questar Synfuels Corporation (C-971) 

(see the March 1985 issue, page 4-96) 

VICTORIA BROWN COAL LIQUEFACTION PROJECT - Brown Coal Liquefaction (Victoria) Pty. Ltd. (C-975) 

(see the March 1985 issue, page 4-97) 

WESTINGHOUSE ADVANCED COAL GASIFICATION SYSTEM FOR ELECTRIC POWER GENERATION - (See KEW 
Energy Systems Inc. Advanced Coal Gasification System for Electric Power Generation) 

COAL CONVERSION PROJECTS 

UNDERGROUND COAL GASIFICATION, BYRNE CREEK - Dravo Constructors, Inc. and Energy Investments, Inc. 
(C-lola) 

(see the March 1985 issue, page 4-97)
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UNDERGROUND COAL GASIFICATION - Mitchell Energy and Republic of Texas Coal Company (C-1020) 

(see the March 1985 issue, page 4-98) 

UNDERGROUND COAL GASIFICATION - United States Department of Energy and University of Texas (Austin) 
(C-1030) 

Laboratory investigations have been underway since September 1974, to determine technical, environmental, 
and economic feasibility of in situ gasification of large reserves of deep basin Texas lignite. The goal of the 
research is to establish which geological, physical, and chemical conditions are conducive to in situ 
gasification as well as establishing design principles for field tests and ultimate commercialization. 
Laboratory and theoretical studies are being performed by the Department of Chemical Engineering, and 
focus on lignite reaction properties, tar cracking, combustion tube studies, block experiments, burning rates, 
and sweep efficiency modeling. This project will be terminated as of September 1, 1985. 

Project Cost:	 $75,000 Per Year 

UNDERGROUND COAL GASIFICATION OF DEEP SEAMS - Groupe d'Etudes de Is Gazeification Souterraine 
(GEGS) consisting of Bureau de Recherches Geologiques at Minieres, Charbonnages de France, Gaz de France, and 
lnstitut Francais du Petrole (C-1180) 

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 the 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 enrrv on with the fnurth qtnn 

Additionally, tests have been conducted in 1982 and 1983 in a shallow coal seam in the Loire mining region 
(l'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 of irregular shape at moderate depths (about 500 meters). The linking between the 
wells will be achieved by the technique of horizontal drilling. Decision will be taken at the end of 1985. 

Project Cost (1979-1985): Approximately $US78 million 

UNDERGROUND COAL GASIFICATION, HANNA PROJECT - Rocky Mountain Energy Company and United States 
Department of Energy (C-1050) 

The Linked Vertical Well (LVW) process for underground coal gasification has been under development since 
1972 at a site near Hanna, Wyoming. The process is directed at the gasification of coal seams between 15. 
and50 feet thick. This involves the linkage of well bores by reverse combustion, followed by gasification by 
forward combustion. During Hanna II, the maximum gas production achieved was 11.5 million standard cubic 
feet per day with a heating value of 175 BTU per standard cubic feet (equivalent to 325 barrels of oil per 
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day). Hanna Ill, was a two-well pattern (60 feet apart) designed to provide environmental information—
specifically effects to groundwater. Hanna IV a three-well pattern which began with air communication tests 
in September 1977 in preparation for a gasification test. Linkage between original wells over-rode the coal 
seam. Two new offset wells were drilled to reestablish linkage at bottom of seam. Subsequent gasification 
test indicated coal over-ride again. Hanna IV was re-ignited on April 20, 1979 using a linear pattern of four 
wells spaced 37.5 feet apart. The reverse combustion link moved across the desired pattern for 75 feet 
during the first nine days, linking two of the wells. Problems were encountered in further attempts at linking 
but, by July 11, the link to the third well was complete and at least two links were seen, both high in the coal 
seam. During the test, gas production of 4,500 standard cubic feet per minute was achieved. The test was 
shut down September 21, 1979 after 21 consecutive days of gasification. Over 16,000 tons of coal were 
gasificd in the six tests performed at the Hanna site by DOE. Current activities at the site are concerned 
with environmental monitoring. As part of the permit requirements with the Wyoming Department of 
Environmental Quality, the site hydrology and the effect of the burn areas on the hydrology are being 
determined. Post-burn analysis of the Hanna II (phases 2 and 3) site has been completed. Post-burn cores 
from the Hanna IV site have been analyzed, and the results from these analyses should be available in mid-
1985. 

Project Cost: $1.6 million, FY 1976 
$2.3 million, FY 1977 
$3.6 million, FY 1978 
$3.2 million, FY 1979 
$2.4 million, F? 1980 
(Funding breakout for subsequent years is not available) 

UNDERGROUND COAL GASIFICATION, JOINT BELGO-GERMAN PROJECT - Belgium, European Economic 
Community, and Federal Republic of Germany (C-1150) 

(see the March 1985 issue, page 4-99) 

UNDERGROUND BITUMINOUS COAL GASIFICATION PROJECT - Morgantown Energy Technology Center and 
United States Department of Energy (C-1070) 

(see the March 1985 issue, page 4-100) 

UNDERGROUND GASIFICATION OF TEXAS LIGNITE, LEE COUNTY PROJECT—Basic Resources, Inc. (C-1095) 
(see the March 1985 issue, page 4-101) 

UNDERGROUND COAL GASIFICATION, LEIGH CREEK --State Government of South Australia (C-1097) 
(see the March 1985 issue, page 4-101) 

UNDERGROUND GASIFICATION OF ANTHRACITE, SPRUCE CREEK - Spruce Creek Energy Company: a joint 
venture of Gilman Company, Geosystems Corporation, and Bradley Resources Corporation (C-1100) 

(see the March 1985 issue, page 4-101) 

UNDERGROUND COAL GASIFICATION, TONO PROJECT -- Lawrence Livermore National Laboratory (LLNL), 
Pacific Power and Light, United States Department of Energy, the State of Washington, Washington Irrigation and 
Development Company (WIDCO); (C-1120) 

(see the March 1985 issue, page 4-101) 

UNDERGROUND COAL GASIFICATION, THUNDERBIRD II PROJECT -- In Situ Technology, Inc. and Wold-Jenkins 
(C-1140) 

(see the March 1985 issue, page 4-102)
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Project	 Sponsors	 Last Appearance in SFR 

(see the March 1985 issue, page 4-103 for a list of previously completed and suspended projects) 

Chesapeake Coal-Water Fuel ARC-COAL, Inc. March 1985; page 4-64 
Project Bechtel Power Corporation 

COMCO of America, Inc. 
Dominion Resources, Inc. 

Millmerran Coal Liquefaction Australian Coal Corporation March 1985; page 4-82 

New Jersey Coal-Water Fuel Ashland Oil, Inc. March 1985; page 4-86 
Project Babcock & Wilcox Company 

Slurrytech, Inc. 
North Alabama Coal to Methanol Air Products & Chemicals Company March 1985; page 4-86 

Project.	 - Raymond International Inc. 
Tennessee Valley Authority 

Ohio I Coal Conversion Alberta Gas Chemicals, Inc. Marhc 1985; page 4-88 
North American Coal Corporation 
Wentworth Brothers 

Peat-by-Wire Project POW Corporation March 1985; page 4-89 
Sweeny Coal-to-Fuel Gas Project The Signal Companies, Inc. March 1985; page 4-94
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INDEX OF COMPANY INTEREST 

Company or Organization Project Name 

AECI Ltd. AECI Ammonia/Methanol Operations 4- 60 
Coalplex Project 4- 61 

AEM Corporation LFC Coal Liquefaction/Cogeneration Plant 4- 69 

Air Products and Chemicals, Inc. Laporte Liquid Phase Methanol Synthesis 4- 69 
Solvent Refined Coal Demonstration Plant (SRC-I) 4- 73 

Alberta/Canada Energy Resources Liquefaction of Alberta Sub-Bituminous Coals, Canada 4- 70 
Research Fund Pyrolysis of Alberta Thermal Coals, Canada 4- 72 

Alberta Research Council Liquefaction of Alberta Sub-Bituminous Coals, Canada 4- 70 
Pyrolysis of Alberta Thermal Coals, Canada 4- 72 

Allis-Chalmers KILnGAS Project 4- 69 

American Natural Resources Great Plains Gasification Project 4- 66 

American Natural Service Company Mining and industrial Fuel Gas Group Gasifier 4- 70 

Amerigas, Inc. Mining and Industrial Fuel Gas Group Gasifier 4- 83 

Anaconda Minerals Company BUS Process 4- 63 

ANR Gasification Properties Company Great Plains Gasification Project 4- 66 

Ansaldo Fiat/Ansaldo Project 4- 65 

ARC-COAL, Inc. Port Sutton Coal-Water Fuel Project 4- 72 

ASEA AS Nynas Project 4- 72 

Asia Oil Victoria Brown Coal Liquefaction Project 4- 74 

Australia, Federal Government of Victoria Brown Coal Liquefaction Project 4- 74 

Babcock Woodall-Duckham Ltd. Slagging Gasification Consortium Project 4- 73 

Baltimore Gas and Electric KILnGAS Project 4- 69 

Basic Resources, Inc. Underground Gasification of Texas Lignite, 4- 61 
Lee County Project 

Bechtel Inc. Cool Water Coal Gasification Project 4- 61 
Mining and Industrial Fuel Gas Group Gasifier 4- 70 

Bechtel Power Corporation Hillsborough Bay Coal-Water Fuel Project 4- 68 

Belgium, Government of Underground Coal Gasification, Joint Belgo-German Project 4- 76 

Big Three Industries Slagging Gasification Consortium Project 4- 73 

Black, Sivalls & Bryson, Inc. Mining and Industrial Fuel Gas Group Gasifier 4- 70 

The BOC Group plc Slagging Gasification Consortium Project 4- 73 

BP United Kingdom, Ltd. Monash Hydrolique faction Project 4- 71 

Bradley Resources Corporation Underground Gasification of Anthracite, Spruce Creek 4- 76
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British Department of Energy National Coal Board Liquid Solvent Extraction Project 4- 71 
National Coal Board Low-BTU Coal Gasification Project 4- 71 

British Gas Corporation Slagging Gasification Consortium Project 4- 73 
Slagging Gasifier Project 4- 73 

Broken Hill Pty. Broken Hill Project 4- 61 

Brookhaven National Laboratory Flash Pyrolysis of Coal with Reactive and Non-Reactive Gases 4- 65 

Brown Coal Liquefaction Pty. Ltd. Victorian Brown Coal Liquefaction Project 4- 74 

Burlington Northern, Inc. Circle West Project 4- 61 
Mining and Industrial Fuel Gas Group Gasifier 4- 70 

Bureau de Recherches Geologiques Underground Coal Gasification of Deep Seams 4- 75 
at Minieres 

Can Do, Inc. Can Do Project 4- 61 

Carbon Gas Technology Huenxe COT Coal Gasification Pilot Plant 4- 68 

Caterpillar Tractor Company Caterpillar Tractor Low BTU Gas From Coal Project 4- 61 

Central Illinois Light Co., Inc. KILnGAS Project 4- 69 

Cerchar Mazingarbe Coal Gasification Project 4- 70 

Charbonnages de France	 . Mazingarbe Coal Gasification Project 4- 70 
Underground Coal Gasification of Deep Seams 4- 75 

Chem Systems, Inc. Laporte Liquid Phase Methanol Synthesis 4- 69 

China National Technical Import Lu Nan Ammonia-from-Coal Project 4- 70 
Corporation 

Cities Service Integrated Two-Stage Liquefaction 4- 68 

Cleveland-Cliffs Iron Company Mining and Industrial Fuel Gas Group Gasifier 4- 70 

Coal Gasification COGA-1 Project 4- 61 

CoaLiquid, Inc. Mulberry Coal-Water Fuel Project 4- 71 

COMCO of America, Inc. Hillsborough Bay Coal-Water Fuel Project 4- 68 
Port Sutton Coal-Water Fuel Project 4- 72 

Consolidation Coal Company Slagging Gasification Consortium Project 4- 73 

Consumers Power Company KILnGAS Project 4- 69 

CRA (Australia) Kloechner Coal Gasifier 4- 69 

CSR Ltd. Australian SRC Project 4- 60 

Davy McKee Corporation Mining and Industrial Fuel Gas Group Gasifier 4- 70 

Deutsche Babcock AG Huenxe COT Coal Gasification Pilot Plant 4- 68 

DEVCO Scotia Coal Synfuels Project 4- 72 

Dow Chemical Dow Gasification Process Development 4- 62 
Dow Syngas Project 4- 62
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Dravo Engineers and Constructors Mining and Industrial Fuel Gas Group Gasifier 4- 70 
Underground Coal Gasification, Byrne Creek 4- 74 

Ebasco Services, Inc. Chiriqui Grande Project 4- 61 

Electric Power Research Institute Advanced Coal Liquefaction Pilot Plant 4- 60 
Cool Water Coal Gasification Project 4- 61 
EDS Process 4- 63 
KILnGAS Project 4- 69 
Laporte Liquid Phase Methanol Synthesis 4- 69 
Mining and Industrial Fuel Gas Group Gasifier 4- 70 

Elgin Butler Brick Company National Synfuels Projects 4- 71 

Empire State Electric Energy Cool Water Coal Gasification Project 4- 61 
Research Corporation (ESEERCO) 

ENEL (Italian State Utility) Fiat/Ansaldo Project 4- 65 

Eiergy Brothers Inc. K-Fuel Commercial Facility 4- 69 

Energy Investment Inc. Underground Coal Gasification, Byrne Creek 4- 74 

Energy Transition Corporation New Mexico Coal Pyrolysis Project 4- 71 

Enrecon, Inc. Enrecon Coal Gasifier 4- 64 

ENI EDS Process 4- 63 

European Economic Community Mazingarbe Coal Gasification Project 4- 70 
Underground Coal Gasification, Joint Belgo-German Project 4- 76 

Exxon Company, USA EDS Process 4- 63 

Fiat rFG Fiat/Ansaldo Project 4- 65 

Fluor Engineers and Constructors Laporte Liquid Phase Methanol Synthesis 4- 69 

Ford, Bacon & Davis Mountain Fuel Coal Gasification Project 4- 71 

Foster Wheeler Energy Corporation Elmwood Coal-Water Fuel Project 4- 64 
Mobile Coal-Water Fuel Projects 4- 71 
Savannah Coal-Water Fuel Projects 4- 72 

Gallagher Asphalt Company Aqua-Black Coal-Water Fuel Project 4- 60 

Gas Development Corporation Mazingarbe Coal Gasification Project 4- 70 

Gas de France Underground Coal Gasification of Deep Seams 4- 75 

Gelsenberg AG Huenxe COT Coal Gasification Pilot Plant 4- 68 

General Electric Company Cool Water Coal Gasification Project 4- 61 
IGCC Simulation 4	 68 

Geosystems Corporation Underground Gasification of Anthracite, Spruce Creek 4- 76 

Gesellschaft fur Kohle-Technologie PRENFLO Gasification Pilot Plant 4- 72 

Gillespie, Alastair & Associates, Ltd. Scotia Coal Synfuels Project 4- 72 

Gilman Company Underground Gasification of Anthracite, Spruce Creek 4- 76

4-80 -	 SYNTHETIC FUELS REPORT, JUNE 1985 



Company or Organization Project Name 

Great Plains Gasification Associates Great Plains Gasification Project 4- 66 

Group d'Etudes de is Gazeification Underground Coal Gasification of Deep Seams 4- 75 
Souterraine (GEGS) 

Gulf Canada Products Company Scotia Coal Synfuels Project 4- 72 

Gulf States Utilities Company Gulf States Utilities Project 4- 68 

Hanna Mining Company Mining and Industrial Fuel Gas Group Gasifier 4- 70 

Hoffman, E. J. King-Wilkinson/Hoffman Project 4- 69 

Howmet Aluminum Corporation Howmet Aluminum Project 4- 68 

Idemitsu Kosan Victoria Brown Coal Liquefaction Project 4- 74 

Illinois Power & Light Company KILnGAS Project 4- 69 

Illinois, State of KILnGAS Project 4- 69 

Institute of Gas Technology Mazingarbe Coal Gasification Project 4- 70 

Institut Francais du Petrole Underground Coal Gasification of Deep Seams 4- 75 

In Situ Technology Inc. Underground Coal Gasification Thunderbird II Project 4- 76 

Intermountain Synfuel Corporation Utah Methanol Project 4- 74 

International Coal Refining Co: Solvent Refined Coal Demonstration Plant (SRC- 1) 4- 73 

Iowa Power & Light Company KILnGAS Project 4- 69 

Japan, Government of Victoria Brown Coal Liquefaction Project 4- 74 

Japan Coal Liquefaction Development BUS Process 4- 63 

Japan Cool Water Program Cool Water Gasification Project 4- 61 
(JCWP) Partnership 

Kellogg Rust Inc. KEW Energy Systems Inc. Advanced Coal Gasification 4- 69 
System for Electric Power Generation 

Kentucky, Commonwealth of Solvent Refined Coal Demonstration Plant (SRC-I) 4- 73 

KHD Industries Lulea Molten Iron Pilot Plant 4- 70 

KILnGAS R & 0, inc. KILnGAS Project 4- 69 

King-Wilkinson, Inc. King-Wilkinson/Hoffman Project 4- 69 

Kiochner Kohlegas Klochner Coal Gasifier 4- 69 
Penn/Sharon/Klockner 4- 72 

Kobe Steel Victoria Brown Coal Liquefaction Project 4- 74 

KRW Energy Systems Inc. Fiat/Ansaldo Project 4- 65 
Gulf States Utilities Project 4- 68 
KRW Energy Systems Inc. Advanced Coal Gasification 4- 74 

- System for Electric Power Generation 

Lawrence Livermore Laboratory Underground Coal Gasification - Tono Project 4- 76
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Company or Organization Project Name 

Lummus Company Integrated Two-Stage Liquefaction 4- 68 

Lurgi l{ohle & Mineraloltechnik, GmbIl Hydrogasification of Coal to 5MG 4- 68 

Manfred Nernitz lndustrleverwaltung Huenxe CGT Gasification Pilot Plant 4- 68 

MCN Coal Gasification Company Great Plains Gasification Project 4- 66 

Meridian Land and Mineral Company Circle West Project 4	 61 

Michigan Wisconsin Pipe Line Co. Great Plains Gasification Project 4- 66 

MidCon Corporation Great Plains Gasification Project 4- 66 

Mitchell Energy Underground Coal Gasification 4- 75 

Mitsubishi Chemical Industries Victoria Brown Coal Liquefaction Project 4- 74 

Mitsui Coal Development Pty. Australian SRC Project 4- 60 

Monash University Monash H"drollquefaction Project 4- 71 

Monongahela Power Company KILnGAS Project 4- 69 

Morgantown Energy Technology Center Underground Coal Gasification - Bituminous Project 4- 76 

Mountain Fuel Supply, Inc. Mountain Fuel Coal Gasification Process 4- 71 

National Coal Board Liquid Solvent Extraction Project 4- 71 
Low-BTU Gasification Project 4- 71 

National Synfuels Inc. National Synfuels Projects 4- 71 

Natural Gas Pipeline Co. of America Great Plains Gasification Project 4- 66 

New Energy Development Organization Japanese Bituminous Coal Liquefaction Project 4- 68 

Nippon Brown Coal Liquefaction Co. Victoria Brown Coal Liquefaction Project 4- 74 

Nissho Iwai Victoria Brown Coal Liquefaction Project 4- 74 

Nitrogenous Fertilizers Industry SA Greek Lignite Gasification Complex 4- 67 

Nokota Company Dunn Nokota Methanol Project 4- 62 

North-Rhine Westphalia, State of Bottrop Direct Coal Liquefaction Pilot Plant 4- 60 
Synthesegasanlage Ruhr (SAlt) 4- 73 
Texaco Coal Gasification Process Development 4- 74 

NOVA Scotia Coal Synfuels Project 4- 72 

Nova Scotia Resources Limited Scotia Coal Synfuels Project 4- 72 

Nynaes Petroleum Nynas Project 4	 72 

Ohio Edison Company KILnGAS Project 4- 69 

Pacific Lighting Corporation Great Plains Gasification Project 4- 66 

Pacific Power and Light Underground Coal Gasification, Tono Project 4- 76 

Pacific Synthetic Fuel Company Great Plains Gasification Project 4- 66

4-82	 SYNTHETIC FUELS REPORT, JUNE 1985 
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Pennsylvania Engineering Corporation Penn/Sharon/Klockner Project 4- 72 

Peoples Natural Gas Company Mining and Industrial Fuel Gas Group Gasifier 4- 10 

Petro-Canada Scotia Coal Synfuels Project 4- 72 

Phillips Coal Company EDS Process 4- 63 

Pickands Mather & Company Mining and Industrial Fuel Gas Group Gasifier 4- 70 

Potomac Edison Company KILnGAS Project 4- 69 

Public Service of Indiana KILnGAS Project 4- 69 

Public Service of Oklahoma KILnGAS Project 4- 69 

Questar Synfuels Corporation Utah Methanol Project 4- 74 

Republic of Texas Coal Company Underground Coal Gasification - Mitchell Energy 4- 75 

Reserve Mining Company Mining and Industrial Fuel Gas Group Gasifier 4- 70 

Rheinische Braunkohlwerke Hydrogasification of Coal to SNG 4- 68 
Rheinbraun High Temperature Winkler Project 4- 72 

Riley Stoker Corporation Mining and Industrial Fuel Gas Group Gasifier 4- 70 

Rockwell International Cities Service/Rockwell Process Development 4- 61 

Rocky Mountain Energy Company Mining and Industrial Fuel Gas Group Gasifier 4- 70 
Underground Coal Gasification - Hanna Project 4- 75 

Royal Dutch/Shell Group Shell Coal Gasification Project 4- 92 

Ruhrkohle AG EDS Process 4- 63 
Texaco Coal Gasification Process Development 4- 74 

Ruhrkohle Get & Gas GmbH Bottrop Direct Coal Liquefaction Pilot Plant Project 4- 60 
Oberhausen Coal Gasification Project 4- 72 
Synthesegasanlage Ruhr (SAlt) 4 73 

Ruhrchemie AG Oberhausen Coal Gasification Project 4- 72 
Synthesegasanlage Ruhr (SAlt) 4- 73 
Texaco Coal Gasification Process Development 4- 74 

Saarbergwerke AG GFK Direct Liquefaction Project 4- 66 

Basel Limited Sasol Two and Sasol Three 4- 72 

Scrubgrass Associates Scrubgrass Project 4- 72 

SGI International LFC Coal Liquefaction/Cogeneration Plant 4- 69 

Sharon Steel Corporation Penn/Sharon/l{lockner Project 4- 72 

Shell Oil Company Shell Coal Gasification Project 4- 13 

Signal Companies, The Keystone Project' 4- 68 
Northern Peat Energy Project 4- 72 

Sohio Alternate Energy Development Cool Water Coal Gasification Project 4- 61 
Company Sohio Lima Coal Gasification/Ammonia Plant Retrofit Project 4- 93
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South Australia, Government of South Australian Coal Gasification Project 4- 73 
Underground Coal Gasification, Leigh Creek 4- 76 

Southern California Edison Cool Water Coal Gasification Project 4- 61 

Spruce Creek Energy Company Underground Gasification of Anthracite, Spruce Creek 4- 76 

Standard Havens, Inc. Aqua Black Coal-Water Fuel Project 4- 60 

Standard Oil Company of Ohio Beacon Process 4- 60 

Stone & Webster Engineering Group Mining and Industrial Fuel Gas Group Gasifier 4- 70 

Storstockholms Energi Nynas Project 4- 72 

Sumitomo Metal Industries, Inc. Lulea Molten Iron Pilot Plant 4- 70 

Tenneco, Inc. Great Plains Gasification Project 4- 66 
SNG from Coal 4- 73 

Tenneco SNG Inc. Great Plains Gasification Project 4- 66 

Tennessee Eastman Company Chemicals From Coal 4- 61 

Tennessee Gas Pipeline Company Great Plains Coal Gasification Project 4- 66 

Texaco Inc. Cool Water Coal Gasification Project 4- 61 
Texaco Coal Gasification Process Development 4- 74 

TOSCO Corporation TOSCOAL Process Development 4- 74 

Transco Companies, Inc. Great Plains Gasification Project 4- 66 

Transco Coal Gas Company Great Plains Gasification Project 4- 66 

Transcontinental Pipe Line Corporation Great Plains Coal Gasification Project 4- 66 

TRW, Inc. Beacon Process 4- 60 

Twin Cities Metallurgical Mining and Industrial Fuel Gas Group Gasifier 4- 70 
Research Center 

TVA TVA Ammonia-From-Coal Project 4- 74 

Wide GmbH Rheinbraun High Temperature Winkler Project 4- 72 

Union Electric Company KILnGAS Project 4- 69 

Union of Soviet Socialist Republics Kansak-Achinsk Basin Coal Liquefaction Pilot Plants 4- 68 

University of Minnesota University of Minnesota Low-BTU Gasifier for Commercial Use 4- 74 

University of North Dakota Gasification Environmental Studies 4- 65 

University of Texas Underground Coal Gasification 4- 75 

USBM - Twin Cities Metallurgical Mining and Industrial Fuel Gas Group Gasifier 4- 70 
Research Center 

United States Department of Energy Advanced Coal Liquefaction Pilot Plant 4- 60 
RI-GAS Project 4- 60 
Cities Service/Rockwell Process Development 4- 61 
EDS Process 4- 63
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Company or Organization	 Project Name 

Flash Pyrolysis of Coal With Reactive and Non-Reactive Gases	 4- 65 
Integraged Two-Stage Liquefaction 4- 68 
KRW Advanced Coal Gasification System for 

Electric Power Generation 4-	 69 
Laporte Liquid Phase Methanol Synthesis 4- 69 
Mining and Industrial Fuel Gas Group Gasifier 4- 70 
Mountain Fuel Coal Gasification Process 4- 71 
Solvent Refined Coal Demonstration P 	 -t (SRC-I) 4- 73 
University of Minnesota Low-BTU Gasifier for 

Commercial Use 4	 74 

Underground Coal Gasification 
Hanna Project 4- 75 
Bituminous Coal Project 4	 76 
Tono Project 4- 76 
University of Texas 4- 75 

United States State Department Chiriqui Grande Project 4- 61 

U.S. Steel Corporation Mining and Industrial Fuel Gas Group Gasifier 4- 70 

Veba Oil GmbH Bottrop Direct Coal Liquefaction Pilot Plant Project 4- 60 

Victoria, State Government of Victoria Brown Coal L quefaction Project 4- 74 

Washington Irrigation & Development Underground Coal Gasification, Tono Project 4- 76 

Washington, State of Underground Coal Gasification, Tono Project 4-101 

Western Energy Company Mining and Industrial Fuel Gas Group Gasifier 4- 70 

West German Federal Government Kloeckner Coal Gasifier 4- 69 
Texaco Coal Gasification Process Development 4- 74 
Underground Coal Gasification, Joint Beige-German Project 4- 76 

West German Federal Ministry for Bottrop Direct Coal Liquefaction Pilot Plant Project 4- 60 
Research & Technology Hydrogasification of Coal to SNG 4- 68 

Rheinbraun High Temperature Winkler Project 4- 72 
Synthesegasanlage Ruhr (SAR) 4- 73 

West Penn Power Company KILnGAS Project 4- 69 

Westinghouse Electric Westinghouse Advanced Coal Gasification System 
for Electric Power Generation 4- 69 

Weyerhaeuser Mining and Industrial Fuel Gas Group Gasifier 4- 70 

Wheelabrator-Frye Northern Peat Energy Project 4	 72 
Solvent Refined Coal Demonstration Plant (SRC-1) 	 . 4	 73 

Wold-Jenkins Underground Coal Gasification, Thunderbird II Project 4- 76
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