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HIGHLIGHTS 

Capsule Summaries of the More Significant Articles in this Issue 

DOE Announces SBIR Grants in Fossil Energy 

The United States Department of Energy (DOE) has selected 202 grant applications from small, 
high technology firms in 26 states for funding under its Small Business Innovation Research 
(SBIR) Program. The 60 applications selected for Phase I funding in the fossil energy categories 
are listed on page 1-1. Funding for each project will average $50,000 over 6 months. 

Conoco World Energy Outlook Promotes Diversification of Energy Sources 

The latest version of Conoco's "World Energy Outlook" through the year 2000 is reviewed on 
page 1-4. In the outlook, Conoco stresses the importance of developing alternative energy tech-
nologies and the further use of existing cleaner-burning fuels such as propane and compressed 
natural gas. Conoco also encourages abroader base of investments in international oil and gas 
resources and diversification of crude oil supply sources. 

U.S. Environmental Laws Will Reduce Refining Capacity, and Open the Door to Alternative Fuels 

Environmental laws in the United States will reduce refining capacity by as much as 1.5 million 
barrels per day, with some 65 small refiners closing down because of their inability to comply with 
the provisions of the Clean Air Act Amendments of 1990. As discussed on page 1-10, alternative 
fuels may be a real threat to gasoline's market share beyond the year 2000. 

LLNL Rates Importance of Different Technologies for Energy Security 

An evaluation by the Lawrence Livermore National Laboratory (LLNL) rates the importance of 
different technologies for their ability to contribute to national energy security. The specific 
criteria against which the various technologies were evaluated are discussed on page 1-11. The 
high leverage areas are oil and gas supply increase and transportation demand reduction. 

Outstanding Opportunities Seen for Energy Investments in Russia and the Republics 

In spite of a climate of instability and insecurity, Russia and the Republics are the most promising 
place for energy investments in the world.An overview of energy industry investment oppor- 
tunities in Russia and the Republics, as well as the risks involved in such investments, is presented 
on page 1-19. Foreign investments are sought as a tool for development, but knowledge about the 
basic concepts of the free-market system is lacking. 

Uinta Basin is America's Energy Storehouse 

There is 10 times more oil in the Uinta Basin than has been produced by the entire United States 
in the last 140 years. As outlined on page 1-20, the hydrocarbon resources in the Uinta Basin are 
composed of movable oil in place, tar sands and oil shale. Near-term plans to recover oil from ex-
isting reservoirs and exploit the extensive coalbed methane resources are discussed. 
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LLNL Reports HRS Pilot Plant and Modeling Results 

The latest experimental and computer modeling results for Lawrence Livermore National 
Laboratory's (LLNL) Hot-Recycled-Solids (HRS) process are reviewed on page 2-1. This oil 
shale retorting process has been studied through a series of fundamental laboratory studies, opera-
tion of a 4-tonne-per-day pilot plant and development of an oil shale process mathematical model. 
The model uses pilot plant results to aid in a scaleup of the process. 

DOE Solicits Shale Oil Value Enhancement Research 

The United States Department of Energy's (DOE) Morgantown Energy Technology Center has 
identified the need to expand the scientific base for utilizing United States oil shale resources by 
enhancing the value of shale oil beyond the open market price of crude oil refinery feedstock. As 
discussed on page 2-4, a Program Research and Development Announcement solicits small busi-
ness to participate in efforts to produce valuable oil shale derived products. 

Use of Retorted Devonian Oil Shale to Make Cement Appears Practical 

The use of retorted Devonian oil shale in the production of portland cement is discussed on 
page 2-9. Disposal of spent shale represents a substantial cost burden to shale oil producers and 
must be included in the price of the product oil. Using spent shale to produce portland cement 
gives value to the spent shale while also avoiding the cost of environmentally acceptable disposal. 

Amoco Patents Process for Acid Treatment of Kerogen-Agglomerated Oil Shale 

A detailed description of a patented method for upgrading beneficiated oil shale to reduce 
kerogen processing costs is presented on page 2-11. The invention involves kerogen-agglomerating 
the oil shale, separating out the kerogen-rich agglomerates, and acid-treating the kerogen-rich ag-
glomerates. The acid-containing solution in the final step comprises any acid or combination of 
acids that form soluble metallic salts. 

Solid Substrate Affects Coking of Hot Shale Oil in KENTORT Reactor 

The results of investigations of product coking induced by hot recycle solids in the KENTORT II 
fluidized-bed retort are reported on page 2-14. Because coking losses account for a significant 
reduction in oil yield in solid recycle systems and carbon deposition can affect the solids reactivity, 
surface area/pore volume data for the various substrates have been investigated in terms of coking 
activity. 

Unocal Patents Process and Catalyst for Dewaxing of Shale Oil 

An invention forproducing a hydrocarbon product having a relatively low pour point and/or cloud 
point from a full boiling range shale oil is described on page 2-21. The method involves a catalyst 
and a process for dewaxing a hydrocarbon feedstock containing straight and branched chain paraf-
fins through the use of an intermediate-pore molecular sieve in combination with a large-pore 
molecular sieve. 

Pollution Problems at Estonian Oil Shale Powerplants Outlined 

About 22 million tons of oil shale are used each year in the Estonian Republic to generate 
electricity. As discussed on page 2-23, these oil shale powerplants are sources of environmental 
pollution. Estonian oil shale is characterized by high calcium oxide and alkali metal content in the 
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ash and a moderate quantity of nitrogen in the organic portion. Total sulfur content in dry mass is 
about 1.5 percent. 

Burnt Lake Project Recovering Cold Lake Bitumen Without Steam 

Suncor has been testing the recovery of bitumen at the Burnt Lake Project without the aid of 
steam by producing sand and bitumen together with progressive cavity pumps. Some of the 
production results and problems associated with cold production are discussed on page 3-1. Over-
all, production rates have been much higher than expected from this lower-cost recovery method. 

Bi-Provincial Upgrader Encounters Big Cost Overruns on Way to November Startup 

As the Bi-Provincial Upgrader approaches startup in November, the project sponsors are being 
asked to cover cost overruns of $190 million. In 1991, the project experienced cost overruns of 
$175 million. As discussed on page 3-3, one of the project partners has refused to help cover the 
latest spending deficit and wants to sell part of its ownership share in the project. 

China National Petroleum Corporation Joins UTF Project 

China's state oil company will invest $6.5 million over the next 2 years in the Alberta 
Government's Underground Test Facility (UTF) near Fort McMurray, Alberta, Canada. The 
China National Petroleum Corporation will take an active role in the management of the UTF 
project. Oil production using the steam assisted gravity drainage process was expected to begin in 
September 1992. See page 3-6 for details. 

AOSTRA Oil Sands and Heavy Oil Commercial Successes Updated 

Since 1974, the Alberta Oil Sands Technology and Research Authority (AOSTRA) has invested an 
average of $35 million per year in advanced technology development. An update of the commer- 
cial success of technology developed and being applied in the oil industry of Alberta, Canada is 
presented on page 3-7. Through joint projects, industry has invested an amount matching 
AOSTRA's contribution. 

DOE Picks 14 Winners in First Phase of New EOR Program 

The United States Department of Energy (DOE) has selected 14 projects proposed by teams of 
independent oil producers, universities, state agencies and major oil companies to carry out the 
first phase of a new enhanced oil recovery (EOR) program. As reported on page 3-10, DOE ex-
pects to provide more than $48 million in federal funds, while the winning proposers are expected 
to provide an additional $65 million in cash, equipment and other contributions. 

New Refinery Capacity Will be Needed for Heavy Oil and Bitumen 

An examination of regional refining capacity has shown that new refining capacity will be needed 
for Canadian heavy oil and bitumen. As discussed on page 3-12, forecasts of future crude supply 
indicate continued growth in bitumen production and heavy oil. The timing of capacity additions 
or modifications will, in part, be determined by the light/heavy crude price differential. 

New CERI Analysis Projects Declining Production of Crude Oil in Alberta 

An evaluation of the potential for conventional crude oil production in Alberta, Canada has con- 
cluded that production will decline in the long run. The Canadian Energy Research Institute 
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(CERI) analysis, reviewed on page 3-15, says that Alberta's recoverable conventional crude oil 
reserves will decline at about 2 percent per year over the long run. Even so, the conventional oil 
industry will remain a major source of revenue for Alberta for the next 15 to 20 years. 

In Situ Recovery Should Complement Open Pit Mining in Athabasca Deposit 

A recent study compares bitumen recovery from the open pit mining and hot water extraction 
process to the steam assisted gravity drainage process. The results of three study cases are 
presented on page 3-17. Because the two methods are best suited to different areas of the oil 
sands, they should be considered complementary technologies, not competing technologies. Their 
combined use would allow maximum resource recovery. 

MTBE Proposed as Carrier for Bitumen Transport and Viscosity Reduction 

Alberta bitumens are difficult to transport because of the high viscosity of the heavy oils. The 
results of a study to reduce the viscosity of Cold Lake bitumen by blending with varying concentra-
tions of MTBE are discussed on page 3-21. It was found that an addition of 25 to 30 percent mass 
MTBE to Cold Lake bitumen will reduce the blend viscosity to meet the pipeline specifications. 

Computer Simulation Yields Insights on Steam/Foam Injection in Athabasca Tar Sands 

A steam/foam forecast model for the Athabasca tar sands has allowed researchers to better under-
stand the steam/foam injection process which was first used at the Gregoire Lake In Situ Pilot. 
The results of this research, presented on page 3-22, confirmed that the communication path in the 
upper low-oil saturation zone had a strong impact on production performance. 

Quality of Products During In Situ Combustion Analyzed with New Tool 

A new instrument, known as the latroscan and developed by latron Labs in Japan, analyzes the 
SARA composition of oil in about 2 hours. The use of the latroscan to monitor the nongaseous 
products resulting from in situ combustion of Athabasca tar sand for fuel upgrading under various 
conditions of temperature, pressure and gas flowrate is discussed on page 3-26. 

Electric Preheating for SAGD Process Modeled 

A process for electric preheating of a tar sand deposit prior to the use of the Steam Assisted 
Gravity Drainage (SAGD) technique for in situ bitumen recovery is discussed on page 3-28. A 
mathematical model was developed to study the electric preheating of a tar sand reservoir. After 
preheating, electrodes are converted into conventional injection/production wells to be used in the 
subsequent steam recovery process. 

Chevron Patents Combined HASDrive and In Situ Upgrading Process 

A combination of the HASDrive process with a patented method for adding hydrogen-containing 
gas with a sufficient temperature to promote the hydrogenation of a portion of the petroleum in 
the formation is discussed on page 3-29. The hydrogen-containing gas helps promote in situ 
hydrogenation while the steam helps to promote viscosity reduction and helps optimize the condi-
tions needed for in situ hydrogenation.
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Shell Patents Electrical Preheat Steam Assisted Gravity Drainage Process 

A new invention that continuously recovers viscous hydrocarbons by electric preheating followed 
by gravity drainage from a subterranean formation with heated fluid injection is described on 
page 3-30. The process is particularly applicable to deposits of heavy oil, such as tar sands, which 
have vertical hydraulic connectivity and are interspersed with discontinuous shale barriers. 

PDVSA Continues to Line Up Foreign Partners for Heavy Oil Development 

Petroleos de Venezuela (PDVSA) is negotiating with Total Oil to collaborate on developing heavy 
oil deposits in Venezuela. As discussed on page 3-33, the two companies are assessing the techni- 
cal and economic feasibility of developing the Orinoco heavy oil belt. PDVSA is also seeking a 
foreign partner for a joint venture to build a refinery for heavy oil. 

Texaco and Bitor America to Promote Gasification of Orimulsion 

Texaco's Alternate Energy Group has signed an agreement with Bitor America Corporation to 
develop integrated gasification combined cycle power projects using Texaco's gasification technol-
ogy and Venezuelan Orimulsion as a feedstock. The agreement, outlined on page 3-33, provides 
for a supply of up to 1.6 million tonnes of Orimulsion over a 25-year period. 

Japanese Activities and Points of View in Oil Sands Summarized 

Since 1978, five Japanese oil companies have been involved in oil sands development projects in 
Alberta, Canada. An overview of these projects is presented on page 3-34. Japanese companies 
intend to continue the challenge of oil sands development at a reasonably moderate pace. They 
believe Alberta's oil sands are a long-term source of energy resources on a global basis. 

Progress Being Made in Solving the Fine Tails Problem 

A process being used by Syncrude Canada Limited to solve the problem of accumulation of fluid 
fine tails in large tailing ponds is described on page 3-37. Syncrude has developed several tech-
nologies for incorporating the fine tails into satisfactory landscapes. This work has recently 
progressed to field-scale demonstration projects. 

ENCOAL Project in Startup--Not Affected by Sale of Shell Mining Company 

ENCOAL's $72 million Liquids From Coal demonstration project in Wyoming, now in the initial 
startup phase, will not be affected by the sale of Shell Mining Company, ENCOAL's parent com-
pany, to Zeigler Coal Holding Company. In June, Zeigler and Shell signed a letter of intent for 
Zeigler's purchase of Shell Mining, with a target closing date in October 1992. See page 4-1 for 
further details. 

DOE Approves Shift of Tallahassee Clean Coal Project to Pennsylvania 

A Clean Coal Technology demonstration project originally sponsored by the City of Tallahassee, 
Florida has been reassigned to York County Energy Partners L.P., a subsidiary of Air Products 
and Chemicals Inc. The revised project, described on page 4-1, involves the construction of a new 
cogeneration facility which will employ circulating fluidized-bed technology and produce 
250 megawatts of electricity.
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Texaco Gasifier Selected for Tampa ICCC Project 

The Texaco gasification process has been selected for the 260 megawatt Integrated Gasification 
Combined Cycle (IGCC) powerplant to be constructed by Tampa Electric Company in Polk 
County, Florida. An overview of this project is presented on page 4-2. The project will gasify ap-
proximately 1,900 tons per day of high- and low-sulfur coal while demonstrating a General Electric 
hot gas cleanup system. 

Carbondry Process Headed for Pilot Demonstration 

The Carbondry Process, described on page 4-4, is an innovative method for drying low-rank coal. 
The process will be demonstrated at a 250,000-ton-per-year coal upgrading facility to be built by 
the Cordero Mining Company at its mine near Gillette, Wyoming. The technology was developed 
by Carbontec Energy Corporation and demonstrated at its pilot plant in Bismarck, North Dakota. 

Custom Coals Lines Up Financing 

Custom Coals Corporation has reached a financing agreement with the Chase Manhattan Bank in 
support of its plans to build at least 10 plants that will produce specialized coal fuels. As discussed 
on page 4-6, Carefree Coal and Self-Scrubbing Coal will be produced to help electric utilities meet 
stringent federal air quality standards. The company will build at least 10 plants by 2000 at a cost 
expected to exceed $500 million. 

M-C Power Achieves Fuel Cell Scaleup 

M-C Power Corporation is testing molten carbonate fuel cells with a cross-sectional area of 
11 square feet, the largest area fuel cells ever operated in the United States. M-C Power plans to 
use this size fuel cell in commercial units scheduled for production in 1997. The fuel cell stack is 
designed to generate 20 kilowatts of electricity, but it is currently producing 22 kilowatts. Details 
are on page 4-6. 

Energy International Sees Promise in Underground Gasification 

Energy International Corporation says that in situ gasification of coal offers both resource and 
economic advantages in the generation of good quality synthesis gas. As discussed on page 4-7, 
combining underground gasification technology with the newer Fischer-Tropsch technologies 
presents an opportunity to convert unrecoverable coal resources into liquid transportation fuels. 

DOE Completes Agreements on Two Gasification Projects 

Negotiations have been completed for two Round IV Clean Coal Technology demonstration 
projects. Project sponsors and the United States Department of Energy (DOE) have reached an 
agreement on funding for the Wabash River Coal Gasification Repowering Project and the Pinon 
Pine Integrated Gasification Combined Cycle Power Project. Both projects are described on 
page 4-10. 

DOE Issues Solicitation for Clean Coal Technology Round V 

The United States Department of Energy (DOE) has issued its solicitation for Round V of the 
$5 billion Clean Coal Technology Demonstration Program. As detailed on page 4-10, ap-
proximately $568 million in federal matching funds will be made available for projects selected in 

A-6



this round. Proposals are due by December 7, 1992 with selections expected to be announced by 
May 6, 1993. 

DOE Outlook for Direct Liquefaction is Optimistic 

The United States Department of Energy (DOE) believes that direct coal liquefaction offers an 
unusually attractive opportunity to build new industries to provide a domestic source of liquid and 
solid fuels. The government's Direct Coal Liquefaction Systems Program, discussed on page 4-15, 
places an emphasis on transportation fuels because the domestic resource for these fuels is inade-
quate. 

WRI CompCoal Process Looks Feasible 

The CompCoal Process, being developed by Western Research Institute (WRI), produces a 
premium quality, solid fuel from low-rank coal. An economic evaluation shows that the process 
will be economically attractive if the product can be sold for $20 per ton or more. The CompCoal 
Process is described on page 4-18 and the results of an economic evaluation are presented. 

Technology of Drying Low-Rank Coals Reviewed 

The various technologies available for drying low-rank coals are discussed in the article on 
page 4-21. An assessment conducted by the Energy and Environmental Research Center says that 
the most promising drying technology is hydrothermal treatment, commonly known as hot-water 
drying. It is well suited for producing a concentrated low-rank coal-water-fuel for premium ap-
plications. 

Second Law Analysis Shows BGL Gasifier to be the Most Efficient 

A second law of thermodynamics analysis of integrated coal gasification combined cycles has 
shown that the British Gas Lurgi (BGL) gasification process is the most efficient. The results of a 
comparison of seven gasification processes are discussed on page 4-23. The BGL process, with a 
countercurrent reactor, achieves an efficiency higher than 40 percent with a peak level of 
43 percent. 

British Coal Topping Cycle Shows Promise 

A topping cycle developed by British Coal Corporation is described on page 4-25. In the topping 
cycle, coal is gasified in an air-blown spouted-bed gasifier operated at elevated pressure and tem-
peratures up to 1,0000C. Between 70 and 80 percent of the coal is converted into a low-calorific-
value fuel gas; the remainder is burned to raise heat for the steam turbine cycle. Predicted ef-
ficiency is 46 to 47 percent. 

Simulated Coal-Derived Methanol Tested in Diesel Engine 

Methanol produced from simulated coal gases has out performed chemical grade methanol in 
recent diesel engine runs at a test facility in Michigan. The fuel was produced from the "liquid 
phase methanol" process at a test facility in La Porte, Texas. In a 1988 test run at La Porte, 
methanol was produced at a rate three times faster than commercially available processes. See 
page 4-27 for more details.
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Nippon Kokan Patents Two-Stage Gasifier 

An invention, patented by Nippon Kokan of Japan and described on page 4-28, is a technique in 
which the temperature of a fluidized bed is maintained at around 1,100°C so that an agglomerated 
bed of fluidized material is formed thus increasing the gasification furnace capacity and the coal 
gasification quantity. Compared to the calorific value of the raw coal, the calorific value of the 
product gas is 81 percent. 

Coprocessing of Coal and Used Tires Shows Promise 

Coprocessing of coal with used tires produces synthetic crude oil that could be used as a source of 
transportation fuel or could be used in the production of new tires. The results of liquefaction ex-
periments performed in a laboratory shaker autoclave are presented on page 4-30. Carbon black, 
an important constituent in rubber tires, was found to be a good hydrocracking catalyst during 
coprocessing. 

Solid-Phase Coal Refining May Lead to New Products 

A concept to subdivide coal into its basic components and then produce premium solid fuels and 
feedstocks for a variety of higher-value products is discussed on page 4-31. The process involves a 
freeze/thaw pretreatment of coal, followed by mild grinding to liberate the maceral types, and then 
two separation methods to subdivide the coal into its three maceral components, the mineral mat-
ter and pyrite. 

IGOR Process for Coal Liquefaction Described 

Integrating the hydrogenation step into the total coal liquefaction process can improve the quality 
and yield of the product oils. A new process variation, called IGOR for integrated gross oil refin-
ing, is described on page 4-33. The IGOR product is water-white, stable in storage, and completely 
free of "that certain coal-oil smell." The process has been tested on pilot scale with large-volume 
reactors. 

Worldwatch Institute Sees Natural Gas as a Bridge to Clean Energy 

The environmental advantages of natural gas can be seen in two of its most rapidly growing uses: 
electricity generation and transportation. As discussed on page 5-1, taxes on carbon dioxide and 
other policies designed to slow global warming are likely to accelerate the shift to natural gas. A 
transition to hydrogen may be made easier because it can be manufactured directly from natural 
gas. 

Exxon Natural-Gas-to-Liquids Process Revealed 

Exxon has spent over $100 million to develop the natural-gas-to-liquids process, described on 
page 5-4. A 200-barrel-per-day pilot plant has been operational since 1990. The output from this 
process can be refinery feedstock or finished products free of sulfur, nitrogen, vanadium and 
aromatics. The range of product options include premium diesel fuel, jet fuel, lube oils, waxes, and 
chemicals for manufacturing solvents, alcohols and polymers. 
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GOVERNMENT 

DOE ANNOUNCES SBIR GRANTS IN FOSSIL ENERGY 

Secretary of Energy J.D. Watkins announced that the United 
States Department of Energy (DOE) has selected 202 grant 
applications from small, high technology firms in 26 states 
for funding under its Small Business Innovation Research 
(SBIR) program. 

The applications were chosen on the basis of scientific and 
technical merit from among 1,534 submitted in 35 technical 
topics ranging from medical applications to batteries for 
transportation. 

The Phase I grants, which will average $50,000 for about 
6 months, were expected to be awarded in July. 

The SBIR program implements the Small Business Innova-
tion Development Act of 1982. Under the Phase I grants, 
each firm will attempt to determine the feasibility of the in-
novative concept. After that, each will be eligible to com-
pete for a second phase with funding of up to $500,000 over 
2 years. During that time, the selected concepts would be 
further developed. It is expected that between one-third and 
one-half of the original grants will be continued into the 
second phase. 

Under the topics of advanced coal utilization, advanced en-
vironmental control technology for fossil energy, coal-based 
power systems technology, enhanced oil recovery, high tech-
nology concepts in coal processing, advanced technology for 
the recovery of natural gas, coal-based alternative fuels tech-
nology and advanced fossil resource utilization, the following 
companies and their research projects were selected for 
Phase I grants. 

Advanced Coal Utilization 

ADA Technologies, Inc.: Application of Novel Filtra-
tion Technologies to a Magnetohydrodynamic Process 

Advanced Fuel Research, Inc.: An Advanced Coal 
Fired Heat Exchanger/Gas Turbine Topping Cycle for 
a High Efficiency Powerplant 

Altex Technologies Corporation: A Co-Fired 
Coal/Sludge Incinerator 

Altex Technologies Corporation: A Coal-Fired In-
tegrated Emissions Control Combustor 

Busek Company, Inc.: A Low Cost, Flexible, Mag-
netohydrodynamic Generator Test Facility

Ceramic Composites, Inc.: Ceramic Matrix Com-
posites for Magnetohydrodynamic Air Preheaters 

ERC, Inc.: A Light Metal Fueled Nonequilibrium 
Plasma Generator 

Eltron Research, Inc.: Fischer-Tropsch Electrochemi-
cal CO2 Reduction to Gaseous Fuels 

HMJ Corporation: A Dechlorination System for Mag-
netohydrodynamic Spent Seed 

TDA Research, Inc.: A High Efficiency Electrochemi-
cal System for the Removal and Concentration of CO2 
from Flue Gas 

Vortec Corporation: Feasibility Testing of a Coal-
Fired Wastewater Sludge Ash Vitrification System 

Advanced Environmental Control Technology for Fossil 
Energy 

ADA Technologies, Inc.: A Microwave Induced 
Plasma Spectrometer for Real Time Analysis of Air 
Toxic Metals in flue Gas 

Advanced Fuel Research, Inc.: Acoustic Hot Gas 
Cleanup of Coal Ash Particles 

American Process Design, Inc.: A Soluble Solution 
Flue Gas Desulfurization and Denox Process 	 - 

CEMCOM Research Associates, Inc.: Conversion of 
SO Control Residue and Waste Oily Emulsion to 
Cement Plant Feedstock 

CeraMem Corporation: A Sorbent Injection and Filtra-
tion Process for H2S Removal from Hot Gas 

ElectroChem, Inc.: High Temperature 
Removal/Recovery of Trace Sulfur Species from West-
ern Coal Derived Fuel Gas Streams 

Energy Research Corporation: Coal-Gas Multiple 
Contaminant Polishing 

Energy and Environmental Research Corporation: 
Selective Reduction of NO by Gas Phase Chemistry 

Industrial Filter and Pump Manufacturing Company. 
Durable, Low Cost Ceramic Materials for Use in Hot 
Gas Filtration Equipment 
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Industrial Filter and Pump Manufacturing Company'. 
An Innovative Device to Enhance Jet Pulse Cleaning 
of Ceramic Candle Filters 

Integrated Applied Physics, Inc.: Power Conditioning 
for Efficient, Effective Removal of NO /50 and 
Toxic Materials from Effluent Gases 

LSR Technologies, Inc.: A Falling Film Mist 
Eliminator 

Membrane Technology and Research, Inc.: A Novel 
Flue Gas Treatment Process 

Southwest Sciences, Inc.: An Intrinsically Safe, Laser-
Based Optical Diagnostic for Hot Gas Stream Cleanup 

Vortec Corporation: Recycling of Boiler Flyash into 
Asphalt Paving Materials, Asphalt Shingles, and Bricks 

Coal-Based Power Systems Technology 

Analytic Power Corporation: Economization of Solid 
Oxide Fuel Cells 

Jet Process Corporation: Jet Vapor Deposition of Cor-
rosion Resistant Coatings on Critical Molten Car-
bonate Fuel Cell Components 

PSI Technology Company. Remediation of Chloride-
Induced Electrolyte Loss in Molten Carbonate Fuel 
Cells 

Precision Combustion, Inc.: A Catalytic Combustor-
Based Coal Gasification Combined Cycle Gas Turbine 
System 

Technology Assessment and Transfer, Inc.: Microwave 
Joining of SiC for Fabrication of Ceramic Heat Ex-
changer Assemblies 

Technology Management, Inc.: A Low Cost Radial 
Flow Solid Oxide Fuel Cell 

Enhanced Oil Recovery 

Geo-Microbial Technologies, Inc.: On-Site Environ-
mental Treatment for Waste Drilling Muds 

TerraTek, Inc.: Pore Geometry and Transport 
Properties of Reservoir Rocks: Application of Laser 
Scanning Confocal Microscopy 

High Technology Concepts in Coal Processing 

Advanced Fuel Research, Inc.: Advanced Liquefaction 
by Catalytic Reduction of-Low Temperature Crosslink-
ing

Bend Research, Inc.: A Membrane-Based Process for 
the Improved Microbial Oxidation of Aromatic 
Hydrocarbons 

Coal Technology Corporation: Feasibility of an Ultra-
Centrifuge for Drying Comminuted Deep Cleaned 
Coal 

Control Techtronics, Inc.: Coal Combustion Acoustic 
Analysis Utilizing Neural Networks 

James W. Bunger and Associates, Inc.: High Liquid 
Yields with Low Hydrogen Consumption in Direct 
Coal Liquefaction 

Process Technology, Inc.: Development of a Coal 
Slurry Sulfur Analysis and Control System 

Advanced Technology for the Recovery of Natural Gas 

Aerodyne Research Inc.: Development of a Portable 
Real Time Subsurface Methane/Ethane Detector Sys-
tem for Natural Gas Exploration and Leak/Seepage 
Location 

Bend Research, Inc.: A Process for Sweetening Sour 
Gas by Direct Thermolysis of Hydrogen Sulfide 

Deacon Research: Remote Leak Survey Capability for 
Natural Gas Transport, Storage and Distribution Sys-
tems 

Eltron Research, Inc.: Electrochemical Natural Gas 
Reduction to Alcohols 

Energy and En&ironmental Research Corporation: 
Selective Oxidation of 014 to CH3OH 

Jason Associates Corporation: Reinterpretation of Ex-
isting Wellbore Log Data Using Neural Based Pattern 
Recognition Processes 

LSR Technologies, Inc.: An Advanced Liquid 
Membrane System for Natural Gas Purification 

Membrane Technology and Research, Inc.: A 
Membrane System for Natural Gas Dehydration 

OPHIR Corporation: An Airborne Imaging 
Radiometer for the Detection of Natural Gas Emis-
sions 

Resources Enterprises, Inc.: Development of a Slim-
Hole Tool for Comprehensive Formation Evaluation 

Resource Enterprises, Inc.: Understanding Transient 
Gob Gas Flow Behavior in Longwall Gob Areas to 
Optimize Gob Gas Removal Techniques 

SYNTI-1811C FUELS REPORT, SEPTEMBER 1992 
1-2



Sage Discovery, Inc.: Rapid Evaluation and Trend Pre. 
diction of Coalbed Methane Recoverability 

Coal-Based Alternative Fuels Technology 

Create, Inc.: A High Efficiency Atomizer for Coal 
Slurry 

Manufacturing and Technology Conversion Interna-
tional, Inc.: A Pulse Jet Atomizer for Coal-Based Mix-
tures 

Mineral Technologies International, Inc.: Improved 
Coarsely Packed Column Flotation for Fine Coal 
Cleaning 

PSI Technology Company: Advanced Analytical 
Methods for Selection of Coals and Coal Blends

Processtech, Inc.: Low Energy Pulverizing via a 
Fluidized Impact Mill 

Viking Systems International: Development of a 
Novel Solids Flowmeter for Gas-Solid Systems 

Viscoustech: A Torsional Rheometer for Measuring 
the Properties of Coal and Coal Slurries 

Advanced Fossil Resource Utilization 

Manufacturing and Technology Conversion Interna-
tional, Inc.: An Innovative Concept for Producing 
Hydrogen from Coal-Derived Synthesis Gas 
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ENERGY POLICY AND FORECASTS 

CONOCO WORLD ENERGY OUTLOOK PROMOTES 
DIVERSIFICATION OF ENERGY SOURCES 

The United States should implement policies that encourage 
fuel diversification and conservation in order to meet the 
challenge of solving environmental problems while achieving 
economic growth, according to Conoco's latest world energy 
outlook through the year 2000. 

Conoco stresses the importance of developing alternative 
energy technologies and the further use of existing cleaner-
burning fuels, such as propane and compressed natural gas. 
Conoco also encourages a broader base of investments in in-
ternational oil and gas resources and diversification of crude 
oil supply sources. 

Conoco's energy outlook encourages stronger energy conser-
vation measures to reduce overall energy consumption and 
to achieve higher energy efficiency. Because two-thirds of all 
United States oil demand is used for transportation, Conoco 
says that it is particularly important for policymakers to 
adopt measures to promote energy conservation in the 
transportation sector. 

Key Predictions 

Some of the key predictions made in Conoco's energy out-
look are: 

- World oil demand growth will average 1.5 percent 
per year through 2000 when daily demand will 
reach about 80 million barrels. 

- United States oil demand will also grow at about 
1.5 percent annually to reach 193 million barrels 
per day by 2000. 

Demand for oil from the Organization of 
Petroleum Exporting Countries (OPEC) is ex-
pected to reach 33 million barrels per thy by 2000, 
but investment in new capacity will be required to 
meet this increased demand. 	 - 

- United States crude oil production is forecast to 
fall to 5.6 million barrels per day by 2000, an an-
nual decline of about 3 percent. 

- United States oil imports will jump to over 
11 million barrels per thy from the current import 
level of 6 million barrels per day. 

- World natural gas demand is expected to grow at 
the rate of 3 percent per year until 2000, with the 
strongest demand growth in Europe, the former

Soviet Union, North America and East and 
Southeast Asia. 

United States natural gas demand is expected to 
increase from 18.8 trillion cubic feet in 1990 to 
about 23.4 trillion cubic feet by 2000. 

World coal demand is forecast to grow by about 
1 percent per year through 2000, but commercializa-
tion of advanced clean coal technologies should 
lead to more robust growth in the early part of the 
next century. 

Major Assumptions 

Conoco's energy outlook is based on the following major as-
sumptions: 

- World economic growth will average 3 percent per 
year through 2000, the same growth rate as the 
1980s. 

- Measures will be taken to reduce greenhouse gas 
emissions, but extreme carbon taxes will not be 
widespread by 2000. 

Oil prices will remain volatile in the range of $16 to 
$30 per barrel (1992 dollars), but are expected to 
rise to around $24 per barrel in the second half of 
the decade. (See Figure 1). 

Natural gas prices are expected to remain competi-
tive with other fossil fuels outside of North 
America, with gas-on-gas competition limited to 
Canada and the United States. 

- Coal prices will not increase beyond the rate of in-
flation. 

Sources of renewable energy are expected to 
remain uneconomic and alternative fuels will not 
contribute greatly to the energy supply 
through 2000. 

World Energy Demand and Supply 

Conoco expects growth in the world energy demand to slow 
to 1.7 percent per year during the 1990s. Energy demand 
was 163 million barrels of oil equivalent per day in 1990, and 
will rise to 192 million barrels per day by 2000. 

Energy demand in developing nations, particularly in Asia, 
will grow the fastest, between 3 and 4 percent per year, as 
energy is used for economic expansion to meet rising living 
standards.
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The energy-intensive Centrally Planned Economics (CPEs) 
use 2 to 3 tunes as much energy per unit of economic output 
as the United States and other developed nations. Energy 
intensity will increase as economic output falls faster than 
energy consumption, but concerns over pollution and en-
vironmental degradation will lead to fiscal incentives which, 
along with rising energy prices, will encourage greater conser-
vation and improvements in efficiency of energy use. 

Figure 2 shows the amount of energy consumed per unit of 
economic output, by region. 

Oil and gas will supply over 70 percent of the growth in 
energy demand. Price competitiveness and the lack of 
economic, non-petroleum alternatives for transportation will 
make oil and gas the fuels of choice through 2000. 

United States Energy Demand and Supply 

United States energy demand is also expected to increase 
about 1.5 percent per year through 2000.

Greater use of electricity will account for most of the growth 
in energy demand. More than three-fourths of incremental 
demand will be for oil and gas. Natural gas demand will in-
crease more rapidly than demand for any other energy 
source, primarily due to its increased use in electricity genera-
tion. Figure 3 shows the forecast for United States energy 
supply by fuel. 

Coal is the primary fuel used in electric power generation 
and demand is expected to increase more than 1 percent per 
year. In order to meet the sulfur dioxide emissions limits sec 
out in the 1990 Clean Air Act Amendments, increased coal 
use will necessitate lower sulfur content in coal burned and 
more scrubbing installations at existing power stations. Al-
though coal will provide a smaller share of electricity sup-
plies by the end of the decade, coal-fired plants will still gen-
erate more than one-half of United States electricity. 

Electric utility demand for natural gas will more than double 
from its 1990 level of 2.8 trillion cubic feet, to 6.0 trillion 
cubic feet by 2000. Natural gas-fired combined cycle units 
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and combustion turbines are likely to be the preferred tech-
nology for much of the new generating capacity additions in 
the United States, says Conoco. 

World Oil Demand and Supply 

Oil currently supplies 40 percent of the world's energy needs. 
Oil demand growth is forecast to average 1.5 percent per 
year through the end of the decade. Most of the increase in 
oil consumption will be for transportation fuels. The highest 
rates of growth will continue to be in the developing nations, 
averaging over 3 percent per year. 

World oil demand will rise from 68 million barrels per day in 
1990 to around 80 million barrels per day by 2000. The 
developing nations will account for nearly half of the growth 
in oil use. About half of the increase in developing nations' 
oil consumption will be for transportation fuels, according to 
Conoco. Oil demand growth in the developed nations will 
be principally for transportation fuels. 

Gasoline demand growth is expected to average 1.8 percent 
per year through the rest of the century. Increased miles

driven and greater car ownership, particularly in the develop-
ing nations and the CPEs, will offset increases in vehicle fuel 
efficiency, says Conoco. 

About one-fourth of the world's oil demand is for distillate, 
and demand is expected to increase 2.1 percent per year. 
Most of the growth will come from increased distillate con-
sumption for transportation. 

Much of the surplus in worldwide crude oil refining capacity 
has been absorbed by growing demand, and distillation 
capacity will need to be expanded to meet increased con-
sumption. The growth in light product demand will require 
the construction of new heavy oil upgrading capacity. In ad-
dition, investments will be needed to meet more stringent 
product specifications to reduce solid waste and emissions to 
air and water. 

Low oil prices have led to a return of strong oil demand 
growth, and OPEC has been able to regain some of its lost 
market share. In addition, low prices have slowed the 
growth in non-OPEC oil supplies. 
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Following the 1986 fall in crude oil prices, total non-OPEC 
production stabilized at around 37 to 38 million barrels per 
day, and is expected to remain relatively unchanged 
throughout the decade. 

The rapid growth in oil demand has decreased OPEC's ex-
cess capacity. Production capacity should be adequate for a 
few years once sanctions are lifted on Iraqi exports and 
Kuwaiti crude production recovers. However, these supply 
additions will not be sufficient to meet demand for OPEC oil 
which is expected to reach 33 million barrels per day by 2000, 
and investment in new capacity will be required. 

United States Oil Demand and Supply 

United States oil demand is projected to grow 1.5 percent 
per year, with over half of the growth coming from greater 
use of oil for transportation. Stricter product quality stan-
dards will affect the entire product slate. 

United States oil demand is expected to rise from 
17.0 million barrels per day in 1990 to about 193 million bar-
rels per day by 2000. Although transportation demand for

oil will grow only 1 percent per year, it will account for 
60 percent of incremental oil demand. As shown in Figure 4, 
two-thirds of total United States oil demand is used for 
transportation. 

Gasoline accounts for more than 40 percent of United States 
oil demand. Gasoline demand is expected to grow slowly, at 
less than 1 percent per year. Compliance with standards 
specified by the Clean Air Act will lead to higher consumer 
prices, thereby depressing demand, says Conoco. In addi-
tion, some gasoline volume will be lost to alternative fuels, 
such as propane and compressed natural gas. 

Distillate demand is expected to grow 2 percent per year. 
Two-thirds of the growth will come from greater use of 
diesel fuel for road transport. 

United States crude oil production has been declining at the 
rate of more than 4 percent per year for the last 5 years, but 
the rate of decline is expected to slow to less than 3 percent 
per year through 2000. Crude oil production is expected to 
fall to 5.6 million barrels per day by 2000. 
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FIGURE 4

U.S. OIL DEMAND BY SECTOR 
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Without major new field additions, the United States will 
need to import more than ii million barrels per day by the 
end of the decade in order to meet projected demand, com-
pared to 6 million barrels per day today, as shown in 
Figure S. 

World Natural Gas Demand and Supply 

Natural gas provides one-fifth of the world's energy needs. 
Lower natural gas prices have led to a 20 percent increase in 
demand over the last 5 years. Worldwide natural gas 
demand is expected to grow at the rate of 3 percent per year 
for the rest of the decade. 

Most natural gas is consumed in Europe, the former Soviet 
Union, and in North America, where there are significant 
gas reserves and gas production. Most of the growth in 
natural gas demand will come from these regions, as well as 
East and Southeast Asia. Liquefied natural gas will play a 
role in the fuel diversification strategies of many Asian 
countries.

Other Fuels 

Coal currently meets more than one-fourth of the world's 
energy needs, and coal demand is expected to grow 1 percent 
per year, about one-half the rate of the 1980s. Coal prices 
will remain low, but costs associated with meeting environ- 
mental measures will increase. The commercialization of 
advanced clean-coal technologies will lead to more rapid 
growth in the early part of the next century. 

Nuclear power generation is expected to increase by only 
ito 2 percent per year over the next decade. 

Hydroelectric power generation and other forms of renew-
able power are expected to increase at a rate of more than 
2 percent per year. Conoco says that renewable energy 
sources such as solar, photovoltaic, wind and biomass, will 
continue to play a limited role in the world's energy supply 
until they become cost-competitive with fossil fuels. 
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United States Natural Gas Demand and Supply 

Natural gas demand in the United States is expected to in-
crease from 18.8 trillion cubic feet in 1990 to about 
23.4 trillion cubic feet by 2000. Domestic production will 
continue to supply more than 90 percent of United States 
natural gas demand. 

Natural gas is expected to play an increasingly important role 
in the United States energy supply picture. Gas-fired electric 
power generation will account for more than two-thirds of 
the growth in natural gas demand. 

Imports, mostly from Canada, are expected to rise from 
1.5 trillion cubic feet in 1990 to 2.6 trillion cubic feet in 2000. 
United States natural gas prices are forecast to rise, but not 
to a level that would justify significant imports of liquefied 
natural gas or development of Arctic supplies. 

Policy Implications 

Because it is unlikely that the United States will be able to 
reduce its dependence on imported energy supplies, it is im-

perative to manage that dependence, says Conoco. The chal-
lenge for policymakers is to rind solutions to environmental 
problems that are compatible with economic growth. A 
strategy for achieving both environmental and economic 
goals is to encourage conservation and fuel diversification. 

Policymakers can encourage energy conservation by educat-
ing consumers and encouraging them to take advantage of 
more efficient equipment and appliances, and by accelerat-
ing research and development of more efficient engines, fur-
naces and other technologies. 

Two-thirds of all United States oil demand is used for 
transportation, primarily in automobiles. Thus, says Conoco, 
it is particularly important for policymakers to adopt 
measures that would promote energy conservation in the 
transportation sector. Because price is the best incentive for 
conservation, one step that would lead to decreased oil de-
pendence and improved air quality is raising gasoline taxes. 
A $050 per gallon increase would both reduce demand and 
encourage the purchase of more efficient automobiles. 
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A diversification strategy should promote research and 
development of alternative energy producing technologies, 
and further the use of existing cleaner-burning fuels. The 
use of propane, compressed natural gas, and other fuels 
should be encouraged where it makes economic sense, par-
ticularly in fleet vehicles. 

Policymakers should ensure that refiners and marketers have 
the flexibility they need to achieve the clean fuel goals of the 
Clean Air Act and respond to consumer pressures for 
cleaner-burning, cost-effective fuels. 

Policymakers should also encourage the diversification of 
crude oil sources as a means of reducing dependence on oil 
from the Middle East. 

According to Conoco, the United States Government should 
provide greater flexibility to United States energy companies 
in crediting foreign taxes against their federal tax liability. 
To encourage investment over the long-term, the govern-
ment should launch an effort to expand tax and other incen-
tive options that would encourage United States investment 
in the international arena. 

The coastal plain of the Arctic National Wildlife Refuge and 
offshore areas in California and other states are examples of 
acreage that should be made available for leasing, explora-
tion and development, says Conoco. Successful development 
of these areas would help offset declines in existing domestic 
production and contribute substantially to the ability of the 
United States to manage its growing import dependence. 

fin 
U.S. ENVIRONMENTAL LAWS WILL REDUCE 
REFINING CAPACITY, AND OPEN THE DOOR TO 
ALTERNATIVE FUELS 

Environmental laws in the United States will reduce refining 
capacity by as much as 1.5 million barrels per day, opening 
the door for alternative fuels to capture a substantial market 
share beyond the year 2000. 

According to P.C. Fusaro, president of Global Change As-
sociates, the net result of mandates to produce cleaner 
gasoline and ultra low-sulfur diesel fuel, coupled with more 
stringent environmental liability provisions, will be the 
closure of a number of small refineries and some units at 
large refineries. Because refiners may not be able to fully 
recover their costs for environmental compliance, many may 
choose to close down rather than invest in plant upgrading. 

Refinery Closures 

Fusaro's report, published by the International Research 
Center for Energy and Economic Development, cited an es-

timate by Ashland Oil officials that some 65 small refiners 
will close because of their inability to comply with the provi-
sions of the Clean Air Act Amendments of 1990. In addition 
to federal standards, individual states can require more strin-
gent standards. This is particularly true in California where 
state environmental pollution standards are expected to 
heavily impact the refining industry. 

Many small refiners (those with a capacity of less than 
50,000 barrels per day) are not able to make the heavy invest-
ment required to produce the reformulated gasoline and 
low-sulfur diesel fuel required under the Clean Air Act. The 
95 refineries in the United States that have capacities under 
50,000 barrels per day are listed in Table 1 by state. 
Together, these refineries represent about 13 percent of the 
total United States refining capacity—over 2 million barrels 
per day of the total capacity of 15.7 million barrels per day. 

Fusaro says, "Their economic viability is clearly threatened 
by the implementation of more stringent environmental 
regulations in producing cleaner fuels and in upgrading their 
facilities which are stationary sources of pollution." Accord-
big to a report by Salomon Brothers, in addition to the re-
quirements for reformulated gasoline and low-sulfur diesel 
fuel, other environmentally related capital costs could cost 
refiners $25 to $45 billion over the next decade. 

As shown by the figures in Table 1, the California refining 
industry could be severely impacted by closures of small 
refineries. There are 17 small refiners in California with a 
total capacity of over 360,000 barrels per day. California 
refiners must comply with stricter environmental regulations, 
tighter refining margins and competition from alternative 
fuels. 

Alternative Fuels 

According to Fusaro, alternative fuels such as natural gas, 
electricity, methanol, ethanol, and liquefied petroleum gas 
are being given a boost through government incentives and 
may be a real threat to gasoline's market share beyond 2000. 
There is no doubt that tougher tailpipe emissions will help 
create a market for wider use of alternative fuels. 

California, Texas, and Colorado all have large-scale 
programs to develop natural gas vehicle markets. The 
American Gas Association estimates that 4.5 to 9.7 million 
vehicles will be running on natural gas in the United States 
in the next 15 years. 

Electric vehicles will capture a smaller portion of the 
transportation fleet, but are a factor in transportation fuel 
choices. Electric cars and trucks will eventually have interna-
tional ramifications. General Motors, Chrysler, and Ford 
are all developing their electric vehicle technology with 
prototype minivans. Nevertheless, electric cars and trucks 
will still only comprise a small segment of the transportation 
mix after 2000 in the United States, says Fusaro. -
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TABLE 1 

SMALL REFINERIES IN THE UNITED STATES, YEAR-END 1990 
(Capacity in Barrels per Day) 

Up to 25,000	 Between 25,001-
bid Capacity	 50.000 bid Capacity 

State No. Capacity	 No.	 Capacity 

Alabama 1 14,250	 1	 26,500 
Alaska 4 58,700	 -	 - 
Arizona 2 14,210	 -	 - 
Arkansas 2 12,470	 1	 48,000. 
California 11 116,418	 6	 245,950 
Colorado 1 15,200	 2	 76,000 
Georgia 1 7,500	 1	 28,000 
Indiana 2 23,900	 1	 48,000 
Kansas - -	 3	 86,725 
Kentucky 1 5,500	 -	 - 
Louisiana 5 50,541	 4	 150,000 
Michigan 2 9,600	 1	 45,600 
Mississippi 3 33,600	 1	 30,000 
Montana 1 6,700	 3	 131,900 
Nevada 1 4,500	 -	 - 
New Mexico 3 39,300	 1	 381000 
New York - -	 1	 39,990 
Oklahoma 2 23,500	 2	 93,000 
Pennsylvania 2 25,700	 -	 - 
Texas 5 51,000	 4	 108,600 
Utah 3 45,500	 3	 109,000 
Washington 1 11,900	 1	 32,775 
West Virginia 2 29,680	 -	 - 
Wisconsin - -	 1	 32,000 
Wyoming 2 34,500	 2	 76,100 

Total 57 639,869	 38	 1,446,140 

Conclusions LLNL RATES IMPORTANCE OF DIFFERENT 
TECHNOLOGIES FOR ENERGY SECURJIY 

The 190 refineries in the United States are under pressure to 
comply with mandated environmental laws that will result in An energy security evaluation report prepared by the 
reducing refining capacity anywhere from 500,000 barrels per Lawrence Livermore National Laboratory (LLNL) for the 
day to 13 million barrels per day. Automobile/oil industry United States Department of Energy (DOE) rates the irnpor-
studies to determine data on emissions and costs of various tance of different technologies for their ability to contribute 
gasoline reformulations are still under way. The research is to national energy security. 
expected to develop new technologies for blending refinery 
streams based on emissions factors. The result is that regula- Energy security was identified in the "National Energy 
tions are driving the refining industry, 	 and many small Strategy" (NES) as a major issue for DOE.	 As part of a 
refiners will be driven out of business during the 1990s. process designed by DOE to identify technologies important 

to implementing the NES, an expert working group was con-
vened to consider which technologies can best contribute to 
reducing the nation's economic vulnerability to future disrup-
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tions of world oil supplies. Other working groups were estab- 	 TABLE 1 
lished to deal with economic growth, environmental quality,

CONTRIBUTIONS OF TECHNOLOGY GROUPS 
FOR ENERGY SECURITY 

and technical foundations. 

The group evaluated technologies using criteria taken from 
the NES which can be summarized for energy security as: 
diversifying sources of world oil supply to decrease the mo-
nopoly status of the Persian Gulf region; reducing the impor-
tance of oil use in the United States economy to diminish the 
impact of future disruptions in oil supply; and increasing the 
preparedness of the United States to deal with oil supply dis-
ruptions by having alternatives available at a known price. 

The result of the first phase of the evaluation process was 
the identification of technology groups determined to be 
clearly important for reducing United States vulnerability to 
oil supply disruptions. The important technologies were 
mostly within the high leverage areas of oil and gas supply 
and transportation demand but also included hydrogen 
utilization, biomass, diversion resistant nuclear power, and 
substitute industrial feedstocks. Table 1 shows the 
categorization of the various technologies considered. 

The technologies were evaluated against the following 
specific criteria: 

- Additions to world oil and gas reserves 
- Increasing efficiency in the oil consuming sector 
- Displacing oil in the petroleum consuming sector 
- Reducing demand for oil based transportation 
- Short-term fuel switching 
- Increasing oil stocks 

The technologies were also evaluated by the individual work-
ing group members to determine the major technical, socie-
tal, and economic issues which would influence their im-
plementation and what their contribution would be in the 
near term (to the year 2010) and long term (beyond 2010). 
The working group members were also asked to estimate the 
potential for private sector cost sharing. 

Most technologies achieved scores in only one of the six 
categories mentioned above. No technologies were found to 
contribute to increasing oil stocks. The high leverage areas 
are oil and gas supply increase and transportation demand 
reduction. Those technology groups that received scores in 
more than one category are: 

- Unconventional oil production 
- Advanced automobiles/light trucks 
- Travel demand reduction 

High scores in individual categories were achieved by the fol-
lowing technology groups: 

- Improved geologic exploration (for oil and gas) 
- Unconventional oil production 
- Methane conversion to liquids

Clearly Important 
Oil and Gas Supply Increase 

Improved Geologic Exploration 
Advanced Production Technology 
Enhanced Oil Recovery 
Unconventional Oil Production 
Unconventional Gas Production 
Methane Conversion to Liquids 

Transportation Demand 
Advanced Automobiles/Light Trucks 
Improved Heavy Trucks/Buses 
Improved Air Transport Efficiency 
Travel Demand Reduction 

Hydrogen Utilization 
Hydrogen Production 
Improved Storage 
Improved Transportation 

Indirect Solar 
Biomass 

Nuclear Fission 
Diversion Resistant Technology (Safeguards) 

Industrial Process/Fabrication Demand 
Substitute Feedstocks 

Uncertain Importance 
Oil and Gas Supply Increase 

Refinery Product Upgrade 
Gas Liquefaction and Transport 
Gas Conversion to Feedstocics 
Gas Storage 

Coal Increase/Improvement 
Coal Gasification 

Transportation Demand 
Advanced Traffic Control Systems 
Advanced Ground Mass Transportation 

Electricity Production 
Advanced Conversion Technology 

Not Expected to be Important 
Coal Use Increase/Improvement 

Advanced Coal Combustion 
Clean Coal Technologies 

Nuclear Fission Energy Increase/Improvement 
Advanced Light Water Reactors 
Advanced Reactor Concepts 
Nuclear Waste Management 
Fission Fuel Resource Extension 

Fusion Energy 
Reactor Systems 
Fissile Fuel Breeder 
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Table 1 (Continued) 

Direct Solar Energy 
Solar Thermal 
Photovoltaics 

Indirect Solar Energy 
Wind Power 
Ocean Energy 
Hydro Power 

Unconventional Energy Sources 
Geothermal 
Municipal Solid Waste 

Residential & Commercial Building Demand 
Improved Heating, Ventilating, Air Conditioning 
Lighting Improvements 
Water Heating Improvements 
Advanced Building Envelopes 
Efficient Appliances 
Real Time Demand Management 
Combustion Improvements 
Adjustable Speed Drive Motors 
Cogeneration 

Industrial Process/Fabrication Demand 
Improved Separation Processes 
Advanced Catalysis 
Industrial Process Efficiency Improvements 
Industrial Waste Management 
Combustion Improvements 
Materials Fabrication 
Materials Production 
Product Design for Energy Min. 
Paper Compression 

Electricity Production 
Unconventional Advanced Conversion 
Storage Load Leveling 
Superconducting Generators 
Superconducting Motors 

Advanced Electricity Transmission and Distribution 
Improved Transmission Efficiency 
Advanced Distribution Techniques 
Cogeneration 
Flexible AC Transmission System 
Fast Load Following for Intermittents 

- Advanced automobiles/light trucks 
- Biomass 
- Hydrogen production 
- Diversion resistant nuclear technology 

The importance of cost effective investments in technology 
and the desirability of allowing the market place to ul-
timately decide success or failure were emphasized by the 
group.

Although not a technology issue, the group pointed out that 
the price of transportation fuel and fuel taxes can be an effec-
tive mechanism for dealing with the oil-based energy security 
issue. The group agreed that policymakers needed to ex-
amine this mechanism in detail. 

Measures of Energy Security 

The measures chosen to evaluate the importance of tech-
nologies to reduce the likelihood or consequences of oil 
price shocks are: 

Diversify sources of world oil outside the Persian Gulf: 

Additions to world oil and gas reserves 

Reduce the importance of oil in the United States 
economy: 

Increase efficiency in oil consuming sectors, cost ef-
fectively and long term (oil efficiency) 

Switch away from petroleum-based fuel, cost effec-
tively and long term (oil displacement) 

Reduce demand for oil-based transportation serv-
ices (e.g. reduce miles traveled or trips required) 

Provide for contingencies: 

Add to the potential for short-term fuel switching, 
at some increased cost, away from petroleum-based 
energy in response to a price shock (quick fuel 
switch) 

Increase oil stocks 

The following is a summary of the reasons the group 
provided for ranking technologies in the "clearly important" 
category. 

Oil and Gas Supply Increase 

This includes oil and gas that is not necessarily in the United 
States, but is outside the Persian Gulf. 

Improved Geologic Exploration: Substantial increases in oil 
reserves are possible through better understanding and 
characterization of oil and gas fields. Better field charac-
terization makes geologically targeted infill drilling more ef-
fective and increases resources available from existing fields. 
Even in the near term, these could add significant new 
reserves worldwide. 

Advanced Production Technology Some of the substantial 
new fields that are yet to be exploited are in waters deeper 
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than 3,000 feet or in the Arctic. These will probably make 
large contributions in the near and long terms. 

Enhanced Oil Recovery: These technologies could add 
hundreds of billions of barrels to worldwide oil reserves in 
the near and long terms. Better techniques are needed for 
stripping the oil out of the fields, and better techniques are 
needed for characterizing oil fields and for understanding 
how fluids flow in the formations. Stripper well abandon-
ment is an issue needing attention, if access to these reser-
voirs is to not be lost. 

Unconventional Oil Production: Unconventional oil 
resources include heavy oils, shale oil, and tar sands. Theft 
potential resource base is huge. Some of these, especially 
heavy oils, are expected to be significant in the near term. 
The technologies needed to exploit these resources include 
technologies for extracting the petroleum and technologies 
for upgrading and refining it. 

Unconventional Gas Production: Natural gas from coal 
deposits is already produced in limited quantities and could 
expand if research makes it more economic. Tight gas sands 
and shales could also produce significant quantities in the 
long term. However, gas from geo-pressured brines will 
probably not be economic for many decades, if ever. 

Methane Conversion to Liquids. This technology will help 
expand the use of natural gas. It is partly useful for 
transporting natural gas from overseas, although liquefied 
natural gas technology is probably sufficient. However, it 
also simplifies the handling and use of natural gas in 
vehicles. The panel felt that it is easier to store and reform 
methanol than natural gas itself for use in fuel cells. 

Transportation Demand 

Advanced Automobiles/Light Trucks and Heavy Trucks: 
This group included both new fuels for vehicles and tech-
nologies to make them more efficient. Natural gas fueled 
vehicles can make the largest contribution in this group be-
cause it could displace nearly all of the petroleum based 
fuels in light vehicle transportation, if policies encouraging 
its use were put in place. Methanol could also displace some 
of the petroleum based fuels, if policies encouraged its use. 
Ethanol also could be useful. Both methanol and ethanol 
could be produced in modest quantities from various 
biomass residues and in much larger quantities from biomass 
grown on plantations on excess agricultural lands. The other 
technologies in this group would improve the efficiency of 
vehicles. 

Improved Mr Transportation Efficiency: It was felt that 
new engines, improved aerodynamics and improved struc-
tural materials will improve the efficiency of aircraft and 
reduce the consumption of petroleum fuels by possibly a few 
quads per year.

Travel Demand Reduction: The demand for transportation 
services, as measured by vehicle miles traveled, could be 
reduced through a variety of methods ranging from telecom-
muting to better land use planning. The panel felt that tech-
niques for achieving these ends required additional research 
and would be effective in the long term. 

Hydrogen Utilization 

Hydrogen Production: In the long term it was believed that 
hydrogen, used in fuel cells, could displace a substantial 
amount of the petroleum fuels used in the transportation 
area. This depends crucially on the technical and economic 
success of fuel cell powered vehicles. The primary driver is 
urban air pollution because fuel cells burning hydrogen are 
virtually emissionless. The panel felt that thermo-chemical 
techniques of generating hydrogen were the best candidates 
for research and development. The technologies required 
might be commercialized in the 1990s. Chemical and 
biophotolysis methods could be useful in the future. 

Improved Hydrogen Storage: Better methods for storing 
hydrogen must be developed if it is to displace a significant 
amount of petroleum. Both high pressure canisters and inex-
pensive hydride technologies are included here. 

Improved Hydrogen Transportation: Research needs in this 
area include better materials and construction methods for 
pipelines. However, it was pointed out that hydrogen can be 
produced locally in many areas and thus large-scale long-
distance transportation may not be needed in the same way 
that it is for natural gas. 

Indirect Solar 

Biomass: This group includes thermo-chemical gasification, 
biological gasification, biological liquefaction, thernio-
chemical liquefaction, and improvement of plant species. 
Biological liquefaction (e.g., ethanol) and thernio-chemical 
liquefaction (e.g., methanol) and gasification (e.g., hydrogen) 
technologies could be commercialized by 2000 and make 
major contributions to transportation in the period 2010 to 
2020. 

Nuclear Fission 

Diversion Resistant Technology: One way to reduce the 
pressure on the world oil market is to reduce the demand for 
oil by developing countries. Advanced safe, modular nuclear 
powerplants could provide this alternative energy source. 
However, if nuclear power is to be used widely in the 
developing world, the potential for proliferation and misuse 
must be controlled. This would include technologies to 
make the nuclear material less attractive (i.e., low enriched 
fuel) and technologies that would make a diversion of fuel 
difficult to accomplish or easy to detect. 
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Industrial Process/Fabrication Demand 

Substitute Feedstocks: Technologies that could convert 
natural gas into ethylene could provide a range of substitute 
feedstocks and reduce petroleum demand by 1 or 2 quads. 
Substitutes for organic solvents would also be useful for dis-
placing petroleum. 

The high leverage areas for energy security are clearly oil 
and gas supply and transportation demand. The highest 
payoff for research investment is likely to come from techni-
cal improvements in immature technologies, which have a

large resource base, such as unconventional oil production 
and methane conversion to liquids. Displacing petroleum in 
the transportation demand areas is key to the long-term suc-
cess of almost any strategy designed to address energy 
security. Fuel cells for vehicle power is a potentially impor-
tant technology in this regard, with considerable need for 
additional research and development. Biofuels, including 
hydrogen, offer the possibility for displacing a large amount 
of petroleum in the transportation sector. 
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TECHNOLOGY 

MTCI PATENTS PULSE-TUBE GASIFIER FOR WIDE 
VARIETY OF FEEDSTOCKS 

United States Patent 5,059,404 issued to M.N. Mansour, et 
al., and assigned to Manufacturing and Technology Conver-
sion International (MTCI) of Columbia, Maryland is for an 
indirectly heated thermochemical reactor apparatus and 
process. The process was the subject of a winning grant 
from the United States Department of Energy under the 
Clean Coal Technology Program. The invention is said to be 
suitable for gasifying, pyrolyzing or steam reforming a wide 
variety of feedstocks, including heavy oils, toxic organics, 
Kraft Process black liquor, coal, oil shale, tar sands, biomass, 
peat, and municipal waste. 

Background of the Invention 

Processes for performing thermochemical reactions encom-
pass a wide spectrum of reactions in which feedstocks are 
directly or indirectly heated to effect desirable endothermic 
reactions. 

Examples of directly heated systems include partial oxidation 
and autothermal gasifiers. Although these systems can be 
used to gasify, for example, carbonaceous material, including 
biomass, the product gas is of low quality due to the 
presence of diluents, i.e., the products of the exothermic reac-
tions. 

Higher quality products can be obtained by the use of in-
directly heated reactors. For example, several methods have 
been used for indirectly heated biomass gasification. One 
approach employs a conventional combustor with fare-tubes 
immersed in a fluid-bed reactor. A second approach 
employs an auxiliary fluid-bed char combustor that heats 
sand in a separate bed. The hot sand is then used as the 
heat delivery medium in the primary fluid-bed gasification 
reactor. 

In the first approach, the large size of the combustor and 
heat exchange subsystem results in high cost relative to 
directly heated reactors. The major disadvantages of conven-
tional fare-tube, indirectly-heated reactors has always been 
the high cost arising from the size of the heat exchangers and 
the high-temperature materials required for construction of 
such heat exchangers. In addition, the large number of tubes 
required for heat exchange compromise the reactor bed 
fluidization. Thus, low heat release rates in the combustor 
and low heat transfer rates in the fire-tubes limit the 
reactor's performance and economic viability. 

In the second approach, char combustion to recoup the heat-
ing value of the char is difficult to achieve without long 
residence time and excess air, requiring an even larger (than 
the gasifier) combustor and further decreasing system ef-

ficiency. In addition, the size and complexity of the hot sand 
recirculation equipment and the cost of the additional fluid-
bed char combustor both represent serious shortcomings. 

As another example, prior art in steam reforming of heavy 
liquid hydrocarbons involves a number of fixed-bed and 
fluid-bed methods plagued by serious operational problems. 

For a variety of applications, there is a need for new reactor 
technology for indirectly heated thermochemical processes. 
Needs for new technology and processes exist in a wide 
spectrum of end-use applications, including, e.g., mild 
gasification of coal, steam gasification of coal and peat, ther-
mal cracking of chemicals, industrial and municipal waste 
thermochemical processing, gasification of energy-bearing 
waste streams from food processing plants, recovery of use- 
ful fuel forms from oil shale and oil and tar sands, detoxifica-
tion of and energy recovery from hazardous waste materials, 
and generally effecting endothermic reactions in chemical 
processes for production of desired chemicals. 

Advantages may be gained in heat release and heat transfer 
rates by the utilization of pulsating combustors. The combus-
tion intensity of pulse combustors is high. Thus, for a given 
heat output, the combustion chamber is relatively small. Fur-
ther, because the combustion products are driven by 
combustion-induced oscillations, the boundary layer resis-
tance to heat transfer, from the flue gas to the inner wall of 
the fire-tube (resonance tube), is reduced and the heat ex-
change surfaces may be correspondingly smaller for a 
specific output. 

The present invention claims to overcome the deficiencies of 
the currently used indirectly heated reactors by utilizing 
resonant tube(s) of a pulsating combustor emanating from 
the same combustion chamber as the in-bed heat exchanger, 
wherein the velocity and pressure oscillations of the combus-
tion gases and the intense acoustic field radiated by the mul-
tiple resonance tubes into the reactor bed enhance rates of 
heat release, heat and mass transfer and, ultimately, the rates 
of reaction in the bed. 

Summary of the Invention 

The invention comprises an indirectly heated thermochemi-
cal reactor apparatus including a fluid-bed reactor which is 
indirectly heated by a pulse combustor having multiple elon-
gated conduits bounding a resonance zone, called resonance 
tubes" (Figure 1). The operation of the invention involves 
introducing a fuel and an oxygen-containing gas into the com-
bustion chamber under conditions effecting pulse combus-
tion. Pulse combustion produces velocity oscillations of at 
least 20 Hz in frequency and acoustic dynamic pressure 
levels of around 165 dB. The hot gaseous stream from the 
combustion chamber is then discharged into a resonance 
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FIGURE 1 
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zone. The remaining part of the fuel in the hot gaseous 
stream is combusted in the resonance zone. 

Heat is transferred from the combustion product stream 
through the conduit wall surrounding the resonance zone 
into a bed of solid particles confined in a reaction zone. A 
fluidizing liquid vapor or gas is injected into and through the 
reaction zone. The solid particles in the reaction zone are 
heated by heat transfer from the combustion product stream 
in the resonance zone, without direct contact between the 
combustion product stream and the particles. The overall 
rate of heat transfer from the combustion product stream to 
the particles is at least twice as high as that which would be 
achieved in the absence of pulse combustion.

The intense acoustic field radiated into the bed of solid par-
ticles in the reaction zone, from the resonance tubes, 
enhances mixing in the bed and increases rates of particle-to-
gas and particle-to-vapor mass transport and reactions in the 
bed, resulting in high process throughput rates. 

Pulsations in the flow of combustion gases through the 
resonance tubes impart vigorous mass transfer within the 
boundary rum layer at the interface between the hot combus-
tion gases and the inner conduit wall, thereby eliminating a 
major cause of heat transfer resistance. The indirectly 
heated system of this invention has a heat transfer coefficient 
which is higher by a factor of 2 to 10 times the heat transfer 
coefficients of conventional, systems. As a consequence, the 
size and number of the resonating heat transfer tubes are 
relatively small when compared to the size and number of 
heat exchangers in fire-tube conventional indirectly-heated 
systems. 

The pulse combustor has a heat release rate of 4 million to 
6 million BTU per cubic foot per hour or higher, as com-
pared to a heat release rate of 40,000 to 400,000 BTU per 
cubic foot per hour for conventional combustors. As a result 
of the intense acoustic field, many reactions occur in the reac-
tor of the invention at reaction zone temperatures of 1000 to 
200°F lower than in conventional systems. 

The invention also employs pulse combustion advan-
tageously to achieve complete combustion of hard-to-burn 
fuels, including, for example, coal and biomass chars. The 
fluctuating flow field causes the products of combustion to 
be swept away from the burning, nongaseous fuel, thus 
providing access to oxygen. Diffusion limitations in the pulse 
combustor and resonance tube are essentially eliminated, 
reducing the need for excess air. 

The pulse combustor essentially consists of three com-
ponents: 1) inlet valves for air, preferably aerodynamic 
valves rather than mechanical or flapper valves, 2) a combus-
tion chamber having a fuel injector, and 3) one or more tail-
pipe or resonant tubes. Fuel and air enter the combustion 
chamber and an ignition source fires the mixture. The rapid 
increase in temperature and evolution of combustion 
products, pressurizes the chamber. As the hot gas expands, 
the aerodynamic valve acting as a fluidic diode permits 
preferential flow in the direction of the resonance tube. 

Several different types of pulse combustors may be used in-
cluding the Helmholtz, Schmidt, and Rijke tubes. Helmholtz 
type combustors are preferred for their superior combustion 
performance and the highly resonant nature of the 
Helmholtz configuration. 

In the case of the conventional combustor and conventional 
fire-tubes, essentially all the fuel is combusted in the conven-
tional combustor and the heat of combustion is delivered to 
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the flue gas. Thus, the heat of combustion is carried by the 
hot flue gas in the form of sensible heat. Heat is then trans-
ferred from the hot flue gas through the fire-tube walls to 
the reactor material along the length of the fife-tube, causing 
the flue gas temperature to monotonically decrease as shown 
in Figure 2. The heat transfer is predominantly radiative 
near the inlet of the fire-tube where the flue gas temperature 
is sufficiently higher than the fire-tube wall and reactor tem-
peratures. Further downstream in the fire-tube, as the flue 
gas temperature becomes lower, the heat transfer becomes 
more and more predominantly convective as depicted in 
Figure 2. The rate of change in the flue gas temperature for 
the case of the conventional fire-tube is proportional to the 
local heat transfer flux at a given distance along the fife-tube 
length. As shown in Figure 2, this rate of change is 
monotonically decreasing as the temperature difference be-
tween the flue gas and the reactor temperature decreases. 
Furthermore, near the exit of the fire-tube, as the flue gas 
temperature is low and the gas velocity is slower, the convec-
tive heat transfer coefficient between the flue gas and the 
fire-tube inner wall becomes lower, hence, the heat flux, 
which is a function of both the temperature difference be-
tween the flue gas and the bed temperature and the heat 
transfer coefficient, becomes even lower. 

In the case of the pulse combustor, where the fire-tubes are 
the resonance tubes of the pulse combustor, only a fraction

of the fuel is combusted in the combustion chamber, par-
ticularly if low-grade solid fuels are employed, thus the tem-
perature of the products of combustion at the inlet to the 
resonance tube is generally lower, as shown in Figure 2. This 
allows the use of less expensive materials for the resonance 
tube as compared to the material required to tolerate higher 
flue gas inlet temperatures in the case of conventional fire-
tubes. 

The rate of temperature drop of the flue gas along the 
resonance tube is also lower than for the case of a conven-
tional fire-tube, as shown in Figure 2. This is due to the con-
tinued combustion and hence the heat release in the tube sec.-
tion near the inlet. This does not compromise the ultimate 
fuel conversion efficiency in the pulse combustor due to the 
vigorous mixing promoted by combustion-induced flow oscil-
lations found in the resonance tubes. The slow decrease of 
the flue gas temperature in this region, depicted as con-
tinued heat release in Figure 2, provides for high heat flux 
and heat transfer in the region with net gain over conven-
tional fire-tube systems, due to the generally higher log mean 
temperature difference between the flue gas temperature 
and the reactor temperature in this region and the 
predominantly higher radiative heat transfer component 
present therein. 

FIGURE 2 
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OUTSTANDING OPPORTUNITIES SEEN FOR ENERGY 
INVESTMENTS IN RUSSIA AND THE REPUBLICS 

In spite of a climate of instability and uncertainty, Russia 
and the Republics are the most promising place for energy 
investments in the world. "Russia remains the prize for the 
energy industry with its vast mineral resources...," says 
AJ. Boulos of Conoco, Inc. 

Boulos outlines opportunities for energy industry invest-
ments in Russia and the other Republics, as well as the risks 
involved in such investments, in a paper published by the In-
ternational Research Center for Energy and Economic 
Development. 

Since the breakup of the USSR and the emergence of the 
Commonwealth of Independent States (CIS), a climate of 
uncertainty has dominated the area and companies are won-
dering whether or not to move ahead with energy invest-
ments in the CIS at this time. The CIS consists of 
11 Republics with 90 separate administrative regions, 40 of 
which are in the Russian Republic. Many border disputes 
remain unsettled and there is an ongoing effort to change to 
a market economy. With shortages, high prices and political 
uncertainty, there is a continuing climate of general unrest in 
the Republics. 

Even though a stable business climate is lacking, foreign in-
dustry still considers the opportunities for energy investment 
in the CIS to be among the most attractive in the world. 

However, potential investors are presented with a paradox. 
The CIS wants to use foreign investments as a tool for 
development, but administrators have not succeeded in creat-
ing economic and legal incentives that would encourage for-
eign investments. At this point, no one is sure which laws 
apply or how soon they might be changed. This climate of 
uncertainty means that foreign investors must be willing to 
take great risks. 

Accordingly, any investor willing to take the risk of investing 
in this unstable climate should be rewarded by an ap-
propriate rate of return. However, such a reward system is 
not part of the culture of the Republics. The change into a 
free-market system will require the acceptance of many for-
eign concepts and the rejection of ingrained bureaucratic 
thinking.

"For example, the Marxist system has never developed a 
natural profit motive. There has not been incentive for 
profit nor any concept of ownership interest that would lead 
to an overall purpose of efficiency." Concepts such as supply 
and demand and marketing systems are virtually nonexistent. 
There is obviously a wide gulf in the business, economic and 
political experiences of the Republics and free-market 
economies. 

Despite the uncertainties and continuing economic and politi-
cal problems in Russia and the Republics, there are those 
who say that the energy investment potential in the CIS jus-
tifies the risks. Because there is a positive attitude in the 
CIS regarding foreign energy investments, Boulos believes 
that such investments will ultimately be successful in the 
1990s. 

The key challenges and opportunities which energy com-
panies and Russia and the Republics must address together 
include: 

- A determination as to which authorities have juris-
diction on oil and gas joint ventures 

- Stabilization of the tax and fiscal system 

- Convertibility of the ruble and export rights 

- Republic domestic prices must reflect free-market 
demand 

- Questions concerning ownership of the reserves 

- Establishment of ownership rights 

- Management control issues 

Foreign investors cannot expect the people of the Republics 
to adapt to free-market economic traditions overnight. 
Boulos says foreign firms must be willing to provide intensive 
backup and know-how. Education concerning the basic con-
cepts of the free-market system must precede further energy 
and other business ventures in the CIS. 

nfl 
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RESOURCE 

ULNIA BASIN IS AMERICA'S ENERGY STOREHOUSE 

Utah's measured tar sands reserves hold over Ii billion bar-
rels of oil, more than in the rest of the entire United States. 
Estimates of recoverable reserves range up to 29 billion bar-
rels with the bulk of the reserves located in the Uinta Basin. 
There are 25 tar sand deposits in the Uinta Basin, including 
the single largest deposit in the United States. 

M.L. Allison, Utah's state geologist, outlined the hydrocar-
bon resources of the Uinta Basin at a symposium held in Ver-
nal, Utah in May. According to Allison, 'The Uinta Basin is 
America's energy storehouse. There is 10 times more oil in 
the Uinta Basin than has been produced by the entire 
United States in the last 140 years? 

Petroleum reserves in the Uinta Basin are composed of mov- 
able oil in place, tar sands, and oil shales. Proven movable 
oil reserves are estimated to be at least 1.5 billion barrels, 
but only about 320 million barrels have been produced. 

Ultimate recoverable reserves total 3.5 billion barrels of oil 
and 6.5 trillion cubic feet of gas. Older rocks and deeper 
parts of the Basin have not been adequately explored, allow-
ing for the possibility that reserves may be much larger, says 
Allison. 

Oil shale reserves total 1,300 billion barrels of oil in place, of 
which only token amounts have been produced in demonstra-
tion projects. This is roughly 40 to 60 percent of the total oil 
shale reserves of the entire United States. Concentrations as 
high as 1 billion barrels of oil per square mile are present in 
the Basin. 

In the near-term, new development in the Uinta Basin will 
be in recovering oil in existing reservoirs and in exploiting 
extensive coalbed methane resources. More and more, 
geologists are recognizing that reservoir heterogeneity 
results in many pods, lenses, and channels that are isolated 
from the rest of the oil field and are not being tapped. 
"Much of this oil will be left behind when the field is even-
tually abandoned unless we reevaluate our completion tech-
niques and our well spacing procedures and regulations," 
says Allison. 

The United States Department of Energy has agreed to put 
$3 to $4 million of federal funds into two projects aimed at

recovering more of the movable oil in the Uinta Basin. The 
Utah Geological Survey is heading one team that will try to 
better understand the geologic and engineering variabilities 
of the Bluebell field in order to improve completion tech-
niques. The 10 team members include Quinex Energy, Pen-
nzoil, Flying J Petroleum, Halliburton, Dowell-
Schlumberger, and Profco in the private sector, Brigham 
Young University and the University of Utah for the 
academic component, and the Utah Geological Survey and 
Utah Division of Energy from the state. The project will 
focus on Indian leases in the Bluebell field. As part of the 
project, there is funding to acquire borehole imaging logs 
and some sidewall or conventional cores in new wells drilled 
over the next 3 years in and around the Bluebell field. This 
is available to any operator drilling a well. The project team 
will pay for the log or core if it is made available to the team 
for the project. 

Lomax Energy has a second project for implementing and 
expanding waterfloods. According to Allison, these two 
projects, along with industry's major commitment of the last 
2 years, signal the resurgence of the oil and gas industry in 
the Uinta Basin. 

A series of coalbed methane wells in the southwest corner of 
the Basin has been successfully completed. Production 
reports indicate that although the first wells may not be as 
prolific as methane wells in the San Juan Basin, they are bet-
ter than wells in almost all other areas of the United States. 

Coalbed methane reserves in the Uinta Basin, using the most 
conservative calculations, are at least 5 trillion cubic feet of 
gas, 5 times that routinely reported in the literature. In fact, 
says Allison, the methane resources are very likely substan-
tially larger than that and might actually be in excess of 
25 trillion cubic feet. 

The Utah Geological Survey is working with Coors Energy 
to understand fracturing in the Duchesne field for horizontal 
drilling. It leads the team to improve completion techniques 
in the Bluebell field, and for the last 2 years, has been work-
ing with Chevron to implement a revolutionary tar sands 
recovery process in the Basin. 
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GENERAL PUBLICATIONS/PATENTS 

GENERAL - PATENTS 

"Molecular Restructuring Catalyst," Viswanatha Sankaran - Inventor, United States Patent Number 5,104,846, April 14, 1992. A 
catalyst for promoting the molecular restructuring of the components of hydrocarbons to form desired products. The catalyst com-
prises copper salts, copper acetate being particularly preferred, in combination with anhydrous aluminum chloride. The catalyst can 
be used with either gaseous hydrocarbon raw materials such as natural gas, refinery gas, biomass decomposition gases, and similar 
materials, or with solids, meltable solids, or liquid hydrocarbon-containing raw materials including tar sands, oil shale, waxes, asphal-
tic compositions and the like. In the case of gaseous raw materials, the gases are preferably brought into contact with the copper salt 
coated on a catalyst support such as refractory alumina, in the presence of anhydrous aluminum chloride, which can be in vaporous 
form, in a continuous process. When liquids, solids, or meltable solids are treated, the catalyst is added to the reaction vessel contain-
ing such raw materials and heated until the products formed are vaporized and driven from the vessel. The products formed are 
water-scrubbed and rectified. A variety of products are thus obtained including materials such as gasoline, kerosene, diesel, light 
tubes, and others. 

"Method of Processing Substances," Ulrich Bonisch, Wolfdieter Klein, Claus Strecker - Inventors, Ruhrkohle AG, Denmark, United 
States Patent Number 5,100,536, March 31, 1992. A method of processing hydrocarbon substances including coal, heavy crude oil, 
and bitumen by hydrogenating the hydrocarbon substance with a gas containing from 20 to 100 percent hydrogen at a pressure in the 
range of from 50 to 700 bar and at a temperature in the range of from 250 to 600°C to produce a hydrogenation residue which is 
treated in a secondary stripping operation using hydrogen gas at a pressure between about 1.2 and 150 bar to recover light hydrocar-
bon gases from the hydrogenation residue. 

"Catalytic Hydropyrolysis of Carbonaceous Material with Char Recycle," Russell R. Chianelli and Peter S. Man - Inventors, Exxon 
Research and Engineering Company, United States Patent Number 5,096,569, March 17, 1992. Disclosed is a method for catalytically 
hydropyrolyzing carbonaceous material to produce liquid products boiling under about 550°C with reduced amounts of methane 
being formed. The process comprises (a) treating the carbonaceous material with a hydrogenation catalyst; (b) contacting the so-
treated carbonaceous material with an effective amount of hydrogen, at an effective residence time, at a temperature below the criti-
cal temperature of rapid methane formation; (c) recovering the resulting liquids, gases, and char; and (d) recycling the char. 
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COMING EVENTS 

1992 

AUGUST 31-SEPTEMBER 4, BISMARCK, NORTH DAKOTA - S ymposium PR Opportunities in flLe S ynfuels Industry 

SEPTEMBER 1-3, HOUSTON, TEXAS - ma American Society of Mechanical En gineers Coven-Turbo Power Con gress and Ex-
position 

SEPTEMBER 2-4, TOKYO, JAPAN - Second Conference on Coal Utilization Technology 

SEPTEMBER 34, CHARLESTON, SOUTH CAROLINA - Symposium on Energy Futures Ill 

SEPTEMBER 4-5, EDMONTON, ALBERTA, CANADA - Hydrocarbon Residues and Wastes Conversion and Utilization 

SEPTEMBER 15-17, MORGANTOWN, WEST VIRGINIA - Gasification Contractors Review Meeting 

SEPTEMBER 15-17, MAASTRICHT, THE NETHERLANDS - Coal gad Power Technolo gy Exhibition 

SEPTEMBER 20-25, MADRID, SPAIN - World Energy Council. 15th Congress 

SEPTEMBER 21-23, PITTSBURGH, PENNSYLVANIA - Lieuefaction Contractors Review Meeting 

SEPTEMBER 22-24, CLEVELAND, OHIO -First Annual Clean Coal Technolo gy Conference 

SEPTEMBER 28-30, LONDON, UNITED KINGDOM - Second International Cokemakin Congress 

OCTOBER 12-16, ROME, ITALY - Second International Congress on Energy. Environment and Technological Innovation 

OCTOBER 12-16, ST. PETERSBURG, USSR - International Symposium on Unconventional Hydrocarbon Sources 

OCTOBER 12-16 OSTRAVA, CZECHOSLOVAKIA - Conference on Qj. Ener gy and Environment 

OCTOBER 12-16, PITTSBURGH, PENNSYLVANIA - Ninth Annual International Pittsbur gh Coal Conference 

OCTOBER 13-16, KARLSRUIIE, GERMANY - Power Plants 1992 Congress 

OCTOBER 18-21, CHICAGO, ILLINOIS - American Gas Conference 

OCTOBER 18-21, TORONTO, ONTARIO, CANADA - 42nd Canadian Chemical En2ineerin2 Conference 

OCTOBER 18-22, ATLANTA, GEORGIA - Joint Power Generation Conference 

OCTOBER 21-23, SAN FRANCISCO, CALIFORNIA - EPRI Conference 211 Coal Gasification Power Plants 

OCTOBER 24-28, LEXINGTON, KENTUCKY - Fifth International Conference on Processin g and Utilization 21 u gh Sulfur 
Q2k 

OCTOBER 27-28, MORGANTOWN, WEST VIRGINIA - Heat En gines Contractors Review Meeting 

NOVEMBER 1-6, MIAMI BEACH, FLORIDA - American Institute of Chemical En gineers Annual Meeting 

NOVEMBER 8-10, NEW YORK, NEW YORK - Annual Meeting of the American Petroleum Institute 

NOVEMBER 16-19, ORLANDO, FLORIDA - 1992 International Gas Research Conference 

NOVEMBER 17-19, ORLANDO, FLORIDA - Power-Gen 22
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NOVEMBER 18-20, LEXINGTON, KENTUCKY - Eastern Oil Shale Symposium 

NOVEMBER 30-DECEMBER 2, MELBOURNE, AUSTRALIA - Australian Coal Science Conference 1222 

1993 

FEBRUARY 24-25, ESSEN, GERMANY - Conference on Research in Power plant Technolo2v 

MARCH 1-3, WASHINGTON, D.C. - Improved Tecimolony for Fossil Powerplants—New and Retrofit Applications 

MARCH 24-26, LONDON, ENGLAND - Second World Coal Institute Conference 

MARCH 28-APRIL 2, DENVER, COLORADO - Symposium on Enhanced Oil Recovery 

APRIL 26-29, CLEAR WATER, FLORIDA - 18th International Technical Conference on Coal Utilization and Fuel systems 

MAY 10-13, HELSINKI, FINLAND - Symposium on New Coal Utilization Technologies 

MAY 10-14, ROLDUC, NETHERLANDS - Third Rolduc Symposium: Coal Science and Technology 

MAY 12-13, ESSEN, GERMANY— Coal Gasification 1221 Conference 

MAY 18-20, ORLANDO, FLORIDA - International —Meeting on Q! Utilization and the Environment 

MAY 24-27, CINCINNATI, OHIO - 38th American Societ y 2.f Mechanical EnSeers International Gas Turbine and Aeroengine 
Conaress
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PROJECT ACTIVITIES 

LLNL REPORTS fiRS PILOT PLANT AND MODELING 
RESULTS 

At the 25th Oil Shale Symposium held in Golden, Colorado 
in April, R. Cena of Lawrence Livermore National 
Laboratory (LLNL) presented the latest experimental and 
computer modeling results for LLNL's Hot-Recycled-Solids 
(1-IRS) process. These results are also available as LLNL 
publication UCRL-JC-109241. Cena, et al., have been study-
ing the fiRS oil shale retorting process (Figure 1) through a 
series of fundamental laboratory studies, operation of a 
4 tonne-per-day HRS pilot plant and development of an Oil 
Shale Process (OSP) mathematical model. Over the last 
year, results from the pilot plant, using lean and rich shales 
(22 to 38 gallons per ton) have proven process viability in a 
robust design with no moving pans, utilizing gravity feed to 
fluid and packed-beds and pneumatic solids transport in a 
lift-pipe. The OS? process model, which is under develop-
ment, is used to assess pilot plant results while building a 
tool to aid in scaleup of the HRS process. 

The retorting scheme, employing hot-solid as the heat car-
rier, is said to offer distinct advantages over previous 
designs. These include: rapid throughput with pyrolysis in 2 
to 3 minutes, full energy utilization with shale combustion 
and waste energy recovery, reduced environmental problems 
with self scrubbing of sulfur, and the ability to process a wide 
range of shale grades and a range of particle sizes, including 
shale fines. 

4-Tonne-Per-Day Pilot Plant Run Results 

Table 1 lists eight H-series runs completed in the 4-tonne 
unit. Four runs (118, H9, H10, and H14) used a lean shale 
from the Anvil Points mine in Western Colorado with a Fis-
cher Assay yield of 22 gallons per ton (wt). The remaining 
four runs (1111, H12, H13 and H15) processed rich shale (34 
to 38 gpt) from Chevron's Clear Creek shale deposit. 

Runs H8 through H10 and H14 utilized nitrogen to fluidize 
the fluid-bed mixer (FBM), while the others fluidized the 
mixer using recycled pyrolysis gas. H14 was designed to maxi-
mize oil coking reactions using lean shale, high solids recycle 
and maximum carbon burnout. Table 2 summarizes material 
balance results for the runs. Closure of mass, oxygen and 
organic carbon balances was generally at or above 
94 percent. Closure of a mineral carbon balance determines 
the percentage of carbonate minerals which decompose. 
Organic carbon balance for H14 was poor, believed to have 
resulted from coking during analytic processing of the oil. 
Mineral carbon decomposition ranged from a minimum of 
20 percent to a maximum of 38 percent, dependent on 
recycled shale temperature which ranged from 665 to 787°C. 
Measured weight of collected oil plus the quantity of 
gases determines oil yield. These are reported as a percent

FIGURE 1 

LLNL's HRS PROCESS SCHEMATIC 
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H8 Lean 22 GPT Shale, Nitrogen in FBM, Air in FBC. 
H9 First run using air-cooled, wetted-wall column. 
HiD Second run using wetted-wall column. First run with 

FBC fluidized with N. 
Hi 1 First rich shale run, A GPT. First run using recycle gas 

inFBM. N in FEC. 
1112 Repeat of liii. Recycle gas in FBM and PYR. Some 

oil burned in recycle gas heater. 
1113 Third run in series, 38 OPT shale. First run with FTIR 

on-line. 
1114 High coking run. Lean 22 OFF shale, high recycle, high 

carbon burnout, air in FEC. 
1115 First rich shale run using air in FEC. Excess air in lift. 

Monitor CO and hydrocarbon emissions. 

TABLE 2

MATERIAL BALANCE RESULTS 

Mass Mineral Carbon C +Oil 
Run Balance Decomposed 4ield 
Name (% FA) 

118 102 30 91 
119 97 26 93 
1110 100 14 95 
1111 97 21 97 
1112 98 20 101 
1113 97 22 103 
1114 97 22 81 
1115 98 44 93

age of Fischer Assay yield. Table 3 summarizes the organic 
carbon distribution and compares the liquid oil yield with 
that obtained from Fischer Assays. 

OSP Modeling of Pilot Runs 

As pan of the oil shale project LLNL continues to develop 
an oil shale modeling capability, with the aim to better under-
stand all facets of oil shale processing. One of the computer 
models being developed is the OS? model.

OS? is a steady-state model written in FORTRAN which al-
lows a variety of process modules to be coupled together to 
simulate an overall process. 

A series of eight retort runs were computer-matched with 
the model, 118-1115. These runs included four runs with lean 
shale, nominally 22 gpt, and four runs with rich shale, 
nominally 36 gpt. 

In the first comparison, organic carbon and oxygen balances 
were presented. The agreement between calculated values 
and pilot results was fairly good. The reduction of yield for 
the high coking run, 1114, was reasonably captured by the 
model. 

The weight percent of carbon remaining in the spent 
material was reasonably represented by the OSP results, but 
there appears to be a consistent over-estimation for the rich 
shale runs and an under-estimation for the lean shale runs. 
The model under-predicts the extent of carbonate decomposi-
tion compared to the pilot data. In looking at the computed 
results, Cena says it is clear that the computed carbonate 
decomposition is sensitive to the amount of fines generation. 
Because of the assumptions made by the model, the fines 
remain in the system for a very short time (seconds) com-
pared to the larger material (minutes). Consequently, in all 
cases very little of the carbonate in the fine material decom-
poses in the model calculations. Therefore, if not all the 
fines are generated from first-pass material and/or some of 
the fines adhere to large material and are not elutriated at 
the first opportunity, the potential for carbonate decomposi-
tion in the real system would be larger than in the model sys-
tem. 

Table 4 presents some computed information available from 
the model that are not yet available from the pilot data. This 
information is the split in oil production between the 
pyrolyzer (PYR) and the fluid-bed mixer. Also the com-
puted relative amounts of oil loss to coking and adsorption 
on solid are listed. In all runs essentially all the kerogen was 
pyrolyzed in the two units. The overall percent of the oil 
produced which coked ran from a low of 6 percent to a high 
of 27 percent. The lowest coking percentage in the lean 
shale runs was higher than the highest in the rich shale runs. 
Oil lost to adsorption on the solids leaving the pyrolyzer was 
always much less than the loss to coking. Neither the coking 
loss or adsorbed oil loss is a simple function of pyrolyzer tem-
perature because of the interaction of the fluid-bed mixer 
and the pyrolyzer, however, the oil adsorption loss does track 
fairly well with the pyrolyzer temperature. In the lean runs, 
with the exception of 1114, the amount of pyrolysis was split 
fairly evenly between the fluid-bed mixer and the pyrolyzer. 
In all the rich shale runs the largest fraction of the kerogen 
pyrolysis occurred in the fluid-bed mixer. In all cases, be-
cause of the higher oil levels in the gas phase and the greater 
amount of solid present, the fraction of produced oil which 
coked was much higher in the pyrolyzer than in the fluid-bed 
mixer. 

TABLE 1

PILOT PLANT RUNS
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TABLE 3 

ORGANIC CARBON DISTRIBUTION 

Pyrolysis Pyrolysis Pyrolysis Combus. 
Run Gas CO&CO2 Gas C3- Gas C4 + Gas 

Arnc 

118 6 4 6 22 
H9 6 4 5 25 
1110 3 4 6 21 
fill 2 5 3 15 
1112 1 3 2 15 
1113 1 4 2 17 
1114 3 4 5 27 
1115 3 10 4 21

Spent Liquid Fischer 
Solids Oil Assay Oil 

3 55 66 
3 57 66 
8 59 66 
4 67 70 
4 69 69 
3 70 69 
2 50 66 
3 61 65 

PYROLYSIS PERFORMANCE IN THE
FLUID-BED MIXER AND THE PYROLYZER 

Gross Oil 
Kerogen	 Gross Oil	 Lost to 

Reacted (%) Coked (%)	 Solid (%) 

FBM 
Lean Shale 

H8 85 15 4.6 
H9 46 12 6.7 
1110 51 10 8.4 
H14 42 18 7.4 

Rich Shale 
Hit 71 33 23 
1112 68 3.1 23 
1113 76 4.1 23 
H15 91 7.6 1.6 

PYR 
Lean Shale 

118 15 76 1.4 
H9 52 20 6.8 
H10 48 32 5.5 
1114 57 33 7.9 

Rich Shale 
1111 29 15 2.8 
1112 32 12 3.0 
1113 23 20 2.6 
H15 9 53 0.4
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GOVERNMENT 

DOE SOLICITS SHALE OIL VALUE ENHANCEMENT 
RESEARCH 

In June the United States Department of Energy's Morgan-
town Energy Technology Center issued a Program Research 
and Development Announcement (PRDA) for "Shale Oil 
Value Enhancement Research." 

The Morgantown Energy Technology Center has identified 
the need to expand the scientific base for utilizing the vast 
United States oil shale resource by enhancing the value of 
shale oil beyond the open market price of crude oil refinery 
feedstock. The PRDA solicits research and development ef-
forts which will result in a suite of shale oil-derived products 
which can be marketed commercially and which will enhance 
the economic viability of an oil shale industry.

This procurement is a 100 percent set-aside for small 
businesses under Standard Industrial Classification 
Code 8731. The small business size standard is 
500 employees or less. 

It is anticipated that award(s) totaling $732,000 for the first 
phase will be awarded for project(s) with an 18 to 24 month 
duration. Optional phases 2 and 3 are estimated at costs of 
$800,000 and $400,000, respectively, with an extension of the 
period of performance of 36 to 48 months. 

The government will provide 18 barrels of raw Western shale 
oil from the Unocal facility at Parachute, Colorado, held at 
the Department of Energy Laramie Project Office, to be 
used in this proposed research. 
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ENERGY POLICY AND FORECASTS 

DECLINING OIL SHALE OUTPUT FORECAST FOR year 2010. Under the OLLME[) scenario, this plant will con-
ESTONIA tinue processing nonconcentrated lumpy oil shale after some 

modification. 
As reported by I. Opik in the Estonian journal 211	 iiak, a 
forecast of future oil shale output in Estonia shows a deem- Under the OILMAX scenario, two additional oil shale fines 
ing volume of oil shale products through the year 2025. processing and shale oil upgrading plants will produce 
Three scenarios were examined: OILMIN, OILMED and 12,000 barrels per day of synthetic crude oil. 
OILMAX.

The total value of oil shale products under the three 
The scenarios OILMIN and OILMED forecast that one oil scenarios in the years 1995 to 2025 will be US$10.7 to 
shale processing plant with Kiviter retorts will be developed. $11.4 billion, as shown in Table 1. These scenarios are based 
This results in annual shale oil output of 036 million tonnes. on	 the	 oil	 shale	 reserves	 in the	 existing	 Estonian 
Under the OILMJN scenario, this plant will be closed by the mines-0.6 billion tonnes in all. 

TABLE 1 

ANNUAL OUTPUT OF OIL SHALE PRODUCTS IN ESTONIA 
(US $1990-Millions) 

Oil Shale from the Existing Mines 	 Additional Resources 
Elec-	 Fuel for Ce- Elec-

Year Oil 	 thth	 ment Kilns Total	 Oil	 jjjçy Total 

OILMIN 
1995 64	 416 5 485	 -	 - 485 
2000 71	 350 5 426	 -	 63 489 
2005 77	 286 6 369	 -	 122 491 
2010 86	 296 6 389	 -	 127 516 
2015 -	 302 12 314	 -	 129 442 
2020 -	 263 13 276	 -	 171 447 
2025 -	 207 13 220	 -	 231 451 

OILMED 
1995 64	 416 5 485	 -	 - 485 
2000 71	 350 5 426	 -	 63 489 
2005 77	 286 6 369	 -	 122 491 
2010 86	 296 6 389	 -	 127 516 
2015 101	 232 12 345	 -	 198 543 
2020 117	 193 13 323	 -	 241 564 
2025 135	 166 13 314	 -	 273 587 

OILMAX 
1995 64	 416 5 485	 -	 - 485 
2000 71	 350 5 426	 -	 63 489 
2005 133	 220 6 370	 -	 188 558 
2010 235	 160 6 401	 -	 263 664 
2015 178	 162 12 334	 -	 268 602 
2020 200	 123 13 336	 -	 311 650 
2025 116	 124 13 253	 116	 314 683 
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According to this study prepared by the Estonian Academy 
of Sciences, the optimum alternative appears to be the 
OLLMED scenario. The drawback of the OILMAX 
scenario is the lack of successfully tested technology for 
processing oil shale fines. 

Additional resources of oil shale and other energy supplies 
could supplement the value of this production between 1995 
and 2025 by: 

- OILMIN: US$3.6 billion 
- OILMED: US$4.4 billion 
- OILMAX: US$6.5 billion

2.6



Weight Percent Yields 

Non-Polar Fractions 
Waxes 5.0 
White Oils 133 
Aromatic and Lubricating Oils 30.5 
Sulfonate Feedstocks 11.7 

ECONOMICS 

REPORT FOR OCCIDENTAL SAYS SHALE OIL NATIVE	 TABLE 1 
PRODUCTS EXTRACTION IS FEASIBLE

SHALE OIL PRODUCT SLATE 
The Shale Oil Native Products Extraction (SO/NPX) tech-
nology is a strategy for selective, nondestructive separation 
of shale oil into fractions which possess high market value. 
A study performed by James W. Bunger and Associates, Inc. 
for Occidental Oil Shale, Inc. and the United States Depart-
ment of Energy says that SO/NPX would be profitable even 
for raw shale oil costs of up to $40 per barrel. The study 
identifies a preliminary product slate that targets more than 
90 percent of the shale oil barrel for high-value markets.

In order to assess the feasibility of enhancing shale oil com-
mercialization through SO/NPX technology, the following 
tasks were performed: 

- A barrel of shale oil was distilled into distillate and 
residue fractions. 

- The distillates, residue and separated fractions 
were characterized according to important chemi-
cal and physical properties. 

- Shale oil fractions were separated by commercially 
meaningful process approaches using a ther-
modynamically logical scheme. 

- Products from the separation sequence were charac-
terized and process outputs were matched to their 
potential market application. 

- United States products markets were surveyed for 
volume and price and the quantitative yield of 
products from shale oil was estimated. 

- Capital and operating costs for manufacture of the 
product slate were estimated, and a profitability 
analysis for SO/Nfl was performed. 

Shale Oil NPX Product Slate 

Based on laboratory separations, a preliminary product slate 
for a shale oil NPX process output is shown in Table 1. 

The product slate includes oils, waxes, aromatic oils and 
aromatics for manufacture of sulfonates. The polar fraction 
includes acids, bases and resins. Functionalized inter-
mediates are compounds containing nitrogen and oxygen 
which are valuable for pharmaceuticals, medicinal chemicals 
and other pure compound systems. 

Pure compounds are those with particularly high market 
value that may be isolable from shale oil with some subse-
quent purification. Target compounds include nitrogen com-

Polar Fractions 
Tar Acids/Bases 4.0 
Resins 14.7 
Functionalized Intermediates 43 
Pure Compounds 0.7

Misc. Fractions 
Special Applications Concentrates 	 103 
Fuels and Refinery Feeds 	 5.5 

100.0 

pounds such as nitriles, pyridines and quinolines, amines and 
amides. Oxygen compounds include phenols and naphthols, 
carboxylic acids, ketones and alcohols. 

The special applications concentrates represent mixtures 
with properties which make the concentrate marketable in its 
mixed form. Examples include industrial anti-microbials, 
coatings, wood preservatives, industrial surfactants and as-
phalt additives. Current projections suggest that less than 
10 percent of the shale oil barrel may require marketing as a 
fuel or refinery feed. 

The majority of the products shown in Table 1 are targeted 
for conventional commodity markets for which the market is 
well established. 

The United States chemicals and commodity products 
markets were surveyed for market volume and recent price. 
The markets into which the SO/NPX slate would be sold are 
listed in Table 2. The product values range from a high of 
approximately $200 per barrel to a low of less than $20 per 
barrel. 

Table 2 also shows the percent of the market which a 
170,000 ton per year facility would require. In all cases, the 
percent of the market is less than 10 percent, and for ap-
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TABLE 2 

DEMAND AND VALUE OF PRODUCTS 
(Output of SO/NPX = 170,000 Tons/Year, or 3,000 Barrels/Day) 

SO/NPX 
Market Volume Recent Price Projected Yield % of Revenue 

Product Tons/Year $/bbl-Equivalent Wt.% of Feed Market $/Feed-bbl 

White Oils 4,575,000 84 133 0.5 11.2 
Waxes 882,000 133 5.0 1.0 6.6 
Aromatic/ 

Lubricating Oils 9,526,365 60 30.5 0.5 18.3 
Sulfonate Feeds 333,900 142 11.7 5.9 16.6 
Tar Acids and Bases 830,000 210 4.0 0.8 8.4 
Resins 542,000 120 14.7 4.6 17.6 
Functionalized 

Intermediates 130,000 178 4.3 5.6 7.6 
Special Application 

Concentrates 500,000 28 10.3 3.5 2.9 
Pure Compounds 200,000 135 0.7 0.6 0.9 
Fuels and Refinery 

Feeds large 15 5.5 0.8

Totals	 100	 $90.90/bb! 

proximately 60 percent of the barrel, the output represents 
less than 2 percent of the market. From this information, it 
was concluded that market limitations will not be a serious 
problem for a single 3,000 to 8,000 barrel per day SO/NPX 
facility. 

The final column in Table 2 shows the revenue contribution 
of each of the product streams toward the weighted average 
selling price. This reinforces the concept that shale oil con-
tains large concentrations of valuable polar and nonpolar 
constituents and that extraction upgrades both sides of the 
separation streams. 

Profitability Estimates 

Preliminary process costs for manufacture of the product 
slate were determined by summing the costs for the unit 
operations. The results are given in Table 3. 

Based on the material balance used to calculate data in 
Table 3, the capacity of each unit operation was determined. 
The weighted contribution to total process costs was deter-
mined by multiplying these two values. The results show an-
nual operating costs at $14.98 million, or about $14 per bar

rel. In order to adjust costs for market location, a charge of 
$5 per barrel was added for transportation and distribution 
costs. 

The profitability estimates are based on a 100 percent equity 
case, using a 10 percent discount rate. 

Figure 1 shows the capital cost and return on investment as a 
function of capacity. For purposes of this analysis, the per 
barrel operating costs were assumed to be insensitive to 
capacity. Results show that an anticipated real return on in-
vestment (ROD of 25 to 45 percent is expected. 

Using the base case of 5,000 barrels per day and an average 
product value of $90 per barrel, the sensitivity of ROl to the 
cost of raw shale oil was determined. The results show that a 
significant return on investment could be made, even if shale 
oil costs were $40 per barrel. 

The relationship between the capacity of the facility and the 
cost of raw shale oil as it affects return on investment is il-
lustrated in Figure 2. As plant capacity increases, the price 
one can afford to pay for raw shale oil and maintain a given 
return on investment also increases. 
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TABLE 3 

ESTIMATED PROCESS COSTS FOR SO/NPX 
(Basis: 1,065,000 Barrels/Year)

Process Operating 
Cost Throughput Costs 

Unit &bki bbl/Year $M/Yea 

Distillation 1.5 1,065,000 1.60 
Liquid-Liquid 

Extraction 2.7 1,065,000 2.88 
Adsorption 4.2 958,500 4.03 
Dewaxing 3.2 95,850 031 
High-Efficiency 

Separation 4.5 60,705 0.27 
Hydrofinishing 2.1 777,400 1.63 
Miscellaneous 

(Filtration, 
Precipitation, 
Crystallization, 
etc.) 4.0 1,065,000 4.26 

Annual Manufacturing Costs $14.98M

FIGURE 2 

PROFITABILITY ANALYSIS 
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FIGURE 1 

EFFECT OF CAPACITY ON 
CAPITAL COST AND PROFITABILITY 
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USE OF RETORTED DEVONIAN OIL SHALE TO MAKE 
CEMENT APPEARS PRACTICAL 

A paper outlining the use of retorted Devonian oil shale in 
the production of portland cement was authored by 
C.W. Schultz of the University of Alabama, et al., and 
presented at the 1991 Eastern Oil Shale Symposium. 

The paper points out that an unavoidable consequence of 
producing oil from the Eastern (Devonian) oil shales is the 
production of large quantities of solid wastes. An oil shale 
operation producing 10,000 barrels per day by conventional 
retorting of a 13 gallon per ton shale would produce 
28,200 tons per day of spent shale. 

Disposal of this spent shale in an environmentally acceptable 
manner represents a substantial cost burden which must be 
included in the price of the product oil. Thus, an economic 
end use for spent shale would improve the economics of oil 
production. 

One economic use of spent shale is in the production of 
portland cement. The Lafarge Corporation uses raw Antrim 
shale in the production of portland cement in theft Alpena, 
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Michigan plant. The plant produces 2.0 million tons of 
clinker and 2.2 million tons of finished cement each year. 

The plant is located adjacent to the limestone quarry which 
provides its primary raw material. The company quarries 
3.0 million tons per year of high purity limestone. 

The second major plant raw material is Antrim shale. Some 
0.7 million tons of shale is quarried each year from an out-
crop located approximately 12 miles west of the plant. 

Except for the use of an oil shale as a feed stock, the Lafarge 
plant is a typical modem efficient, dry-process cement plant. 

Cement Production 

Cement making is a highly energy intensive operation. The 
United States Bureau of Mines estimates that the avenge 
energy consumption in the clinkering operation is 5.6 million 
ffI'U per ton. In addition to the fossil energy consumed in 
the clinkering operation, an average of 140 kilowatt-hours of 
electrical energy per ton is consumed, primarily in the raw 
and finish grinding. 

Spent Shale in Cement Making 

According to the paper, there may be an exploitable syner-
gism between cement production and the production of oil 
from Devonian shales. Given the precedent of the Lafarge 
plant, the authors say there is reason to expect that this is cor-
rect. 

Using industry average figures, 15 million tons of clinker 
capacity would require approximately 25.5 million tons of 
raw material, of which, shales or clays would amount to 
around 4.6 million tons. This represents the maximum poten-
tial market for spent shale, says the paper. 

Because this market is currently being satisfied by various 
sources, a more realistic market estimate might assume a 
market of 0.45 to 1.15 million tons. The authors believe that 
this level of penetration is achievable. 

Quality control is critical to the cement industry, which trans-
lates into the need for raw materials of consistent composi-

tion. According to the authors, oil shales meet this criterion. 
Spent shales offer a further advantage over new shales in 
that they are thy and the water of crystallization (bound 
water) has been driven off in the retorting operation. This 
would obviate the need for drying prior to the raw grinding 
operation and would marginally reduce the energy consump-
tion in the clinkering operation. 

The residual value of spent shale may be a further incentive 
for its use in cement making. The spent shale from 
hydroretorting a shale concentrate typically contains 7 to 
8 percent carbon—equivalent to about 1,000 BTU per pound. 
Raw oil shales have a calorific value of about 2,500 BTU per 
pound. At the Lafarge plant it is generally conceded that the 
use of Antrim shale reduces their total energy consumption. 
The extent to which the calorific value of the shale is fully 
utilized, however, is uncertain. 

Following are some general conclusions which might be 
drawn. First, the raw materials used in cement making have 
a low intrinsic value. Almost universally cement is made 
from locally available materials. 

Plant siting is normally on the basis of the availability of high 
calcium limestone, the primary raw material. Under these 
conditions the maximum value of a spent shale to the cement 
producer would be equal to the avoided cost of quarrying 
raw shale—in the range of $3.00 to $5.00 per ton. 

The disposal of spent shale is an economic burden on the 
production of oil. Therefore a minimum benefit to the oil 
producer would be the avoided cost of disposal—again in the 
range of $3.00 to $5.00 per ton. 

These two effects, the value to the consumer and the avoided 
cost of the oil producer, are additive. Thus the range of 
potential benefit to the oil shale operation would be $6.00 to 
$10.00 per ton. 

The potential market for spent shale is small and highly local-
ized. However, within those limitations the economic oppor-
tunity is real and in individual use could be significant. 

'Sn 
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TECHNOLOGY 

AMOCO PATENTS PROCESS FOR ACID TREATMENT 
OF KEROGEN-AGGLOMERATED OIL SHALE 

United States Patent 5,091,076, issued to B.Y.C. So, et al., 
and assigned to Amoco Corporation, is a method of upgrad-
ing beneficiated oil shale to reduce kerogen processing costs. 
Specifically, the invention contacts kerogen-agglomerated oil 
shale with an acid-containing solution to remove carbonates. 

Background of the Invention 

Because of the high percentage of minerals in oil shale, it 
can be economically beneficial to reject the minerals prior to 
retorting. Shale beneficiation is basically divided into two 
steps. The first step is liberating the kerogen from the 
mineral matter. The second step is separating the kerogen 
from the mineral matter. 

An essential part of liberating the kerogen from the mineral 
matter is comminuting the shale. There are many options 
for comminuting the shale. The number of comminution 
stages and the selection of the most efficient mill depends 
upon the intrinsic grain size of the kerogen and the extent of 
kerogen liberation required. 

After comminuting the shale to produce kerogen-rich par-
ticles and mineral-rich particles, the second step of beneficia-
tion is separating these particles from each other. The two 
basic types of particle separation are chemical and physical 
separation. 

Chemical separation includes leaching of minerals, such as 
acid leaching of carbonates, or extraction of kerogen by 
chemically breaking the kerogen bonds. United States 
Patent Numbers 4,176,042 and 4,668,380 disclose examples of 
chemical beneficiation of oil shales. 

One type of physical separation is density separation. Den-
sity separation is possible because kerogen has a specific 
gravity of about 1 gram per cubic centimeter and because 
mineral components in shale have a density of about 
2.8 grams per cubic centimeter. An example of a heavy 
media separation method is disclosed in United States 
Patent Number 4,528,090. 

The disadvantages of this process are that it relies upon an 
inherent natural heterogeneity among oil shale particles and 
it has not been successful in separating small particles. 

Another type of physical separation is surface property 
separation. An example of surface property separation is 
froth flotation. In this process, oil shale particles are mixed 
with an aerated aqueous solution. Because the kerogen-rich 
particles have greater hydrophobic character than mineral-
rich particles, the kerogen-rich particles preferably adsorb

onto air bubbles, thereby causing the kerogen-rich particles 
to float. An example of a froth flotation process is disclosed 
in United States Patent Number 4,673,133. 

Another example of surface property separation is kerogen 
agglomeration. Kerogen agglomeration is a process whereby 
shale is comminuted or kneaded in the presence of an or-
garlic liquid and water to form large agglomerates of the 
kerogen-rich particles, while small mineral-rich particles dis-
perse into the water phase. 

During kerogen agglomeration of oil shale, the carbonate 
level increases along with the organic carbon concentration 
in the beneficiate. The presence of the carbonates can make 
oil shale more difficult to beneficiate. It is known that the 
kerogen-rich agglomerates produced during kerogen ag-
glomeration retain or concentrate the calcium and mag-
nesium carbonates minerals. 

One way to avoid this problem is to remove the carbonates 
before physical separation. In Smith, J.W.; L. W. Higby 
"Preparation of Organic Concentration from Green River 
Oil Shale," Analytical Chemistry. Volume 32, Number 12, 
November 1960, the carbonate problem was addressed by 
removing the carbonates prior to physical separation by first 
contacting the oil shale with a 5 percent acetic acid solution. 
One difference between the method disclosed in the Smith 
reference and the Amoco invention is that in the Smith 
method the oil shale is add-treated prior to physical separa-
tion. In the new Amoco patent, the shale is acid-treated 
after kerogen agglomeration. Another way of describing this 
difference is, in the Smith reference, the acid solution is con-
tacted with raw oil shale particles having a kerogen con-
centration of about 6 to 30 weight percent whereas, in the 
Amoco invention, an acid solution is contacted with a 
kerogen-rich oil shale agglomerate. This agglomerate has a 
kerogen concentration about double that of raw oil shale par-
ticles. Although the Smith method may be useful for obtain-
ing kerogen for analytical studies, it would not be practical 
for commercial applications because of the cost of using a 
large amount of acid. 

Summary of the Invention 

In its broadest aspect, the invention comprises kerogen-
agglomerating the oil shale, separating out the kerogen-rich 
agglomerates, and acid-treating the kerogen-rich ag-
glomerates. 

In one embodiment, the invention comprises kerogen-
agglomerating the oil shale, separating out the kerogen-rich 
agglomerates, acid-treating the kerogen-rich agglomerates, 
and reagglomerating the acid-treated, kerogen-rich ag-
glomerates. Oil shale is contacted with a two-phase mixture 
of an organic liquid and water to form kerogen-rich ag-
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glomcrates and mineral-rich particles. These are separated 
and the kerogen-rich agglomerates are contacted with an 
acid-containing solution to form acid-treated, kerogen-rich 
agglomerates. These are then reagglomerated in a two-
phase mixture of organic liquid and water. 

In a further embodiment, the acid-treating and reagglomerat-
ing steps arc accomplished simultaneously. 

In a further embodiment, the invention comprises kerogen-
agglomerating and acid-treating the oil shale simultaneously, 
and separating out the acid-treated, kerogen-rich ag-
glomerates. 

Detailed Description of the First Embodiment 

The starting material is raw oil shale which has been mined 
using conventional techniques. A shale suitable for use can 
be characterized as having the following make-up: about 6 
to 30 weight percent kerogen, 40 to 50 weight percent sili-
cates and clays, 22 to 42 weight percent carbonates, 0 to 
10 weight percent dawsonites, and 0 to 12 weight percent nah-
colites. Mineralogy can have an effect on kerogen ag-
glomeration. For example, shales abundant in silicates, 
zeolites, clays and dawsonites are generally easier to 
beneficiate by kerogen agglomeration than shales with an 
abundance of siderite, pyrite, ankerite, dolomite, and calcite. 
Shale grade can also have an effect on kerogen agglomera-
tion. 

After mining, the oil shale can be coarsely comminuted, 
finely comminuted, or any combination thereof to assist in 
liberating kerogen from the mineral rock. The preferred 
mill is a ball mill. 

After comminution, kerogen agglomeration is the next step. 
In a preferred embodiment, the kerogen agglomeration step 
includes comminuting the oil shale particles in the organic 
liquid and water. This results in a better separation of the 
kerogen-rich agglomerates and the mineral-rich particles. 
The organic liquid can be defmed as a hydrocarbon liquid 
with a boiling point of about 150 to 500°F. Examples of such 
liquids include shale oils and petroleum fractions. A suitable 
organic liquid to shale ratio can be about 0.1 to 1.0. A 
suitable organic liquid to water ratio can be about 0.3 to 1.3, 
preferably about 0.44. A suitable minimum agglomerate size 
can be about 0.0117 inch to 0.0015 inch. 

If too much organic liquid is added in the shale, unstable ag-
glomerates can be formed resulting in poor separation of the 
kerogen-rich agglomerates and the mineral-rich particles. 
Poor separation can also result from adding too little water 
because there would not be enough medium for rejecting the 
fines. Too little organic liquid added in the shale can result 
in not enough agglomerates being formed. Too much water 
can result in comminution inefficiencies.

After kerogen agglomeration, the kerogen-rich agglomerates 
and the mineral-rich particles are separated. Means suitable 
for use in separating out these agglomerates include screens, 
cyclones, and flotation equipment. The use of at least one 
screen is preferred. The size of the screen is such that. it 
prevents the passage of the large kerogen-rich agglomerates 
while it allows for the passage of the small mineral-rich ag-
glomerates that are dispersed in the phase. Suitable screen 
sizes range from 0.0117 inch to 0.0015 inch. 

The final step in the invention is to contact the beneficiate 
produced in the separation step with an acid-containing solu-
tion. The acid-containing solution comprises any acid or 
combination of acids that form soluble metallic salts, for ex. 
ample, sulfurous acid, hydrochloric acid and nitric acid. The 
PH for this acid solution is preferably less than about 3. Car-
bonates contained within the beneficiate react with the acid-
containing solution to form acid sulfites which can be 
removed from the kerogen-rich agglomerates. A suitable 
acid solution/carbonate ratio can be about 03 to 15. 

The acid solution can be contacted with the agglomerated 
kerogen in a plurality of mix tanks in series. The resulting 
acid-treated, kerogen-rich agglomerates can then be sent to a 
retort for kerogen conversion and the acid can be recovered. 

In one embodiment the kerogen is agglomerated again after 
acid treatment. By reagglomerating the acid-treated, 
kerogen-rich agglomerates, carbonates which had interfered 
with the concentration of kerogen in the first agglomeration 
are eliminated prior to the second agglomeration. As a 
result, the second agglomeration is more effective than the 
first in concentrating the kerogen. 

This reagglomeration process comprises contacting the acid-
treated, kerogen-rich agglomerates with an added organic liq-
uid (assuming the organic liquid was removed prior to acid 
treatment) and water. Reagglomeration can include com-
minution using the same types of equipment disclosed for 
use in the kerogen agglomeration that occurred prior to acid 
treatment. The types of organic liquids suitable for use in 
reagglomeration are the same, and the amounts of organic 
liquid and water suitable for use in reagglomeration are the 
same.

MI, 

BIOTECHNOLOGICAL PROCESS FOR UPGRADING 
SHALE OIL PATENTED 

United States Patent 5,049,499, issued to R.M. Atlas of Louis-
ville, Kentucky and J. Aislabie of Rotorua, New Zealand is a 
process for biotechnological upgrading of shale oil by selec-
tively removing nitrogen-containing compounds from raw 
shale oil with special microbial cultures. 
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Specifically, the invention provides a new technique using 
microbial cultures to selectively remove harmful nitrogen-
containing compounds from raw shale oil without attacking 
the valuable hydrocarbons in the oil. The process broadly 
comprises treating the raw shale oil with special microbial 
cultures having the specific ability to degrade the nitrogen-
containing compounds, such as the amines, nitriles and 
heterocyclics as the quinolines and pyridines, and converting 
them into nondamaging components, without degrading any 
of the valuable hydrocarbons. The treatment is ac-
complished in the presence of an alternative source of car-
bon, such as glucose or succinate under aerobic conditions. 

The invention further provides a technique for the prepara-
tion of microbial populations which are specific to the 
degradation of the aliphatic and heterocyclic nitrogen-
containing compounds generally found in raw shale oil. 

Previous reports of microbial attack of nitrogen-containing 
compounds in fuels have not demonstrated selective 
removal; thus the hydrocarbons were also degraded. For ex-
ample, United States Patent Number 3,069,325, which dis-
closes a method for treatment of jet fuels with strains of 
microorganisms obtained from sea water in the absence of 
nutrients, reported reduction of the nitrogen content from 
0.02 to 0.002 percent, but relied upon hydrocarbon degrading 
microorganisms. This process reduced the value of the fuel 
by removing the valuable hydrocarbons. 

Summary of the Invention 

It has been found that by the use of the above-described 
process it is possible to reduce and in many cases completely 
eliminate the unwanted nitrogen compounds from the raw 
shale oil. It has been found, for example, that it is possible 
to completely utilize or degrade the homologous series of 
nitriles, and particularly the lower members of the series, 
which make up about 10 percent of the nitrogen-containing 
compounds in the raw shale oil. In addition, the aliphatic 
amines, which make up about 40 percent of the nitrogen-
containing compounds appear also to be removed. 

By the use of the specially prepared microbial populations, 
and special mixtures thereof, it is possible to degrade the 
most difficult heterocyclic nitrogen-containing compounds, 
such as the quinolines, isoquinolines, pyridines, pyrroles, and 
carbazoles. 

Surprisingly, such biodegradation of the nitrogen-containing 
compounds is accomplished without any loss of the valuable 
hydrocarbon components present in the shale oil. 

Shown in Figure 1 are gas chromatographic tracings of nitrile 
fractions recovered from a sterile control after up to 14 days 
of incubation with an enriched culture. 

Tracing 1-A shows the fraction recovered from a sterile con-
trol after 14 days of incubation, 1-B shows the results with

FIGURE 1 

CHROMATOGRAPHS
OF NITRILE FRACTIONS 

Fig. IA 

Fig. lB 

bajt.. 
Fig. IC 

_L.. 
Fig. ID 

the enrichment culture after 3 days, 1-C shows the results 
with the enrichment culture after 7 days, and 1-D shows the 
results with the enrichment culture after 14 days. The profile 
of the nitriles in the sterile control after this incubation 
period is identical with that for the initial oil, indicating no 
abiotic degradation of these nitriles. The chain lengths of 
the n-nitriles are indicated. The unsaturated nitriles occur 
just preceding the n-nitriles of corresponding chain lengths. 
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Any raw oil shale containing kerogen can be used in the 
process of the invention. Oil shales of the Eocene period 
generally found in the Western United States and par-
ticularly the northwestern area of Colorado and in the adjoin-
ing areas of Utah and Wyoming are said to be suitable for 
use. Oil shales having large quantities of "Black Shale" from 
deposits such as Devonian and Mississippian, generally 
found in the eastern portion of the United States, are said to 
be especially suited for use in the process. 

The process is also said to be useful for other shales found 
throughout the world, and especially those found in 
Australia. The shale oil used in many of the experiments 
reported in the patent was the middle cut of a raw shale oil 
(250 to 400°C boiling range) produced at the Taciuk Proces-
sor Pilot Plant by pyrolysis of shale from the Stuart Deposit, 
Queensland, Australia. This shale oil contains 0.87 percent 
Kjeldahl nitrogen analysis. 

The microbial cultures used in the process are obtained by a 
technique involving the production of a series of enrichment 
cultures wherein microbial cultures present in soil sources 
contaminated with petroleum were repeatedly added to 
media containing the shale oil as the only source of nitrogen. 
After a series of subcultures to ensure maintenance of 
growth on medium in which the shale oil was the sole source 
of nitrogen, the enriched cultures are analyzed to determine 
which compounds, if any, in the shale oil have been changed. 
Sterile controls are included to distinguish nonbiological 
changes in the oil from those due to biodegradation. 

By using this technique with a series of subcultures, 
microbial populations were developed which were specific to 
the degradation of the nitrides and amines, as well as the 
heterocyclic nitrogen-containing compounds, such as the 
quinolines and isoquinolines. 

An example of strains found to be specific to the degradation 
of nit riles were a Pseudotta onus fluonscens strain and strains 
of Akailgenas. 

A strain found to be specific to the degradation of the 
heterocyclic nitrogen-containing compounds was Pseudo- 
monas aemginosa. A mixed culture of unidentified bacteria 
also demonstrated selective degradation of heterocyclic 
nitrogen-containing compounds including isoquinolines. The 
degradation of many of these compounds involved formation 
of Itydroxylated heterocyclic nitrogen-containing compounds 
that were soluble in water and could be removed from the 
oil by water extraction. 

By using a mixture of such enriched cultures obtained for 
specific nitrogen-containing compounds it is possible to 
remove from the raw shale oil most or all of the damaging 
nitrogen-containing compounds. 

A variety of nutrient media can be used in preparation of the 
enrichment cultures. Preferred components include the sul-

fates, phosphates, chlorides, etc. such as, MgSO 4, C802, 
KHPO and FCCL3, and the like, and suitable mixtures 
thereol! 

A sterile medium is prepared containing the raw shale oil 
and an alternative source of carbon and then the medium is 
inoculated with the desired microbial strain or strains to ef-
fect the degradation. The amount of the raw shale oil in-
cluded in the medium will vary up to 1 percent 
(weight/volume). 

The alternative source of carbon to be added to the reaction 
includes many of the oil soluble organic compounds high in 
carbon, such as the sugars, esters and the like. Glucose and 
succinate are particularly preferred. The amount of the alter-
native source of carbon to be included in the medium may 
vary greatly, but should be kept as low as possible to still sup-
port microbial activity, e.g., 1 percent or less. 

In most cases, the temperature will vary from about 25°C to 
30°C. Because the process proceeds slowly under anaerobic 
conditions, it is preferred to conduct the process under 
aerobic conditions. 

SOLID SUBSTRATE AFFECTS COKING OF HOT SHALE 
OIL IN KEFUORF REACTOR 

Researchers at the Center for Applied Energy Research 
(CAER) at the University of Kentucky have conducted an 
investigation of product coking induced by hot recycle solids 
in the KENTORT II fluidized-bed retort. D.N. Taulbee and 
S.D. Carter of CAER found that over the temperature range 
of 530 to 660°C, the order of substrate reactivity was 
kaolinite > combusted shale > illite > gasified shale > 
pyrolyzed shale> sand. 

Surface area/pore volume data for the various substrates are 
discussed in terms of coking activity in a paper presented by 
Taulbee and Carter at the American Chemical Society Con-
ference held in San Francisco, California in April. 

One of the factors that controls oil yield during oil shale 
pyrolysis is the extent of secondary reactions, i.e., cracking 
and coking, that occur within the reactor. These reactions, 
in turn, are governed by several factors including reactor tem-
perature, product residence time, resource properties, and 
the types of solid surfaces which the vapor phase hydrocar-
bons contact at elevated temperature. 

Because one of the more effective means to transfer heat in 
a fluidized-bed reactor is through direct addition of heat car-
rying solids, solids recycle is thought to be the most practical 
approach for a large-scale operation. Accordingly, a KEN-
TORT II prototype was designed to simulate commercial 
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Pyrolyzen 
Shale Feedrate 
Superficial Gas Velocity 
Temperature 
Bed Height 

Substrate Bed 
Substrate Load 
Temperature 
Solid Residence Time

12g/min 
0.46 m/s 
530°C 
7.6 cm 

100 g (-3 cm depth) 
530 -6600C 
5, 10, 15 mm 

operation by recycling hot solids to the pyrolyzer from both a	 TABLE 2 
fluidized-bed gasifier and combustor. However, delivery of 
hot solids to the pyrolyzer promotes secondary cracking and

	
REACTOR CONDITIONS 

coking reactions resulting in lower oil yield. 

An apparatus was constructed which permits shale oil vapors 
generated in one fluidized bed to pass over selected sub-
strates in a second bed. Substrates can be fed in either a 
batch or continuous mode. In the batch mode, a given sub-
strate is heated to reaction temperature then exposed to 
shale oil vapors for a selected time period. Carbon deposi-
tion onto the solid is monitored in real-time using an on-line 
mass spectrometer and total deposition verified by elemental 
analysis of the substrate following exposure. 

The Study 

The solid substrates examined and reactor conditions used 
are given in Tables I and 2. 

Raw shale feed is initiated with the semibutterfly valve posi-
tioned so that pyrolysis products bypass the upper, substrate 
bed (i.e., "bypass" position). See Figure 1. Nat, ap-
proximately 100 grams of substrate is loaded to the upper 
bed which is fluidized by the balancing N. gas. When the 
substrate reaches reaction temperature, quadrupole mass 
spectrometer (OMS) data collection is initiated and a 
baseline established. After approximately 3 minutes, the 
semibutterfly valve is rotated so that the upper bed is now 
fluidized by the pyrolysis stream from the lower bed and 
maintained in the fluidize" position for a selected time inter-
val (5 to 15 minutes is typical). The valve is then returned to 
the bypass position and the substrate solids are immediately

drained from the bed into a purged collection flask. QMS 
data collection is continued for at least 3 minutes to rees-
tablish the baseline. The solids receiver flask is removed and 
replaced with an empty one and the procedure repeated. 

Surface area and pore volume measurements are conducted 
on selected substrates. 

Results and Discussion 

Because coking losses account for a significant reduction in 
oil yield in solid recycle systems and carbon deposition can 
affect the solids reactivity, the study of coking kinetics is cru-
cial to yield optimization. 

TABLE 1 

SUBSTRATE PROPERTIES 
(Substrates are 20x60 Mesh 
Unless Otherwise Noted) 

Gasified Shale 
Combusted Shale 
Sand 
Iffite 
Kaolinite-F 
Kaolinite-C

Cleveland Oil Shale 
Cleveland Oil Shale 
Ottawa, Canada 
Carbon Deficient Huron Shale 
Fine grained, Georgia, USA 
Course grained, Georgia USA

Preparation /Comment 

530C in N2/10 min 
800C in Steam 20 mm 
700CinAir/lomin 
20 x 30 Mesh 

Substratp	 Origin 

Pyrolyzed Shale	 Cleveland Oil Shale 

Acid/base treated substrates were placed in an excess of 0.005 N NaOH or HCI 
overnight, exhaustively rinsed with distilled H, and dried prior to exposure. 
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FIGURE 1 

SCHEMATIC OF 
REACTOR CONFIGURATION 
DURING COKING SEQUENCE 
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SOURCE: TAULBEE, ET AL.

Two independent measures of carbon deposition were ob-
tained. The first was calculated from analysis of the sub-
strate prior to and following hydrocarbon compound ex-
posure. The rate of carbon deposition onto a solid substrate 
can be inferred by measuring the total vapor phase carbon 
that exits the reactor in the bypass mode (pyrolysis stream 
bypasses substrate bed) and comparing to the carbon that ex-
its in the coking mode (pyrolysis stream passes through sub-
strate bed). 

A typical coking sequence is illustrated by the OMS CO2/Ar 
ratio in Figure 2. With the semibutterfly valve in the initial 
bypass position, the CO2/At ratio is near constant. Upon 
switching the valve to "fluidize," the ratio immediately drops 
to a minimum then makes an asymptotic approach to a new 
constant ratio. The initial plunge in the CO2/At ratio is ap-
parently due to rapid transport of oil vapor into the substrate 
pores. The ratio rises as the concentration within the pores 
nears the extraparticle concentration. When the valve is 
returned to bypass, the original baseline is restored. 

There is a good deal of scatter apparent in the CO 2/At ratio 
of Figure 2 (likewise for NO  and SO2). However, the 
authors say the measured fluctuations are real and due to

FIGURE 2 

CO2/Ar RATIO (44/40 We) 
DURING TYPICAL COKING SEQUENCE 
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rapid changes in the CO  concentration. This rapid change 
in CO  intensity is assigned to a number of sources including 
fluctuations in the shale feed rate over short-time intervals, 
the chaotic nature of a bubbling fluid-bed reactor, fines 
carry-over to the combustor, and perhaps particle-to-particle 
kerogen content variations. The first two are believed to ac-
count for the bulk of the observed scatter. 

Although the OMS baseline scatter is pronounced, conver-
sion of shale oil vapor to coke was higher than the scatter 
under all study conditions. With the possible exception of 
sand, all substrates showed a higher coking rate with tem-
perature. However, this change was small enough to suggest 
that coke formation was, for the most part, mass transfer 
limited. 

The results indicate the relative coking activity to follow the 
order of sand < pyrolyzed < gasified c illite c combusted 
< coarse kaolinite C fine kaolinite. In an attempt to relate 
coking activity to substrate properties, total surface area data 
are shown in Figure 3, plotted in the above order. With the 
exception of sand, it is apparent that coking activity does not 
follow the total surface area series of Figure 3. However, the 
macro pore surface area shown in Figure 4 (page 2-18) does 
appear to track coke formation with the exception of illite. 
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COMBUSTION KINETICS OF RETORTED WESTERN 
OIL SHALE RESOLVED 

At the 25th Oil Shale Symposium held in Golden, Colorado 
in April, a paper by C.B. Thorsness, et al., of Lawrence Liver-
more National Laboratory (LLNL) presented the results of 
experiments carried out to resolve the combustion kinetics of 
retorted Western oil shale. 

Combustion of retorted oil shale is an integral part of 
LLNL's Rot-Recycle-Solids (I-IRS) process, providing both 
heat and the heat transfer medium necessary for pyrolysis of 
the shale. Although several previous studies of retorted 
shale combustion are available in the literature, there ap-
peared to be some uncertainty about the effective order of 
the reaction with respect to its two main reactants, char and 
oxygen. In addition, most of the experimental work on com-
bustion kinetics has purposely stayed away from the regime 
where transport processes are important, even though 
transport plays a key role in combustion processes in a real

process. LLNL investigated, therefore, the kinetics of the 
combustion of pyrolyzed Anvil Points oil shale in a 
laboratory scale, fluid bed pyrolysis/combustion apparatus. 

Two important phenomena controlling the rate of burning of 
pyrolyzed shale are the intrinsic oxidation kinetics of the 
char and the effective diffusivity of oxygen into the burning 
shale particles. Both of these issues have been previously 
addressed in the literature. However, the reported intrinsic 
kinetic rates vary, depending both on the type of shale 
studied as well as the nature of the experimental apparatus. 
Most of the published work on effective oxygen diffusivity 
has been measured using large blocks of material. There is 
some question if these values are appropriate for the rela-
tively small particles, less than 7 millimeters, of interest in 
the HRS process. 

LLNL's experimental results were presented for nominally 
24 gallon-per-ton Colorado shale. Intrinsic kinetics were ob-
tained from data taken using 02 millimeter particles and an 
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estimate of intraparticle diffusional resistance was obtained 
by fatting model results to experimental results obtained 
using 3 millimeter particles. 

The combustion studies showed that the rate of combustion 
of char is second order with respect to char concentration 
and one-half order with respect to oxygen concentration. An 
activation energy of 71.2 kilojoulesper mole and an At- 
rhenius pre-exponential factor of 74 -1 p1/2 were calcu-
lated based on combustion at 470, 500, and 530°C. In addi-
tion, the combustion of larger particles was briefly examined 
and the effective diffusivity was found to be similar to results 
obtained in large-block experiments. 

nfl 

SHALE ASH-LAYER THICKNESS MEASURED 

A Hot-Recycle-Solids (fiRS) oil shale retort is being studied 
at Lawrence Livermore National Laboratory (LLNL). In 
the HRS process, raw shale is heated by mixing it with burnt 
retorted shale. Retorted shale is oil shale which has been

heated in an oxygen deficient atmosphere to pyrolyze organic 
carbon, as kerogen into oil, gas, and a nonvolatile carbon 
rich residue, char. In the HRS retort process, the char in the 
spent shale is subsequently exposed to an oxygen environ-
ment. Some of the char, starting on the outer surface of the 
shale particle, is burned, liberating heat. In the HRS retort, 
the endothermic pyrolysis step is supported by heat from the 
exothermic char combustion step. 

The rate of char combustion is controlled by three resis-
tances: the resistance of oxygen mass transfer through the 
gas film surrounding the solid particle, resistance to mass 
transfer through an ash layer which forms on the outside of 
the solid particles as the char is oxidized and the resistance 
due to the intrinsic chemical reaction rate of char and 
oxygen. In order to estimate the rate of combustion of the 
char in a typical oil shale particle, each of these resistances 
must be accurately estimated. The film resistance can be pre-
dicted using existing hydrodynamic correlations. The intrin-
sic chemical reaction rate between char and oxygen can be 
measured independently from the other resistances by burn-
ing small particles in which the ash layer and boundary layer 
resistances are negligibly small. However, the resistance due 
to mass transfer caused by the ash layer is best estimated if 
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the thickness of the ash layer is known. Determination of 
the ash layer thickness has been reported by LLNL in 
UCRL-JC-109240, authored by D.F. Aldis, et al. 

Instantaneous reaction rate calculations were performed for 
two oil shale runs, 11-10 and H-li, which were processed in 
the 4-tonne-per-day LLNL HRS retort. The overall rate of 
oxygen consumption was plotted as a function of tempera-
ture for differing ash thicknesses for each of the five particle 
sizes considered in the analysis. in only a few cases was the 
exterior film boundary layer an important resistance with 
respect to the ash layer resistance. it should be noted, 
however, that the lowest ash layer thickness used in the cal-
culation was 0.05 millimeters. if no ash layer were present, 
as would occur at the entrance region of the lift pipe for 
freshly pyrolyzed raw shale, the boundary layer film resis-
tance would, of course, be controlling. 

The computational results indicate that the heterogeneous 
char reaction is principally dominated by ash diffusion for 
most of the region of interest, i.e., temperatures greater than 
773°K and for particles with an ash layer greater than 
50 microns. The ash layer thickness is, however, not only con-
trolled by the char combustion process but also by attrition 
or abrasion. As char is consumed, the ash thickness in-
creases, but as the particles are abraded, the ash layer thick-
ness decreases. 

The HRS retort used to create the spent shale studied in the 
report was operated with a recycle ratio of approximately 3. 
That is, as one mass unit of fresh shale was added to the 
fluid bed mixer, three units of recycled solid were added. 
Because of the solids recycle process, the solid which is 
finally eliminated from the process is a mixture of material 
which has been through the process at least 1 time and 
perhaps more than 12 times. In Figure 1, an estimate of the 
average mass fraction of solid is plotted versus the number 
of passes through the retort. At anytime after a steady state 
is achieved in an ideal process, one-fourth of the solid in the 
process will be first pass material. 

Fine material is generated from the larger particles. Previ- 
ous studies on oil shale attrition and abrasion indicate that 
most of the fine material is generated by abrasion and that 
particle fracture is not the dominant size-reduction 
mechanism. 

The oil shale particles studied in this project were taken 
from the spent shale hopper at the end of MRS experiments 
11-10 and H-Il. The principle difference between these two 
runs is that in H-10 a lean shale (22 gallons per ton) was 
processed and in Run H-Il, a rich shale (34 gallons per ton) 
was processed. 

The influence of the grade of the raw oil shale is apparent in 
the amount of fine material (solids with a particle size less 
than 0.2 millimeters) generated. Almost twice as much fine 
material was produced during Run 11-11 as during

FIGURE 1 
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Run H-b. The fine material generated has a very small size, 
typically between 1 and 10 microns. 

Measuring the Ash Layer 

Three methods were used to measure the ash layer thick-
nesses. A digital imaging system was used directly on the 
trays containing the particles to measure the ash thickness. 
A direct measurement of the ash layer thickness was made 
on enlarged photographs of the particles. And the organic 
carbon concentration of the dark cores and of the whole par-
ticles was used to estimate the ash layer thickness. 

It was assumed in the analysis of the digitized image data 
that the cross sectional areas of the total particle and the 
dark core could be treated as equivalent circular areas. The 
difference in the radii was taken as an estimate of the ash 
thickness. The cumulative ash thickness is given in Figure 2. 

The average ash layer thicknesses for experiment 11-10 deter-
mined using the digital imaging procedure are 0.36,0-38, and 
0.27 millimeters for sieve samples 4+5, -7+8, and -12+16. 
The results in Figure 2 indicate that these data are not nor-
mally distributed. They are also not log normally distributed. 
The range of the averaged values for the three different par-
ticle sizes is reasonably small. 

The image analysis procedure was repeated with a second 
computer operator. The results of the two measurements 
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FIGURE 2 

ASH THICKNESS OF PARTICLES 
DETERMINED BY 

DIGITAL IMAGING TECHNIQUES 

99.99 -r 
99.9 - 

2	 99 

igo 

	

10	 -H10,-4+5 I	 -O-Hi0.-7+8 

	

i	 -t-H10..12+16 

di .I I 
0.1	 0.4	 0.7	 0.9	 1.2

Ash Thickness (mm) 

SOURCE: ALDIS, Er AL. 

indicate that a significant operator error was present in the 
results. 

A photographic procedure was used nat. The results from 
this procedure are shown in Figure 3. 

The average values for the ash thicknesses are 031, 034, 
0.29, and 0.14 millimeters for Experiment H-10 sieve 
size -12+16, Experiment H-10 sieve size -4+5, Experiment 
H-il sieve size -12+16, and Experiment H-li sieve 
size 4+5. In the fourth data set, the values for 
Experiment H-il sieve size -4 + 5 are different from the previ-
ous three sets. About 30 percent of the particles have no 
measurable ash layer thickness. 

A simple model of attrition of oil shale is that the rate of sur-
face regression is the same for all particle sizes and that big 
particles become smaller particles because their outer sur-
faces are eroded away due to abrasion. The data are not con-
sistent with this simplified model. If big particles become 
small particles in a gradual manner, then one would aped 
to see no ash layer in about 30 percent of the smaller sized 
particles. The number of small particles with no ash layer is 
much smaller than 30 percent. A more complicated model 
of attrition appears to be necessary to explain these results. 

Ash layer thickness was also determined using organic car-
bon concentration measurements of both the entire shale par-
ticle and the center core of the particles. The results from 
these measurements are given in Table 1.

FIGURE 3 
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TABLE 1 

ASH THICKNESS DETERMINED
FROM ORGANIC CARBON

CONCENTRATION MEASUREMEN 

Average Core Ash Thick-
d (mm) C(%) C (%) ness(mm) 

p org org 

0.92 0.50 1.22 0.12 
103 0.83 1.22 0.12 
3.68 0.96 1.22 0.14 
5.20 1.00 1.22 0.17

The results from the organic carbon concentration measure-
ments are lower than the results obtained from either of the 
other techniques by about 0.15 millimeters. 

Conclusions 

LLNL concludes that the ash thickness of spent oil shale par-
ticles from the HRS process is independent of particle size, 
and has a constant value of between 0.1 and 03 millimeters. 
This thickness is an equilibrium value that occurs at some 
steady state condition between the rate of formation of ash 
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caused by combustion and rate of ash loss caused by abra-
sion. A question that has not yet been answered completely 
is why does a fixed ash thickness occur? One possible 
answer is that the combustion rate is limited by the ash thick-
ness at this specific size. A second possible answer is that 
the structural integrity of the ash approaches zero when the 
ash thickness is greater than this limited thickness. 

nfl 

UNOCAL PATENTS PROCESS AND CATALYST FOR 
THE DEWAXING OF SHALE OIL 

United States Patent 5,084,159, issued to S. Abdo, et a, and 
assigned to Union Oil Company of California relates to a 
catalyst and a process for dewaxing a hydrocarbon feedstock 
containing straight and branched chain paraffins. The inven-
tion is particularly concerned with producing a hydrocarbon 
product having a relatively low pour point and/or cloud 
point from a full boiling range shale oil. 

Many liquid hydrocarbon feedstocks contain relatively high 
concentrations of straight and branched chain aliphatic com-
pounds having between 6 and 40 carbon atoms. Some of 
these long chain compounds, typically the ones containing 12 
or more carbon atoms, tend to crystallize upon cooling of the 
hydrocarbon oil. This crystallization may only take place to 
the extent that a clear and bright oil becomes dull because of 
the formation of small crystals, or it may proceed until suffi-
cient crystals are present that they interfere with the flow of 
the hydrocarbon liquid from one location to another. The 
temperature at which the waxy substances begin to crystallize 
from the solution and impart a cloudy appearance is referred 
to as the "cloud point." Similarly, the temperature at which 
sufficient crystals form to prevent the hydrocarbon oil from 
flowing is commonly referred to as the "pour point." An ex-
ample of a feedstock having a relatively high pour point is 
the raw oil obtained by retorting Western oil shale. The high 
concentration of waxy components typically results in shale 
oil having a relatively high pour point, normally between 
about 50°F and 90°F. 

Raw shale oil is normally upgraded by contacting the oil with 
a hydrotreating catalyst under conditions such that the con-
centration of organosulfur and organonitrogen constituents 
is reduced. The hydrotreated shale oil may then be dewaxed 
by contacting the oil with a dewaxing catalyst to remove 
straight and slightly branched chain paraffins and thereby 
reduce the pour point. 

In some cases it may be desirable to use the portion of the 
dewaxed product which boils above about 600°F as lube oil 
base stock. This portion of the dewaxed shale oil can be 
thought of as comprising six lube oil base stock fractions 
which boil in the following ranges: 610 to 650°F, 650 to 
690°F, 690 to 790°F, 790 to 8300F, 830 to 875°F and above

875°F. In order for the portion of dewaxed shale oil boiling 
above 600°F to be suitable as lube oil base stock, each of the 
boiling fractions described above must meet minimum pour 
point requirements. Normally, the pour point must be 10°F 
or lower for each of the fractions. In conventional dewaxing 
processes that utilize catalysts which contain an intermediate 
pore molecular sieve, it is difficult to meet the pour point re-
quirements for the fractions boiling between 790 and 830°F, 
between 830 and 875°F and above 875°F. In order to meet 
the minimum pour point requirements of these higher boil-
ing fractions, the dewaxing temperature must either be in-
creased, the space velocity through the dewaxing zone 
decreased, or a more active catalyst used. Although the use 
of any one of these three techniques will decrease the pour 
point of the higher boiling fractions, such use will also result 
in more conversion of the branched and straight chain paraf-
fins in the lower boiling fractions than is necessary to meet 
the pour point requirements of these fractions. This addi-
tional conversion of branched and straight chain paraffins in 
the lower boiling fractions represents significant losses in 
yield of lube oil base stock. 

Accordingly, it is one of the objects of the invention to 
provide a process for dewaxing shale oil such that the various 
boiling fractions comprising the lube oil base stock portion 
of the dewaxed oil meet minimum pour point requirements, 
without incurring excessive losses of lube oil base stock. 

Summary of the Invention 

According to the patent, it has been found that both straight 
and branched chain paraffins can be removed from waxy 
hydrocarbon feedstocks without significant losses in lube oil 
base stock constituents by contacting the feedstock in a 
dewaxing zone, usually in the presence of hydrogen, with (1) 
an intermediate-pore crystalline molecular sieve having crack-
ing activity and a pore size between 5.0 Angstroms and 
7.0 Angstrom, and (2) a large-pore crystalline molecular 
sieve having cracking activity and a pore size above 
7.0 Angstroms. 

A hydrocarbon stream of reduced paraffin content is 
recovered from the effluent of the dewaxing zone. The 
higher boiling lube oil base stock fractions comprising this 
stream will have a reduced content of both straight and 
branched chain paraffins and will have a lower pour point 
than can be obtained by removing only straight chain paraf-
fins from these fractions. 

It is believed that, in comparison to the use of an 
intermediate-pore molecular sieve alone, the use of a large-
pore molecular sieve in combination with an intermediate-
pore molecular sieve results in greater removal of branched 
chain paraffins from the higher boiling lube oil base stock 
fractions of the dewaxed oil. 

The catalyst should contain one or more hydrogenation 
metal components in addition to the intermediate-pore ciys-

SYNTHETIC FUELS REPORT, SEPTEMBER 1992 
2-21



talline molecular sieve and the large-pore crystalline 
molecular sieve. This will be a metal from Group VII! 
and/or Group VIB of the Periodic Table of Elements. 
Preferred large-pore molecular sieves are Y zeolites and 
silicoaluminophosphates such as SAPO-5. The Y zeolite can 
be any acidic form of Y zeolite whether or not the zeolite

has been subjected to dealumination. In some cases it may 
be preferable to have both a silicoaluminophosphate and a 
Y zeolite present in the catalyst. Preferred intermediate-
pore crystalline molecular sieves are silicalite and ZSM-5. 

hit 
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POLLUTION PROBLEMS AT ESTONIAN OIL SHALE 
POWERPLANTS OUTLINED 

In the Estonian Republic, about 22 million tons of oil shale 
per year are used to generate electricity. These oil shale 
powerplants are sources of environmental pollution, 
however. Laboratory experiments were carried out to charac-
terize the level of this pollution and the results have been 
reported in a paper authored by A. Ots of Tallinn Technical 
University, Estonian Republic, and which appeared in the 
journal Oil Shale. 

The oil shale used in power generation is a low-grade fuel 
and is characterized by high mineral matter content. One of 
the peculiarities of Estonian oil shale is the high calcium 
oxide and alkali metal content in the ash and the moderate 
quantity of nitrogen in the organic part. The total sulfur con-
tent in thy mass is 1.5 to 1.6 percent. 

A wide use of Estonian oil shale in power generation dates 
back to 1924 when the Tallinn Thermal Powerplant was 
retrofitted to oil shale, the capacity of which reached 
22 megawatts by 1933. 

A new period in the development of oil shale powerplants 
began in 1959/1960 when the first power units were applied 
at the Baltic Thermal Powerplant. The capacity of the plant 
was 1,624 megawatts. In 1973, the Estonian Thermal 
Powerplant with a capacity of 1,610 megawatts was put into 
operation. 

Figure 1 illustrates the technological scheme of the oil shale 
powerplants. The maximum output of electric power genera-

ted by powerplants burning oil shale was achieved in 1979 
and was equal to 19.1 terawatt-hours per year. 

Figure 2 shows the material balance of the pulverized oil 
shale-fired powerplants which used 22 million tons of oil 
shale in 1990. 

Investigations of oil shale thermal powerplants were carried 
out in steam boilers with capacities of 61 and 89 kilograms 
per second. In these tests NO, SO , HCI, fly ash and 
polycyclic aromatic hydrocarbons (13fl) concentrations 
were determined in the flue gas as well as the chemical com-
position of fly ash leaving the electrostatic precipitator. 

Nitrogen Oxides Formation 

The nitrogen oxides in flue gas according to their formation 
are divided into three groups: thermal, fast-forming and 
fuel. 

The main parameters affecting NO concentration in flue gas 
are the nitrogen content in the fue(and the excess-air factor. 
To a certain extent, nitrogen oxides formation depends on 
burning temperature as well. At an excess air factor of 1.0, 
the nitrogen oxides concentration in flue gas was found to 
be directly related to the nitrogen amount in the organic mat-
ter of the fuel, about 03 percent. Up to an excess-air factor 
of 1.15 to 1.20, the nitrogen oxide concentration in flue gas 
sharply increases. 

According to Ots, the effect of the flue gas temperature on 
the concentration of fuel NO is relatively negligible. 

FIGURE 1 

TECHNOLOGICAL SCHEME OF OIL SHALE POWERPLANT 

RJRNhE SUP4EATER 
ECONOMIZER 

a	
STACK -	 AIR PRO-WATER 

CYCLONE 

ELECTROSTATIC
	 GAS FAN 

PRECIPITATOR 

SETTLINJ 
SOURCE: OTS

SYNTHETIC FUELS REPORT, SEFFEMBER 1992 
2-23



FIGURE 2 
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One essential factor that affects NO concentration in flue 
gas is sulfur. Sulfur in the fuel reducã NO concentration in 
flue gas because sulfur is more active to titrogen oxides as 
compared with atomic oxygen which is the base of S0 3 for-
mation.

When burning Estonian oil shale in thermal powcrplant 
boilers, due to the relatively low temperature in the furnace 
(maximum flame temperature is in the range of 1,400 to 
1,500°C), the thermal NO, concentration in the flue gas leav-
ing the boiler as NO2 is not more than 50 to 70 milligrams 
per cubic meter. The relatively low NO concentration in oil 
shale flue gas is caused by the low nitrogen content in the 
organic part of the oil shale as well as by the influence of sul-
fur on NO formation. I 

Formation of Sulfur Oxides 

The sulfur oxides concentration (SO) in flue gas not only 
depends on the sulfur content of the fuel but it also depends 
on the composition of ash because some components of ash 
can bind sulfur. The sulfur-binding factor of Estonian oil 
shale ash can be up to 0.8 to 0.85. In this case the main 
sulfur-binding component is calcium oxide, and to some ex-
tent magnesium oxide and alkali metals. 

When burning the high calcium and alkali metal content Es-
tonian oil shale, it is possible to use the fuel ash itself for 
desulfurization of flue gas. One alternative is cleaning the 
flue gas in a scrubber using clarified alkaline water from a 
hydraulic ash removal system. It is also possible to use on 
ash-soaking basin to obtain alkaline water. 

Polycyclic Aromatic Hydrocarbons 

The PAH carriers usually are the finest particles of fly ash. 
One of the most carcinogenic among PAH is benzo(a)pyrine 
CH (flaP). The main parameter that enables flaP to con-
centrate in flue gas is the oxygen concentration. It is evident 
that when the oxygen concentration in burners increases, the 
flaP concentration is diminished. 

Fly Ash 

The oil shale powerplant boilers are equipped with a two-
stage ash separation system: cyclone and four-field electros-
tatic precipitator (Figure 1). The fly ash concentration in oil 
shale flue gas leaving the electrostatic precipitator is in the 
range of 1,000 to 2,000 milligrams per cubic meter at an 
oxygen concentration of 7 percent. 
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RESOURCE 

HOUSE VERSION OF ENERGY STRATEGY BILL 
INCLUDES PROHIBITION ON OIL SHALE LAND 
PATENTS 

The United States House of Representatives has passed its 
version of the National Energy Policy Act with an amend-
ment that prohibits further patenting of public oil shale 
lands. The bill deals with energy discovery, development and 
reclamation of lands, as well as oil, natural gas, coal, nuclear 
energy, renewable energy, nuclear waste, energy efficiency 
programs, transportation and exploration. 

Representative B. Campbell of Colorado sponsored the 
amendment that prohibits further patenting of public oil

shale lands. The amendment would, however, allow oil shale 
patent holders who have complied with the Mining Law of 
1872 and who have satisfied the requirements set forth for 
filing and holding claims to gain title to the underlying oil 
shale for mining. However, the surface rights to this land 
would be retained by the public. 

According to Campbell, the amendment will keep 79 percent 
of all remaining oil shale claims from being patented. He 
says the bill will shift the emphasis for developing a public 
resource away from land speculation to focus on diligent 
development. 

SYNTHETIC FUELS REPORT, SEPTEMBER 1992 
2-25



SOCIOECONOMIC 

UNOCAL MONEY WILL TRAIN FORMER WORKERS 

Colorado's Mesa County Commissioners have allocated the 
final $24,000 from the $100,000 donated by Unocal to help 
mitigate problems associated with the closure of its 
Parachute Creek oil shale facility. The commissioners gave 
$15,000 to the Resource Center to provide job training for 
15 former Unocal workers. 

Another $6,000 was given to the town of De Beque to help 
pay debts associated with its sewer plant. The final $3,000

went to the Mesa County Health Department for a dental 
program for children whose parents lost their jobs when Uno-
cal shut down. 

Of the original $100,000 fund, $60,000 went to the Western 
Colorado Bureau of Economic and Business Research, an 
organization that gathers local demographic data. Through 
this contribution, the county hopes to benefit in the long 
term by having a "clear and dependable information base." 
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OIL SHALE PUBLICATIONS/PATENTS 

OIL SHALE - PATENTS 

"Highly Reactive Hydraulic Binder for the Preparation of Building, Construction and Raw Materials," Bugen Bodeninann and 
Theodor A. Burge - Inventors, Sika AG, China, United States Patent Number 5,108,510, April 28, 1992. Disclosed is a highly reactive 
hydraulic binder for the preparation of building, construction and raw materials which contains burned oil shale and at least one com-
pound, selected from the group, consisting of an amorphous oxide of 3- and/or 4-valent cations, an amorphous hydroxide of 3-
and/or 4-valent cations, and an aluminate of 1- and/or 2-valent cations, as well as at least one water reducing agent. 
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since June 1992) 

ACORN PROJECT - (See Stuart Oil Shale Project) 

CILA'll LAM CO-COMBU911ON BOILER - New Brunswick Electric Power Commission (5-30) 

Construction on the Chatham circulating bed demonstration project was completed in 1986 with commissioning of the new boiler. 
A joint venture of Energy, Mines and Resources Canada and the New Brunswick Electric Power Commission, this project consists 
of a circulating fluidized-bed boiler of Lurgi design that supplies steam to an existing 22-MW turbine generator. High-sulfur coal 
was co-combusted with carbonate oil shales and also with limestone to compare the power generation and economics of the two 
cocombustants in the reduction of sulfur emissions. A full capacity performance-guarantee test was carried out in May 1987, on 
coal, lime and oil shale. Testing with oil shale in 1988 showed shale to be as effective as limestone per unit of calcium contained. 
However, bulk quantities of oil shale were found to have a lower calcium content than had been expected from early samples. No 
further oil shale testing is planned until further evaluations are completed. 

CLEAR CREEK PROJECT— Chevron Shale Oil Company (70 percent) and Conoco. Inc. (30 percent) (5-40) 

Chevron and Conoco successfully completed the operation of their 350 tons per day semi-works plant during 1985. This facility, 
which was constructed on property adjacent to the Chevron Refinery in Salt Lake City, Utah, was designed to test Chevron 
Research Company's Staged Turbulent Bed (Sit) retort process. Information obtained from the semi-works project would allow 
Chevron and Conoco to proceed with developing a commercial shale oil operation in the future when economic conditions so dic-
tate. 

Chevron and Conoco have joined with Lawrence Livermore National Laboratory (LLNL), DOE and other industrial parties to par-
ticipate in a 3 year R&D project involving LLNL's Hot Recycled Solids oil shale process. Information obtained from this project 
may result in refinements to the STB process. 

Chevron is continuing to develop and protect its conditional water rights for use in future shale oil operations at its Clear Creek 
and Parachute Creek oronerties. 

Project Cost: Semi-Works - Estimated at $130 million 

COLONY SIIALE OIL PROJECT - Exxon Company USA (S-SO) 

The proposed 47,000 barrels per day project is on Colony Dow West property near Parachute, Colorado. Underground room-and-
pillar mining and Tosco II retorting was originally planned. Production would be 66,000 tons per day of 35 gallons per ton shale 
from a 60-foot horizon in the Mahogany zone. Development was suspended in October 1974. 

A draft EIS covering the plant and a 196-mile pipeline to Lisbon, Utah, was released in December 1975 and the final EIS was later 
issued. EPA issued a conditional prevention of significant deterioration permit in November 1979. Land exchange was consum-
mated on February 1, 1980. On August 1, 1980, Exxon acquired ARCO's 60 percent interest in the project for approximately $400 
million. The preferred pipeline destination was changed to Casper, Wyoming, and the final EIS supplement was completed. Work 
on Battlement Mesa community commenced summer 1980. The Colorado Mined Land Reclamation permit was approved in Oc-
tober 1980. 

C.F. Braun was awarded contract for final design and engineering of Tosco II retorts. Brown & Root was to construct the retorts. 
Stearns-Roger was awarded a contract for design and construction liaison on materials handling and mine support facilities. DOE 
granted Tosco a $1.1 billion loan guarantee in 1981. 

On May 2, 1982, Exxon announced a decision to discontinue funding its 60 percent share of the Colony Shale Oil Project. Tosco 
responded to the decision by exercising its option to require Exxon to purchase Tosco's 40 percent interest. Exxon has completed 
an orderly phase down of the project and has sold the partially completed Battlement Mesa complex. An Exxon organization 
remained in the Parachute area for several years to perform activities including reclamation, some construction, security, safety, 
maintenance, and environmental monitoring. These activities were designed to maintain the capability for further development of 
the Colony resource when economics become attractive. In December 1989, Exxon closed its Grand Junction project office. Ad-
ministration of ongoing site reclamation, maintenance, and environmental monitoring was transferred to the Houston, Texas office. 

Project Cost: Estimated in excess of $5-$6 billion
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COMMERCIAL PROJECTS (Continued) 

CONDOR PROJECT - Central Pacific Minerals -50 percent; Southern Pacific Petroleum - SO percent (S-to) 

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. 

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 consists of the Japan National Oil Corporation and 40 major Japanese com-
panies. 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 indicated that such a plant would have involved a capital cost of US$2,300 million and an an-
nual average operating cost of US$265 million at full production, before tax and royalty. (All figures are based on mid-1983 
dollars.) Such a project was estimated to require 12 years to design and complete construction with first product oil in Year 6, and 
progressive build-up to full production in three further stages at two-year intervals. 

The exploration drilling program determined that the Condor main oil shale seam contains at least 8,100 million barrels of oil in 
situ, measured at a cut-off grade of SO 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 indi-
cated promising results from the 'fines' process owned by Lurgi GmbH of Frankfurt, West Germany. Their proposal envisages 
four retort modules, each processing 50,00) 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 would require further treatment to produce a compatible oil refinery feedstock. Two 41,000 barrels 
per day upgrading plants are incorporated into the project design. 

All aspects of infrastructure supporting such a project were studied, including water and power supplies, work force accommoda-
tion, 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 indicated that there were no foreseeable infrastructure or 
environmental issues which would impede development. 

Market studies suggested that refiners in both Australia and Japan would place a premium on Condor shale oil of about US$4 per 
barrel over Arabian Light crude. Average cash operating cost at full production was estimated at US$20 per barrel of which more 
than US$9 per barrel represents corporation taxes and royalty. 

During July 1984 SPP, CPM, and JAOSCO signed an agreement with Japan Oil Shale Engineering Corporation (JOSECO). 
JOSECO is a separate consortium of thirty-six Japanese companies established with the purpose of studying oil shale and develop-
ing oil shale processing technology. Under the agreement, SPP/CPM mined 39,000 tons of oil shale from the Condor deposit, 
crushed it to produce 20,000 tons and shipped it to Japan in late 1984. 

JOSECO commissioned a 250 tonne per day pilot plant in Kyushu in early 1987. The Condor shale sample was processed satisfac-
torily in the pilot unit. 

In 1988 SPP/CPM began studies to assess the feasibility of establishing a semi-commercial demonstration retorting plant at Condor 
similar to that being designed for the Stuart deposit. Samples of Condor shale were shipped to Canada for testing in the Taciuk 
process. 

Project Cost: $2.3 billion (mid-1983 U.S. dollars) 

ESPERANCE OIL SHALE PROJECT - Esperance Minerals NL and Greenvale Mining NL (S-b) 

In 1991 Esperance Minerals and Greenvale Mining announced they are planning to produce 200,000 tons per year of asphaltine' 
for bitumen from the Alpha torbanite deposit in Queensland, Australia. 'I'he two companies believe they can produce bitumen that 
will sell for more than US$80 per barrel. 

The Alpha field contains about 90 million barrels of reserves, but the shale in this deposit has a high yield of 88 to 132 gallons of oil 
per ton of shale.
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COMMERCIAL PROJECTS (Continued) 

Recent studies have concluded that using new technologies to produce a bitumen-based product mix would he the most economi-
cally beneficial. Byproducts could include diesel fuel and aromatics. 

ESTONIA POW13RFLANTS - Estonian Republic (5-80) 

Two oil shale-fueled powerplants, the Baltic with a capacity of 1,435 megawatts and the Estonian with a capacity of 
1,600 megawatts, are in operation in the Estonia. These were the first of their kind to be put into operation. 

About 95 percent of the oil shale output from the former USSR comes from Estonia and the Leningrad districts of Russia. I lalf of 
the extracted oil shale comes from surface mines, the other half from underground workings. Each of the nine underground mines 
outputs 3,000 to 17,000 tons per day; each of the surface mines outputs 8,000 to 14,000 tons per day. 

Exploitation of kukersite (Baltic oil shale) resources was begun by the Estonian government in 1918. In 1980, annual production of 
oil shale in the USSR reached 37 million tons of which 36 million tons come from the Baltic region. Recovered energy from oil 
shale was equivalent to the energy in 49 million barrels of oil. Most extracted oil shale is used for power production rather than oil 
recovery. In 1989, annual production of oil shale in the Baltic region was as low as 28 million tons. In 1991, annual production of 
oil shale in Estonia was 19 million tons. About 10 million tons were extracted from six underground mines and about 9 million tons 
from three open pit mines. The annual output from the underground mines ranged from 600,000 to 4.3 million tons, while the out-
put from the surface mines ranged from 2.0 to 4.3 million tons. The recovered energy from this oil shale was the energy equivalent 
of 25 million barrels of oil. 

Most extracted oil shale (85 percent) is used for power production rather than oil recovery. More than 60 percent of Estonia's 
thermal energy demand is met by the use of oil shale. Fuel gas production was terminated in 1987. 

Pulverized oil shale ash is being used in the cement industry and for acid soil melioration 

FUSFIUN COMMERCIAL SFIALE OIL PLANT - Fushun Petrochemical Corporation, SINOPEC, Fushun, China (S-90) 

The oil shale retorting industry in Fushun, China began in 1928 and has been operating for 60 years. Annual production of shale 
oil topped 780,000 tons in 1959. In that period, shale oil accounted for 30-50 percent of total oil production in China. 

At Fushun, oil shale overlies a coal bed which is being mined. Because the oil shale must be stripped in order to reach the coal, it 
is economical to retort the shale even though it is of low grade. Fischer Assay yield is about 55 percent oil, on avenge. 

Currently, only 40 retorts are operating, each retort processing 200 tons of oil shale per day. Other retorts have been shut down 
because of site problems not related to the operation of the retorts. Shale oil production is on the order of 100,000 tons per year. 

Direct combustion of oil shale fines in an ebullated bed boiler has been tested at Fushun Refinery No. 2. 

Shale oil is currently being used only as a boiler fuel, but a new scheme for upgrading Fushun shale oil has been studied. In the 
proposed scheme, shale oil is first treated by exhaustive delayed coking to make light fractions which are then treated successively 
with dilute alkali and sulfuric acid to recover the acidic and basic non-hydrocarbon components as fine chemicals. The remaining 
hydrocarbons, containing about 0.4 percent N can then be readily hydrotreated to obtain naphtha, jet fuel and light diesel fuel. 
This scheme is said to be profitable and can be conveniently coupled into an existing petroleum refinery. 

ISRAELI RETORTING DEVELOPMENT - (See PAMA Oil Shale-Fired Powerplant Project) 

JORDAN OIL SlIALE PROJECT - Natural Resources Authority of Jordan (S-hO) 

Jordan's oil shale deposits are the country's major hydrocarbon resource. Near-surface deposits of Cretaceous oil shale in the 
Iribid, Karak, and Ma'an districts contain an estimated 44 million barrels of oil equivalent. 

In 1986, a cooperative project with Romania was initiated to investigate the development of a direct-combustion oil-shale-fired 
powerplant. Jordan has also investigated jointly with China the applicability of a Fushun-type plant to process 200 tons per day of 
oil shale. A test shipment of 1,200 tons of Jordanian shale was sent to China for retort testing. Large-scale combustion tests have 
been carried out at Kloeckner in West Germany and in New Brunswick, Canada. 

A consortium of Lurgi and Kloeckner completed in 1988 a study concerning a 50,000 barrel per day shale oil plant operating on El 
Lajjun oil shale. Pilot plant retorting tests were performed in Lurgi's LR pilot plant in Frankfurt, Germany. 
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COMMERCIAL PROJECTS (Continued) 

The final results showed a required sales revenue of $19.10 per barrel in order to generate an internal rate of return on total invest-
ment of 10 percent. The mean value of the petroleum products cx El Iajjun complex was calculated to be $21.40 per barrel. At 
that time a world oil price of $15.60 per barrel was needed to meet an internal rate of return on total investment of 10 percent. 

In 1988, the Natural Resources Authority announced that it was postponing for 5 years the consideration of any commercial oil 
shale project. 

IUVITER PROCESS - Estonian Republic (5-120) 

The majority of oil shale (kukersite) found in Estonia is used for power generation. However, 2.0 to 2.2 million tons are retorted to 
produce shale oil and gas. The Kiviter process continuous operating vertical retorts with crosscurrent flow of heat carrier gas and 
traditionally referred to as generators, is predominantly used in commercial operation. The retorts have been automated, and have 
throughput rates of 200 to 220 tons of shale per day. Retorting is performed in a single retorting (semi-coking) chamber. In the 
generators, low temperature carbonization of kukersite yields 75 to 80 percent of Fischer assay oil. The yield of low calorific gas 
(3,350 to 4,200 K.J/cubic meters) is 450 to 500 cubic meters per ton of shale. 

To meet the needs of re-equipping of the oil shale processing industry, a new generator was developed. The first 1,000 ton-per-day 
MD) generator of this type was constructed at Kohtla-Jarve, Estonia and placed in operation in 1981. The new retort employs 
the concept of crosscurrent flow of heat carrier gas through the fuel bed, with additional heat added to the semi-coking chamber. 
A portion of the heat carrier is prepared by burning recycle gas. Raw shale is fed through a charging device into two semi-coking 
chambers arranged in the upper part of the retort. The use of two parallel chambers provides a larger retorting zone without in-
creasing the thickness of the bed. Additional heating or gasification occurs in the mid-part of the retort by introducing hot gases or 
an oxidizing agent through side combustion chambers equipped with gas burners and recycle gas inlets to control the temperature. 
Near the bottom of the retort is a cooling zone where the spent shale is cooled by recycle gas and removed from the retort. The 
outside diameter of the retort is 9.6 meters, and its height is 21 meters. The operation of the 1,000 ton per day generator revealed 
a problem of carry-over of finely divided solid particles with oil vapors (about 8 to 10 kilograms per ton of shale). 

The experience of the 1,000 TPD unit was taken into consideration to design two new units. In January, 1987, two new 1,000 TPD 
retorts were put in operation also at Kohtla-Jarve. Alongside these units, a new battery of four 1,500 TPI) retorts, with a new cir-
cular chamber design, is under construction. Oil yield of 85 percent of Fischer Assay is expected. The construction of an installa-
tion comprising four 1,500 ton per day prototype generators with a circular semicoking chamber started at Kohtla-Jarve in 1988. At 
present, however, the construction has been suspended due to investment problems. 

Oil from kukersite has a high content of oxygen compounds, mostly resorcinol series phenols. Over 50 shale oil products 
(predominantly non-fuel) are currently produced. These products are more economically attractive than traditional fuel oil. The 
low calorific gas produced as byproduct in the gas generators has a hydrogen sulfide content of 8 to 10 grams per cubic meter. 
After desulfurization, it is utilized as a local fuel for the production of thermal and electric power. 

Pulverized oil shale ash is also finding extensive use in the fertilizer and cement industries 

Project Cost: Not disclosed 

MAOMINO COMMERCIAL SHALE OIL PLANT - Maoming Petroleum Industrial Corporation, SINOPEC, Maoming, China (5-130) 

Construction of the Maoming processing center began in 1955. Oil shale is mined by open pit means with power-driven shovels, 
and electric locomotives and dump-cars. Current mining rates are 33 million tons of oil shale per year. Approximately one-half is 
suitable for retort feed. The Fischer Assay of the oil shale averages 6.5 percent oil yield. 

Two types of retort are used: a cylindrical retort with a gasification section, and a rectangular gas combustion retort. Oil shale 
throughput is 150 and 185 tons per day per retort, respectively. The present facility consists of two batteries containing a total of 48 
rectangular gas combustion retorts and two batteries with a total of 64 cylindrical retorts. 

Production at Manning has been approximately 100,000 tons of shale oil per year. Although the crude shale oil was formerly 
refined, it is now sold directly as fuel oil. The shale ash is also used in making cement and building blocks. 

A 50 megawatt powerplant burning oil shale fines in three fluidized bed boilers has been planned and detailed compositional 
studies of the Maoming shale oil have been completed. These studies can be used to improve the utilization of shale oil in the 
chemical industry. 

MOBIL PARACHUTE SHALE OIL PROJECT - Mobil Oil Corporation (S-140) 

Mobil has indefinitely deferred development plans for its shale property located on 10,000 acres five miles north of Parachute. The 
United States Bureau of Land Management completed the Environmental Impact Statement for the project in 1986. 
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MOROCCO OIL SHALE PROJECT— ONAREP, Royal Dutch/Shell (5-150) 

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 T3 for the Moroccan oil shale retorting process was derived. 

In February 1982, the Moroccan Government concluded a $45 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 faced con-
straints of low oil prices and the relatively low grade of oil shale. 

Construction of a pilot plant at Timandit was completed with funding from the World Bank in 1984. During the first quarter of 
1985, the plant went through a successful shakedown test, followed by a preliminary single retorting test. The preliminary test 
produced over 25 barrels of shale oil and proved the fundamental process feasibility of the '13 process. More than a dozen single 
retort tests were conducted to prove the process feasibility as well as to optimize the process conditions. The pilot plant utilizes 
the T3 process developed jointly by Science Applications, Inc., and the Office National de Recherche Ct d'Exploitation Pelrolieres 
(ONAREP) of Morocco. The T3 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 gallons per ton shales. The design of a demonstration plant, which will have an ini-
tial output of 280 barrels per day, rising to 7,800 barrels per day when full scale commercial production begins, has been deferred. 
A commercial scale mine development study at Timandit was conducted by Morrison-Knudsen. 

The '1'3 process will be used in conjunction with other continuous processes in Morocco. In 1981/1982, Science Applications, Inc., 
conducted for ONAREP 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 includ-
ing a laboratory scale retort, computer process model and computer process control, has been established in Rahat with assistance 
from Science Applications, Inc. 

The project, inactive for some time, began being reconsidered in 1990 by the equal partners. The viability of a 50,000 barrel per 
day plant that would process 60 million tonnes of shale is under examination. ONAREF expects the cost of development to be 
around $24-25 a barrel. 

Project Cost: $25 billion (estimated) 

OCCIDENTAL MIS PROJECT - Occidental Oil Shale, Inc. (S-20) 

Federal Oil Shale Lease Tract C-b, located in Rio Blanco County in the Piceance Creek Basin of northwestern Colorado, is 
managed by Occidental Oil Shale, Inc. 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. However, Congress abolished the 
SFC on December 19, 1985 before any assistance could be awarded to the project. 

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. 

Water management in 1984 was achieved via direct discharge from on-tract holding ponds under the NPDES permit. Environmen-
tal monitoring has continued since completion of the two-year baseline period (1974-1976). 

On April 1, 1987, the Bureau of Land Management, United States Department of the Interior, granted Cathedral Bluffs Shale Oil 
Company a suspension of operation and production for a minimum of five years. Meanwhile, pumping of the mine inflow water 
continued in order to keep the shaft from being flooded. 

Although Congress appropriated $8 million in fiscal year 1991, Occidental declined to proceed with the $225 million 'proof-of-
concept" modified in situ (MIS) demonstration project to be located on the C-b tract. In January 1991 Occidental announced its in-
tention to shelve the demonstration project in an effort to reduce company debt. The announcement came only a month alter the 
death of Oxy chairman, Armand Hammmer, a long-time supporter of oil shale. 

The project was to be a 1,200 barrel per day demonstration of the modified in situ (MIS) retorting process. Estimates indicate that 
there are more than 45 billion barrels of recoverable oil at the site. Also included in the project were plans for a 33 megawatt oil 
shale fired powerplant to be built at the C-b tract. Such a powerplant would be the largest of its kind in the world. 
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At the end of the demonstration period, Occidental had hoped to bring the plant up to full scale commercial production of 2,500 
barrels of oil per day. 

Project Cost: $225 million for demonstration 

PAMA OIL SHALE-FIRED POWERPLANT PROJECT- PAMA (Energy Resources Development) Inc. (S-270) 

PAMA, an organization founded by several major Israeli corporations with the support of the government, has completed extensive 
studies, lasting several years, which show that the production of power by direct combustion of oil shale is technically feasible. Fur-
thermore, the production of power still appears economically viable, despite the uncertainties regarding the economics of produc-
tion of oil from shale. 

PAMA has, therefore begun a direct shale-fired demonstration program. A demo plant has been built that is in fact a commercial 
plant, co-producing electricity to the grid and low pressure steam for process application at a factory adjacent to the Rotem oil 
shale deposit. The oil-shale-fired boiler, supplied by Ahlstrom, Finland, is based on a circulating fluid bed technology. 

The 41 megawatt plant is a cogeneration unit that delivers SO tons per hour of steam at high pressure. Low-pressure steam is sold 
to process application in a chemical plant, and electricity produced in a back-pressure turbine is sold to the grid. Commissioning 
was begun in August 1989 and oil shale tiring began in October. Process steam sales began in November 1989 and electricity 
production started in February, 1990. 

The unit is viewed as a demonstration project where tests will be performed over a three year period. During this time, the op-
timum operating parameters will be determined for scale-up to larger units. 

PAMA and Israel Electric (the sole utility of Israel) have also embarked on a project to build a full scale oil shale-tired commercial 
powerplant, which will consist of eight 120-megawatt units. The first unit is scheduled to go into operation in 1996. 

Project Cost: $30 million for combustion demonstration plant 

PARACHUTE CREEK SHALE OIL PROJECT - UNOCAL Corporation (5-160) 

In 1920 Unocal began acquiring oil shale properties in the Parachute Creek area of Garfield County, Colorado. The 49,000 acres of 
oil shale lands Unocal owns contain over three billion barrels of recoverable oil in the high-yield Mahogany Zone alone. Since the 
early 1940s, Unocal research scientists and engineers have conducted a wide variety of laboratory and field studies for developing 
feasible methods of producing usable oils from shale. In the 1940s, Unocal operated a small 50 ton per day pilot retort at its Los 
Angeles, California refinery. From 1955 to 1958, Unocal built and operated an upflow retort at the Parachute site, processing up to 
1,200 tons of ore per day and producing up to 800 barrels of shale oil per day. 

Unocal began the permitting process for its Phase 110,000 barrel per day project in March 1978. All federal, state, and local per-
mits were received by early 1981. Necessary road work began in the Fall 1980. Construction of a 12,500 ton per day mine began in 
January 1981, and construction of the retort started in late 1981. Concurrently, work proceeded on a 10,000 barrels per day upgrad-
ing facility, which would convert the raw shale oil to a high quality syncrude. 

Construction concluded and the operations group assumed control of the project in the Fall 1983. After several years of test opera-
tions and resulting modifications, Unocal began shipping upgraded syncrude on December 23, 1986. 

In July 1981, the company was awarded a contract under a United States Department of Energy (DOE) program designed to en-
courage commercial shale oil production in the United States. The price was to be the market price or a contract floor price. If 
the market price is below the DOE contract floor price, indexed for inflation, Unocal would receive a payment from DOE to equal 
the difference. The total amount of DOE price supports Unocal could receive was $400 million. Unocal began billing the U. S. 
Treasury Department in January, 1987 under its Phase I support contract. 

In a 1985 amendment to the DOE Phase I contract, Unocal agreed to explore using fluidized bed combustion (FBC) technology at 
its shale plant. In June 1987, Unocal informed the U.S. Treasury Department that it would not proceed with the FBC technology. 
A key reason for the decision, the company said, was the unexpectedly high cost of the FBC facility. 

In 1989, a new crusher system was installed which produces a smaller and more uniform particle size to the retort. Also, retort 
operations were modified and the retorting temperature increased. As a result, production in November and December reached 
approximately 7,000 barrels per day. 

At year-end 1990, Unocal had shipped over 4.5 million barrels of syncrude from its Parachute Creek Project. Unocal announced 
the shale project booked its first profitable quarter for the first calendar quarter of 1990. Positive cash flow had been achieved 
previously for select monthly periods; however, this quarter's profit was the first sustained period of profitability. Cost cutting ef-
forts further lowered the breakeven point on operating costs approximately 20 percent. 
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In 1990, the United States Department of Treasury found no significant environmental, health or safely impacts related to the 
operations of Parachute Creek. Monitoring will continue through 1992. 

On March 26, 1991, Unocal announced that production operations at the facility would be suspended because of failure to consis-
tently reach the financial break-even point. Production ended June 1, 1991 and the project was laid up for an indefinite period. 

Unocal has offered to sell the Parachute facility to the U.S. Department of Energy (DOE) as a research test facility but has 
received no commitment from DOE to date. 

Colorado Clean Fuels Company has obtained approval from Garfield County Commissioners to refit Unocal's oil shale plant for 
fuel processing. The plant will process natural gas into four products: methanol, smokeless diesel, naphtha and wax. The county 
commissioners approved the request after a public hearing on the matter. 

The anticipated project development calls for July 1992 construction, employing 40 to 110 workers, followed by operation startup 
employing 24 people. If the company obtains state and federal permits as well, the plant will be operational in August 1993. 

The company plans to produce 4,200 barrels of methanol per day from natural gas. In addition, 138 barrels per day of diesel fuel, 
51 barrels per day of naphtha, and 1,111 barrels per day of wax will be produced. 

Project Cost: Phase I - Approximately $1.2 billion 

PETROSIX - Petrobras (Petroleo Brasileiro, S.A.) (5-170) 

A 6 foot inside diameter retort, called the demonstration plant, has been in continuous operation since 1984. The plant is used for 
optimization of the Petrosix technology. Oil shales from other mines can be processed in this plant to obtain data for the basic 
design of new commercial plants. 

A Petrosix pilot plant, having an 8 inch inside diameter retort, has been in operation since 1982. The plant is used for oil shale 
characterization and retorting tests and developing data for economic evaluation of new commercial plants. 

An entrained bed pilot plant has been in operation since 1980. It is used to develop a process for the oil shale fines. The plant uses 
a 6 inch inside diameter pipe (reactor) externally heated. Studies at the pilot scale have been concluded. 

A spouted bed pilot plant having a 12-inch diameter reactor, has been in operation since January, 1988. It processes oil shale fines
coarser than that used in the entrained bed reactor. Studies at the pilot scale have been concluded. 

A multistaged fluidized bed pilot plant having an 8x8 inch square section was operated at Ccntec. Studies at this scale have been 
concluded. 

A circulating fluidized bed pilot scale boiler was started up in July, 1988. The combustor will be tested on both spent shale and oil 
shale fines to produce process steam for the Petrosix commercial plants. 

A nominal 2,200 tons per day Petrosix semi-works retort, IS loot inside diameter, is located near Sao Mateus do Sul, Parana, Brazil. 
The plant has been operated successfully near design capacity in a series of tests since 1972. A United States patent has been ob-
tained on the process. This plant, operating on a small commercial basis since 1981, produced 850 barrels per day of crude oil, 40 
tons per day of fuel gas, and 18 tons per day of sulfur in 1990. The operating factor since 1981 until present has been 93 percent. 

As of December 31, 1991, the plant records were as follows: - 

Operations time, hrs	 126,400 
Oil Produced, Bbl	 3,360,000 
Processed Oil Shale, tons 	 7,070,000 
Sulfur Produced, tons 	 568,130 
High BTU Gas, tons	 121,600 

A 36-foot inside diameter retort, called the industrial module, has been constructed at Sao Mateus do Sul. Startup began in 
January, 1992. Total investment was US$93 million with an annual operating cost estimated to be US$39 million. With the sale of 
gas to Industria Ceramica do Parana (INCEPA) and anticipated revenue from products, the rate of return on the overall project is 
estimated to be about 13 percent. 

In 1992, the Sao Mateus do Sul project is producing at 70 percent of the full-scale capacity. Total daily production is expected to 
reach 4,000 barrels of shale oil (at a cost of $2250 per barrel), 140 metric tons of fuel gas, 50 tons of liquefied petroleum gas and 
100 tons of sulfur.
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With the 36-foot (11-meter) diameter commercial plant, the daily production of the two plants will be: 

Shale Oil	 3,870 Bbl 
Processed Shale	 7,800 tonnes 
LPG	 50 tonnes 
High BTU Gas	 132 tonnes 
Sulfur	 98tonnes 

Some 150 hectares of the mined area has been rehabilitated since 1977. Rehabilitation comprises reforestation, revegetation with 
local plants and reintegration of wild local animals, bringing back the local conditions for farming and recreational purposes. 

Current shale oil production is sent by truck to a refinery 150 kilometers from the plant and is stabilized through the FCC unit in a 
mixture with heavy gas oil. 

Sulfur production is sold directly to clients from local paper mill industries. 

Project Installed Costs: $93 (US) Million 

RAMEX OIL SHALE GASIFICATION PROCESS—Greenway Corporation and Ramex Synfuels International, Inc. (S-ISO) 

On May 6, 1985 Ramex began construction of a pilot plant near Rock Springs, Wyoming. The pilot plant consisted of two specially 
designed burners to burn continuously in an underground oil shale bed at a depth of 70 feet. These burners produce an industry 
quality gas (greater than 800 BTUs per standard cubic foot). 

In November 1986, Ramex announced that Greenway Corporation had become the controlling shareholder in the company. 

On November 24, 1987, Ramer announced the completion of the Rock Springs pilot project. The formation was heated to ap-
proximately 1200 degrees F creating a high-BTU gas with little or no liquid condensate. The wells sustained 75 Mel a day, for a 
period of 3 months, then were shut down to evaluate the heaters and the metals used in the manufacturing of the heaters. The test 
results indicated a  year life in a 10 foot section of the shale with a product gas of 800 BTU, or higher, per standard cubic foot. 

Ramex also announced in November 1987 the start of a commercial production program in the devonian shale in the eastern states 
of Kentucky and Tennessee. In April 1988, however, Ramex moved the project to Indiana. A total of 7 wells were drilled. Gas 
tests resulted in ratings of 1,034 and 968 BTU. Two production volume tests showed 14,000 and 24,000 cubic feet per day. 

In late July, 1988 a letter agreement was signed between Tri-Gas Technology, Inc., the licensee of the Rams process in Indiana, 
and J. M. Slaughter Oil Company of Ft. Worth, Texas to provide funding for drilling a minimum of 20 gas wells, using the Ramex 
oil shale gasification process, on the leases near Flenryville, Indiana. Arrangements were made with Midwest Natural Gas to hook 
up the Raines gas production to the Midwest Pipeline near Henryville. 

As of May, 1989 Barnes had been unsuccessful in sustaining long-term bums. They therefore redesigned the burner and built a 
much larger model (600,000 BTU per hour vs 40,000 BTU per hour) for installation at the llentyville site. In November, 1989 
Ramex completed its field test of the Devonian Shales in Indiana. The test showed a gas analysis of 47 percent hydrogen, 
30 percent methane and little or no sulfur. Ramex contracted with a major research firm to complete the design and material 
selection of its commercial burners which they say are 40 to 50 percent more fuel efficient than most similar industrial units and 
also to develop flow measurement equipment for the project. Ramex received a patent on its process on May 29, 1990. 

In 1990, Barnes also began investigating potential applications in Israel. 

Ramex contracted with the Institute of Gas Technology in 1990 for controlled testing of its in situ process because the company's 
field tests of the process in wells in Indiana have been thwarted by ground water incursion problems. Questions that still need to 
be answered before the Ramer process can be commercialized are: 

-	 How fast does the heat front move through the shale? 

-	 How far will the reaction go from the heat source and how much heat is necessary on an incremental basis to keep 
the reaction zone moving outward from the source of heat? 

- What is the exact chemical composition of the gas that is produced from the process over a period of time and does 
the composition change with varying amounts of heat and if so, what is the ideal amount of heat to produce the most 
desirable chemical composition of gas? 

Once these questions are answered, the company will be able to calculate the actual cost per unit of gas production. 

Project Cost: Approximately $1 million for the pilot tests.
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RIO BIANCO OIL SHALE PROJECI' - Rio Blanco Oil Shale Company (wholly owned by Amoco Corporation) (5-190) 

The proposed project is on federal Tract C-a in Piceance Creek Basin, Colorado. A bonus bid of $210.3 million was submitted to 
acquire rights to the tract which was teased in March 1974. A four-year modified in situ (MIS) demonstration program was com-
pleted at the end of 1981. The program burned two successful retorts. 'The first retort was 30 feet by 30 feet by 166 feet high and 
produced 1,907 barrels of shale oil. It burned between October and late December 1980. The second retort was 60 feet by 60 feet 
by 400 feet high and produced 24,790 barrels while burning from June through most of December 1981. Open pit mining-surface 
retorting development is still preferred, however, because of much greater resource recovery of S versus 2 billion barrels over the 
life of the project. Rio Blanco, however, could not develop the tract efficiently in this manner without additional federal land for 
disposal purposes and siting of processing facilities, so in August 1982, the company temporarily suspended operations on its 
federal tract after receiving a  year lease suspension from the United States Department of Interior. In August 1987, the suspen-
sion was renewed. 

Federal legislation was enacted to allow procurement of off-tract land that is necessary if the lease is to be developed by surface 
mining. An application for this land was submitted to the Department of Interior in 1983. Based on the decision of the director of 
the Colorado Bureau of Land Management, an environmental impact statement for the proposed lease for 84 Mesa has been 
prepared by the Bureau of Land Management. however, a Record of Decision was never issued due to a suit filed by the National 
Wildlife Federation. 

Rio Blanco submitted a MIS retort abandonment plan to the Department of Interior in Fall 1983. Partial approval for the aban-
donment plan was received in Spring 1984. The mine and retort were flooded but were pumped out in May 1985 and June 1986 in 
accordance with plans approved by the Department of the Interior. 

Rio Blanco operated a $29 million, Ito 5 TPD Lurgi pilot plant at Gulf's Research Center in Harmarville, Pennsylvania until late 
1984 when it was shut down. This $29 million represents the capital and estimated operating cost for up to $ years of operation. 
On January 31, 1986 Amoco acquired Chevron's 50 percent interest in the Rio Blanco Oil Shale Company, thus giving Amoco a 
100 percent interest in the project. 

Project Cost: Four-year process development program cost $132 million 
No cost estimate available for commercial facility. 

RUNDLE PROJECT - Central Pacific Minerals/Southern Pacific Petroleum (50 percent) and Esso Exploration and Production 
Australia (50 percent) (S-200) 

The Rundle Oil Shale deposit is located near Gladstone in Queensland, Australia. In April 1981, construction of a multi-module 
commercial scale facility was shelved due to economic and technical uncertainties. 

Under a new agreement between the venturers, which became effective in February 1982, Esso agreed to spend A$30 million on an 
initial 3 year work program that would resolve technical difficulties to allow a more precise evaluation of the economics of develop-
ment. During the work program the Dravo, Lurgi, Tosco, and Exxon retorting processes were studied and tested. Geological and 
environmental baseline studies were carried out to characterize resource and environmental parameters. Mine planning and 
materials handling methods were studied for selected plant capacities. Results of the study were announced in September 1984. 
The first stage of the project which would produce 5.2 million barrels per year from 25,000 tons per day of shale feed was estimated 
to cost $645 million (US). The total project (27 million barrels per year from 125,000 tons per day of shale feed) was estimated to 
cost $2.65 billion (US). 

In October 1984 SPP/CPM and Esso announced discussions about amendments to the Rundle Joint Venture Agreement signed in 
1982. Those discussions were completed by March 1985. Revisions to the Joint Venture Agreement provide for 

Payment by Esso to SPP/CPM of A$30 million in 1985 and A$123 in 1987. 
Each partner to have a 50 percent interest in the project. 

Continuation of a Work Program to progress development of the resource. 

Esso funding all work program expenditures for a maximum of 10 years, and possible funding of SPP/CPM's share of subse-
quent development expenditures. If Esso provides disproportionate funding, it would be entitled to additional offtake to 
cover that funding. 

The project is continuing at a low level with work in 1992 focusing on environmental land and resource management and further 
shale upgrading and processing studies. 

Project Cost: US$2.65 billion total estimated
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SIIC - 3000 RETORTING PROCESS - Estonian Republic (5-230) 

The SITIC-3000 process, otherwise known as the Galoter retort, is a rotary kiln type retort which can accept oil shale fines 

Processing of the kukersite shale in SHC-3000 retorts makes it possible to build units of large scale, to process shale particle sizes 
of 25 millimeters and less including shale dust, to produce liquid fuels for large thermal electric power stations, to improve operat-
ing conditions at the shale-bunting electric power stations, to increase (thermal) efficiency up to 86-87 percent, to improve sulfur 
removal from shale fuel, to produce sulfur and other sulfur containing products (such as thiophene) by utilizing hydrogen sulfide of 
the semicoke gas, and to extract valuable phenols from the shale oil water. Overall the air pollution (compared to direct oil shale 
combustion) decreases. 

The two SHC-3000 units built in 1980 at the Estonian Powerplant, Nam, Estonia, with a capacity of 3,000 tons of shale per day are 
among the largest in the world and unique in their technological principles. However, these units have been slow in reaching full 
design productivity. 

A redesign and reconstruction of particular parts of the units was done in 1984 to improve the process of production and to in-
crease the period of continuous operation. 

As a result of these changes, the functioning of the SIIC-3000 improved dramatically in 1984 in comparison with the period of 
1980-1983. For instance, the total amount of shale processed in the period 1980-1983 was almost the same as for only 1984, i.e. 
79,100 tons versus 80,100 in 1984. The total shalt oil production for the period 1980-1983 was 10,500 tons and approximately the 
same amount was produced only in 1984. The avenge output of shale oil per run increased from 27 tons in 1980 to 970 tons in 
1984. The output of electric energy for Estonia-Energo continued constant in 1983 and 1984, by burning part of the shale oil in the 
boilers of Estonia GRES. 

By the end of 1984, 159,200 tons of shale was processed and 20,000 tons of shale oil was produced at SIIC-3000. 

In 1985, the third test of the reconstructed boiler TP-101 was carried out by using the shale oil produced at the SFIC-3000. The im-
provement of the working characteristics of SIIC-3000 has continued. 

LO VUNWII (the name of the Research Institute) has designed for Estonia an electric power station that would use shale oil and 
produce 2,600 megawatts. A comparison of its technical-economical characteristics with the corresponding ones of the 2,500 
megawatts power station with direct bunting of raw shales was made. It was found that the station on shale oil would be more 
economical than the station with direct burning of shale. 

In 1990, 374,000 tons of shale was used for processing and 43,600 tons of shale oil was produced. In 1991, 205,500 tons of shale 
were used to produce 24,000 tons of oil. At present, shale with an organic content of 28 percent is used for processing, the oil yield 
being about 12 percent per shale. The oil obtained contains 14 to 15 percent of gasoline fraction. Export of the oil produced is 
growing steadily—from 8,900 tons in 1990 to 24,300 tons in 1991. 

By the end of 1991, 1,833,700 tons of shale was processed at Sl-IC-3000 and 220,000 tons of oil had been produced 

STUART OIL SHALE PROJECT - Southern Pacific Petroleum NI. and Central Pacific Minerals NI- (5-210) 

In 1985 Southern Pacific Petroleum NL and Central Pacific Minerals NL (SPP/CPM) studied the potential for developing a 
demonstration retort based upon mining the Kerosene Creek Member of the Stuart oil shale deposit in Queensland, Australia. 

This study utilized data from a number of previous studies and evaluated different retorting processes. It showed potential 
economic advantages for utilizing the Taciuk Process developed by Umatac and AOSTRA (Alberta Oil Sands Technology and 
Research Authority) of Alberta, Canada. Batch studies were carried out in 1985, followed by engineering design work and es-
timates later the same year. As a consequence of these promising studies a second phase of batch testing at a larger scale was 
carried out in 1986. A series of 68 pyrolysis tests were carried out using a small batch unit. A number of these tests achieved oil 
yields of 105 percent of Modified Fischer Assay. 

As a result of the Phase 2 batch tests, SPP updated their cost estimates and reassessed the feasibility of the 'I'aciuk Processor for 
demonstration plant use. The economics continued to favor this process so the decision was made to proceed with tests in the 100 
tonne per day pilot plant in 1987. A sample of 2,000 tonnes of dried Stuart oil shale was prepared in late 1986 and early 1987. The 
pilot plant program was carried out between June and October 1987. 

During the last quarter of 1987, SPP carried out a short drilling program of 10 holes at the Stuart deposit in order to increase infor-
mation on the high grade Kerosene Creek member. This is a very high grade seam (134 liters per tonne) with 150 million barrels of 
reserves.
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SPP/CPM engaged two engineering firms to make independent, detailed studies of the shale oil project. The purpose of the 
studies is to provide potential financial backers with verifiable information on which to base technical judgment of the project. 
These studies were completed in early 1991. Both groups confirmed SPP/CPM's own numbers and endorsed the AOS'I'RA 'I'aciuk 
Processor as the most effective retort for Queensland oil shale. 

The overall SPP development plan includes three stages, commencing with a low capital cost, semi-commercial plant at 6,000 tonnes 
per day of high grade shale feed producing 4,250 barrels per day of oil. SPP/CPM have received proposals from two engineering 
firms for the construction of the 6,000 tonne per day plant. Once the retorting technology is proven the second stage plant at 
25,000 tons per day of shale producing 14,000 barrels per day of syncrude from an intermediate grade will be constructed. Stage 
three is a replication step with five 25,000 ton per day units producing 60,000 barrels per day of syncrude from average grade shale, 
or approximately 15 percent of the projected Australian oil import requirement in the year 2000. 

According to SPP, the estimated cost is US$110 million for the first stage demonstration plant to be located near Gladstone, includ-
ing services connection and product storage. At 1990 prices for low sulfur fuel oil in Australia, it is said that operation of the 
demonstration plant will at least break even and possibly earn as much as 15 percent DCFROI. Stage I of the project will benefit 
from a recently announced tax exemption which will apply to about 40 percent of the plant's output. Refined products will be ex-
empt from excise taxes amounting to US$02075 per liter for a total savings to the project of US$190 million over a 10-year period. 
The exemption was guaranteed until the year 2005. 

However, the federal opposition party in Australia has announced that it will eliminate all excise on gasoline if elected to govern. 
SPP/CPM have held discussions with the opposition party to ensure preservation of the promised arrangements, but have not 
received any such assurance. Therefore, the companies are now assessing appropriate adjustments to the Stage I financing plans in 
case the opposition party does come to power. 

SPP/CPM recently announced that they have received a definitive proposal for construction of Stage I of the project. The com-
panies will now begin discussions with potential investors. After a year of operation it is expected that sufficient data and operating 
experience will have been gathered to scale up the technology to full commercial size (25,000 tonnes per day). 

The first commercial module could be in production by the middle of 1994 

Project Cost: For commercial demonstration module A$110 million 

YAAMBA PROJECT - Yaamba Joint Venture Ifleloba Pty. Ltd. (10 percent), Central Pacific Minerals N.L. (3.3 percent), Southern 
Pacific Petroleum N.L. (3.3 percent), Shell Company of Australia Limited (41.66 percent), and Peabody Australia Pty. Ltd. 
(41.66 percent)) (5-240) 

The Yaamba Oil Shale Deposit occurs in the Yaamba Basin which occupies an area of about 57 square kilometers adjacent to the 
small township of Yaamba located 30 kilometers (19 miles) north-northwest of the city of Rockhampton, Australia. 

Oil shale was discovered in the Yaamba Basin in 1978 during the early stages of a regional search for oil shale in buried Tertiary 
basins northwest of Rockhampton. Exploration since that time has outlined a shale oil resource estimated at more than 4.8 billion 
barrels in situ extending over an area of 32 square kilometers withiri the basin. 

The oil shales which have a combined aggregate thickness of over 300 meters in places occur in 12 main seams extending through 
the lower half of a Tertiary sequence which is up to 800 meters thick toward the center of the basin. The oil shales subcrop along 
the southern and southwestern margins of the basin and dip gently basinward. Several seams of lignite occur in the upper part of 
the Tertiary sequence above the main oil shale sequences. The Tertiary sediments are covered by approximately 40 meters of un-
consolidated sands, gravels, and clays. 

During 1988, activities in the field included the extraction of samples for small scale testing and the drilling of four holes for further 
resource delineation. 

In December, 1988 Shell Australia purchased a part interest in the project. Peabody Australia manages the Joint Venture which 
holds two 'Authorities to Prospect" for oil shale in an area of approximately 1,080 square kilometers in the Yaamba and Broad 
Sound regions northwest of Rockhampton. In addition to the Yaamba Deposit, the "Authorities to Prospect" cover a second 
prospective oil shale deposit in the Ilethert Creek Basin approximately 70 kilometers northwest of Yaamba. Drilling in the Her-
bert Creek Basin is in the exploratory stage. 

A Phase I feasibility study, which focused on mining, waste disposal, water management, infrastructure planning, and preliminary 
ore characterization of the Yaamba oil shale resource, has been completed. Environmental baseline investigations were carried out 
concurrently with this study. Further investigations aimed at determining methods for maximum utilization of the total energy 
resource of the Yaamba Basin and optimization of all other aspects of the mining operation, and collection of additional data on 
the existing environment were undertaken.
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During 1990, exploration and development studies at the Yaamba and herbert Creek deposits continued. A program of three 
holes (644 meters) was undertaken in the Block Creek area at the southeast of the Herbert Creek deposit. 

Project Cost: Not disclosed

R&D PROJECTS 

LLNL HOT RECYCLED-SOLIDS (HRS) RETORT - Lawrence Livermore National Laboratory, U. S. Department of Energy (S-300) 

Lawrence Livermore National Laboratory (LLNL) has, for over the last 5 years, been studying hot-solid recycle retorting in the 
laboratory and in a I tonne per day pilot facility and have developed the LLNL Hot Recycled-Solids Retort (FIRS) process as a 
generic second generation oil shale retorting system. Much progress has been made in understanding the basic chemistry and 
physics of retorting processes and LLNL believes they are ready to proceed to answer important questions to scale the process to 
commercial sizes. LLNL hopes to conduct field pilot plant tests at 100 and 1,000 tonnes per day at a mine site in western Colorado. 

In this process, raw shale is rapidly heated in a gravity bed pyrolyzer to produce oil vapor and gas. Residual carbon (char), which 
remains on the spent shale after oil extraction, is burned in a fluid bed combustor, providing heat for the entire process. The heat 
is transferred from the combustion process to the retorting process by recycling the hot solid, which is mixed with the raw shale in a 
fluid bed prior to entering the pyrolyzer. The combined raw and burned shale (at a temperature near 500 degrees C) pass through 
a moving, packed-bed retort containing vents for quick removal and condensation of product vapors, minimizing losses caused by 
cracking (chemical breakdown to less valuable species). Leaving the retort, the solid is pneumatically lifted to the top of a 
cascading-bed burner, where the char is burned during impeded-gravity fall, which raises the temperature to nearly 650 degrees C. 
Below the cascading-bed burner is a final fluid bed burner, where a portion of the solid is discharged to a shale cooler for final dis-

In 1990, LLNL upgraded the facility to process 4 tonnes per day of raw shale, working with the full particle size (0.25 inch). Key 
components of the process are being studied at this scale in an integrated facility with no moving parts using air actuated valves and 
a pneumatic transport, suitable for scaleup. In April 1991, the first full system run on the 4 tonne per day pilot plant was com-
pleted. Since that time, the retort has successfully operated on both lean and rich shale (22-38 gallons per ton) from western 
Colorado. LLNL plans to continue to operate the facility and continue conceptual design of the 100 tonne per day pilot-scale test 
facility. LLNL has joined with a consortium of industrial sponsors for its current operations in a 3 year contract to develop the 
HRS process. 

The ultimate goal is a 1,000-tonne-per-day field pilot plant, followed by a commercially-sized demonstration module (12,000 tonnes 
per day) which could be constructed by private industry within a 10 year time frame. Each scale represents a factor of three in-
crease in vessel diameter over the previous scale, which is not unreasonable for solid-handling equipment, according to LLNL. 

Each company in the consortium will contribute $100,000 per year over the next 3 years. LLNL has negotiated successfully with 
Chevron, Conoco and Amoco, and hopes to interest other industrial partners which will form a Project Guidance Committee. 

Project Cost: 	 Phase I - $15 million 
Phase II - $35 million 

NEW PARAI-IO ASPHALT FROM SHALE OIL PROJECT—New Paraho Corporation, Marathon Oil Company (S-310) 

New Paraho Corporation is a wholly owned subsidiary of Energy Resources Technology Land, Inc. New Paraho Corporation plans 
to develop a commercial process for making shale-oil-modified road asphalt. Researchers at Western Research Institute (WRI) 
and elsewhere have discovered that certain types of chemical compounds present in shale oil cause a significant reduction in mois-
ture damage and a potential reduction in binder embrittlement when added to asphalt. This is particularly true for shale oil 
produced by direct-heated retorting processes, such as Paraho's. 

In order to develop this potential market for shale oil modified asphalts, New Paraho has created an initial plan which is to result in 
(1) proven market performance of shale oil modified asphalt under actual climatic and road use conditions and (2) completion of a 
comprehensive commercial feasibility study and business plan as the basis for securing subsequent financing for a Colorado-based 
commercial production facility. 

The cost of carrying out the initial market development phase of the commercial development plan was approximately $23 million, 
all of which was funded by Paraho. The major portion of the work conducted during this initial phase consisted of producing suffi-
cient quantities of shale oil to accommodate the construction and evaluation of several test strips of shale oil-modified asphalt 
pavement. Mining of 3,900 tons of shale for these strips occurred in September 1987. The shale oil was produced in Paraho's pilot 
plant facilities, located near Rifle, Colorado in August, 1988. The retort was operated at mass velocities of 418 to 538 pounds per 
hour per square foot on 23 to 35 gallon per ton shale and achieved an average oil yield of 96.5 percent of Fischer Assay. In 1988, 
New Paraho installed a vacuum still at the pilot plant site to produce shale oil asphalt from crude shale oil. 
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Eight lest strips have been constructed in Colorado, Utah and Wyoming. 'I'he test strips will now be evaluated over a period of 
several yells, during which time Paraho will complete site selection, engineering and cost estimates, and financing plans for a com-
mercial production facility. A new test strip was recently completed on 1-20 east of Pecos, 'l'exas, Construction is under way in 
Michigan for a test section of 1-75 near Flint. Additional test strips will be built on 1-70 east of Denver, Colorado and on US-59, 
northeast of Ilouston, Texas. 

In late 1990, Marathon Oil Company joined New Paraho in their work on the asphalt binder which they are calling SOMAT (Shale 
Oil Modified Asphalt Technology). 

Paraho has proposed a $180 million commercial scale plant capable of producing 3,380 barrels of crude oil per day, of which 
2,700 barrels would be shale oil modifier (SOM) and 680 barrels would be light oil to be marketed to refineries. 

An economic analysis has determined that SOM could be marketed at a price of $100 per barrel if tests show that SOMA -I' can af-
fect at least a 10 percent improvement in pavement life. A feasibility study suggests that Paraho can expect a 30 percent rate of 
return on SOMAT production. 

Paraho states that it has access to two different resource sites upon which the commercial production facility could be located: a 
site on the Mahogany Block in northwest Colorado; and the Paraho-Ute properties, located near Vernal, Utah. Of these options, 
the Mahogany site represents the most economically viable alternative and, accordingly, is the preliminary location of choice. 

Approximately 1,500 acres of the Mahogany Block are still controlled by the Tell Ertl Family 'l'rust and are available to New 
Paraho although the largest part of the original block was sold to Shell Oil Company. New Paraho also maintains control of ap-
proximately 3,400 acres of oil shale leases on state lands in Utah. 

New Paraho has proposed a 7-month, $500,000 commercial evaluation program to assess the economic benefits of coprocessing 
used tires with oil shale. Initial experiments have demonstrated that retort operations can be sustained with used tires as  percent 
of the feedstock. The company plans to recommission its pilot plant at Rifle, Colorado to early out farther retorting experiments. 

Project Cost: $2,500,000. (New Paraho spent $100,000 in 1987, $1,100,000 in 1988 and $778,000 in 1989 on shale oil asphalt 
research.) $180 million estimated for commercial scale plant. 

NORTHLAKE SHALE OIL PROCESSING PILOT—Northlake Industries, Inc. and Uintah Basin Minerals, Inc. (S-315) 

Northlake Industries, Inc. of Naples, Utah and Unitah Basin Minerals, Inc. have signed contracts pledging over $100 million to 
process Uintah Basin, Utah oil shale deposits with their QVR process. 

The Vernal District of the Bureau of Land Management (BLM) has issued a land use permit to Northlake allowing access to the 
mine service building and surface oil shale stockpiles at the White River Oil Shale Project. Northlake has put up $125,000 to ex-
tend the availability of the White River site until June 1992. The surface stockpiles will be used in a pilot plant located off the 
White River site in Naples. The BLM permit is short-term only and does not allow further surface mining. 

QVR is an acronym for 'quality enhancement and viscosity reduction.' A modular upgrading unit for this process incorporates 
added temperature and fluid controls into the pilot plant allowing for scaleup to production models. Northlak-e's QVR unit has 
performed over 1,000 hours of upgrading service on 8 to 14-API gravity heavy crude oil and refinery bottoms. The unit will be 
modified to study oil shale kerogen. 

The QVR process was developed by Northlake over the last 10 years and provides a profitable method of recovering light, sweet 
crude from shale oil, tar sands and coal. The proprietary technique turns heavy oil at 10 to 13°API into oil with a 25 1040 API. 

The first phase of the project will begin with the design, construction, and installation of equipment. It is anticipated that the pilot 
plant stage will be operational by mid-fall of 1991. 

If the development phase is successful, the company hopes to begin work on a 100,000 Ion per day commercial production facility in 
1994. 

YUGOSLAVIA COMBINED UNDERGROUND COAL GASIFICA11ON AND MODIFIED IN SflhJ OIL SHALE REFO WI' - 
United Nations (5-335) 

Exceptional geological occurrence of oil shale and brown coal in the Aleksinac basin has allowed an underground coal gasification 
(UCG) combined with in situ oil shale retorting. Previous mining activities of Aleksinac brown coal and development of oil shale 
utilization (see Yugoslavia Modified In Situ Retort—S-330, Synthetic Fuels Report, December 1990) served as principal support in 
establishing a development project aimed towards application of a new process, i.e. combination of UCO and in situ oil shale 
retorting to be tested for feasibility in a pilot UCG modulus. The project is a joint scientific and technological undertaking per-
formed by Yugoslavian and American staff.

SYNThETiC FUELS REPORT, SEVrEMBER 1992 
2-40



STATUS OF OIL SHALE PROJECTS (Underline denotes changes since June 1992) 

R & D PROJECTS (Continued) 

The objective of the approach is to develop a piogram to exploit the total Aleksinac energy resources to provide regional power 
and heating for Aleksinac and surrounding area using UCG technology and combining it with modified in situ retorting of oil shale 
as the immediate roof of the brown coal scam. 

The development objectives arc also to recover energy from residual coal left after conventional coal mining and to develop UCG 
technology and modified in situ oil shale retorting for Yugoslavian resources in general. 

Project Cost: 	 US$725,000
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COMPLETED AND SUSPENDED PROJECTS 

Project Sponsors Last A ppearance in Spit 

American Synerude Indiana Project American Syncrude Corp. September 1987; page 2-53 
Stone & Webster Engineering - 

Baytown Pilot Plant Exxon Research and Engineering September 1987; page 2-60 

FIX In Situ Oil Shale Equity Oil Company March 1984; page 2-52 
Project 

Cottonwood Wash Project American Mine Service March 1985; page 2-73 
Cives Corporation 
Deseret Generation & 
Transmission Coop. 

Foster Wheeler Corporation 
Davy McKee 
Magic Circle Energy 

Corporation 

Direct Gasification Tests Tosco Corporation September 1978; page 13-4 

Duo-Ex Solvent Extraction Pilot Solv-Ex Corporation September 1989; page 2-55 

Eastern Oil Shale In Situ Project Eastern Shale Research Corporation September 1989; page 2-55 

Edwards Engineering Company Edwards Engineering March 1990; page 2-42 

Exxon Colorado Shale Exxon Company USA March 1985; page 2-73 

Fruita Refinery Landmark Petroleum Inc. March 1991; page 2-23 

Gelsenkirchen-Scholven Veba OcI June 1987; page 2-52 
Cyclone Retort 

Japanese Retorting Processes Japan Oil Shale Engineering Company September 1989; page 2-56 

Julia Creek Project Placer Exploration Limited March 1991; page 2-32 

Laramie Energy Laramie and Rocky Mountain June 1980; page 2-34 
Technology Center Energy Company 

Logan Wash Project Occidental Oil Shale Inc. September 1984; page S-3 

Means Oil Shale Project Central Pacific Minerals June 1987; page 247 
Dravo Corporation 
Southern Pacific Petroleum 

Naheolite Mine #1 Multi-Mineral Corporation September 1982; page 240 

Naval Oil Shale Reserve United States Department June 1987; page 2-53 
of Energy 

Oil Shale Gasification Institute of Gas Technology December 1978; page 13-3 
American Gas Association 

Pacific Project Cleveland-Cliffs June 1987; page 248 
Standard Oil (Ohio) 
Superior 

Paraho Oil Shale Full Size Paraho Development Corporation December 1979; page 2-35 
Module Program 

Paraho-Ute Shale Oil Paraho Development Corporation December 1986; page 2-47 
Facility 

RAPAD Shale Oil Upgrading Project Japanese Ministry of International Trade March 1990; page 2-52 
and Industry
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STATUS OF OIL SHALE PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Seep Ridge Geokinetics Inc. March 1986; page 2-54 
Peter Kiewit Sons' Inc. 

Silmon Smith Kellogg Corporation March 1985; page 2-72 
Shale Energy Corporation of America 

Tosco Sand Wash Project Tosco Corporation March 1990; page 248 

Trans Natal T-Project Trans Natal, Gencor, Republic of 
South Africa March 1991; page 2-30 

Triad Donor Solvent Project Triad Research Inc. December 1988; page 2-48 

United States Bureau of Mines Shaft Multi-Mineral Corporation; United States December 1983; page 2-52 
Bureau of Mines 

United States Shale United States Shale Inc. March 1985, page 2-72 

Unnamed In Situ Test Mecco, Inc. September 1978; page 13-3 
Unnamed Fracture Test Talley Energy Systems September 1978; page 134 

White River Shale Project Phillips Petroleum Company March 1985; page 2-72 
Standard Oil Company (Ohio) 
Sun Oil Company 

Yugoslavia Inclined Modified In Situ Retort United Nations December 1990; page 243
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INDEX OF COMPANY INTERESTS 

Company or Outanization Project Name 

Amoco Corporation Rio Blanco Oil Shale Project (C-a) 2-36 

Beloba Pty. Ltd. Yaamba Project 2-38 

Central Pacific Minerals Stuart Oil Shale Project 2-37 
Condor Project 2-29 
Rundle Project 2-36 
Yaamba Project 2-38 

Chevron Shale Oil Company Clear Creek Project 2-28 

Conoco Inc. Clear Creek Project 2-28 

Esperance Minerals NIL Esperance Oil Shale Project 2-29 

Esso Exploration and Production Australia Ltd. Rundle Project 2-36 

Estonian Republic Estonia Power Plants 2-30 
Kiviter Process 2-31 
SIIC-30DO Retorting Process 2-36 

Exxon Company USA Colony Shale Oil Project 2-28 

Fushun Petrochemical Corporation Fushun Commercial Shale Oil Plant 2-30 

Greenvale Mining NL I3sperance Oil Shale Project 2-29 

Greenway Corporation RAMEX Oil Shale Gasification Process 2-35 

Jordan Natural Resources Jordan Oil Shale Project 2-30 

Lawrence Livermore National Laboratory LLNL Hot Recycled-Solids (H RS) Retort 2-39 

Maoming Petroleum Industrial Corporation Maoming Commercial Shale Oil Plant 2-31 

Marathon Oil Company New Paraho Asphalt From Shale Oil 2-39 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 2-31 

New Brunswick Electric Power Commission Chatham Co-Combustion Boiler 2-28 

New Paraho Corporation New Paraho Asphalt From Shale Oil 2-39 

Northlake Industries, Inc. Northlake Shale Oil Processing Pilot 2-40 

Occidental Oil Shale, Inc. Occidental MIS Project 2-32 

Office National de Recherche et Morocco Oil Shale Project 2-32 
d'Exploitation Petrolieres 
(0 NA REP) 

PAMA Inc. PAMA Oil Shale-Fired Power Plant Project 2-33 

Peabody Australia Pty. Ltd. Yaamba Project 2-38 

Petrobras Petrosix 2-34 

Ramex Synfuels International Ramex Oil Shale Gasification Process 2-35 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (C-a) 2-36 

Royal Dutch/Shell Morocco Oil Shale Project 2-32

SYNTHETIC FUELS REPORT, SEPTEMBER 1992 
2-44 



STATUS OF OIL SHALE PROJECTS 

INDEX OF COMPANY INTERESTS (Continued) 

Company or Organization 

SINOPEC 

Southern Pacific Petroleum 

Uintah Basin Minerals, Inc. 

Unocal Corporation

Proiect Name 

Fushun Commercial Shale Oil Plant 2-30 
Maoming Commercial Shale Oil Plant 2-31 

Stuart Oil Shale Project 2-37 
Condor Project 2-29 
Rundle Project 2-36 
Yaamba Project 2-38

Northlake Shale Oil Processing Pilot	 240 

Parachute Creek Shale Oil Program 	 2-33 

United Nations	 Yugoslavia Combined Underground Coal Gasification and 
In Situ Oil Shale Retort 	 2-40 

Yaaniba Joint Venture
	 Yaamba Project	 2-38 
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PROJECT ACTIVITIES 

BURNT LAKE PROJECT RECOVERING COW LAKE 
BITUMEN WITHOUT STEAM 

In 1990, Suncor started testing the recovery of bitumen at 
the Burnt Lake Project without the aid of steam by produc-
ing sand and bitumen together with progressive cavity 
pumps. Overall, rates have been much higher than expected. 
Some of the production results and the problems associated 
with cold production are discussed in a paper authored by 
K.C. Yeung and M.F. Adamson, Suncor Inc., and presented 
at the AOSTRA/Canadian Heavy Oil Association 1992 Con-
ference held in Calgary, Alberta, Canada in June. 

The Burnt Lake Project is located approximately 
300 kilometers northeast of Edmonton (Figure 1) in the 
Cold Lake Air Weapons Range, commonly referred to as the 
Primrose Block. Suncor Inc. is the operator of this project; 
other partners are Alberta Energy Company Limited and 
Canadian Hunter Exploration Ltd. 

FIGURE 1 
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The project was originally approved in 1986 as a commercial 
oil sands project to recover bitumen from the Clearwater 
Formation by cyclic steam injection. Due to low oil prices, 
project construction was suspended in 1989. By then, 
44 wells in two clusters and 7 delineation wells had been 
drilled and cased. Subsequently, Suncor started to inves-
tigate lower-cost alternative recovery methods. 

The method with the greatest potential appeared to be 
producing the bitumen and sand under primary conditions. 

With improvements in the progressive cavity pump design, 
primary production had greatly increased in the Clearwater 
heavy oil reservoirs at the Lindbergh/Elk Point area. The 
geological and reservoir characteristics of the Burnt Lake 
Clearwater Formation were found to be similar to those of 
the Clearwater Formation in the Lindbergh area. Thus a 
decision was made to test the producibility of the reservoir 
without the use of steam on some of the wells that were al-
ready drilled. 

Initial 'Two-Well Test 

Two wells had been perforated in 1987 for the purpose of 
gaining reservoir parameters information. One was per-
forated in the top half of the pay zone while the other was 
perforated in the lower half of the pay zone. In order to 
determine reservoir pressure, fracture behavior and water 
permeability, water injectivity tests were conducted in 1988 
on both wells with about 15 cubic meters of water injected 
into each of the wells. 

In June 1990, cold production started on these two wells. 
Progressive cavity pumps were employed to handle the a-
pected bitumen and sand production. The initial produc-
tivity was low. The wells were then reperforated to increase 
the perforation density from 13 shots per meter to 39 shots 
per meter and to extend the perforation interval to the other 
half of the pay zones. 

One well showed a significant increase in production after 
the reperforation, but the other well did not show much im-
provement during the next 3 months of testing. Testing was 
suspended in October 1990. 

It is speculated that the water injectivity tests performed in 
1988 may have interfered with the sand failure mechanism in 
the perforated zones to these two wells. Because the wells 
had no production prior to the water injectivity tests, the 
water may have created some *bridging" effect near the 
wellbore (possibly due to clay swelling) and prevented fur-
ther sand failure in the water affected zones. 
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As the bottomhole pumps reached their maximum capacity, 
they were replaced with the next higher pump size. Even-
tually the wells were equipped with pumps with a capacity of 
28 cubic meters per day per 100 rpm. 

Four-Well 'test 

litcouragetl by the results of the first well, three more wells 
were completed and put on product ion. The wells were per-
forated with a density of 39 shots per meter. 

Figure 2 illustrates the learning stages in upgrading the sur-
face and downhole equipment to achieve higher now rates. 
The wells were initially equipped with 89 millimeter EUE 
tubing, 25 millimeter rod string with coated rod couplings 
and progressive cavity pumps with a capacity of 10 cubic 
meters per 100 rpm. The wellhead drive skid utilized a 
35 horsepower gas engine driving a hydraulic pump which in 
turn drove a hydraulic motor to rotate the rod strings. 

During the initial production of viscous bitumen and sand, 
high pressure drops were experienced due to the close 
clearances between the coated rod couplings and the tubing 
wall- Uncoated slim collar rod couplings reduced the 
problem. However, this configuration caused frequent rod 
and tubing wear. To combat this problem, 114 millimeter 
casing was run as tubing. This has greatly increased the 
tubing and rod life.

FIGURE 2 
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In order to match the larger pumps and higher pump speeds, 
the wellhead drive skids had to be upgraded. The gas en-
gines were changed from 35 horsepower units to 
50 horsepower units. The hydraulic pumps were also 
upgraded to allow the maximum rod string rpm to be in-
creased from 150 rpm to 300 rpm. 

The production performances of the three new wells were 
quite similar to that of the first well. Production started low 
and built up over a period of 2 to 3 months. Peak bitumen 
rates of 40 cubic meters per day were achieved with larger 
progressive cavity pumps and the injection of viscosity reduc-
ing chemicals down the annulus to lower the viscosity of 
bitumen in the pump. 

The productivity of the wells appeared to be limited by the 
capacity of the pumps. The sand cut also increased tem-
porarily with the pump speed or production rate. 

Recovery Mechanisms 

The predicted bitumen production rates at Burnt Lake are 
about 0.1 cubic meter per day per well. Because the field 
production rates can exceed the predicted rate by more than 
a factor of 100, one or more unusual and important 
mechanisms may be involved. 

A number of potential mechanisms have been suggested to 
explain the high cold production rates in the Lloydminster 
and Lindbergh area: 

- Dilation of reservoir due to sand failure 
- Solution gas drive, bubbly flow 
- Non-Newtonian fluid flow 
- Wormholes, fractures, channels 
- Influx of bottom water 

One researcher hypothesized that the flow is a two-phase 
flow with gas in the form of tiny bubbles moving with the oil. 
The predictions based on this theory were in agreement with 
the best performance achieved at Lloydminster without 
recourse to negative skin or other permeability enhancement 
beyond laboratory values. The existence of the microbubble 
formation has been confirmed by experimental results. 

Based on injectivity tests conducted after 6 months of 
primary production at two Mobil Celtic pilot wells, the exis-
tence of high permeability channels in the reservoir was sug-
gested. Numerical simulation of the pressure buildup assum-
ing linear flow into induced high permeability channels was 
found to be consistent with the measured data. 
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Using a radial non-Newtonian diffusivity equation, it was 
found that dilatant non-Newtonian fluid behavior could be a 
significant mechanism in the primary production of heavy oil. 
The behavior can be beneficial in the reservoir where shear 
rates are low and can help explain how high production rates 
can be sustained over an extended period of time. 

It was also proposed that sand dilation and influx may be an 
oil producing mechanism in its own right. Sand influx 
reduces lateral reservoir stress but vertical stress remains the 
same because of overburden weight. Dense sands mu g di-
late in order to yield. The stress and dilation could help 
drive the oil and sand radially towards the weilbore. 

At Burnt Lake there is always some sand production. 
Results to date have indicated that the produced sand has 
the same grain size distribution as the better quality sand 
matrix within the reservoir. This would support the theory of 
the existence of wormholes, pipes or other high permeability 
channels. 

The production samples obtained at wellhead are usually 
foamy. Thus solution gas drive and foamy oil flow is a pos- 
sibility. Sand dilation and non-Newtonian fluid flow may 
also contribute to the high rate of production and drive 
energy.

nfl 

BI-PROVINCIAL UPGRADER ENCOUNTERS BIG COST 
OVERRUNS ON WAY TO NOVEMBER STARTUP 

The Bi-Provincial Upgrader being constructed in Lloyd-
minster straddling the Alberta-Saskatchewan border is again 
experiencing serious cost overruns. The $1.6 billion project 
is designed to produce 46,000 barrels of synthetic crude oil 
per day as well as 400 tonnes per day of coke and 235 tonnes 
per day of molten sulfur. 

Husky Oil initiated the project in 1984. Other partners in 
the project are the Canadian Federal Government and the 
Provincial Governments of Alberta and Saskatchewan. 
Husky Oil says it needs $190 million this year to cover cost 
overruns to complete construction of the project. In 1991, 
Husky disclosed a cost overrun of $175 million. Husky says 
the additional costs are due to inaccurate forecasting when 
the upgrader was being planned and to design changes since 
that time. 

Project partners again have been asked to come up with the 
funds to cover the cost overrun, but the Government of Sas-
katchewan has refused and now wants to sell part of its 
share. The Canadian Government owns 31.67 percent of the 
project, Alberta owns 24.17 percent, Saskatchewan owns 
173 percent and Husky, the project operator, owns 
26.67 percent.

The Canadian and Alberta Governments have agreed to 
fund another $98 million, but negotiations are continuing on 
the remaining $92 million of the latest cost overrun. One 
proposal is for the three active partners—Husky, Alberta and 
the Canadian Government—to share the cost overrun in 
return for part of Saskatchewan's share in the project. The 
Canadian Government has already invested more than 
$350 million in the upgrader, which is scheduled for comple-
tion in November. 

In addition to the latest $190 million cost overrun, the 
partners will be expected to fund at least $43 million in star-
tup costs in November. 

From early 1990 to mid-1992, Husky awarded approximately 
120 construction contracts, representing 7 million man hours 
of on-site construction and a peak workforce of 3,700 people 
in December 1991. Another 1 million man hours of off-site 
modules were built and transported to the site. 

The plant utilities system's startup commenced in 
March 1992. In May 1992, the crude fractionation unit was 
commissioned. The plant startup sequence will be as fol-
lows: 

- Utilities and off-sites 
- Crude fractionation unit 
- H-Oil fractionation unit 
- Delayed coking unit 
- Gas recovery unit 
- Amine adsorption 
- Sulfur recovery units 
- Hydrogen unit 
- Naphtha/jet hydrotreater 
- Gas oil hydrotreater 
- H-Oil reaction units 

The project is 95 percent complete and will begin producing 
upgraded crude before the refinery unit starts up in Novem-
ber. 

OIL SANDS PRODUCTION FIGURES UPDATED 

According to statistics published by the Alberta Energy 
Resources Conservation Board (ERCB), Suncor's synthetic 
crude production dipped slightly in February to 
275,912 cubic meters and then increased in March to 
333,162 cubic meters, roughly the equivalent of 2 million bar-
rels (Figure 1). However, Suncor's synthetic crude produc-
tion dropped sharply in April to 156,514 cubic meters, or 
slightly less than 1 million barrels, presumably as a result of 
the fire experienced at the plant. 
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Synthetic crude oil production at the Syncnide plant con-
tinues to fluctuate, as shown by the data illustrated in 
Figure 2. Synthetic crude production fell dramatically in 
February to 688,951 cubic meters, or roughly 43 million bar-
rels. Production picked up considerably in March to 
946,433 cubic meters, equivalent to nearly 6 million barrels 
of synthetic crude oil. However, production again dropped 
in April to 780,819 cubic meters, or about 4.9 million barrels. 
Figure 2 (next page) shows Syncrude's production history 
beginning in January 1990. 

SUNCOR TARGETS $0.50 PER BARREL DECREASE IN 
OPERATING COSTh FOR THIS YEAR 

Suncor's Oil Sands Group has set a goal to decrease its cash 
operating costs by $0.50 per barrel in 1992. Suncor's presi-
dent R.L. George, speaking at the company's annual meeting 
in May, said that the Oil Sands Group is taking steps now to

use their scheduled plant maintenance in 1993 to make fur-
ther operating improvements that will increase production of 
synthetic crude to 64,000 barrels per day annually by 1994. 

Looking at operations in 1991, the Oil Sands Group largely 
offset lower crude oil prices with record synthetic crude 
production of more than 22 million barrels. This helped to 
reduce the average cash costs per barrel by 9 percent. Oil 
Sands Group earnings declined to $48 million, while cash 
flow rose to $159 million. 

During the first quarter of 1992, the Oil Sands Group 
produced an average of 64,000 barrels of oil per day—a first 
quarter record. However, decreased oil prices reduced earn-
ings to $4 million and cash flow to $31 million for the group. 
Earnings for the first quarter of 1991 were $21 million. Cash 
operating costs remained at 1991 levels of $14.25 per barrel 
during the first quarter of 1992. The higher first quarter 
sales of synthetic crude were not sufficient enough to offset 
the decline in crude prices of $3.40 per barrel. In addition, 
the Crown royalty rate increased from 2 to 5 percent, or 
$4 million, over the same period of 1991. 
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The Oil Sands Group set an all-time record for January 
production with an average of 66.7 thousand barrels of syn-
thetic crude oil per day. 

In April of 1992, a rife occurred in one of the unifiners in the 
upgrading section of the plant. As a result, a portion of the 
plant's production will temporarily be a lower-value distillate 
product, with an estimated revenue impact of $7 to 
$10 million. Replacement and startup costs are expected to 
be $17 million. The company anticipates insurance proceeds 
of up to $5 million. 

Production at the plant was not halted and is increasing 
steadily as repairs are completed. April production rates 
were below normal but the group still plans to meet their 
annual production target of 60,000 barrels per day.

oil sands business" in order to improve plant efficiency and 
reduce the cost structure further. Until now, the Oil Sands 
Group has been viewed as a single entity. Suncor will now 
be looking separately at each of Oil Sands distinct 
operations—mining and bitumen production, the utilities 
plant and heavy oil upgrading. Suncor will compare and 
measure its performance against the best in each of these in-
dustries. Suncor is examining options that can raise its ef-
ficiency and effectiveness to world-class levels. 

The company's key asset at Oil Sands is the heavy oil 
upgrader, says George. It has a replacement cost well in ex-
cess of $1 billion and a useful life well beyond Suncor's exist-
ing reserves of 12 years. The company is currently evaluating 
three main competing feedstock options for the upgrader: 

Continue with the existing mining operation on ad-
According to George, improvements like structural steel fire- 	 jacent leases 
proofing, underground cabling and deluge water systems 
reduced the impact of the fire. 	 - Mine more remote reserves using new transport 

technologies 
In addition to making operating improvements, Suncor is 
working towards a "fundamentally different approach to the
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- Operate the plant as a regional heavy oil upgrader 
to process bitumen from other sources 

- Or a combination of these options 

The company is in the middle of strategic planning which will 
set a direction for the operation. 

flit 

CHINA NATIONAL PETROLEUM CORPORATION 
JOINS UTF PROJECT 

China's state oil company, the China National Petroleum 
Corporation (CNPC), will invest $6.5 million over the next 
2 years in the Alberta government's oil sands test facility 
near Fort McMurray, Alberta, Canada. 

The Participation Agreement recently signed between CNPC 
and the Alberta Oil Sands Technology and Research 
Authority (AOSTRA), brings CNPC into a partnership with 
AOSTRA, eight industry participants and the Government 
of Canada in the operation of AOSTRA's Underground Test 
Facility (UTF). CNPC will take an active role in the manage-
ment of the UTF project. 

The IJTF examines and tests new methods for bitumen 
recovery from Alberta's oil sands. It was developed by 
AOSTRA at a cost of $50 million for site development and

facility construction over 4 years. Currently under way at the 
facility is development of in situ extraction technology called 
the steam assisted gravity drainage process. 

CNPC is in the process of establishing a Calgary-based 
Canadian subsidiary to evaluate the potential of participating 
in Alberta's oil sands, conventional oil and gas joint ven-
tures. CNPC chose the 11FF for its first foreign investment. 

The other partners in the UTF facility are Amoco Canada, 
Chevron Canada, Conoco Canada, Esso Resources, JAPEX 
Oil Sands Ltd., Mobil Oil Canada, Petro-Canada, and Shell 
Canada. 

Alberta's oil sands reserves contain an estimated 1.7 trillion 
barrels of recoverable bitumen, about 40 percent of the 
world's known bitumen reserves. Alberta's two oil sands 
facilities, Syncrude and Suncor, have produced ap-
proximately 923 million barrels of synthetic crude oil since 
1967, and currently account for 15 percent of Canada's total 
annual crude oil production. 

The project at IJTF to develop the steam assisted gravity 
drainage process involves six 600-meter horizontal wells 
drilled in three pairs into the oil sands. The top well is for 
steam injection and the bottom well produces the heated 
bitumen oil. Two thousand barrels per day of bitumen oil 
are planned to be produced with this method, with produc-
tion slated to begin in September 1992. 

nfl 
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CORPORATIONS 

AMOCO CANADA TO RELY MORE ON HEAVY OIL 

In order to compensate for declining production from con-
ventional western Canadian oil fields, Amoco Canada 
Petroleum Company Ltd. says it will have to rely more on 
heavy oil in spite of its higher production costs. According 
to the company's annual report, oil and equivalent reserves 
were 1,041 million barrels, down 57 million barrels from the 
previous year. Amoco Canada's average daily production 
dropped to 14,500 barrels per day in 1991 from 
16,200 barrels per day in 1990. 

The company faced sharply lower heavy oil prices as well as 
field declines and temporary pipeline restrictions. 

Amoco Canada is attempting to increase production and has 
launched a number of pilot projects for enhanced oil 
recovery. The company's current reserves of heavy oil 
amount to about 27 million barrels, but that could increase 
to as much as 100 million barrels on its own reserves. At cur-
rent price and royalty levels, however, enhanced oil recovery 
is considerably more expensive than primary production, says 
Amoco. 

Amoco Canada and a number of other large companies 
based in Alberta are pushing the provincial government for 
lower royalty payments. To date, the Alberta Government 
has offered only a modest royalty holiday. 

AOSTRA OIL SANDS AND HEAVY OIL COMMERCIAL 
SUCCESSES UPDATED 

Since it was founded in 1974, the Alberta Oil Sands Technol-
ogy and Research Authority (AOSTRA) has invested an 
average of about $35 million per year in advanced technol-
ogy development. Through joint AOSTRA/industry technol-
ogy development projects, industry has invested an amount 
matching AOSTRA's. 

A paper updating the commercial success of technology 
developed and being applied in the oil industry of Alberta 
was presented by AOSTRA's R.W. Luhning at the 
AOS'FRA/Canadian Heavy Oil Association 1992 Con-
ference held in Calgary, Alberta, Canada in June. 

Peace River Oil Sands—Shell Commercial to Situ Project 

In the Peace River oil sands, the AO&FRA/Shell Canada 
joint pilot plant operation led to commercial in situ oil sands 
recovery by Shell Canada. The commercial operation cur-
rently produces about 10,000 barrels per day of bitumen.

Shell Canada estimates that 100,000 barrels per day could be 
produced for 100 years from the Shell leases in Peace River 
alone. The AOSTRA/Shell Peace River pilot was a 
prototype scale pilot of seven seven-spot patterns that used a 
modified steam drive technique for recovery. Ultimate 
recovery is projected at 55 percent of the bitumen in place. 
Shell is seriously considering the application of the 
AOSTRA twin horizontal well steam assisted gravity 
drainage process which has been demonstrated at the 
AOSTRA Underground Test Facility (UTF) project at the 
Peace River location. The wells would be drilled from the 
surface and the process promises to greatly improve the 
economics of bitumen recovery with high productivity and a 
lower steam/oil ratio. 

Cold lake Oil Sands—BP/Petro-Canada Wolf Lake 
Commercial In Situ Project 

In the Cold Lake oil sands, AOSTRA supported the 
prototype scale Marguerite Lake pilot plant which was 
operated by BP Canada. This led to the commercial Wolf 
Lake in situ recovery operation designed to produce 
10,000 barrels per day of bitumen. After completion of an 
initial steam huff and puff phase, the four five-spot patterns 
were converted to oxygen combustion using a modified wet 
combustion drive. The results with oxygen combustion have 
been most promising, with the conformance of the combus-
tion process being favorably influenced by the preheated 
reservoir. Mathematical model predictions indicatl that the 
ultimate recovery could be doubled over steam huff and puff 
alone. 

Athabasca Oil Sands—AOSTRA UTE Prototype Scale 
In Situ Recovery Project 

AOSTRA has participated in joint pilot plants with com-
panies in the Athabasca for 16 years. The methods tested 
over the past years represented excellent technical achieve-
ments, but the technology did not pass the test of commer-
ciality. 

Beginning in 1977, AOSTRA started investigations into in 
situ recovery in the Athabasca using horizontal wells drilled 
from underground mine tunnels. The studies culminated 
with the UTF, shaft and tunnels with horizontal wells, 
project which started in 1984 with the placing of the shaft 
and tunnels. The first phase of the pilot plant operations 
was extremely successful and expansion to a 2,000 barrel per 
day precomznercial prototype operation began in 1990. 
AOSTRA operates the pilot plant with eight industry par-
ticipants (Amoco, Chevron, Conoco, Esso, Mobil, Petro-
Canada, Shell and Japex Oil Sands) plus CANMET. 

The UTF technology is a breakthrough in the Athabasca. 
Phase A of the 15FF achieved steam/oil ratio, bitumen 
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recovery, and productivity results which are better than 
achieved in any oil sands reservoir in Alberta. The technol-
ogy could be realistically applied to other reservoir types. 
The UTF project is located 25 kilometers by pipeline from 
the world's largest bitumen upgradcrs at Syncrude and Sun-
COT. 

An important joint study by Syncrude and AOSTRA to com-
pare UTF recovery technology to surface mining technology 
has just been finished. The study indicates that the IJTF 
method can produce bitumen competitive with existing sur-
face oil sands mining operations and many dollars per barrel 
cheaper than a new, greenfield surface mining plant. The 
UTF production would not have the environmental 
problems related to surface mining and tailings ponds. 
Operations are planned to continue through 1994 at which 
time the technical results could support a commercial deci-
sion. During 1991, the twin horizontal wells were success-
fully drilled and completed. Initial steaming and production 
operations were conducted on all wells in advance of con-
struction of expanded oil water separation facilities on the 
surface. The wells performed better than anticipated and 
the expansion of facilities is under way to accommodate the 
increased production. One of the well pairs was steamed 
with low pressure steam to simulate operation at a depth 
equivalent to oil sands at surface mineable depth. The per-
formance of the wells followed the production predictions 
made by numerical models. 

ATP Oil Sands Development 

AOSTRA has been active in the development of technology 
for improved surface mining and extraction of oil sands and 
upgrading of the produced bitumen. 

AOSTRA with UMATAC Industrial Processes, have 
developed the AOSTRA Direct Thermal Processor (AT?) 
for direct retorting of the mined oil sands. It simultaneously 
extracts and primary upgrades bitumen, producing a bottom-
less cracked oil and dry tailings. 

The AT? process offers potential reduced capital and opera-
tions costs for all grades of mined oil sands. The processor 
produces dry tailings, thus eliminating tailings ponds. The 
bitumen is partially upgraded in the process to a transport-
able product. 

The next step with the AOSTRA Taciuk process will be the 
demonstration of a transportable S tonne per hour processor 
to supplement the 12 year old pilot facility in south Calgary. 
The new processor will be of flexible design so that a wide 
variety of materials can be tested, including mined oil sands, 
oily wastes, bitumen upgrading, municipal garbage for 
volume reduction and heat recovery, tires, oil shales and 
other similar items. The process will be used to 
demonstrate, on an extended run basis, the use of AT? for 
extraction of bitumen from mined oil sands.

Al? License of Shale Oil Recovery In Australia 

In response to a request by an Australian company, 
1,600 tonnes of Australian oil shale were processed in the 
AT? Calgary pilot plant. As a result, AOSTRA and 
Southern Pacific Petroleum and Central Pacific Minerals of 
Australia have entered into a license agreement under which 
a 5,000 barrel per day semicommercial demonstration plant 
may be constructed in Queensland. Should the demonstra-
tion be successful, the AOSTRA Taciuk process could have 
as important an impact on oil shale production as the hot 
water process had on oil sands production. 

Noreen Bode Heavy Oil Prototype Scale Project 

An AOSTRA supported steam pilot located 350 kilometers 
northeast of Calgary produced its millionth barrel of oil in 
December 1990. The pilot project, operated by Noreen 
Energy Resources Limited near the village of Bodo, Alberta, 
has achieved increases in oil recovery and technology im-
provements with commercial promise for heavy oil produc-
tion. 

The project was designed to assess oil recovery and operat-
ing viability under steaming conditions, and to compare the 
results with those of an adjacent fireflood project that 
operated from 1975 to 1986 in the same formation. Cyclic 
steam stimulation at the Bodo steam pilot was initiated in 
1986 using an inverted nine-spot well pattern. In mid-1989 a 
continuous steamflood was started from the central injector 
well. Pilot production during early cyclic operations reached 
more than 1,000 barrels per day. Current production is 
about 500 barrels per day. The oil recovery with the com-
bined cyclic steam and steam flood technology is expected to 
be 45 percent, compared to 10 percent attainable from 
primary production alone. Additional well patterns surround-
ing the existing pilot are being evaluated, which could lead to 
fully commercial development in the mid-1990s. 

Bitumen and Heavy Oil Upgrading 

Several years ago AOSTRA initiated a cooperative study, 
with industry, of emerging upgrading processes. The prin-
cipal conclusion from this work was that high-conversion 
hydrocracking processes could provide significantly improved 
project economics. AOSTRA undertook the demonstration 
of the leading candidate processes in large-scale pilot opera-
tions. 

One of the processes that was demonstrated successfully was 
Veba Oel's Combi-Cracking process, a high conversion 
hydrogen addition or hydrocracking process. This process 
was selected by OSLO Alberta Ltd. In addition, both the Bi-
Provincial Upgrader and Syncrude Canada Ltd.'s capacity 
addition project are based on hydrogen addition primary 
upgraders in combination with coking as a means of achiev-
ing higher overall conversion.

- 
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The Future	 the application of horizontal well recovery technology which 
may improve the economics of commercial production. 

Horizontal well technology will play an important part in the 
future commercialization of oil sands and heavy oil. The 
horizontal well methods demonstrated at the AO&FRA UTF 
are encouraging new projects. The HASDrive (Chevron) 
process tested at the UTF is being piloted at a new location 
in Athabasca with wells drilled from the surface. Plans are 
currently under way to test the UTF twin well method at a 
new location in the Athabasca with wells drilled from the sur-
face. In the Cold Lake oil sands, the principles of the UTF 
horizontal well technology have been combined with a single 
well approach using the steam assisted gravity drainage 
method. In heavy oil areas, the use of steam assisted gravity 
drainage is being tested using a combination of horizontal 
producers and vertical steam injectors at the top of the reser-
voir. In the Peace River oil sands AOSTRA is considering

The AOSTRA Taciuk Processor and other innovative 
processes promise to reduce or eliminate clay/water sludge 
tailings from surface mined operations. Borehole mining 
methods may also provide a breakthrough for shallow oil 
sands and also for deeply buried oil sands, such as in the 
Cold Lake area. 

A new technology development is in regard to cold produc-
tion of bitumen and heavy oil coproduced with sand through 
the use of progressive cavity pumps. The method holds the 
promise to increase, economically, early bitumen production 
and heavy oil production. The method is being field tested 
in a variety of locations and with a variety of techniques. 

fl's 
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DOE PICKS 14 WINNERS IN FIRST PHASE OF NEW 
EOR PROGRAM 

The United States Department of Energy (DOE) has 
selected its first set of demonstration projects in a new effort 
to prolong the economic life of aging oil fields and slow the 
decline of domestic oil production. 

DOE chose 14 projects, proposed by teams of independent 
oil producers, universities, state agencies, and major oil com-
panies, to catty out the first phase of a federal program cited 
as one of the highest domestic energy supply priorities of the 
President's "National Energy Strategy." 

The organizations will receive federal matching funds to test 
advanced technologies as well as commercially available ap-
proaches that could increase the output of many United 
States oil fields currently in danger of being abandoned. If 
successful, the demonstrations are expected to begin benefit-
ing the oil industry, particularly the smaller independent 
producers, within the next 5 years. 

DOE expects to provide more than $48 million in federal 
cost-sharing funds. The winning proposers are expected to 
provide an additional $65 million in cash, oil field equip-
ment, and other contributions. 

The 14 project teams were selected from 35 proposers that 
submitted projects to DOE in January. The projects will 
take place in nine states: Kansas, Louisiana, Texas, Ok-
lahoma, Illinois, Alabama, Utah, Colorado and Wyoming. 

This marks the first of several project selections DOE in-
tends to make over the next few years. For each round, 
DOE will identify a specific type of oil-bearing formation 
that has large volumes of oil remaining, yet could be aban-
doned in the next 5 years because operators no longer can 
produce the remaining oil economically. 

The target of the first selections is a reservoir category 
termed "fluvial dominated deltaic reservoirs." The name 
comes from the category's geologic history, namely that the 
reservoirs were formed from sediments of deltas from an-
dent rivers. Existing in more than 15 states, these sandstone 
formations contain more than 22 billion barrels of remaining 
crude oil. 

The 14 demonstration projects, according to estimates 
provided by the proposers, are expected to add an additional 
21 million barrels of crude oil to the United States' 
producible oil supply from the reservoirs where these tech-
nologies are demonstrated. However, if the technologies

prove successful and are replicated throughout states where 
such reservoirs exist, as much as 63 billion barrels of crude 
oil could be added to the recoverable reserves, according to 
the companies' estimates. 

The 14 teams will apply a variety of different approaches for 
boosting oil production. In one category of projects, 10 of 
the projects will concentrate on near-term, commercially 
available approaches. By demonstrating these approaches in 
a variety of geologic settings, DOE hopes to build con-
fidence that declining oil fields can be kept in production 
long enough for better technologies to be developed. 

Proposers will use methods such as three-dimensional seis-
mic surveying to locate missed or bypassed oil, drilling 
horizontal wells, locating new wells between existing wells, 
and applying improvements to conventional waterflooding to 
force out additional oil. 

In a second category, four projects will demonstrate more 
advanced techniques to recover oil currently unproducible 
with more conventional technologies. One of the projects 
will use microorganisms to plug depleted areas of an oil 
reservoir and help channel waterflooding to previously 
bypassed zones. Another will test the concept of using 
natural fault zones in a reservoir as conduits for additional 
oil production. A third will combine the injection of carbon 
dioxide with horizontal drilling to boost production from a 
watered-out salt dome reservoir. The fourth will test an in-
novative process in which gas is injected to increase the 
drainage of oil to the lower portion of a formation where it 
can then be pumped to the surface. 

In each of the projects, DOE is emphasizing the transfer of 
promising technology to other oil field operators facing 
similar problems. The proposers have included in their 
proposals plans for workshops, field trips, and other methods 
to disseminate results to other producers. 

DOE's Bartlesville, Oklahoma Project Office will oversee 
the demonstration efforts. Cooperative agreements are ex-
pected to be in place within 6 to 12 months. 

ERCB ISSUES ORDERS AND APPROVALS IN OIL 
SANDS AREAS 

The recent orders and approvals in the oil sands areas issued 
by Alberta's Energy Resources Conservation Board are 
listed in Table 1. 
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Expires/ 
Description Rescinds 

Experimental oil sands schemes App 4198 
AOSTRA 31 Dec 94 
Athabasca Area 

Experimental oil sands schemes 31 May 96 
Amoco Canada Petroleum Co. Ltd. 
Brintnell Area 

Experimental oil sands schemes 30 Jun 95 
UMATAC Industries Inc. 
Calgary Area 

Experimental oil sands schemes 31 Dec 93 
Esso Resources Canada Ltd. 
Fort McMurray Area

Order 
Number
	 Date 

App 6809
	

16 Jun 92 

App 6772	 3 Jun 92 

App 6867	 30 Jun 92 

App 6869	 30 Jun 92 

TABLE 1

SUMMARY OF OIL SANDS ORDERS AND APPROVALS 

App 4785F 18 Jun 92 

App 6723A 3 Jun 92 

App 6099A 8 May 92 

App 6808	 10 Apr 92 

App 6723	 16 Mar 92

Commercial oil sands schemes	 31 Dec 2013 
Suncor Inc. 
Primrose Sector 

Commercial oil sands schemes	 31 Dec 2018 
Syncrude Canada Ltd. 

Primary recovery schemes 
Koch Exploration Canada, Ltd. 
Beaverdam Sector 

Primary recovery schemes 
Amoco Canada Petroleum Co. Ltd. 
Brintnell Area 

Commercial oil sands schemes	 31 Dec 2007 
PanCanadian Petroleum Ltd. 
Lindbergh Sector 

Experimental oil sands schemes	 31 May 92 
Bitmin Resources Inc. 
Calgary Area 

Primary recovery schemes 
Amoco Canada Petroleum Co. Ltd. 
Brintnell Area

App S64lA 16 Jun 92 

App 64548 22 Jun 92 
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ENERGY POLICY AND FORECASTS 

NEW REFINERY CAPACITY WILL BE NEEDED FOR 
HEAVY OIL AND BITUMEN 

New refining capacity will be needed for Canadian heavy oil 
and bitumen, according to G.R. Scott of the Alberta 
Petroleum Marketing Commission, because heavy oil and 
bitumen are the growth component of the western Canadian 
oil production region. 

Optimization of current available capacity will be followed 
by conversion of current light oil refining capacity to handle 
heavy crude and/or bitumen. Eventually, however, some 
additional grass roots capacity will be required. 

Scott made these remarks in his presentation at the 
AOSTRA/Canadian Heavy Oil Association 1992 Con-
ference held in Calgary, Alberta, Canada in June. 

According to Scott, most of Canada's heavy oil/bitumen is 
exported, approximately 80 percent. Forecasts of future

crude supply (Figure 1) indicate continued growth in 
bitumen production with some later period decline in conven-
tional heavy oil production. Combined, the expectation is 
for growth which will require additional refining capacity and 
market growth. There are also good long-term prospects for 
growth in synthetic production. This forecast indicates a 
clear long-term future requirement for more bitumen 
processing, whether it be for synthetic crude or full refinery 
processing, says Scott. 

Markets for Heavy Crude/Bitumen 

A large number of Northern Tier American refiners use 
Canadian heavy crude as shown in Figure 2, however, the 
market is dominated (over 50 percent of the total) by three 
large refiners: Koch at Minneapolis Minnesota and Mobil 
and Amoco at Chicago, Illinois. There is potential for some 
modest increase in heavy capacity with the current heavy 
crude oil users and recent high differentials should en-
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FIGURE 2 

CURRENT/ POTENTIAL BITUMEN REFINERS 

SOURCE: scoir 

courage any remaining cheap capacity expansion and debot-
tienecking.	 - 

World Trends in Heavy Oil Pricing 

Heavy oil/light oil differentials have increased drastically 
since 1987. The available supply of world crude oil was 
reduced in average gravity with the loss of lighter Iraqi and 
Kuwaiti crude oil and the replacement by heavy crude 
production, particularly from Saudi Arabia and Venezuela. 
Mexican Maya increased in differential versus light crude 
(West Texas Intermediate) from US$4.00 to $8.00 per 
barrel—a $4.00 increase. Uoydminster blend increased dif-
ferential from US$6.00 to $11.00 per barrel, a $5.00 increase 
and Bow River A increased from US$330 to $8.50 per bar-
rel, a $5.00 increase. In addition to forcing world markets to 
increase the light/heavy differential, an additional market 
price loss occurred in Canada due to localized market 
surpluses aggravated by the loss of the Montreal and Une-
Ven markets.

New Refining Capacity 

New heavy refining capacity came on stream in June with 
Conoco's coker at Billings, Montana. This refinery will re-
quire about 50 thousand barrels per day of heavy crude oil 
feed of which more than half is expected to come from 
Canada. In addition, the Bi-Provincial Upgrader will come 
on stream late 1992, requiring about 50 thousand barrels per 
day of heavy blend. This will rebalance the supply/demand 
for heavy to a more appropriate level and should help return 
prices to a normal heavy/light differential. 

According to Scott, the differential will determine what a 
refiner uses as feedstock (Figure 3). 

At a sufficiently high differential, a refiner will build new 
heavy oil processing capacity,this would be somewhere 
above US$8.00 per barrel. At a medium differential level 
(between 1US$4.00 and $8.00 per barrel) a refiner will only 
operate currently constructed capacity. At a very low dif-
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FIGURE 3 

WTI/BOW RIVER DIFFERENTIAL REQUIRED 
FOR RESIDUAL CONVERSION INVESTMENT 
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ferential, a heavy refiner will consider converting to lighter 
feedstock, typically below US$4.00 per barrel. 

For a refiner to build or modify capacity for heavy oil he 
must need capacity to service the market and believe that the 
light/heavy differential will continue at an adequate level for 
a sufficient period to justify new capital investment. On 
Figure 3 this differential is about US$8.00 per barrel and in-
creases with inflation. 

Heavy crude and bitumen production will continue to grow 
in western Canada under a reasonable long-term price 
scenario. This heavy feedstock will have to find a market. 
Heavy oil refiners now in operation have been running near 
capacity as the price differential has favored their operation 
even if the light oil side of their operations has been below 
capacity. Thus, there is little opportunity to significantly in-
crease heavy feedstock using current processing capacity in 
Canada's major export market because that capacity is al-
ready utilized near its maximum. 

One of the best markets may be right in Canada. Two ex-
amples of this are the Regina Upgrader and the Husky Bi-
Provincial Upgrader. These two projects are essentially

complete or nearing completion and heavy oil/bitumen 
producers must look toward future market growth to con-
sume the forecast increasing supply. 

According to Scott, the first opportunity which needs to be 
evaluated is the conversion of western refining capacity 
(Edmonton) to use heavy crude/bitumen. The advantages 
of this proposal include: 

- The infrastructure is essentially in place. 

- The product market is currently in place. 

- The displacement light crude oil freed up by conver-
sion to heavy feedstock will be required during fu-
ture years in Ontario. 

- The lower viscosity material under transport would 
allow the Interprovincial Pipeline (IPL) to increase 
throughput capacity. 

- Conversion to heavy feed at Edmonton not only 
makes more light crude available for Canadian 
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refiners outside of Alberta but also increases ex. 
port opportunities. 

Converting light to heavy refining capabilities 
would not add to current excess Canadian refining 
capacity. 

The tariff heavy-oil surcharge of 20 percent for IPL 
and Trans Mountain pipelines is avoided, reducing 
transport costs while increasing netbacks. 

- Condensate diluent costs and lower value refinery 
yields because of condensate are eliminated. 

The next level of investment is to consider a grass roots 
heavy bitumen refinery to serve new and expanded product 
markets. Additional capacity could be built in increments as 
heavy feedstock supply grows. 

The disadvantages are: 

- It will be more costly per barrel of feedstock than 
conversion of current light refining capacity with an 
established infrastructure. 

- New product markets must be developed because 
this is additional refining capacity. 

The advantages are: 

- New product pipeline investments would be re-
quired. 

- Condensate costs in excess of $1.00 per barrel of 
blend are reduced to field transportation plus 
primary distillation costs. 

- New capacity would be designed to meet United 
States product specifications. 

Conclusion 

There will be a requirement in the future for growing 
refinery capacity for heavy oil and bitumen. Recent addi-
tions will soon be outstripped by production growth based on 
moderate future price increases. Optimization of current 
available capacity followed by conversion of current light 
refining capacity to handle heavy crude and/or bitumen most 
likely are the lower cost solutions to refining the increasing 
supply. 

Eventually, however, some additional grass roots capacity 
will be required. There appear to be some advantages to 
locating new grass roots capacity near the supply source and 
in an already developed major refining center with an avail-
able infrastructure. No matter where this new capacity is 
constructed, the producer must be prepared to pay for new

capacity through the heavy/light differential or in "up front" 
investment capital. 

NEW CERI ANALYSIS PROJECTS DECLINING 
PRODUCTION OF CRUDE OIL IN ALBERTA 

The Canadian Energy Research Institute (CERI), after 
evaluating the potential for conventional crude oil produc-
tion in Alberta, Canada, has concluded that production will 
decline in the long run. The CERI analysis is discussed in 
Study No. 44, Alberta's Conventional Qfl Supply: How 
Much? How Long? 

The outlook for world oil prices remains highly uncertain, 
says CERI, with considerable evidence of continued weak-
ness. In addition, Alberta's conventional crude oil reserves 
continue to decline. Resource investment for both explora-
tion and development is dependent not only upon the quan-
tity and quality of the oil in place, but also on economic con-
ditions. The producer must achieve a competitive return on 
invested capital. If not, potential conventional crude oil 
reserves will not be found and developed. 

CERI developed a comprehensive computer system for 
evaluating the potential for conventional crude oil produc-
tion in the currently productive formations of the Alberta 
portion of the Western Canadian Sedimentary Basin 
(WCSB). The analysis was undertaken for three situations: 

Short-run—with production coming from existing 
pools only, with no capital investment for explora-
tion and development 

Medium-run—with production coming from existing 
pools and capital being invested to ensure that the 
appreciated reserves are fully developed 

Long-run—with production from fully developed ex-
isting pools and new pool discoveries, and explora-
tion and development capital being available to ex-
plore for and develop new pools 

The analysis encompasses the established reserves of crude 
oil in Alberta as well as the remaining potential of those for-
mations in which oil has already been discovered, excluding 
plays in British Columbia containing pools discovered in Al-
berta. Current and expected economic parameters were 
used to determine the volume of conventional crude oil 
likely to be produced over the period 1992 to 2011. 

Key Conclusions 

With regard to conventional crude oil, the Alberta portion of 
the WCSB is in the mature stage of development. In the 
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base case analysis reported in the study, with oil prices as-
sumed to remain constant and with no changes to Alberta's 
fiscal system, annual reserve additions no longer replace an-
nual production, which is estimated to decline at ap-
proximately 4 percent per year (see Figure 1). As a result, 
Alberta's recoverable conventional crude oil reserves decline 
at about 2 percent per year in the long-run supply base case.

to re-examine its share of revenue from oil production in 
light of expected economic conditions and the stage of 
maturity of the industry. If these issues are not addressed, 
reinvestment in the conventional oil sector in Alberta will 
continue to diminish.

FIGURE 2 

FIGURE 1 
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Even with declining recoverable reserves and relatively low 
prices, CERI says that the conventional oil industry will 
remain a major source of revenue for Alberta over the next 
15 to 20 years. However, in the model simulations, positive 
returns to the industry are derived mainly from existing 
pools, and not from new pool discoveries. In fact, in many 
areas the returns from existing pools are drawn down by the 
costs incurred by new pool discoveries. These increasingly 
contain reserves insufficient to recover the net present value 
of their costs (see Figure 2). 

Key Recommendations 

Improved operating efficiencies, cost reductions, and accept-
able prices and arrangements between the petroleum in-
dustiy and the government are necessary to assure the con-
tinued viability of Alberta's conventional oil industry, says 
CURl. Oil producers must be willing to continue to take on 
risk and reinvest. The provincial government must be willing
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ECONOMICS 

IN SITU RECOVERY SHOULD COMPLEMENT OPEN 
PIT MINING IN ATHABASCA DEPOSIT 

Syncrude Canada Ltd. (SCL) recognizes the potential for in 
situ recovery techniques, such as AOSTRA's Steam Assisted 
Gravity Drainage (SAGD) process and the Heated Annulus 
Steam Drive (HASDrive) process as possible alternatives to 
its open pit mining scheme and hot water extraction process 
or as a complementary scheme to increase bitumen produc-
tion. 

A joint AOSTRA-SCL study recently compared and 
evaluated bitumen recovery for both the current open pit 
mining and hot water extraction process and the SAGD 
process for the base mine and tailings pond areas of the 
Syncrude leases. In addition, a 'greenfields" case was 
evaluated on the west side of the MacKay River where a 
mobile mining equipment scheme, utilizing crushers and con-
veyors, along with warm water extraction, referred to as the 
OP/X scheme, was compared to the SAGD scheme. The 
greenfields case is described in a paper by A.E. Fair and 
J.R. McIntosh of SCL. Theft paper was presented at the 
AOSTRA/Canadian Heavy Oil Association 1992 Con-
ference held in Calgary, Alberta, Canada in June. 

The joint study evaluated bitumen recovery by the two 
schemes for three cases all located on Syncrude leases 17 
and 22: for the North Mine, scheduled to begin in 1996; for 
the reserves under the tailings pond; and for a greenfields 
area, West 2, on the west side of the MacKay River. 

OP/X Scheme 

The Syncrude plant is capable of producing in excess of 
165,000 barrels of synthetic crude oil per day from an oil 
sands deposit averaging 45 meters. After 12 years of opera-
tion, overburden thickness is now in excess of 35 meters. 

A hot water process is currently utilized to extract the 
bitumen from the oil sands. Tailings water containing the 
fine, nonsettling solids is impounded for clarification and 
reuse with the water being recycled back through the extrac-
tion plant. 

The mining scheme for the greenfields case was based on a 
truck/shovel scheme with semimobile crushers and con-
veyors for transport to a warm water extraction plant. Be-
cause the warm water extraction process is an improvement 
to the current hot water process, it was adopted for the 
study. The three-stage inclined plate settler process was util-
ized for froth treatment instead of the current centrifuge 
process. Water would be recycled to the extraction plant for 
reuse. Fine tails would be impounded below ground level in 
mined out areas and/or mixed with overburden and/or sand. 
All equipment was assumed to be purchased new.

SAGD Scheme 

The SAGD scheme consists of pairs of horizontal wells 
placed near the bottom of the oil sands formation. Initially, 
steam is circulated through both wells until heat communica-
tion is established between the two wells. At this point 
steam is circulated only through the upper "injector well" 
while a mixture of condensed steam and bitumen is 
withdrawn from the lower or "producer well." A production 
buildup of 6 months was assumed based on past experience 
at the underground test facility site. 

A series of three or four parallel tunnels are excavated in the 
Devonian limestone, approximately 15 meters below the 
base of the oil sands. Horizontal wells are drilled from the 
tunnels up into the oil sands in pairs, for 500 meters in pay. 
The producing well is placed 2 to 3 meters above the base of 
the oil sand and a second well, the injector, is drilled above 
and parallel to the first with about a 5 meter vertical separa-
tion. Alternate sections of the casing have sand control 
screens to allow steam to escape into the reservoir along its 
length or to allow the bitumen/water slurry to flow into the 
pipe, in the case of the producer well, where it can be 
pumped to the surface froth treatment facilities. 

Well pairs are placed 70 meters apart in 20-well cells for 
operating convenience and have an approximate life of 
10 years. Life of the wells is proportional to theft length, 
spacing, and pay thickness. At 40 meters of oil sands thick-
ness, each well pair would be capable of producing over 
1 million barrels of bitumen. 

Costing 

All schemes were based on a 20-year production life, with 
study results expressed in terms of average supply costs 
(1990 Canadian dollars) per barrel of dry bitumen. Supply 
costing is a levelized cost analysis which may be defined as 
the average price per barrel of bitumen required to meet all 
costs over the life of the project, discounted at a social rate 
of return for a range of 6 to 10 percent, excluding taxes, 
royalties, depreciation and inflation. 

Table 1 is a list of the costs included in the OP/X and 
SAGD schemes. Allocated costs were used to recognize in-
direct costs, such as administration and support. 

Resource Recovery 

Resource recovery is vital to the economics of the SAGD 
scheme. AOSFRA estimates recovery in the cell block at 
60 percent of in-place oil. Because of the necessity to 
deplete the reservoir in stages, with cells being shutdown 
while others are started up, a buffer is required between the 
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TABLE 1

INCLUDED COSTS 

OP/x
	

SAGO 

Capital 

Mine Equipment 
Office/Maintenance Shops 
Steam/Water Treatment Plant 
Extraction 
Froth Treatment 
Diluent Recovery 
Tailings Pond 
Site Clearing 
Site Grading & Prep. 
Site Roads 
Fencing 
Lighting 
Fire Water System 
Sewage System 
Potable Water

Technology Purchase 
Pilot Costs 
Tunneling 

Tunneling Equipment 
Transport Equipment 
Access Construction 
Facilities for U/G Operations 
Construction Supplies 
Surface Structures 
Construction Labor 
General 

Drilling 
Equipment 
Well Drilling 

Facilities 
Infrastructure 
kinderground 
Production 
Water/Steam 

Operating Costs 

Allocated 
Direct 

Site Clearing 
Muskeg Dewatering 
Site Prep. & Dewatering 
Overburden Removal 
Center Rejects Removal 
Oil Sands Mining 
Extraction 
Extraction Rejects Disposal 
Tailings 
Diluent Replacement 
Waste & Sand Dumps 
Reclamation 
Fresh/Recycled Water 
Diesel Fuel 
Power 
Gas

Mine Labor/Supplies 
Production Labor/Supplies 
Steam/Water Labor/Supplies 
Maintenance 

Labor 
Production 
Water/Steam 
Underground 
Infrastructure 

Administration 
Allocated Costs 
Power 
Gas 
Reclamation 
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cell blocks. The reserves between blocks is estimated at 
5 percent thereby reducing overall recovery to 55 percent.

FIGURE 2 
Resource recovery for OP/X is a combination of mining 
recovery (95 percent) and extraction recovery (90 to 
95 percent) for a combined recovery of 85 to 90 percent. 

Conclusions from the Joint Study 

According to the authors, the conclusions formulated below 
are specific to the West 2 case because reservoir characteris-
tics are especially important to the success of the SAGD 
process.

The SAGD scheme offers the potential for sig-
nificant cost savings over a grass roots surface min-
ing operation. 

Reserves under 50 meters of cover lend themselves 
to surface mining recovery whereas in situ recovery 
schemes are optimized in oil sands deposits with 
over 50 meters of overburden. 

The SAGD scheme has higher front-end capital ver-
sus the OP/X scheme which has proportionally 
higher operating costs largely due to overburden 
removal volumes (see Figures 1 and 2). 

FIGURE 1 

SAGD SUPPLY COST COMPONENTS 

OPERATING	 .u_f_ø_ CAPITAL 

SOURCE: FAiR, Fr AL.

OP/X SUPPLY COST COMPONENTS 

OPERATING	 -e—	 CAPITAL 

SOURCE: FAIR, FT AL. 

The SAGD process is much less labor intensive 
than the OP/X scheme requiring approximately 
40 percent of the workforce required of a com-
parable OP/X scheme. 

There are economies of scale between the 
20,000 barrel per day case and the 50,000 barrel per 
day case, which appear more pronounced for the 
SAGD scheme, possibly in the order of $2.00 per 
barrel. 

The lower recovery for the SAGD scheme would 
have an adverse effect on the life index of a lease 
holder's reserves in areas where either method 
could be implemented. 

There are advantages in the SAGD process in 
terms of post-mining reclamation and elimination 
of fine tails production. 

Future Opportunities 

Syncnrde does not view the two schemes, OP/X and SAGD, 
as competing technologies, but rather as complementary. 
Syncrude believes that both new surface mining schemes and 
in situ methods should be developed for bitumen production 
as they both show promise. Figure 3 illustrates the potential 
improvement in bitumen supply costs associated with 
development of new surface mining and in situ recovery tech-
niques. The analysis was based on an 8 percent social rate of 
return. Because the two schemes are best suited to different 
areas of the oil sands, they would allow maximum recovery 
of the resource. 

According to the authors, each technology would be used to 
exploit different areas of the Athabasca deposit. Once an 
open pit operation has reached a physical or economic limit, 
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FIGURE 3

COMPARATIVE SUPPLY COSTS 
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in situ recovery could be employed to extend recovery using 
the open pit for access, thereby avoiding expensive shafting 
or inclined ramps. Relatively small pockets of oil sand 
reserves could be economically exploited in this manner. 

A combined operation could avoid the need for duplication 
of a fresh water system and disposal of unusable water. A 
combined operation could also avoid complete duplication 
of infrastructure, overheads and other allocated costs. 
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TECHNOLOGY 

MTBE PROPOSED AS CARRIER FOR BITUMEN	 Calculation of Interaction Parameter 
TRANSPORT AND VISCOSITY REDUCTION 

The transport of Alberta (Canada) bitumens is difficult be-
cause of the high viscosity of the heavy oil. According to the 
University of Calgary's J. Anhorn and A. Badakhshan, speak-
ing at the 1992 Petroleum Society of CIM Annual Technical 
Conference held in Calgary, Alberta, Canada in June, a typi-
cal Cold Lake bitumen will have a viscosity of nearly 
106 MPa-s at 4°C, while the pipeline specifications call for 
approximately 270 MPa-s at the same temperature. An in-
crease in temperature of the bitumen has been shown to 
greatly reduce its viscosity. However, to adequately heat an 
entire pipeline for the length of the transportation is expen-
sive. The current solution to this problem has been the addi-
tion of liquid diluents to the bitumen to reduce its viscosity. 

The most common diluent is a C 4 + paraffinic liquid 
hydrocarbon obtained from natural gas processing. This sol-
vent generally achieves the needed viscosity reduction, but 
also has some inherent drawbacks. The availability of this liq-
uid hydrocarbon is sometimes in question, and there may not 
be sufficient buyers to purchase the solvent at the end of the 
transportation. In fact, many suppliers of the bitumen con-
sider the diluent to be a lost expense, and do not expect to 
be reimbursed. Also, the solubility of the solvent in the 
bitumen may pose some difficulties. The bitumen can be 
diluted with the solvent up to a critical dilution ratio, after 
which asphaltene deposition occurs. Therefore, an ideal sol-
vent is one which would achieve the required viscosity reduc-
tion, not cause the asphaltene fraction to precipitate, and 
also possess a substantial consumer market. 

Selection of MTBE 

It was decided to investigate the bitumen-MME (methyl ter-
tiary butyl ether) system. The demand for MTBE as an oc-
tane advancing additive for gasoline is growing rapidly as 
clean air legislation begins to take effect. This is creating an 
environment in which Alberta stands to become a significant 
exporter of MTBE. Also, the introduction of an ether into a 
heavy oil system has been noted to delay or eliminate the on-
set of asphaltene precipitation. These factors suggest 
promise for the potential use of ?VITBE as a liquid diluent in 
the pipeline transportation of bitumens. 

Viscosity Reduction 

To determine the level of actual viscosity reduction in the 
diluted bitumen, the viscosities of a number of samples were 
determined experimentally. These samples consisted of the 
unmixed components of MTBE and Cold Lake bitumen, as 
well as bitumen-diluent blends of 5 to 30 percent mass frac-
tion MTBE. Viscosity measurements were made over a tem-
perature range of 4 to 65°C.

Figure 1 demonstrates the validity of a prediction equation 
by comparing the calculated values to those determined a-
perimentally. The dashed line shows the values calculated 
from an equation utilizing a viscous interaction parameter, 
B,. The agreement with experimental values is quite good. 

Another item of practical interest concerning 
MTBE/bitumen blends is the ease of separating the two at 
the end of the transportation journey. The simple distilla-
tion of a bitumen-diluent mixture (35 percent mass MTBE) 
was performed, with the results presented as a boiling-point 
temperature curve shown in Figure 2. It can be seen that 
nearly all of the MTBE was separated at a vapor tempera-
ture of approximately 50°C. The ultimate recovery of 
M'FBE was nearly 94 percent. According to the researchers, 
this is satisfactory considering the single-stage distillation 
was an open system with the potential for a loss of distillate. 

Also of interest to this study was the possibility of encounter-
ing resin and/or asphaltene deposition due to the addition of 
the liquid diluent. By visual inspection, no separation of a 
solid phase was observed, either as a precipitate or in suspen-
sion.

FIGURE 1 

PREDICTIONS OF COLD LAKE—MTBE 
BLEND VISCOSITIES 
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FIGURE 2 

TEMPERATURE-DISTILLATE CURVE
OF 35 PERCENT

MTBE BITUMEN-MIXTURE 
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Conclusions 

Of primary interest was the reduction in viscosity of the Cold 
Lake bitumen when blended with varying concentrations of 
MTBE. It was found that an addition of 25 to 30 percent 
mass MTBE to Cold Lake bitumen will reduce the blend vis-
cosity to meet the pipeline specifications (270 MPa-s at 4°C; 
Canadian Energy Resources Conservation Board 
specifications). 

The test of ease of separation of the MTBE from the 
bitumen using a simple distillation apparatus reveals that the 
bulk of the diluent can be removed without difficulty. 

COMPUTER SIMULATION YIELDS INSIGHTS ON 
STEAM/FOAM INJECTION IN ATHABASCA TAR SANDS 

The Gregoire Lake In Situ Steam Pilot (GLISP), a joint ven-
ture between Alberta Oil Sands Technology and Research

Authority (AOSTRA), Amoco Canada and Petro-Canada 
(Phase A only) with Amoco being the operator, was the first 
steam/foam project conducted in the thick Athabasca tar 
sands. It successfully demonstrated the diversion of steam to 
the lower tar rich zone and resulted in improved bitumen 
recovery. 

Throughout the life of GLISP, a number of steps (i.e., steam 
stimulation, steamflooding, steam/foam injection, surfactant 
concentration reduction, pressure cycling, injection rate 
reduction and air/steam injection) were taken to develop 
and optimize the steam/foam injection process. After com-
pleting the project, a history match study was initiated to un-
derstand the process mechanisms and sensitive parameters. 
The ultimate purpose was to establish a steam/foam forecast 
model for the Athabasca tar sands. 

A paper by B.C. Lau and D.A. Coombe at the Petroleum 
Society of CIM 1992 Annual Technical Conference held in 
Calgary, Alberta, Canada in June presents the history match 
results and highlights the important process considerations 
that led to the final match. 

The pilot consists of one injector (H6) and three producers 
(H3, 114 and 1`15) drilled in an inverted four-spot pattern 
with an injector to producer distance of 46 meters. 

The project was operated from October 1986 to July 1991. It 
was originally designed to create horizontal fractures in the 
rich tar zone to optimize steamflood heating. However, it 
was later found that a multiple fracture system was induced 
and led to steam overriding in the upper low-oil saturation 
zone. A steam/foam diversion process was thus initiated in 
October 1988 to mitigate the problem. The following sum-
marizes the key pilot activities: 

- Initial steam cycling to preheat the reservoir 
(October 1986 to July 1987) 

- Steamilooding and occasional steam stimulation at 
production wells (July 1987 to September 1988) 

- Steam/foam injection to mitigate the steam over-
ride effects (October 1988 to July 1989) 

- Foam concentration reduction to optimize operat-
ing costs (August to December 1989) 

- Injection pressure cycling, injection rate changes 
and air/steam injection to optimize the steam-oil 
ratio (January 1990 to July 1991) 

Figure 1 shows the injection history of all pilot wells. Cyclic. 
steaming was carried out at the producers initially to preheat 
the reservoir and establish injector-producer communica-
tions.
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FIGURE 1 

GLISP STEAM INJECTION HISTORY 
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The median producer, 114, was selected to be the history 	 Data presented in the paper show that the steam/foam injec-
match candidate. The resulting model was modified to run 	 tion pressures and production responses were well matched 
validation cases for the remaining wells. 	 by the model. 

The AOSTRA Computer Modeling Group's STARS Model 
was used to conduct the 3-D simulation study. Due to the 
number of parameters to be studied, a 3-component model 
(water, surfactant and bitumen) was used. The injection of 
natural gas (e.g., during foam injection and shut-downs) and 
air (e.g., during the steam/air test) were not modeled. 

The controllable operating parameters (i.e., steam/foam in-
jection rates and producer bottomhole pressures), were 
specified as well constraints in the model. Case runs were 
conducted to examine the effects of several model 
parameters (e.g., grid size, transmissibility multipliers) and 
reservoir parameters (e.g., absolute and relative per-
meabilities, rock compressibility, thermal properties and 
foam properties). These parameters were gradually 
modified until the injection pressure and production fluid 
rates were satisfactorily matched. Temperature profiles were 
also examined to ensure that the predicted steam zone shape 
was in agreement with the temperature observation results.

Having established a representative model for the pilot area, 
it was rerun twice using a two-oil component system to ex-
amine the produced oil origin. The first run was to compare 
the oil rates from the pattern and the outside areas, and the 
second run was to compare the oil rates from the upper and 
lower zones. The results are respectively plotted in Figures 2 
and 3 (page 3-25). Figure 2 shows that the inside area 
responded favorably to the foam injection. At the end of the 
pilot project the pattern area contributed 75 percent of the 
oil and the recovery from it was 50 percent. Figure 3 shows 
that most of the steamflood oil was from the upper zone. 
The lower zone became more productive when steam/foam 
injection was implemented. 

Conclusions 

Use of the computer model allowed for researchers to reach 
the following conclusions concerning the GLISP project: 
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FIGURE 2 

GLISP HISTORY MATCH STUDY--ORIGIN OF PRODUCED OIL 
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The results confirmed that the communication path 
in the upper low-oil saturation zone had a strong 
impact on the production performance and sup-
ported some of the foam concentration and steam 
rate decisions made by the project team during the 
pilot operation. 

The results also suggested that the steam/foam in-
jection strategy could be further optimized by 
reducing the surfactant concentration to less than 
0.1 percent and by injecting steam at a high rate 
during the initial 1 t 2 years of foam injection. 

Discrepancies between predicted and actual produc-
tion at H) revealed that the weak performance was 
possibly due to the lack of good injector-producer 
communications. 

- As long as good injector-producer communications 
are established, steam stimulation does not im-
prove producer performance.

Confined and nonconfmed patterns should perform 
similarly (in terms of steam oil ratio). However, 
the water production volumes could be significantly 
smaller in nonconfined patterns due to water ac-
cumulations in the outside areas. 

###1 

HISTORY OF SOUTH BELRIDGE IN SITU 
COMBUSTION REVIEWED 

Pilot in situ combustion oil recovery began in California's 
South Belridge field over 30 years ago. A historical review 
of this work was presented in a paper by HJ. Ram', et al., 
at the Eighth Symposium on Enhanced Oil Recovery held in 
Tulsa, Oklahoma in April. 

By 1954, many laboratory and two small-scale field tests of in 
situ combustion indicated promise, and a 2.5-acre isolated 
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FIGURE 3 

GLISP HISTORY MATCH STUDY--ORIGIN OF PRODUCED OIL 
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pilot test was started in 1956 in Section 10. This project was 
supported by 12 oil companies and in situ combustion con-
tinued through 1959. The results of the last year of in situ 
combustion at the initial South Beiridge thermal recovery 
experiment were not reported in the literature until some 
19 years later. According to the authors, this is partly respon-
sible for some false impressions concerning in situ combus-
tion oil recovery. The stated purpose of their paper is to 
present factual results of commercial in situ combustion 
operations in a field which is also one of the better steam-
injection oil recovery operations in California. 

A 1957 paper reported that the burning front moved across 
the top of the 30-foot thick formation due to gravity over-
ride, but burned some 6.33 acres, far outside the original 2.5-
acre pattern area. Notable events were emulsion formation, 
metal goods corrosion, a blow-out at one producer, and an 
apparently large fuel concentration of more than 2 pounds 
fuel per cubic foot bulk volume. 

Because in situ combustion was viewed as a frontal-drive 
process, high fuel concentration meant low oil displacement, 
and gravity override meant low vertical sweep. Both ap-

peared bad. However, the 
oil 

recovery was far larger than 
the oil displaced from the burned volume. Coring indicated 
that the oil produced had come from sand upstructure and 
below the burned volume—presumably by gravity drainage. 
Therefore gravity override was not a problem. 

Many ideas formed from experience in waterflooding were 
found to be inappropriate for in situ combustion. 

By November 1959, analysis of the oil recovery-burned 
volume correlation indicated that combustion was not just a 
frontal displacement process. Economic calculations indi-
cated that the sooner a high oil recovery process was started, 
the better. The MOCO zone in situ combustion project was 
planned immediately after the Section 12 project and be-
came one of the most successful in situ combustion opera-
tions in the world. 

Air injection at MOCO began in late 1959. This project paid 
out in less than 9 months. The MOCO in situ combustion 
project continues to this date, and has been reported to be 
one of the most profitable enhanced oil recovery projects 
Mobil Oil Corporation has in the western United States. 
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The air-oil ratio to date is about 3.5 thousand cubic feet of 
air per barel of oil.

was described in a paper by D. Price, et al., at a meeting of 
the American Institute of Chemical engineers held in New 
Orleans, Louisiana last spring. 

In view of the apparent success of in situ combustion at 
MOCO by 1961, it may not be apparent why large-scale 
steam drive was started at Belridge in 1969. Computational 
studies of steam drive vertical formation heat losses and sur-
face line and wellbore heat losses indicated ultimate oil 
recovery and economic results for both processes were essen-
tially identical. Basically, steam boilers were in place for 
cyclic injection in the best fields in California. Personnel 
were trained to operate the steam boilers. There was no 
reason to start new in situ combustion projects. 

By 1975, field data showed that the fuel consumed in in situ 
combustion is about the same order of magnitude as the 
residual oil saturation for steam drive. But about one-third 
of the oil produced under steam drive is burned to make 
steam for continued injection. Nevertheless, the important 
issue for the oil industry then was not thermal efficiency, but 
what could be done effectively with existing facilities. It was 
decided that steam drive was practical, not that it was the 
most efficient process. 

Field results for steam injection and in situ combustion at 
South Belridge show the surface energy requirement per bar-
rel of oil produced by combustion is about one-fifth that for 
continuous steam drive. This results because the surface 
energy required to generate steam is a large fraction of the 
oil produced for steam drive, but the main energy source for 
in situ combustion is the residual oil left by steam drive. 

The total fuel consumed for steam injection is about twice 
that for in situ combustion. 

Does this mean that in situ combustion should be the ther-
mal recovery method of choice? Not necessarily, say the 
authors. Economic and practical issues may outweigh ther-
mal efficiency. Nevertheless, they believe that high-oxygen 
in situ combustion offers the possibility of extending thermal 
oil recovery to deep, high pressure heavy oil reservoirs not 
currently targets for steam injection. There are vast deposits 
of heavy crude oil throughout the world. It is time that in 
situ combustion was restored to a rightful place in the rank 
of enhanced oil recovery processes. 

QUALITY OF PRODUCFS DURING IN sm 
COMBUSTION ANALYZED WITH NEW TOOL 

Research carried out at Salford University, Salford, United 
Kingdom involves laboratory modeling of the In Situ Com-
bustion (ISC) process for enhanced oil recovery. This work

The ISC process is one of a number of techniques which may 
be used to recover residual oil from pressure depleted reser-
voirs. The process may be used as either a secondary or ter-
tiary process on such reservoirs or as a primary recovery 
process for heavy oil deposits. According to the authors, the 
possibility of in situ upgrading of the oil and the lack of 
costly injected fluids make the LSC method an attractive 
proposition particularly for heavy oils. 

The ISC process results in the production of oil by a com-
bination of viscosity reduction, gas drive and cracking. The 
cracking processes simultaneously deposit coke on the forma-
tion and it is this which acts as the fuel to sustain the combus-
tion process. 

Oils are classified in a number of ways, ranging from the 
measurement of physical properties to the identification of 
the individual chemical species. A number of classifications 
based on component type are also available, e.g., PAN, 
PIANO and SARA which offer a useful measure of oil com-
position. The SARA technique (ASTM 4124-86) is of par-
ticular interest as it separates the oil into fractions on which 
subsequent measurements may be made. This method also 
provides a useful measure of the quality of the oil. Currently 
a useful oil (one which requires less complex refinery proce-
dures) will contain more of the saturate and aromatic and 
less of the resin and asphaltene fractions. 

A recent variation on the SARA technique is TLC-FID 
analysis. This analysis is performed by an instrument known 
as the latroscan (latron Labs., Japan). This analyzer 
provides the SARA composition of an oil in about 2 hours 
(as opposed to 3 to 4 days for ASThI 4124-86) and the result 
is less susceptible to interclass interference. Thin Layer 
Chromatography ('PLC) of the oil is performed on a silica 
coated quartz rod which is subsequently passed through a 
Flame Ionization Detector (MD). The components of the 
oil are quantified by integration of the output from the RD. 

The Salford University paper reports the use of the latroscan 
to monitor the nongaseous products of the combustion of 
Athabasca tar sand for fuel upgrading under various condi-
tions of temperature, pressure and gas flowrate. 

Samples of tar sand were heated in atmospheres of nitrogen 
and in air. The experiments conducted in an air atmosphere 
produced oil at a lower temperature than in nitrogen, al-
though both systems produced upgraded oil. At high tem-
peratures (600°C) the oxygen containing system produced a 
lower quality oil, presumably due to combustion of the high 
quality fractions in the reactor. The yield of oil was about 
10 percent by weight. 
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Solid Residue Composition 

The concentrations of the individual SARA fractions in the 
residue are plotted against temperature in Figure 1. In air 
the loss of saturates and aromatics is faster than in nitrogen 
at up to 200°C. This rapid loss of the residue is obviously 
linked to the presence of oxygen. At low temperatures the 
aromatics may be converted to asphaltenes (thus accounting 
for the slow initial rate of loss of this fraction) while at high 
temperatures it is likely that combustion of the fractions oc-
curs concurrently with that of the coke. 

Produced Fluids Composition 

The concentrations of the SARA fractions in the produced 
fluids are presented in Figure 2 as a function of temperature. 
In nitrogen very little fluid is produced below 200°C but in 
an oxygen-containing atmosphere oil is produced at less than 
200°C. The production of aromatics, resins and saturates 
may be accounted for by distillation. At high temperatures 
(600°C) the concentrations of saturates and aromatics 
decrease, presumably due to combustion of some of the

fluids before they can leave the reactor. The aromatics con-
tent is always higher and the asphaltenes content always 
lower than in the original oil. The resin content goes 
through a minimum at 400°C and then rises. If a high 
quality oil is defined as one high in saturates and aromatics 
but low in resins and asphaltenes, the oil produced in this 
case is improved at up to 400°C, but it deteriorates at 400 to 
600°C, probably as a result of combustion of the saturate 
and aromatic "quality" fractions in the reactor. 

Effect of Oxygen 

According to the authors, the effect of oxygen on the process 
is to produce oil at a lower temperature than is possible in a 
nitrogen atmosphere. The oxygen appears to mobilize the 
saturate and aromatic fractions from the sandpack. It is 
proposed that, under the conditions employed, these frac-
tions react with the oxygen and are converted to asphaltenes. 
This reaction is accompanied by cracking which produces 
lower molecular weight saturates and aromatics which are 
mobilized.

FIGURE 1 
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FIGURE 2 

CHANGE IN COMPOSITION OF PRODUCED FLUIDS 
AS A FUNCTION OF TEMPERATURE 
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At higher temperatures the oxygen has a deleterious effect 
on the quality of the oil presumably due to combustion 
within the reactor. 

ELECTRIC PREHEATING FOR SAGD PROCESS 
MODELED 

Shell Oil Company has patented a process for electric 
preheating of a tar sand deposit prior to use of the Steam 
Assisted Gravity Drainage (SAGD) technique for in situ 
bitumen recovery. (See separate article in this issue describ-
ing the Shell patent.) At the Eighth Symposium on 
Enhanced Oil Recovery, held in Tulsa, Oklahoma in April, 
Shell researchers CA. Glandt and C.F. Hsu discussed their 
mathematical modeling of the electric preheat process. 

The model is used to study the electric preheating of a tar 
sand reservoir using horizontal electrodes to develop steam 
injectivity. After preheating, electrodes are converted into

conventional injection/production wells to be used in a sub-
sequent steam recovery process. 

Due to its high cost, electrical heating is not viewed as a re-
placement for steam injection, but rather a precursor to 
steam injection. 

When the electric resistivity of the formation is low, say in 
the range of 100 ohm-m, 60 Hz commercially available AC 
power can be utilized to dissipate heat at field-scale rates. A 
typical example is the heating of heavy tar sands where the 
continuous brine phase provides low resistance paths for the 
currents. When the electric resistivity is high, low frequency 
electric heating will require excessively high voltages be-
tween wells. This is the case in oil shale where the electric 
resistivity is in excess of 10,000 ohm-m. Radio-frequency 
heating can be considered for developing this resource. 

The SAGD process concept has been tested successfully at 
the Alberta Oil Sands Technology and Research Authority's 
Underground Test Facility (IJTF) at the Athabasca tar 
deposits in Alberta, Canada. 
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Keys to SAGE) economic success are a relatively clean, good-
quality sand, and a high steam-temperature oil mobility, 
which are present at the UTE. 

The application of the SAGE) process to low permeability or 
shaly reservoirs results in production delays and uneconomic 
rates. The Shell electric preheat SAGD (EP-SAGD) process 
may extend the applicability of the SAGD processes to reser-
voirs where wells are drilled in shaly areas. 

Production delays can be experienced when effective vertical 
permeabilitics are low due to high shale concentrations and 
flow lines become highly tortuous. The EP-SAGD process 
mitigates this problem by combining electric preheating and 
gravity drainage using horizontal welts to create an extended 
drainage area. Horizontal wells can be used initially as 
electrodes to preheat the formation and then later as conven-
tional production and injection wells. 

EP-SAGD employs sets of three parallel horizontal wells, 
one injection and two producers. An electric voltage dif-
ferential is established between injector and producers, while 
the two producers are kept at the same potential at all times. 
The preheating phase lasts around 1 year using an applied 
voltage differential of 400 to 600 volts. The applied voltage 
which determines the heating rate is selected so that the tem-
perature at the electrodes does not exceed the boiling point 
of the connate brine at reservoir pressure. 

At the Athabasca tar sand deposit, considerable differences 
exist between the east and west areas in depositional environ-
ments and reservoir continuity and quality. The fluvial chan-
nel sequence of high-permeability sands is the dominant 
sand body in the east section of the deposit. To the west, 
however, oil reserves are mainly found in transitional to shal-
low marine environment with shale interbeds and intense 
bioturbation. 

The most distinct advantage of EP-SAGD lies in its insen-
sitivity to the presence of discontinuous shale barriers. 
Using the Shell simulator, a number of 2-D generic cross-
section cases were run to evaluate the effect of shaliness on 
recovery. Results presented at the conference show that 
when the vicinity of the SAGD wells is relatively shale-free, 
both processes have comparable performances. However, 
production delays are experienced in the SAGI) process 
when there are shale barriers located between or im-
mediately above the wells. In shaly sands the EP-SAGD 
process clearly provides better performance. This is of spe-
cial interest for the production of the massive tar reserves 
found in shaly depositional environments.

CHEVRON PATENTS COMBINED HASDrIve AND 
IN SITU UPGRADING PROCESS 

United States Patent 5,054,551 issued to J.H. Duerksen and 
assigned to Chevron Research and Technology Company is 
titled 1n Situ Heated Annulus Refining Process? 

The major problem of economic in situ recovery from many 
formations has been establishing communications between 
an injection position and a recovery position in the viscous 
oil-containing formation. This is primarily due to the fact 
that the oil mobility may be extremely low and in some cases, 
such as the Athabasca tar sands, virtually nil. In some tar 
sands, hydraulic fracturing has been used to establish com-
munication between injectors and producers. This has not 
met with uniform success. 

A solution to this problem of establishing communication 
between the injector and producer is the Chevron HASDrive 
(Heated Annulus Steam Drive) method. The new patent dis-
closes the addition of a hydrogen-containing gas with a suffi-
cient temperature being established in the formation to 
promote the hydrogenation of at least a portion of the 
petroleum in the formation zone. 

In the HASDrive process, a hole is formed through the 
petroleum-containing formation and a solid-wall, hollow 
tubular member is inserted into the hole to provide a con-
tinuous, uninterrupted flow path through the formation. A 
hot fluid is flowed through the interior of the tubular mem-
ber out of contact with the formation to heat viscous 
petroleum in the formation outside the tubular member to 
reduce its viscosity and provide a potential passage for fluid 
flow through the formation adjacent the outside of the 
tubular member. 

Hydrogen-containing gas is injected into the formation 
through the passage to promote in situ hydrogenation of at 
least a portion of petroleum. A drive fluid is also injected 
into the formation through the passage to promote move-
ment of the petroleum for recovery from the formation. In 
preferred form the hot fluid which is flowed through the 
tubular member is steam, and the drive fluid used to 
promote movement of the petroleum is also steam. Depend-
ing on certain conditions, the hot fluid, hydrogen-containing 
gas and the drive fluid are injected intermittently. The injec-
tivity of the drive fluid and hydrogen-containing gas into the 
formation is controlled to some extent by adjusting the flow 
of hot fluid through the tubular member. In this manner, 
the sweep efficiency of the drive fluid in the formation may 
be improved. 

Shown in Figure 1 are the HASDrive system, having an inter-
nal steam tube plus an internal hydrogen supply tube in a 

SYNITWI1C FUELS REPORT, SEPTEMBER 1992 
3-29



horizontal weilbore, along with separate vertical injector and 
producer wells. The internal steam tube is two pipes ar-
ranged concentrically in order to provide a continuous flow. 

The hydrogen supply tube is perforated at intervals to allow 
hydrogen to flow into the formation. 

The hydrogen-containing gas helps promote in situ 
hydrogenation of the viscous hydrocarbons. The steam helps 
to promote viscosity reduction and helps optimize the condi-
tions needed for in situ hydrogenation. 

By hydrogenating oil it becomes a more valuable product. 
Moreover, hydrogenation increases the mobility of oil and, 
thus, transportation is made simpler. Finally, hydrogenation 
promotes lowering of the oil viscosity and, thus, water is 
separated easier making the processing of the recovered oil 
more economical. 

SHELL PATENTS ELECTRICAL PREHEAT STEAM 
ASSISTED GRAVITY DRAINAGE PROCESS 

United States Patent 5,046,559 issued to CA. Glandt and as-
signed to Shell Oil Company is titled "Method and Ap-
paratus for Producing Hydrocarbon Bearing Deposits in For-
mations Having Shale Layers."

Background 

This invention relates to an apparatus and method for the 
production of hydrocarbons from tar sand deposits having 
vertical hydraulic connectivity between the various geologic 
sequences. 

Conventional recovery of hydrocarbons from heavy oil 
deposits is generally accomplished by steam injection to swell 
and lower the viscosity of the crude to the point where it can 
be pushed toward the production wells. In those reservoirs 
where steam injedivity, is high enough, this is a very efficient 
means of heating and producing the formation. Unfor-
tunately, a large number of reservoirs contain tar of suffi-
ciently high viscosity and saturation that initial steam injec-
tivity is severely limited, so that even with a number of "huff-
and-puff' pressure cycles, little steam can be injected into the 
deposit without exceeding the formation fracturing pressure. 
Most of these tar sand deposits have previously not been 
capable of economic production. 

In steamflooding deposits with low injectivity, the major 
hurdle to production is establishing and maintaining a flow 
channel between injection and production wells. Several 
proposals have been made to provide horizontal wells or con-
duits within a tar sand deposit to deliver hot fluids such as 
steam into the deposit, thereby heating and reducing the vis-
cosity of the bitumen in tar sands adjacent to the horizontal 
well or conduit. 
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United Stales Patent 4,344,485 discloses a method for con-
tinuously producing viscous hydrocarbons by gravity drainage 
while injecting heated fluids. One embodiment discloses two 
wells which are drilled into the deposit, with an injector lo-
cated directly above the producer. Steam is injected via the 
injection well to heat the formation. A large steam saturated 
volume known as a steam chamber is formed in the forma-
lion adjacent 10 the injector. As the steam condenses and 
gives up its heat to the formation, the viscous hydrocarbons 
are mobilized and drain by gravity toward the production 
well—Steam Assisted Gravity Drainage (SAGD). Unfor-
tunately the SAGD process is limited because the wells must 
generally be placed fairly close together and is very sensitive 
to and hindered by the existence of shale layers in the 
vicinity of the wells. 

Several prior art proposals designed to overcome steam injec-
tivity have been made for various means of electrical or 
electromagnetic heating of tar sands. One category of such 
proposals has involved the placement of electrodes in conven-
tional injection and production wells between which an 
electric current is passed to heat the formation and mobilize 
the tar. 

The patent quotes several examples to show that previous 
electrode heating proposals have concentrated on achieving 
substantially uniform heating in a block of a formation so as 
to avoid overheating selected intervals. The common concep-
tion is that it is wasteful and uneconomic to generate non-
uniform electric heating in the deposit. The electrode array 
utilized by prior inventors therefore bonds a particular 
volume of earth formation in order to achieve this uniform 
heating. However, the process of uniformly heating a block 
of tar sands by electrical means is extremely uneconomic. 
Because conversion of fossil fuel energy to electrical power is 
only about 38 percent efficient, a significant energy loss oc-
curs in heating an entire tar sand deposit with electrical 
energy. 

Summary of the Invention 

The new invention continuously recovers viscous hydrocar-
bons by electric preheating followed by gravity drainage from 
a subterranean formation with heated fluid injection. 

Figure 1 is a horizontal cross-section view of the SAGD 
method (prior art) showing the wells and the steam chest. 

Figure 2 is a horizontal cross-section view of the electrical 
preheat steam assisted gravity drainage (EP-SAGD) method 
showing the wells and the steam chest. 

Although the invention may be used in any formation, it is 
claimed to be particularly applicable to deposits of heavy oil, 
such as tar sands, which have vertical hydraulic connectivity 
and are interspersed with discontinuous shale barriers.

FIGURE 1 

SAGD PROCESS (Prior Art) 
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As discussed above, the SAGD process is limited by the re-
quirement that the wells be placed relatively close together 
and is very sensitive to and hindered by the existence of shale 
layers between the producer and injector. The Shell inven-
tion, utilizing electric preheating and a unique arrangement 
of wells overcomes the limitations of SAGD. 

The invention employs sets of three wells, one injector and 
two producers, in a triangular arrangement. The producers 
are placed at the base of the triangle at the bottom of the 
production pay, in the range of 90 to 120 feet apart. The in-
jector is at the top apex, in the range of 45 to 60 feet from 
the base. Typical distances between injector and producer 
(side of the triangle) are in the range of 30 to 140 feet apart. 
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The producers are typically placed to maximize the potential 
hydrocarbon payout. To compare layers to determine their 
relative hydrocarbon richness, the product of the oil satura-
tion of the layer, porosity of the layer, and the thickness of 
the layer is used. Preferably, the producers are placed in the 
richest hydrocarbon layer. The producers are located 
preferably near the bottom of a thick segment of tar sand 
deposit, so that steam can rise up through the deposit and 
heated oil can drain down into the wells. 

The horizontal wells in this invention will double as horizon-
tal electrodes during the electrical heating stage, and as 
either injection or production wells during the steam injec-
tion and production stages. This is accomplished by using a 
horizontal well, and converting it to double as a horizontal 
electrode by using conductive liner, well casing or cement, 
and exciting it with an electrical current. For example, 
electrically conductive portland cement with high salt con-
tent or graphite filler, aluminum-filled electrically conductive 
epoxy, or saturated brine electrolyte, which serves to physi-
cally enlarge the effective diameter of the electrode and 
reduce overheating. As another alternative, the conductive 
cement between the electrode and the formation may be 
filled with metal filler to further improve conductivity. In 
still another alternative, the electrode may include metal 
fins, coiled wire, or coiled foil which may be connected to a 
conductive liner and connected to the sand. The vertical run 
of the well is generally made nonconductive with the forma-
tion by use of a nonconductive cement. 

During the electrical preheating stage, power is supplied to 
the horizontal electrodes. The electric potentials are such 
that current will travel between the injector and the 
producers only, and not between producers. The horizontal 
electrodes are positioned so that the electrodes are generally 
parallel to each other. 

Generally any voltage potentials that will allow for heating 
between the injector and the producer can be used. Typi-
cally the voltage differential between the injector and the 
producer will be in the range of 500 to about 700 volts.

Generally all of the electrodes are energized from a common 
voltage source, so that as the tar sand layers heat and be-
come more conductive, the current will steadily increase. 
Measurements of the current entering the electrodes can be 
used to monitor the progress of the preheating process. The 
electrode current will increase steadily until vaporization of 
water occurs at the electrode, at which time a drop in current 
will be observed. Additionally, temperature monitoring 
wells and/or numerical simulations may be used to deter-
mine the optimum time to commence steam injection. 

As the preheated zone is electrically heated, the conductivity 
of the zone will increase. This concentrates heating in those 
zones. In fact, for shallow deposits the conductivity may in-
crease by as much as a factor of 3 when the temperature of 
the deposit increases from 20°C to 100°C. For deeper 
deposits, where the water vaporization temperature is higher 
due to increased fluid pressure, the increase in conductivity 
can be even greater. Consequently, the preheated zones 
heat rapidly. As a result of preheating, the viscosity of the 
tar in the preheated zone is reduced, and therefore the 
preheated zone has increased injectivity. The total preheat-. 
ing phase is completed in a relatively short period of time, 
preferably no more than about 2 years, and is then followed 
by injection of steam and/or other fluids. 

Once sufficient mobility is established, the electrical heating 
is discontinued and the preheated zone produced by conven-
tional injection techniques, injecting fluids into the forma-
tion through the injection wells and producing through the 
production wells. The area inside and around the triangle 
has been heated to very low tar viscosities and is produced 
very quickly. Produced fluids are replaced by steam creating 
an effective enlarged production/injection radius or steam 
chest' shown in Figure 2. Fluids other than steam, such as 
hot air or other gases, or hot water, may also be used to mo-
bilize the hydrocarbons, and/or to drive the hydrocarbons to 
production wells.

#1St 
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INTERNATIONAL 

PDVSA CONTINUES TO LINE UP FOREIGN PARTNERS 
FOR HEAVY OIL DEVELOPMENT 

Petroleos de Venezuela (PDVSA), under its policy of as-
sociating itself with international companies that can supply 
capital, technology and markets for heavy crude oil, is nego-
tiating with Total Oil. The companies are assessing the tech-
nical and economic feasibility of developing the Orinoco 
heavy oil belt in eastern Venezuela. PDVSA already has 
similar agreements with EN!, Conoco, Mobil, Elf, Mit-
subishi, Veba and Amoco. 

PDVSA is also seeking a foreign partner for a joint venture 
to build a refinery for heavy oil and has received some in-
quiries from Japanese companies. The proposed facility 
would cost an estimated $5 billion and would be equipped 
with technology to refine the heavy and extra heavy crude 
oils in the Orinoco belt. 

According to the Qfl and Gas Journal, Corpoven plans to 
build a new refinery at Jose, Anzoategui, Venezuela that will 
be designed to process Hamaca, 103° gravity Orinoco crude. 
The plant's initial capacity will be 277,000 barrels per day 
and then increase to 400,000 barrels per day when the 
project is complete.

I'll 

NIGERIAN BITUMEN STUDY PLANNED 

According to a report in the OPEC Bulletin, the Govern-
ment of Nigeria has set up a study group to look into the a-
ploitation of a bitumen deposit in Agabu in Ondo State. 
Nigeria's Minister of Petroleum and Mineral Resources has 
been negotiating with the governor of Ondo State. 

The Ministry is also involved in exploring the state's coastal 
areas as well as offshore waters. The government plans to 
develop a firm plan for the exploration and exploitation of 
Nigeria's minerals and hydrocarbons in order to ensure their 
optimum development. 

The federal government holds exclusive rights to mineral 
reserves, but could involve outside interests through joint 
venture agreements. The Agabu deposit covers an area of 
about 2,000 square kilometers. 

nil

TEXACO GASIFIER SELECTED FOR TWO 
GASIFICATION PROJECTS IN ITALY 

Texaco Inc.'s Alternate Energy group has announced that its 
Texaco Gasification Power System technology has been 
selected by ISAB SpA, the Italian petroleum refining com-
pany, for a 600-megawatt power generation facility in Italy. 

The Texaco Gasification Power System integrates Texaco's 
gasification technology with a synthesis gas cleanup system 
and a combined cycle powerplant. The technology will be 
installed at ISAB's existing refinery in Priolo Gargallo, Sicily, 
Italy. 

The ISAB project, planned for startup in 1996, will gasify 
17,000 barrels per day of high sulfur, heavy oil residues to 
produce steam and hydrogen for the ISAB refinery, and 
electricity which will be sold to ENEL, the Italian state 
power authority. 

The Texaco gasification process, together with a combined 
cycle power block, is considered an environmentally attrac-
tive method of generating electricity from hydrocarbon 
feedstocks such as coal, heavy oil, petroleum coke and other 
petroleum residues. Emissions of nitrogen oxides and sulfur 
dioxide are significantly lower than the amount produced by 
traditional processes; emissions of carbon dioxide are also 
lower. 

Texaco's gasification technology has also been selected by 
AgipPetroli SpA for the design of an integrated gasification 
combined cycle plant fueled by heavy petroleum residue to 
produce synthesis gas for the production of electric power 
and hydrogen. 

The project is being developed by AgipRaffinazione SpA, a 
wholly owned subsidiary of AgipPetroli SpA, the largest 
Italian petroleum company, and will be located at 
AgipRaffinazione's refinery near Venice, Italy. The project 
is expected to be operational by 1997. 

In, 

TEXACO AND BITOR AMERICA TO PROMOTE 
GASIFICATION OF ORIMULSION 

Texaco Inc.'s Alternate Energy group has signed an agree-
ment with Bitor America Corporation to develop integrated 
gasification combined cycle power projects using Texaco's 
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gasification technology and Venezuelan Orimulsion as a 
feedstock. 

Bitor America and its parent company, Bitumenes Orinoco, 
SA, are subsidiaries of Petroleos de Venezuela SA, the 
Venezuelan government-owned oil company. 

The agreement provides for a supply of up to 1.6 million 
tonnes per year of Orimulsion over a 25 year term. Orimul-
sion, a liquid fuel consisting of 70 percent natural bitumen, 
30 percent water and a surfactant, is considered an attractive 
energy source for the Texaco gasification process because of 
its vast supply, its ability to be transported using conven-
tional means, its high heating value (12,600 BTU per pound) 
and low viscosity. 

The Texaco gasification process is unique because of its 
ability to utilize different feedstocks—including coal, heavy 
oil, petroleum coke, waste gas and other nonoil hydrocar-
bons such as Orimulsion—to produce a clean-burning syn-
thesis gas for use in the petroleum industry, chemical 
manufacturing and electric power generation. (See the jç 
Synthetic Fue ls Report. June 1992, page 3-19.) 

Texaco has conducted a series of successful tests at its Mon-
tebello (California) Research Laboratory, demonstrating the 
excellent performance of Orimulsion as a feedstock in the 
Texaco gasification process. 

The new agreement could increase the sales of Orimulsion 
by as much as 29,000 barrels per day for the next 25 years. 
Venezuela has facilities that are capable of producing 
150,000 barrels per day but current sales are only about 
35,000 barrels per day to companies in Spain, Portugal, 
Great Britain and Japan. 

Depending on how the product is delivered, Biter is selling 
Orimulsion for $1.70 to $1.90 per million BTU. It takes 
about 8,400 BTU to generate 1 kilowatt-hour of electricity 
using Orimulsion.	 Coal requires 8,800 BTU for 
1 kilowatt-hour, or 10,000 BTU if scrubbers are added. 

nil 

JAPANESE ACTIVITIES AND POINTS OF VIEW IN OIL 
SANDS SUMMARIZED 

Japan currently imports 4.6 million barrels of crude oil per 
day. Following the recent series of oil crises, Japan's in-
dustrial policy has shifted to encourage technological 
developments that save hydrocarbon energy and preserve the 
Earth's environment. 

M. Fujita says that Japanese businesses will continue to be 
involved in oil sands development with a long-term view 
towards environmentally friendly technologies. Fujita of

Japan Canada Oil Sands Ltd. (JACOS) discussed Japanese 
activities in oil sands at the AOSTRA/Canadian Heavy Oil 
Association 1992 Conference held in Calgary, Alberta, 
Canada in June. 

Since 1978, rive Japanese oil companies have been involved 
in oil sands development projects in the Athabasca area of 
Alberta, Canada. JACOS, a subsidiary of the Japan 
Petroleum Exploration Company Ltd., was incorporated in 
1978. JACOS is supported by the Japanese Government 
through the Japan National Oil Corporation and through 
72 industrial investors. 

Oil Sands Projects by Japanese Companies in Alberta 

Since 1974, five Japanese companies have been involved in 
oil sands projects in Alberta. 

Fuyo-Marubeni Oil and Gas Ltd. (FMOC). FMOG con-
ducted the Primrose CSS (Cyclic Steam System) test in the 
Cold Lake area jointly with Canadian Industrial Gas and Oil 
Ltd. during 1974 and 1975. FMOG then withdrew and the 
project was taken over by the consortium of Japan Oil Sands 
Company, Primrose Ltd. and Noreen. 

Japan Oil Sands Company, Primrose Ltd. (JOSCO). From 
1975 to 1980, JOSCO and Noreen carried out the CSS test in 
lease 60 of the Clearwater formation. 

The target zones are subdivided by calcite-bearing shale 
beds. In the field site, nine injection/production wells with 
four monitoring wells were tested through 7 to 10 cycles. 
Bitumen produced from the test totaled 21,773 barrels, while 
operation costs reached C$890,000. Production costs for 
1 barrel of bitumen amounted to C$41.00. After a final lease 
evaluation in 1991, the lease was then surrendered last 
March and JOSCO is to be dissolved in September 1992. 

JACOS-PCE,J Project. In 1978, JACOS signed an agree-
ment with Petro-Canada, Canadian Occidental Petroleum 
Ltd. and Esso Resources Canada Ltd. (PCEJ Group) to pur-
chase a 25 percent oil sands interest and rights to an in situ 
bitumen recovery process. Phase I, Phase II and Phase III 
have been conducted. Phase I began with a method test on 
the electric preheating steam drive and steam stimulation 
using four test wells and four monitoring wells. At the same 
time, a series exploration for lease evaluation began. 

In 1982, Phase II, including three single well CSS, began. 

The pilot objectives were to locate, evaluate and confirm suf-
ficient bitumen-in-place to sustain a commercial production 
rate and to obtain the most effective operational strategies 
for CSS. 

As a result of Phase II, it was concluded that multiwell pilots 
might still be necessary to confirm CSS optimization for the 
PCEJ lands. This conclusion was made based on an integral 
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Acres 
Bitumen in Place 
Recoverable Bitumen 
Target Formation 
Target Interval Depth 
Average Pay Thickness 
S. Gravity of Bitumen 
Explor. & Delineation Wells 
Seismic Survey Line

1.2 million (5,000 km2) 
150 billion barrels 
9 billion barrels 
McMurray Formation 
150 - 450 meters 
Approximately 20 meters 
API 8°-10° 
Almost 500 
250 kilometers

data analysis together with computer simulation studies. At 
the end of Phase II, the outlook for the PCEJ leases was as 
shown in Table 1. The lease, totaling 1.2 million acres, con-
tains 9 billion barrels of 8° to 10°API recoverable bitumen. 

In 1988, a multiwell program of Phase III pilots began. 
Twelve test wells with two monitoring wells were slant 
drilled and one vertical well with three monitoring wells 
were drilled from a central pad. The well pattern followed a 
northeast-southwest orientation of the regional fracture 
trend, which allowed on-trend and off-trend injection 
strategies. 

The main objectives of the Phase HI program included mini-
mizing operational costs, optimizing operational strategies 
applicable to the entire Hangingstone area and defining a 
commercial project. 

However, due to delay of the facility's construction and test-
ing under unusually rainy weather, only three cyclic opera-
tions were carried out in the budgeted period of Phase 111. 

JACOS is presently planning to take over the Phase III pilot 
with plans to conduct further cycle operations on six wells. 
At least eight cycles over a 4-year period will be operated 
which will provide enough data to evaluate the CSS poten-
tiality for oil sand development. 

The five basic strategies to be investigated for optimizing 
cyclic steam system operation are: 

- Well spacing design 

- Selecting a perforation interval and a timely reper-
foration 

- Steam injection controls governing steam slug size, 
and injection pressure and rate

- Production rate and pumping rate 

- Termination of production cycle 

Mitsubishi Oil Ltd. Mitsubishi recently signed an agree-
ment with Petro-Canada to obtain 5 percent of its share in 
the Syncrude project. According to a Japanese newspaper, 
Mitsubishi Oil paid approximately CS132.5 million to Petro-
Canada to obtain 10,000 barrels per day of synthetic oil for 
20 years. 

JAPEX Oil Sands Ltd. This company has signed an agree-
ment to join the Alberta Oil Sands Technology and Research 
Authority (AOSTRA) in the Underground Test Facility 
(TIFF) project. JAPEX Oil Sands Ltd. is a new subsidiary of 
JAI'EX Canada Ltd. The company anticipates that the UTF 
process will be conducted successfully and will be the most 
promising method for an in situ bitumen recovery system. 

Points of View on Oil Sands Development Methods 

Due to the rather low permeability and porosity of the 
Athabasca reservoir and the presence of intercalated shale 
beds in the target zones, subsurface configurations of frac-
tures propagated by steaming are interpreted to be compli-
cated and irregular. 

Shale beds work as a low permeable barrier in production 
cycles. In the steam injection period, shale beds are frac-
tured easily by high steaming pressure and often allow steam 
override resulting in heat loss. Alternative methods 
favorable to such reservoirs are listed as follows: 

- Steam Assisted Gravity Drainage process (SAGD-
AOSTRA UTE) 

- Heated Annulus Steam Drive process 
(HASDrive— Chevron's Test) 

- SAGD combined with a horizontal producing well 
TABLE 1

- SAGD with horizontal wells drilled from the sur-
OUTLOOK OF PCF,J OIL SANDS LEASES	 face 

All of these methods are commonly based on the liquid flow 
mechanism through paths like channels and/or annulus 
created by low pressure steaming which prevents fractures in 
reservoirs. In an earlier steaming period, conductive heat is 
transferred from a casing to the oil sands, then channels and 
annulus are formed in the oil sands. Once heated, oil sands 
produce bitumen flows, steam invades easily through the 
depleted zones in shapes of channels or annulus and heats 
cold oil sands by conduction at later steaming periods. 

According to Fujita, Japanese companies intend to keep chal-
lenging oil sands development at a reasonably moderate 
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pace with a tong and wide term policy from global points of 	 ized for a long period in the future as final energy resources 
view. They believe that oil sands in Alberta should be util- 	 that are surely recoverable.

In, 
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ENVIRONMENT 

PROGRESS BEING MADE IN SOLVING THE FINE 
TAILS PROBLEM 

One of the major challenges for the oil sands industry is the 
accumulation of fluid fine tails in large tailings ponds. A 
paper by B.C. Friesen of Syncrude Canada Limited describes 
the process by which Syncrude, along with its industry and 
government partners, has been solving the challenge of fluid 
fine tails. Friesen presented his paper at the 
AOSTRAJCanadian Heavy Oil Association 1992 Con-
ference held in Calgary, Alberta, Canada in June. 

Fine Tails Accumulation 

Fine tailings originate in clay layers within the oil sand 
deposit. The thinner layers are unavoidably mined and 
processed along with the bitumen saturated sand. After 
recovery of the bitumen, the tailings are transported to dis-
posal areas hydraulically. The fine particles (clay and silt 
sizes), because they settle slowly, remain with the slurry fluid. 
It takes years for the fine tails to reach 30 percent solids con-
tent and many more years to consolidate to a solid material. 
To produce 1 barrel of synthetic crude oil, about 1 cubic 
meter of oil sand is processed and about a third of a cubic 
meter of mature fluid tails is accumulated. For all practical 
purposes, the fine fraction of the tails from the Syncrude a-
traction process will remain fluid indefinitely. 

Fine Tails Environmental Issues 

Of the environmental issues associated with the fine tails, 
first and foremost is the land disturbance impact driven by 
the large volume of fine tails which Syncrude is managing. 
Settling and storage requirements led Syncrude to construct 
a large tailings settling basin equal in area to the mine pit. 

There is the potential for contamination of ground water by 
water released from the fine tails. It is necessary to assess 
the ground water regime for each specific fine tails disposal 
method and disposal area. 

The possibility of a sudden failure of a fine tails containment 
dike is a major concern. Were such a failure to occur, the 
rapid release of a large quantity of fluid tailings could cause 
severe damage to buildings, vegetation and wildlife. Aquatic 
organisms would suffer from high turbidity and siltation and 
from the acute toxicity of the water in the tails. 

A further challenge is the toxicity of oil sands tailings. The 
washing process used to separate the bitumen from the sand 
also washes out of the oil sand other naturally occurring or-
ganic compounds, some of which go into solution in the 
slurry water. The evidence points to naphthenic acids as the 
organic compounds of concern, and asphyxiation as the 
mechanism of toxicity.

Fine Tails Reclamation Technologies 

The fine tails present two challenges in achieving reclama-
tion objectives. First, without further management the fine 
tails will remain in fluid form for an extended period. To 
achieve a stable landscape, there are two choices: the fine 
tails can be incorporated into a solid material, or they can be 
contained in an absolutely secure fashion. 

Second, the initial toxicity of the tails must be addressed. On 
this question, Syncrude has established several important 
facts. The compounds responsible for this toxicity are not 
persistent in the environment, they are not stored in the 
bodies of organisms, and they do not bioaccumulate up the 
food chain. Tailings water, when separated from the influx 
of fresh tailings, rapidly becomes nontoxic. Thus, it is practi-
cal to incorporate the fine tails in the landscape in an en-
vironmentally sound manner. 

Syncrude has developed several technologies for incorporat-
ing the fine tails into satisfactory landscapes. In recent years, 
this work has moved to field scale demonstration projects. 
These technologies are described briefly below-

Capping of fluid fine tails with a layer of water, 
within secure containment, and configured to 
develop into a productive water body and wetlands 
system 

Adding of clay overburden to a pool of fluid fine 
tails, capturing the fine tails within the voids be-
tween lumps of clay, forming a soft deposit which 
can be included within overburden elements of the 
final landscape 

Using fluid fine tails as the transport fluid in a 
scheme of hydraulic transport of overburden, cap-
turing, as above, the fine tails in the pore spaces of 
the resultant overburden deposit 

Using fine tails addition (rather than water addi-
tion) in the extraction process to adjust the density 
of the tailings slurry for hydraulic transport, which 
increases the average solids content of the fluid 
transporting the sand tails, increases the solids con-
tent of the fluid captured in the pore spaces of the 
sand deposit, and thus increases the quantity of 
fine particles in each pore space (making efficient 
use of the available pore spaces) 

- Adding sand tails to a pool of fine tails, as above, 
capturing more solids in each pore space between 
sand grains 
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Development and Reclamation Plan 

The next step for Syncrude is development of the mining and 
reclamation plan which, using an appropriate selection of the 
above fine tails reclamation technologies, yields the overall 
optimum blend of economics and final landscape quality. 
Current work is concentrated in the area of conceptual mine 
planning—application of specific combinations of fine tails 
management techniques to materials handling and reclama-
tion over the life of the mine. 

Syncrude has determined that it is technically feasible and 
economically practical to incorporate all fine tails within a 
final landscape. The accumulated volume of fluid fine tails 
can be managed to fit within containment areas which are 
below natural surface, contained within undisturbed natural 
strata or land masses of tailings sand and overburden. Water 
quality, of both ground water and surface water, will be ac-
ceptable. The key to managing the initial toxicity of process 
water is to take advaritage of the slow release of that water 
from fine tails relative to the comparatively rapid elimination 
of toxic compounds through natural physical, chemical and 
biological processes. 

Mine plans which significantly reduce the quantity of fluid 
fine tails contained within the final landscape are technically 
feasible. Sand tails and overburden disposal areas designed 
to incorporate fine tails can be constructed as parts of a work-
able mine plan. Some of the potential incorporation tech-
niques have been demonstrated on a field scale. 

According to the paper, the more fine tails incorporated 
within dry landscape elements, the higher the overall develop-

ment and reclamation cost. Some degree of incorporation 
can be achieved at reasonable cost, and does have some 
benefits—it reduces the complexity of managing the fluid tails 
inventory during the operating phase, and it becomes easier 
to provide satisfactory permanent containment. On the 
other hand, Syncrude plans to demonstrate the environmen-
tal acceptability of permanent disposal of fine tails in fluid 
form. 

There are fine tails management technologies not yet well 
developed, but with potential benefits. The best example is 
the hydraulic transport of overburden. If the technical chal-
lenges can be resolved at acceptable cost, this method of han-
dling overburden could be slotted into the Syncrude mine 
plan. 

Conclusions 

The ongoing accumulation of fluid fine tails by the oil sands 
industry has generated concerns for regulatory agencies, the 
general public, and for the industry. Such concerns were jus-
tified by the absence of a clear understanding of how the fine 
tails material would be incorporated in an environmentally-
sound final landscape. 

Work is continuing in two areas. First, optimization is pos-
sible for all of the potential solutions, and ultimately for 
selection of the overall optimum solution. Second, under-
standing of environmental impacts will be tied to details of 
specific potential final landscapes. 

hit 

SY!(FHEHC FUELS REPORT, SEPTEMBER 1992 
3-38



OIL SANDS PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the 43rd Annual Technical Meeting of the Petroleum Society of CIM held in Calgary, Al-
berta, Canada, June 7-10: 

Matni, ...et al., "Significance of Foamy-Oil Behaviour in Primary Production of Heavy Oils" 

Moore, R.G., et al., "In Situ Combustion Performance in Steam Flooded Heavy Oil Cores" 

Anhorn, J.L., et al., "MitE: A Carrier for Heavy Oil Transportation and Viscosity Mixing Rule Applicability" 

Jamaluddin, A.K.M., et al., "Effect of Oil Field Emulsifiers on the Heavy Oil-in-Water Emulsion Characteristics in the 
Presence of Produced Sand" 

Green, ML, et al., "Mobility Control Using Gels at High Temperatures" 

Chen, D., et al., "Optimization of the Operating Parameters of Heavy Oil Gathering and Transferring System" 

Law, D.H-S., et al., "Simulation of a Three-Dimensional Steam Drive with Surfactant and Nitrogen" 

Mannliardt, K., et al., "Adsorption of Foam-Forming Surfactants" 

Lau, B.C., et al., "History Matching the Steam/Foam Injection Process in a Thick Athabasca Tar Sand Reservoir" 

Matthias R.C.M., et al., "Scale-Up of Horizontal Wells for Steam Flooding a Bottom Water Reservoir" 

Ranjbar, M., "Improvement of Heavy and Light Oil Recovery with Thermocatalytic In Situ Combustion" 

Chong, K, "Upgrading Catalysis Research—One Way to Advance Bitumen Utilization" 

Chakrabarty, T., et al., 'The Role of Mineral Reactions in the Thermal Recovery of Bitumen" 

Bennion, D.B., et al., 'Thermally Induced Formation Damage Due to Hot Water and Steamfiooding in Sandstone Reservoirs" 

The following papers were presented at the AOSTRA/CHOA Fueling the Future Conference, held in Calgary, Alberta, Canada, 
June 10-12: 

Scott, G.R., "Canadian Heavy Crude Oil and Bitumen—Some New and Old Ideas" 

Price, A.R., "Competitiveness of the Canadian Oil Industry" 

MacMurchy, N.E., "Regaining Momentum in Oil Sands Development" 

Luhning, R.W., "Oil Sands Heavy Oil and Enhanced Oil Recovery-Commercial Success Update" 

Fujita, M., "Our Challenge to Technology for Oil Sands Development—Japanese Activities and Points of View" 

Hietala, R., "Profiting from Technology Transfer" 

Courtnage, D.E., "Utilizing Horizontal Wells to Extend Recovery Beyond the Limits of Cyclic Steam Stimulation" 

Adamson, M.F., "Burnt Lake Project—Bitumen Production from the Cold Lake Oil Sands Deposit Without Steam" 

Luhowy, V.M., "Horizontal Drilling—One Solution to Increasing Heavy Oil Recoveries" 
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Overfield, RE., "Borehole Mining in Athabasca and Cold Lake" 

Komery, D.P., "AOSTRAf1'aciuk Process—Ready for Oil Sands Commercialization" 

Fair, A.E., 'Can In Situ Recovery Compete with Open Pit Mining in the Oil Sands?' 

Bannayan, MA., "Heavy Crude Upgrading in the 1990's" 

Arnett, MC., "Key Factors Affecting Heavy Oil Upgrading in Alberta" 

Redford, D.A., "Alberta Upgrading Technology Centre" 

Nielson, R.K., "AOSTR.A/Taciuk Processor for Waste Cleanup" 

Friesen, B., 'Solving the Tailings Pond Riddle" 

Bock, DA., "Role of Nuclear Energy in Bitumen and Heavy 
Oil 

Recovery" 

Nelson, L.R., 'In Situ Recovery and Produced Water Recycle—An Environmental and Economic Success Story" 

The following papers were presented at the SPE/DOE Eighth Symposium on Enhanced Oil Recovery, held April 22-24 in Tulsa, Ok-
lahoma: 

Dickinson, W., et al., 'The Ultrashort Radius Radial System Applied to Thermal Recovery of Heavy Oil" 

Carpenter, DR., et al., "Horizontal Wells in a Steamdrive in the Midway Sunset Field" 

Mamedov, Y.G., et al., "Application of Improved Oil Recovery in the Soviet Union" 

Glandt, CA., et al., "Electric Preheating in Low-Injectivity Tar Sand Deposits" 

LatH, Mi., et al., 'Numerical Evaluation of CO  Effects in Thermal Oil Recovery Processes" 

Gumrah, F., et al., "Steamdrive in a Layered Reservoir: An Experimental and Mathematical Study" 

Jensen, TB., et al., "Numerical Investigations of Steam and Hot-Water Flooding in Fractured Porous Media" 

Moore, R.G., et al., "Some Insights Into the Low-Temperature and High-Temperature In Situ Combustion Kinetics" 

Maijerrison, DIvL, et al., "A Procedure for Scaling Heavy-Oil Combustion Tube Results" 

Zmick, D.R., et al., "Performance of an Up-Dip Injection Strategy in a Steeply Dipping Steamdrive" 

Harrigal, R.L., et al., "Comparison of Conventional Cyclic Steaming and Steamflooding in a Massive, Dipping, Midway Sunset 
Field Reservoir" 

Khan, J., 'Twenty-Five Years of Oil Recovery by Steam Injection" 

Singh, KS., "Development Strategies for a Heavy-Oil (3,5OO-cp) Reservoir" 

Ramey, Hi., et al., "Case History of South Belridge, California, In-Situ Combustion Oil Recovery" 

Stashok, Y.I., et al., "Cyclic Gas/Steam Well Stimulations: Field Results" 

The following presentations were made at CONFAB 92, Sponsored by Western Research Institute and held August 4-7 in Winter 
Park, Colorado: 

Andersen, SI, et al., "Investigation of Heavy Organic Deposit During Oil Production" 
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Den, M.D., et aL, The Effect of Cosolubilizing Lighter Components on the Asphaltene Content of Heavy Oils" 

Hupka, J., et al., "Moderate Temperature Water-Based Processing of Utah Tar Sands' 

Kim, 5.5., et al., "Polarity of Asphalt Determined from Ion Exchange Chromatography Separations and Its Relationship with 
Rheolo" 

Kwak, S., et al., 'Kinetics of Hydrotreating of a Bitumen-Derived Hydrocarbon Liquid" 

Longstaff, D., et al., 'Hydrotreating Whiterocks Bitumen and Whiterocks Bitumen Derived Liquid' 

Dcshpande, DA., et al., 'Determination of Physical Properties of Bitumen Fractions' 

Fletcher, J.V., et al., 'Fluidization of Group B Sands at Reduced Pressure 

Tsai, C.H., et al., 'Utilization of Whiterocks (Utah) Oil Sand Bitumen and Bitumen-Derived Liquid' 

The following articles appeared in the AOSTRA Journal of Research, Volume 7, Number 3: 

Pal, R., et al., 'Use of Microwaves for Demulsification of Water-in-Oil Emulsions' 

Sanford, E.C., 'The Mechanism of 524°C-f Residuum Conversion: Pitch Content Versus CCR During Hydrocracking of 
Athabasca Bitumen" 

Chung, K.H., et al., "Formation of W/O Emulsions in the Hot Water Extraction Process' 

Sanford, E.C., 'The Nomenclature and Jargon of Residuum Upgrading A Critical Review" 

The following article appeared inThe Journal of Canadian Petroleum Technolo gy. Volume 31, Number 6: 

Fung, L. S-K., "A Coupled Geomechanic-Multiphase Flow Model for Analysis of In Situ Recovery in Cohesionless Oil Sands" 
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since June 1992) 

ASPHALT FROM TAR SANDS -James W. Burger and Associates, Inc. (T-5) 

J. W. Burger and Associates, Inc. (JWBA) is developing a project for commercialization of Utah Tar Sands. The product of the 
initial venture will be asphalts and high value commodity products. The project contemplates a surface mine and water extraction 
of bitumen followed by clean-up and treatment of bitumen to manufacture specification asphaltic products. JWI3A has secured 
rights to patented technology developed at the University of Utah for extraction and recovery of bitumen from mined ore. 

In 1990, JWHA completed a $550,000 R&D program for development of technology and assessment of markets, resources and 
economics for asphalt production. 

Under this program funded by the U.S. DOE SBIR program, a 100-300 pound per hour PDU was designed and constructed. The 
unit has been operated to determine the effect of process variables and kinetic parameters. Recoveries of greater than 97 percent 
have been experienced. The unit has been operated to produce gallon quantities of asphalt for testing and inspection. A field 
demonstration unit of 200 barrels per day has been designed and costed. Results show a strong potential for profitability at 1990 
prices and costs. 

All candidate sites in the Uinta Basin of Utah are currently under consideration for development including Asphalt Ridge, P.R. 
Spring, Sunnyside and White Rocks. Unknown resource quality tends to increase required investment hurdle rates, however, and 
these factors must be offset by higher product prices. In 1990 JWBA initiated a program for value-added research to extract high 
value commodity and specialty products from tar sand bitumen. This program was initiated with an additional $50,000 in funding 
from DOE. 

The commercialization plan calls for completion of research in 1992, construction and operation of a field demonstration plant by 
1994 and commercial operations by 1996. The schedule is both technically realistic and financially feasible, says JWI3A. 

Project Cost:	 Research and Development: $15 million 
Demonstration project: $10 million 
Commercial Facility. $135 million 

HI-PROVINCIAL UPORADER - Husky Oil Operations Ltd. (1'-I0) 

Husky Oil is proceeding with the design and construction of a heavy oil upgrader to be located near the Alberta/Saskatchewan bor-
der at Wilton, near IJoydminster, Saskatchewan. The facility will be designed to process 46,000 barrels per day of heavy oil and 
bitumen from the Uoydminster and Cold Lake deposits. The primary upgrading technology to be used at the upgrader will be 
H-Oil ebullated bed hydrocracking followed by delayed coking of the hydrocracker residual. The output will be 46,000 barrels per 
day of high quality synthetic crude oil, as well as 400 tonnes per day of coke and 235 tonnes per day of molten sulfur. 

In September, 1988, however, Husky and the governments of Canada, Alberta and Saskatchewan, signed a binding joint venture 
agreement to finance and build the Hi-Provincial Upgiader. Project completion was targeted for late 1992. 

The proiect is on schedule for completion in the earl y fall of 1992. Commissioning of a maior portion of the plant is complete. The 
first synthetic crude from the facility was expected to be produced in Jul y 1992. 

The plant utilities system startu p commenced in March 1992. In May 1992, the crude fractionation unit was commissioned. 

Project Cost:	 Upgrader Facility estimated at C$1.6 billion 

BITUMOUNT PROJECT - Solv-Ex Corp. (r-20) 

The Solv-Ex Bitumount Project will be a phased development of an open pit mine and an extraction plant using Solv-Ex's process 
for recovery of bitumen and metals. 

Solv-Ex will use a naphtha solvent to boost the power of hot water to separate oil from sand. The increased efficiency of the 
process increases oil yield and also allows metals such as gold, silver and titanium to be extracted from the very clean sand. 
Analyses of the pilot plant tailings (after bitumen extraction) showed that these minerals are readily recoverable. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1992) 

COMMERCIAL PROJECTS (Continued) 

A Solv-Ex pilot plant, located in Albuquerque, New Mexico, can process up to 72 tons 0(011 sands per day. It can also produce up 
to 25 barrels of bitumen per day, depending on the grade of oil sands processed. The quantity of bitumen recoverable from tar 
sands depends on its bitumen content, which typically ranges from 4 to 12 percent. 

In an 8-month test program, SOIV-EX processed approximately 1,000 tons of Athabasca tar sands material in process runs of low 
(6 percent of bitumen), average (8 to 10 percent), and high (12 to 14 percent) grade oil sands through the pilot plant. The test 
material was procured from a pit centrally located in the oil sands deposit on which the Bitumount Lease is located. Average per-
centage of bitumen recovered for the low, average and high grade sands were 75,90 and 95 percent, respectively. 

In February, 1989, a viable processing flowsheet was finalized which not only recovers the originally targeted gold, silver and 
titanium values but also the alumina values contained in the resource. Synthetic crude oil would represent about 25 percent of the 
potential mineral values recoverable from the Bitumount Lease. 

The results of this work indicate that the first module could be a single-train plant, much smaller than the 10,000 barrels per calen-
dar day plant originally envisaged. The optimum size will be determined in the preconstruction feasibility study and this module is 
estimated to cost not more than c5200 million. 

The Bitumount lease covers 5,874 acres north of Fort McMurray, Alberta. Bitumen reserves on the lease are estimated at 
1.4 billion barrels. 

Solv-Ex is looking for potential financial partners to expand the project. The company plans to construct a modular Lease Evalua- 
lion Unit in Alberta at an estimated cost of $12 million. 

BURNT LAKE PROJECT - Suncor Inc., Alberta Energy Company Ltd. and Canadian Hunter Exploration Ltd. (T-30) 

The Burnt Lake in situ heavy oil project is located on the Burnt Lake property in the southern portion of the Primrose Range in 
northeast Alberta. Initial production levels will avenge 12,500 barrels per day. 

According to the companies, the Burnt Lake project is a milestone because it will be the first commercial development of these 
heavy oil resources on the Primrose Range. This will require close cooperation with Canada's military. 

The multi-phase Burnt Lake project, which was proposed to use cyclic steaming, was put on hold in 1986 due to low oil prices, then 
revived in 1987. The project was a gain halted in early 1989. By then. 44 wells in two clusters and 7 delineation wells had been 
drilled and cased. 

A pilot was initialed in 1990 to test the cold flow production technique whereby the bitumen is produced together with some sand 
using a progressive cavity pump. Initial results were encouraging. Since then, twelve wells have been put on production. The 
productivity of the wells appears lobe limited by the capacity of the Pumps. The pilot will be continued to obtain long term results. 

If successful, the cold flow production process may replace the cyclic steam stimulation process for commercial development 

Burnt Lake is estimated to contain over 300 million barrels of recoverable heavy oil. 

COLD LAKE PROJECT - Esso Resources Canada Limited ('F-SO) 

In September 1983 the Alberta Energy Resources Conservation Board (AERCB) granted Esso Resources Canada Ltd. approval to 
proceed with construction of the first two phases of commercial development on Esso's oil sands leases at Cold Lake. Subsequent 
approval for Phases 3 and 4 was granted in June 1984 and for Phases Sand 6 in May 1985. 

Cyclic steam stimulation is being used to recover the bitumen. Processing equipment consists of a water treatment and steam gen-
eration plant and a treatment plant which separates produced fluids into bitumen, associated gas and water. Plant design allows for 
all produced water to be recycled. 

Shipments of diluted bitumen from Phases I and 2 started in July 1985, augmented by Phases 3 and 4 in October, 1985 and Phases 5 
and 6 in May, 1986. During 1987, commercial bitumen production at Cold Lake averaged 60,000 barrels per day. Production in 
early 1988 reached 85,000 barrels per day. A deboltlenecking of the first six phases added 19,000 barrels per day in 1988, at a cost 
of $45 million. Production in 1990 avenged 90,000 barrels per day. 

The AERCB approved Esso's application to add Phases 7 through 10, which could eventually add another 44,00) barrels per day. 

All construction was essentially completed in 1988 on the central processing plant and the field facilities for Phases land 8 at a cost 
of c$220 million. In December 1990, Esso announced plans to put Phases 7 and 8 into operation and begin steaming in March 
1991. Startup costs will be approximately $25 million. The development is expected to add 14,500 barrels per day of bitumen 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1992) 

COMMERCIAL PROJECTS (Continued) 

production and build up to 20,000 barrels per day. In February 1991, lisso made a decision to delay the startup of Phases 7 and 8. 
If market conditions improve, steaming operations could begin again. In March and April of 1991, Esso shut in 15,000 barrels per 
day of bitumen production due to unfavorable market conditions. 

Project Cost:	 Approximately $770 million for first ten phases 

DAPhNE PROJECT— Petro-Canada ('1-60) 

Petro-Canada is studying a tar sands mining/surface extraction project to be located on the Daphne leases 65 kilometers north of 
Fort McMurray, Alberta. The proposed project would produce 75,000 barrels per day. To date over 350 core holes have been 
drilled at the site to better define the resource. 

Currently, the project has been suspended pending further notice. 

DIATOMACEOUS EARTH PROJECT - Texaco Inc. (1-70) 

Texaco placed its Diatomite Project, located at McKittrick in California's Kern County, in a standby condition in 1985, to be reac-
tivated when conditions in the industry dictate. In 1991 the company is initiating steps to re-evaluate the technology needed to 
recover the oil and to evaluate the environmental compliance requirements for a commercial plant. Consideration will be given to 
restarting the Lurgi pilot unit. 

The Company estimates that the Project could yield in excess of 300 million barrels of 21 to 23 degrees API oil from the oil-bearing 
diatomite deposits which lie at depths up to 1,200 feet. The deposits will be recovered by open pit mining and hack filling tech-
niques. 

Project Cost: 	 Undetermined 

ELECTROMAGNETIC WELL STIMULATION PROCESS - Uentech Corporation, A Subsidiary of Electromagnetic Oil Recovery, 
Inc. (T-80) 

Electromagnetic Oil Recovery Inc. (EOR), formerly Oil Recovery Systems (ORS) Corporation, through its subsidiary, Uentech 
Corporation, sponsored research and development at the Illinois Institute of Technology Research Institute (IITRI) on a single-
wellbore electromagnetic stimulation technique for heavy oil. The technique uses the well casing to induce an electromagnetic field 
in the oil-bearing formation. Both radio frequency and 60 cycle electric voltage are used. The radio frequency waves penetrate 
deeply into the formation while the 60 cycle current creates resistive heating. 

The first field test with a commercial well, initially producing about 20 barrels per day, was put into production in December 1985 
in Texas, on property owned by Coastal Oil and Gas Corporation. In June 1986, ORS received permits from the Alberta Energy 
Resources Conservation Board, and stimulation started in a well in the Lloydminster area in Alberta, Canada. This well was drilled 
on a farmout from Husky Oil in the Wildmere Field. Primary production continued for about 60 days, during which the well 
produced about 6 barrels per day of 11 degrees API heavy oil. The well was then shut down to allow installation of the ORS 
electromagnetic stimulation unit. After power was turned on and pumping resumed on June 10, a sustained production of 
20 barrels per day was achieved over the following 30 days. The economic parameters of the operation were within the range ex-
pected, and process energy costs have been demonstrated at around $1/bbl, according to ORS. 

Additional projects under way with EDP, Inc.'s technology include: 

Canada Northwest Energy Ltd. installed an electromagnetic heating system within a well located near Lashburn, Saskatchewan in 
February 1989. Production avenged triple the production rate which existed before installation of the EOR system. Pan Canadian 
Petroleum Co., Ltd. has had a project ongoing since late 1990, with encouraging results for this heavy oil application. In Utah, an 
EOR system was installed in a well owned by GHP Corporation during December 1991. The system was designed to overcome 
production problems associated with an oil containing a large amount of paraffin. Also in Utah, EOR has been contracted by 
Coors Energy company to test the process in a field which experiences production problems associated with paraffinic oil. In 
Wyoming, Marathon Oil Company installed the EOR equipment within a well near Cody, Wyoming in late 1990. EOR was con-
tracted by Shell to provide equipment and services to utilize the technology within a well in the Schoonebeck field of the Nether-
lands. The project resulted in EOR signing a contract for additional work for another Shell affiliate, Petroleum Development 
Oman. For Lagoven, EOR has been contracted to provide equipment and services for two wells in the Joho Field of Venezuela, 
with startup scheduled for late summer of 1992. In Indonesia, a project is pending with Pertamina for a deep well which ex-
periences paraffin related production problems. In Brazil, EOR's project is slowly expanding. Currently four additional wells have 
been equipped with the EOR system with positive results for Petrobras. 

Project Cost:	 Not disclosed
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COMMERCIAL PROJECTS (Continued) 

ELK POINT PROJECT - Amoco Canada Petroleum Company, Limited. (F-90) 

The Elk Point Project area is located approximately 165 kilometers cast of Edmonton, Alberta. Amoco Canada holds a 100 percent 
working interest in 6,600 hectares of oil sands leases in the area. The Phase I Thermal Project is located in the NW 1/4 of 
Section 28, Township 55, Range 6 West of the 4th Meridian. The primary oil sands targets in the area are the Lower Cummings 
and Clearwater sands of the Mannville Group. Additional oil sands potential is indicated in other Mannville zones including the 
Colony and the Sparky. 

Oil production from current wells at Amoco's Elk Point field totals 1,550 cubic meters per day. 

Amoco Canada has several development phases of the Elk Point Project. Phase I of the project, which is now complete, involved 
the drilling, construction, and operation of a 13-well Thermal Project (one, totally enclosed 5-spot pattern), a continuation of field 
delineation and development drilling and the construction of a product cleaning facility adjacent to the Thermal Project. The 
delineation and development wells are drilled on a 16.19 hectare spacing and are cold produced during Phase 1. 

Construction of the Phase 1 Thermal Project and cleaning facility was initiated in May 1985. The cleaning facility has been opera-
tional since October 1985. Cyclic Steam injection into the 13-well project was initiated in July, 1987 with continuous steam injection 
commencing on April 20, 1989. Continuous steam injection was discontinued in May 1990 and the pilot was shut in. 

In February, 1987, Amoco Canada received approval from the Energy Conservation Board to expand the development of sections 
28 and 29. To begin this expansion, Amoco drilled 34 wells in the north half of section 29 in 1987-88, using conventional and slant 
drilling methods. Pad facilities construction occurred in 1988. A further 24 delineation wells were drilled in 1989 and 22 wells were 
drilled in 1990. 

Future drilling at Elk Point is dependent on Phase 2 approval of the project. Phase 2 will continue to focus on primary production 
development and will allow for further intill drilling in the entire project area in all zones within the Mannville group. Some limited 
cyclic steaming is planned in future years. Amoco's application for Phase 2 is continuing through the application review and public 
consultation process in 1992. 

Project Cost:	 Phase I - $50 Million (Canadian) 

ELK POINT OIL SANDS PROJECT - PanCanadian Petroleum Limited (T-100) 

PanCanadian received approval from the Alberta Energy Resources Conservation Board for Phase I of a proposed 3 phase com-
mercial bitumen recovery project in August 1986. 

The Phase I project involves development of primary and thermal recovery operations in the Lindbergh and Frog Lake sectors 
near ElkPoint in east-central Alberta. Phase I operations include development of 16 sections of land where 148 wells were drilled 
by the end of 1990. 

PanCanadian expected Phase I recovery to average 3,000 barrels per day of bitumen, with peak production at 4,0 barrels per day. 
Tentative plans called for Phase II operations to start up in the mid 1990's with production to increase to 6,000 barrels per day. 
Phase Ill was to go into operation in the late 1990's, and production was to increase to 12,000 barrels per day. 

Although steaming has proved unsuccessful, primary production rates and cumulative recoveries are much better than oriEinally 
anticipated. Recoveries as high as 121020 percent on 40-acre and 10-acre spacing are expected utilizing slant wells from pads. 

Current production is 4,500 barrels per day from 90 wells in 13 sections. Operating costs are approximately C$4 per barrel. 

Project Cost:	 Phase I = C$62 Million to date 

FOREST HILL PROJECT - Greenwich Oil Corporation (T-110) 

Greenwich Oil Company is developing a project which entails modification of existing, and installation of additional, injection and 
production wells to produce approximately 1,750 barrels per day of 10 degrees API crude oil by a fire flooding technique utilizing 
injection of high concentration oxygen. Construction began in the third quarter 1985. Loan and price guarantees were requested 
from the United States Synthetic Fuels Corporation under the third solicitation, On August 21, 1985 the Board directed their staff 
to complete contract negotiations with Greenwich by September 13, 1985 for an award of up to $60 million. Contract was signed on 
September 24, 1985. Project has 21 injection wells taking 150 tons per day of 90 percent pure oxygen. The oil production rate 
reached 1,200 barrels per day.
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COMMERCIAL PROJECTS (Continued) 

On January 9, 1989, Greenwich filed for reorganization under Chapter 11 of the Bankruptcy Act. Oxygen injection was temporarily 
suspended but water is being injected into the burned-out sand zones to move unreacted oxygen through the combustion zone and 
to scavenge heat. 

On January 2, 1990, Greenwich successfully implemented its Plan of Reorganization which had been approved by the Court in 
November 1990. Under the terms of an agreement with the United States Treasury, successor to the Synthetic Fuels Corporation, 
the commitment for loan guarantees and price support was terminated. 

January 1992 production was 410 barrels of oil per day. 

Project Cost:	 Estimated $425 million 

LINDBERGH COMMERCIAL PROJECt' - Amoco Canada Petroleum Company Ltd. (T-120) 

Amoco (formerly Dome Petroleum) began a commercial project in the Lindbergh area that would initially cover live sections and 
was planned to be developed at a rate of one section per year for live years. It was to employ "huff-and-pufr steaming of wells 
drilled on 10 acre spacing, and would require capital investment of approximately $158 million (Canadian). The project was ex-
pected to encompass a period of 12 years. Due to the dramatic decline of oil prices, drilling on the first phase of the commercial 
project was halted, and has forced a delay in the proposed commercial thermal development. 

The company has no immediate plans for steaming the wells to increase production because this process is uneconomic at current 
prices.	 -. 

The current focus has been development and optimizing of primary production. In 1990, 26 wells on 40-acre spacing were drilled 
for primary production. Again, due to low heavy oil prices, some limited drilling will take place in 1991. Primary production from 
the project is now avenging 6,200 barrels per day. 

Project Cost:	 $158 Million 

LINDBERGH COMMERCIAL THERMAL RECOVERY PROJECT - Murphy Oil Company Ltd. (T-130) 

Murphy Oil Company Ltd., has completed construction and startup of a 2,500 barrel per day commercial thermal recovery project 
in the Lindbergh area of Alberta. Project expansion to 10,000 barrels per day is planned over nine years, with a total project life of 
30 years. The first phase construction of the commercial expansion involved the addition of 53 wells and construction of an oil 
plant, water plant, and water source intake and line from the North Saskatchewan River. 

Murphy has been testing thermal recovery methods in a pilot project at Lindbergh since 1974. Based on its experience with the 
pilot project at Lindbergh, the company expects recovery rates in excess of 15 percent of the oil in place. Total production over the 
life of this project is expected to be in excess of 12 million cubic meters of heavy oil. 

The project uses a huff-and-puff process with about two cycles per year on each well. Production is from the Lower Grand Rapids 
zone at a depth of 1,650 feet. Oil gravity is 11 degrees API, and oil viscosity at the reservoir temperature is 85,000 centipoise. The 
wells are directionally drilled outward from common pads, reducing the number of surface leases and roads required for the 
project. 

The project was suspended for a year from September 1988 to August 1989 when three wells were steamed. The project returned 
to production on a limited basis in the last quarter of 1989. Initial results have been very encouraging, says Murphy, but an expan-
sion to full capacity depends on heavy oil prices, market assessment, and operating costs. 

Project Cost: 	 $30 million (Canadian) initial capital cost 
$12 million (Canadian) operating costs plus $12 million capital additions annually are anticipated 

NEWGRADE HEAVY OIL UPGRADER - NewGrade Energy, Inc., a partnership of Consumers Co-Operative Refineries Ltd. and 
the Saskatchewan Government (1'-140) 

Construction and commissioning of the upgrader was completed in October, 1988. 	 The official opening was held 
November 9, 1988. 

The refinery/upgrader combination has been running at 50,000 barrels per day of crude through the refinery itself. From that, 
30,000 barrels per day of heavy resid bottoms are sent to the Atmospheric Residual Desulfurization unit which performs primary 
upgrading. From there 12,000 barrels per day is being run through the Distillate Etydrotreater which improves the quality of the 
distillate fuel oil streams by adding hydrogen.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1992) 

COMMERCIAL PROJECTS (Continued) 

The 50,000 barrels per day heavy oil upgrading project was originally announced in August 1983. 

Consumers' Co-Operative Refineries provided 5 percent of the costs as equity, plus the existing refinery, while the provincial 
government provided 15 percent. The federal government and the Saskatchewan government provided loan guarantees for 
80 percent of the costs as debt. 

NewQrade selected process technology licensed by Union Oil of California for the upgrader. The integrated facility is capable of 
producing a full slate of refined products or alternately 50,000 barrels per day of upgraded crude oil or as will be the initial case, 
some combination of these two scenarios. 

Operations include the processing of 50,000 barrels per day of heavy Saskatchewan crude with approximately 70 percent (35,000 
barrels per day) being converted to a full range of refined petroleum products and the remaining 30 percent (15,000 barrels per 
day) being sold as synthetic crude. 

Operations in 1992 have experienced a heavy crude oil char ge ratio of up to 54,000 barrels per day, and the Atmospheric Residual 
Desulfurization (ARDS) unit has had a charte ratio of 32,000 barrels per day. The Distillate l-lydmtreater/Flydrocracker routinely 
operates at up to 15,000 barrels per day. 

The plant desian ca pacities are: crude unit. 50,000 barrels per da y ARDS. 30.000 barrels per day DII, 12,000 barrels per day. 

Project Cost: 	 $700 million 

ORIMULSION PROJECT— Petroleos de Venezuela SA (PDVSA) and Veba Oel AG (T-145) 

Venezuela's state-owned oil company, Petroleos de Venezuela SA (PDVSA), and Germany's Veba Oel AG plan to develop the 
heavy crude and bitumen reserves in the Orinoco Belt in eastern Venezuela. The two companies conducted a feasibility study to 
construct a facility capable of upgrading 80,000 barrels per day of extra heavy crude. Development plans for the next 5 years call 
for production of I million barrels per day. 

About 60 percent of this production would be Orimulsion, a bitumen based boiler fuel. The remainder would be converted to light 
synthetic crude oil. PDVSA can produce and distribute 50,000 barrels of Orimulsion per day. Facilities are under construction that 
will boost production to 100,000 barrels per day in 1992. 

PDVSA has joined forces with Mobil Corporation in 1992 to explore other options for marketing heavy crude in addition to 
Orimulsion. 

In October 1991, the Kashima-Vita Electric Power Corporation of Japan began firing their generators with 700 tons per day of 
Orimulsion. Another Japanese utility, Mitsubishi Kasci Corporation, began working with Orimulsion in February 1992. 

Recently, Venezuela's Ministry of Energy and Mines ordered PDVSA to scale back its program to develop Orimulsion in order to 
focus current efforts on light and medium crude. 

Project Cost:	 $23 billion 

OSLO PROJECT - Esso Resources (25 percent), Canadian Occidental (20 percent),, Gulf Canada (20 percent), Petro-Canada 
(15 percent), PanCanadian Petroleum (10 percent), Alberta Oil Sands Equity (10 percent). (T-150) 

The OSLO joint venture was to be an 80,000 barrel per day oil sands mine and extraction plant 60 kilometers north of Fort 
McMurray, and an upgrader situated about 7 kilometers south of Redwater, near Edmonton. Production was scheduled to begin in 
1996. 

On February 20, 1990 the Canadian federal government announced the withdrawal of its previous commitment to finance 
$1.6 billion of the $43 billion project. To the end of 1989, $75 million had been spent on project studies. In mid-1990, however, the 
Alberta government pledged to provide $47 million to complete the engineering phase. Alberta's contribution represented 
36 percent of the estimated $130 million total cost for the engineering phase. The Canadian federal government contributed about 
$453 million, 35 percent of the total, for the engineering phase. The OSLO consortium funded the rest. 

The engineering phase was completed by the end of 1991. Engineering work was focused on the Edmonton-area upgrader to be 
linked directly to OSLO's Fort McMurray bitumen production via pipeline. The pipeline is planned to be open to other operators 
to move their product. A second pipeline would return the diluent to the bitumen production facility. 
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STATUS  OF OIL SANDS PROJECTS (Underline denotes changes since June 1992) 

COMMERCIAL PROJECTS (Continued) 

If built, the project would use conventional surface mining techniques to strip the overburden and mine the oil sands. At the plant, 
the bitumen would be extracted from the and by warm water and chemicals and sent to the upgrader by pipeline. There, it would 
be convened into synthetic crude oil with properties similar to conventional light crude oil—suitable as feedstock for Canadian 
reftneries. OSLO has selected the high-conversion Veba Combi Cracking process for upgrading. 

According to OSLO, the OSLO reserves are large enough that a project could produce 200,000 barrels of synthetic crude oil per 
day for almost 50 years. 

In early 1992 the OSLO partners decided that they could go no further with the project without government support. When the 
final work on technical design and environmental assessment was completed, the OSLO offices in Calgary, Alberta were be closed. 
The project will not be built until economic conditions improve. 

Project Cost: $45 billion estimated 

PEACE RIVER COMPLEX - Shell Canada Limited (F-lW) 

Shell Canada Limited expanded the original Peace River In Situ Pilot Project to an avenge production rate of 10,000 barrels per 
day. The Peace River Expansion Project, or PREP I, is located adjacent to the existing pilot project, approximately 55 kilometers 
northeast of the town of Peace River, on leases held jointly by Shell Canada Limited and Pecten Canada Limited. 

The expansion, at a cost of $200 million, required the drilling of an additional 213 wells for steam injection and bitumen produc-
tion, plus an expanded distribution and gathering system. Wells for the expansion were drilled directionally from eight pads. The 
commercial project includes an expanded main complex to include facilities for separating water, gas, and bitumen; a utility plant 
for generating steam; and office structures. Additional off-site facilities were added. No upgrader is planned for the expansion; all 
bitumen extracted is diluted and marketed as a blended heavy oil. The diluted bitumen is transported by pipeline to the northern 
tier refineries in the United States and the Canadian west coast for asphalt production. 

An application to the Energy Resources Conservation Board received approval in early November 1984. Drilling began in 
February 1985. Construction began June 1985. The expansion was on stream October 1986. 

In 1989 production was increased to the design capacity of 1,600 cubic meters of oil per day. This rate continued in 1990. With a 
modification to the steam drive process, production during 1991 is anticipated to exceed the original design at 1,800 cubic meters 
per day. Coincident with this increase in production is a reduced steam requirement which contributes to improved efficiency of 
the current operation and reduced operating costs. 

On January 25, 1988 the ERCB approved Shell Canada's application to expand the Peace River project from 10,000 barrels per day 
to approximately 50,000 barrels per day. PREP II, as it will be called, entails the construction of a stand-alone processing plant, lo-
cated about 4 km south of PREP I. PREP II would be developed in four annual construction stages, each capable of producing 
1,600 cubic meters per day. However, due to low world oil prices and continual uncertainty along with the lack of improved fiscal 
terms the expansion project has been postponed indefinitely. Some preparatory site work was completed in 1988 consisting of the 
main access road and drilling pads for PREP II. 1 -he ERCB approval for PREP II was allowed to lapse, however, in 
December 1990. Continued world oil price uncertainty contributed largely to the decision not to seek an expansion. 

Advances continue to be made in recovery technology, with a recent shift to continuous steam drive. Production in 1990 increased 
20 percent over 1989, while gross operating costs were reduced by nearly 10 percent. 

Research began in 1990 to assess the potential for in situ upgrading of bitumen through the use of metal ion and non-condensible 
gas additives. The result of adding various transition metal ions and/or carbon monoxide to Peace River oil sand, under high pres-
sure steam conditions and over varying time periods, is being investigated. The primary objective of adding a transition metal ion is 
to catalyze high temperature bond breaking reactions in asphaltene molecules, causing a reduction in both molecular size and vis- 
cosity of these heavy bitumen components. 

The Peace River complex completed its first full year of operating at capacity in 1990. Its 10 millionth barrel of bitumen was 
produced in March. Through a combination of increased bitumen production and reduced energy requirements, the unit bitumen 
production cost has been reduced to 30 percent of that averaged during the first full year of operation. The operation is producing 

Project Cost:	 $200 million for PREP I 
$570 million for PREP II
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1992) 

COMMERCIAL PROJECTS (Continued) 

PRIMROSE LAKE COMMERCIAL PROJECT - Amoco Canada Petroleum Company and Alberta Energy Company (T-170) 

Amoco (formerly Dome) proposed a 25,000 barrels per day commercial project in the Primrose area of northeastern Alberta. 
Amoco is earning a working interest in certain oil sands leases from Alberta Energy Company. Following extensive exploration, 
the company undertook a cyclic steam pilot project in the area, which commenced production in November 1983, and thereby 
earned an interest in eight sections of adjoining oil sands leases. The 41 well pilot was producing 2,000 barrels per day of 10 de-
grees API oil in 1984. 

The agreement with Alberta Energy allows Amoco to earn an interest in an additional 194,280 acres of adjoining oil sands lands 
through development of a commercial production project. The project is estimated to carry a capital cost of at least $C1.2 billion 
and annual operating cost of $C140 million. Total production over a 30 year period will be 190 million barrels of oil or 18.6 percent 
of the oil originally in place in the project area. Each section will contain four 26-well slant-hole drilling clusters. Each set of wells 
will produce from 160 acres on six acre spacing. The project received Alberta Energy Resources Conservation Board approval on 
February 4, 1986. A subsequent amendment to the original scheme was approved on August 18, 1988. The 12,800 acre project will 
be developed in three phases. Four 6500 barrel per day modules will be used to meet the 25,000 barrel per day target. 

In 1989, Amoco undertook some additional work at the site by drilling a horizontal well. In 1990 Amoco announced it would drill 
two more wells to assist in engineering design work. Six hundred thousand dollars was planned to be spent on this effort in 1990. 

A new steam injection heavy oil pilot was placed in production in early 1991. By the end of 1991, AEC expected to be testing more 
than 80 wells using various techniques, including a cold technique which employs specialized pumps. 

In 1991, ERCB gave approval for seven horizontal wells to maximize bitumen recovery under a steam stimulation/gravity drainage 
process. 

AEC expects its share of Primrose heavy oil production to grow to about 10,000 barrels per day over the next 5 years and double by 
the late 1990s. 

Using a newly developed 'cold production' technique, four wells have been producing for more than a year at rates avenging 
140 barrels per day per well. This technique significantly reduces capital and operating costs as compared to steam injection tech-
niques. Further testing of this technology continues in 1992. 

AEC estimates that cold production technology could yield 6,000 barrels per day by 1993, with a planned expansion to 
12,500 barrels per day in 1995. 

Project Cost: 	 $1.2 billion (Canadian) capital cost 
$140 million (Canadian) annual operating cost 

SCOTFORD SYNTHETIC CRUDE REFINERY - Shell Canada Limited (T-180) 

The project is the world's first refinery designed to use exclusively synthetic crude oil as feedstock, located northeast of Fort Sas-
katchewan in Strathcona County. 

Initial capacity was 50,000 barrels per day with the design allowing for expansion to 70,000 barrels per day. Feedstock is provided 
by the two existing oil sands plants, Syncrude and Suncor. The refinery's petroleum products are gasoline, diesel, jet fuel and stove 
oil. Byproducts include butane, propane, and sulfur. Sufficient benzene is produced to feed a 300,000 tonne/year styrene plant. 
The refinery and petrochemical plant officially opened September M. 

Project Cost:	 $1.4 billion (Canadian) total final cost for all (refinery, benzene, styrene) plants 

SUNCOR, INC, OIL SANDS GROUP - Sun Company, Inc. (72.8 percent), Ontario Energy Resources Ltd. (25 percent), publicly 
(2.2 percent) (T-190) 

Suncor Inc. was formed in August 1979, by the amalgamation of Great Canadian Oil Sands and Sun Oil Co., Ltd. In November 
1981, Ontario Energy Resources Ltd., acquired a 25 percent interest in Suncor Inc. 

Suncor Inc. operates a commercial oil sands plant located in the Athabasca bituminous sands deposit 30 kilometers north of Fort 
McMurray, Alberta- It has been in production since 1967. A four-step method is used to produce synthetic oil. First, overburden 
is removed to expose the oil-bearing sand. Second, the sand is mined and transported by conveyozs to the extraction unit- Third, 
hot water and steam are used to extract the bitumen from the sand. Fourth, the bitumen goes to upgrading where thermal cracking 
produces coke, and cooled vapors form distillates. The distillates are desulfurized and blended to form high-quality synthetic crude 
oil which is shipped to Edmonton for distribution. 

Current remaining reserves of synthetic crude oil are 276 million barrels.

SYNTHETIC FUELS REPORT, SEPTEMBER 1992 
3-49



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1992) 

COMMERCIAL PROJECTS (Continued) 

A phased approach to the debottlenecking project will increase plant capacity without the large upfront cash requirements. 

In 1991, Oil Sands Group set an all-time monthly record producing 22.1 million barrels of synthetic crude oil. Cash operating costs 
avenged $15.75 per barrel during 1991. Earnings for 1991 were $48 million. 

After December 31, 1991, the roaylty changed to be the greater of 5 percent of revenues or 30 percent of revenues less allowed 
operating and capital costs. 

Sun Company, Inc. announced in early 1992 its intention along with partner Ontario Energy Corporation (OEC) to sell up to 
45 percent interest in Succor. Sun intends to reduce its 75 percent share to 55 percent and OEC would sell its entire 25 percent in-
terest in Succor. 

A fire occurred in the upgrader section of the plant on April 3, but was quickly reduced to controlled burning of residual oil in the 
affected systems and then extinguished entirely on April 4. The fire was caused by a hole in a valve in a process gas line. There 
were no injuries and damage was contained to the hydrotreating area of the upgrader. Bitumen production continued without in-
terruption, but the upgrading operations were affected. Replacement and startu p costs are expected to be $17 million. The com-
pany anticipates insurance proceeds of $5 million. The Group still plans to meet their annual production target of 60.000 barrels 
per day. 

In November 1991, Suncor applied to the ERCB to increase primary bitumen production as much as 2,000 cubic meters per day. 

The plant achieved record production levels in the first quarter of 1992, averaging 64,200 barrels per day, or about 250,000 barrels 
above the same period last year. Cash operating costs remained at 1991 levels of $14.25 per barrel. The Group has set a goal to 

Project Cost:	 Not disclosed 

SUNNYSIDE PROJECT - Amoco Production Company (1'.200) 

Amoco Corporation is studying the feasibility of a commercial project on 1,120 acres of fee property and 9,600 acres of combined 
hydrocarbon leases in the Sunnyside deposit in Carbon County, Utah. Research is Continuing on various extraction and retorting 
technologies. The available core data are being used to determine the extent of the mineable resource base in the area and to 
provide direction for any subsequent exploration work. 

A geologic field study was completed in September 1986; additional field work was completed in 1987. In response to Mono Power 
Company's solicitation to sell their (federal) lease interests in Sunnyside tar sands, Amoco Production acquired Mono Power's 
Combined Hydrocarbon Leases effective August 14, 1986. Amoco continued due diligence efforts in the field in 1988. This work 
includes a tar sand coring program to better define the resource in the Combined Hydrocarbon Lease. 

Project Cost:	 Not disclosed 

SUNNYSIDE TAR SANDS PROJECT— GNC Energy Corporation (1'-210) 

A 240 tons per day (120 barrels per day) tar sands pilot was built by GNC in 1982 in Salt Lake City, which employs ambient water 
flotation concentration. The pilot demonstrated that tar sands could be concentrated by selective flotation from 8 percent bitumen 
as mined to a 30 to 40 percent richness. 

Chevron in 1983 built and operated a solvent leach unit that, when added in back of a flotation unit at Colorado School of Mines 
Research Institute (CSMRI) in Denver, produced a bitumen dissolved in a kerosene solvent with a ratio of 1:3 which contained 
5 percent ash and water. Chevron also ran a series of tests using the solvent circuit first followed by flotation and found it to be 
simpler and cheaper than the reverse cycle. 

Kellogg, in a series of tests during 1983/1984, took the product from the CSMRI tests and ran it through their Engelhard ARTCAT 
pilot plant in Houston, Texas and produced a 27 degrees API crude out of the 10 percent API bitumen, recycled the solvent, and 
eliminated the ash, water, and 80 percent of the metals, nitrogen, and sulfur. 

Today GNC has a complete process that on tests demonstrates 96 to 98 percent recovery of mined bitumen through the solvent and 
flotation units and converts 92 percent of that stream to a 27 degrees API crude with characteristics between Saudi Light and Saudi 
Heavy.
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COMMERCIAL. PROJECTS (Continued) 

GNC has 2,000 acres of fee leases in the Sunnyside deposit that contain an estimated 307 million barrels of bitumen. It has applied 
to ELM for conversion of a Sunnyside oil and gas lease to a combined hydrocarbon tease. The first commercial facility will be 
7,500 barrels per day. In response to a solicitation by the United States Synthetic Fuels Corporation (SFC) for tar sands projects 
that utilize mining and surface processing methods, GNC requested loan and price guarantees of $452,419,000. On 
November 19, 1985 the SFC determined that the project was a qualified candidate for assistance under the terms of the solicitation. 

On December 19, 1985, the SFC was canceled by Congressional action before giving any financial assistance to the project. ONC is 
now attempting to finance independently of United States government assistance. Studies have been completed by M. W. Kellogg 
and Engelhard indicating feasibility, after the decline in prices beginning in January 1986, of a 7,500 barrels per day plant which 
converts the ART-treated bitumen to 31 percent gasoline and 69 percent diesel. The 7,500 barrels per day plant including upgrad-
ing to products, with some used equipment, would cost $149 million. 

As of 1992, GNC is still looking for financial partners, however, little progress has been made since the 1980's. 

Project Cost: 	 $149 million for 7,500 barrels per day facility 

SYNCO SUNNYSIDE PROJECT - Synco Energy Corporation (T-220) 

Synco Energy Corporation of Orem, Utah is seeking to raise capital to construct a plant at Sunnyside in Utah's Carbon County to 
produce oil and electricity from coal and tar sands. 	 - 

The Syron process to extract oil from tar sands uses coal gasification to make a synthetic gas. The gas is cooled to 2,000 degrees F 
by making steam and then mixed with the tar sands in a variable speed rotary kiln. The hot synthetic gas vaporizes the oil out of 
the tar sands and this is then fractionated into a mixture of kerosene (jet fuel), diesel fuel, gasoline, other gases, and heavy ends. 

The syngas from the gasifier is separated from the oil product, the sulfur and CO  removed and the gas is burned in a gas turbine 
to produce electricity. The hot exhaust gases are then used to make steam and cogenerated electricity. Testing indicates that the 
hydrogen-rich syngas from the gasified coal lends to good cracking and hydrogen upgrading in the kiln. 

The plant would be built at Sunnyside, Utah, near the city of Price. 

There is a reserve of four billion barrels of oil in the tar sands and 230 million tons of coal at the Sunnyside site. Both raw 
materials could be conveyed to the plant by conveyor belt. 

The demonstration size plant would produce 8,000 barrels of refined oil, 330 megawatts of electricity, and various other products 
including marketable amounts of sulfur. 

An application has been riled by Synco with the Utah Division of State Lands for an industrial special use lease containing the en-
tire Section 36 of State land bordering the town of Sunnyside, Utah. Synco holds process patents in the U.S., Canada and 
Venezuela and is looking for a company to joint venture with on this project. 

Project Cost: $350 million 

SYNCRUDE CANADA, LTD. - Esso Resources Canada (25.0%); Petro-Canada Inc. (12.0 01o); Alberta Oil Sands Equity (16.74%); Al-
berta Energy Company (10.0%); PanCanadian Petroleum Limited (10.0%); Gulf Canada Resources Ltd. (9.03%); Canadian Occidental 
Petroleum Ltd. (7.230/o); HBOG - Oil Sands Ltd. Partnership (Amoco Canada Petroleum Company Ltd.) (5.0%); Mitsubishi Oil Com-
pany (5.001o) (1-230) 

Located near Fort McMurray, the Syncrude surface mining and extraction plant produces 155,000 barrels per calendar day. The 
original plant with a capacity of 108,000 barrels was based upon: oil sand mining and ore delivery with four dragline-bucketwheel 
reclaimer-conveyor systems; oil extraction with hot water flotation of the on followed by dilution centrifuging; and upgrading by 
fluid coking followed by hydrotreating. During 1988, a 6-year $13 billion investment program in plant capacity was completed to 
bring the production capability to over 155,000 barrels per calendar day. Included in this investment program are a 40,000 barrel 
per day LC Fining hydrocracker, additional hydrotreating and sulfur recovery capacity, and auxiliary mine feed systems as well as 
debottlenecking of the original processes. 

In 1990 production avenged over 180,000 barrels per day with operating costs of about C$16 per barrel. Operating costs are 
projected to reach $15 per barrel over the next 2 years. Production is expected to reach the level of 66 million barrels per year over 
the next few years through continued operating improvements and efficiencies. Syncrude Canada Ltd. produced 11 percent of 
Canada's crude oil requirements in 1990. Production during the first months of 1991 averaged 152,000 barrels per day. 

In an effort to streamline production costs and appear more attractive to prospective buyers, Syncrude will cut the plant's 
4,600 workers by 400 by 1996.
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COMMERCIAL PROJECTS (Continued) 

Twice-generated NiMo catalyst has been used successfully in the commercial hydrotreater processing bitumen-derived 
hydrocracker and virgin light gas oils. The run length was 25 months or 81 barrels of feed per pound of catalyst. The unit run was 
terminated because of high reactor pressure drop due to treating fines- and sodium-contaminated coker gas oil, not because of 
catalyst exhaustion. Decrease in catalyst activity during this period corresponded to a 13°C increase in reactor temperature. The 
hydrotreating reduction was about 85 to 95 percent for sulfur and 60 to 75 percent for nitrogen. 

In 1991, higher production and the cost reduction program resulted in the unit cost of production being reduced by $1.05 per barrel 
to $16.48 per barrel. Syncrude produced synthetic oil in an amount equal to 18 percent of Canada's light and medium-gravity oil 
production. 

Project Cost:	 Total cost $3.8 billion 

THREE STAR OIL MINING PROJECT - Three Star Drilling and Producing Corp. (17-240) 

Three Star Drilling and Producing Corporation has sunk a 426 foot deep vertical shaft into the Upper Siggins sandstone of the Sig-
gins oil field in Illinois and drilled over 34,000 feet of horizontal boreholes up to 2,000 feet long through the reservoir. The original 
drilling pattern was planned to allow the borehole to wander up and down through the producing interval in a "snake pattern. 
However, only straight upward slanting holes are being drilled. Three Star estimates the Upper Siggins still contains some 35 mil-
lion barrels of oil across the field. 

The initial plans call for drilling one to four levels of horizontal boreholes. The Upper Siggins presently has 34 horizontal wells 
which compose the 34,000 feet of drilling. 

Sixty percent of the horizontal drilling was completed by late 1990. Production was put on hold pending an administrative hearing 
to determine whether the mine is to be classified as gaseous or non-gaseous. The project was later classified as a gaseous mine due 
to the fact that the shaft penetrated the oil reservoir. As a result of the ruling, Three Star then drilled a vertiéle well to the under-
ground sump room and began producing the mine conventionally with all the horizontals open. In 1992, Three Star will begin 
reworking the surface welts for injection purposes in order to pressure up the Upper Siggins. 

Project Cost:	 Three Star budgeted $33 million for the first shaft. 

WOLF LAKE PROJECT - Amoco Canada Petroleum (T-260) 

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 BP Canada Resources Ltd. and Petro-Canada) was completed and began production in April 1985. Produc-
tion at designed capacity of 7,000 barrels per day was reached during the third quarter 1985. The oil is extracted by the huff-and-
puff method. Nearly two hundred wells were drilled initially, then steam injected. As production from the original wells declines 
more wells will be drilled. 

An estimated 720 wells will be needed over the expected 25-year life of the project. Because the site consists mostly of muskeg, the 
welts will be directionally drilled in clusters of 20 from special pads. The bitumen is heavy and viscous (10 degrees API) and thus 
cannot be handled by most Canadian refineries. There are no plans to upgrade the bitumen into a synthetic crude; much of it will 
probably be used for the manufacture of asphalt or exported to the northern United States. 

By mid-1988 production had dropped 22 percent below 1987 levels. Following a change of strategy in operation of the reservoir, 
however, production had increased to 1,030 cubic meters per day in 1989 and 1,147 cubic meters per day in 1990. Continuing the 
trend, 1991 will see an avenge production rate of 1,167 cubic meters per day. 

In 1987, a program designed to expand production by 2,400 cubic meters per day to 3,700 cubic meters per day, total bitumen 
production was initiated. Wolf Lake 2 was originally expected to be completed in mid-1989. 

In early 1989, BP Canada and Petro-Canada delayed by 1 year the decision to start up the second phase While the Wolf Lake 2 
plant was commissioned in 1990, full capacity utilization of the combined project is not likely before the late 1990s when it is ex-
pected that higher bitumen prices will support the expanded operation and further development. 

The new water recycle facilities and the Wolf Lake 2 generators are operational. Production levels will be maintained at 600 to 700 
cubic meters per day until bitumen netbacks have improved. The Wolf Lake 2 oil processing plant and Wolf Lake I steam genera-
ting facilities have been suspended. 

In September 1989, Wolf Lake production costs were reported to be almost C$22 per barrel, while bitumen prices fell to a low of 
C$8.19 per barrel in 1988. BP initiated a program to reduce Wolf Lake costs, which included laying off 120 workers, making im-
provements in process efficiency, and operating the plant at about 50 percent of capacity. These economic measures cut operating 
costs to C$10 to 12 per barrel.
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COMMERCIAL PROJECTS (Continued) 

In 1991, Wolf Lake production costs were less than $9 per barrel, and bitumen production averaged 4,225 barrels a day. 

In early 1992, BP Canada and Petro-Canada sold their entire interests in the project to Amoco Canada Petroleum. No price was 
disclosed but both companies have written off their total $370 million investment in the project. 

Project Cost:	 Wolf Lake I
$114 million (Canadian) initial capital 
(Additional $750 million over 25 years for additional drilling) 

Wolf Lake 2
$200 million (Canadian) initial capital 

YAREGA MINE-ASSISTED PROJECT - Union of Soviet Socialist Republics (17-265) 

The Yarega oilfield (Soviet Union) is the site of a large mining-assisted heavy oil recovery project. The productiye formation of 
this field has 26 meters of quartz sandstone occurring at a depth of 200 meters. Avenge permeability is 3.17 mKin . Temperature 
ranges from 279 to 281 degrees K; porosity is 26 degrees; oil saturation is 87 percent of the pore volume or 10 percent by weight. 
Viscosity of oil varies from 15,000 to 20,000 mPa per second; density is 945 kilograms per cubic meter. 

The field has been developed in three major stages. In a pilot development, 69 wells were drilled from the surface at 70 to 
100 meters spacing. The oil recovery factor over II years did not exceed 13 percent. 

Drainage through wells at very close spacing of 12 to 20 meters was tested with over 92,000 shallow welts. Development of the oil-
field was said to be profitable, but the oil recovery factor for the 18 to 20 year period was approximately 3 percent. 

A mining-assisted technique with steam injection was developed starting in 1968. In 15 years, 10 million tons of steam have been in-
jected into the reservoir. 

Three mines have been operated since 1915. An area of the deposit covering 225 hectares is under thermal stimulation. It includes 
15 underground slant blocks, where 4,192 production wells and 11,795 steam-injection wells are operated. In two underground slant 
production blocks, which have been operated for about 8 years, oil recovery of 50 percent has been reached. Construction of 4 new 
shafts is expected to bring production to over 30,000 barrels per day. Forty-one million barrels of oil were produced during the 
period 1975-1987. A local refinery produces lubricating oils from this crude. 

Project Cost: 	 Not Disclosed

R & I) PROJECTS 

ATIIABASCA IN SITU PILOT PROJECI' (Kearl Lake) - Alberta Oil Sands Technology and Research Authority, Husky Oil Opera-
tions Ltd., Esso Resources Canada Ltd. ('T-270) 

The pilot project began operation in December, 1981. The pilot was developed with the following objectives in mind: Evaluate the 
use of horizontal hydraulic fractures to develop injector to producer communication; optimize steam injection rates; maximize 
bitumen recovery assess the areal and vertical distribution of heat in the reservoir; evaluate the performance of wellbore and sur-
face equipment; and determine key performance parameters. 

The operator of the Athabasca In Situ Pilot Project is Husky Oil Operations Ltd. In 1990 three patterns were being operated: one 
9-spot and two 5-spots. The central well of each pattern is an injector. Eight observations wells are located in and around the 
three patterns. The 9-spot pattern was started up in 1985. The two 5-spot patterns were started up in 1987. Results from all three 
patterns continue to be encouraging, according to Husky. 

In 1990 the project passed the one million barrel production mark and at the end of January 1991 the project entered its final, 
winddown phase. The winddown phase consists of reducing the central steam injection to zero and continuing to produce until the 
end of April 1991. The project was shut down at the end of April 1991, after a majority of the technical objectives had been met. 

In July 1991, all production, injection and observation wells were abandoned and the central facilities mothballed. 

Project Cost: 	 Capital $54 million, operating $73 million
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It & I) PROJECFS (Continued) 

BATFRUM IN SITU Will' COMBUSTION - Mobil Oil Canada, Unocal Canada Limited, Saskoil, Hudson's Bay Oil and Gas (T-280) 

Mobil Oil Canada initiated dry combustion in the Battnjm field, near Swift Current, Saskatchewan, in 1965 and converted to wet 
combustion in 1978. The combustion scheme, which Mobil operates in three Battrum units, was expanded during 1987-88. The ex-
pansion included drilling 46 wells, adding 12 new bums, a workover program and upgrading surface production and air injection 
facilities. There are presently 18 burns in operation. 

All burns have been converted to wet combustion and the air injection rate is 25 million cubic feet per day. Studies have been in-
itiated to determine the feasibility of oxygen enrichment for the 130K scheme. 

BUENAVIWFURA COLD PROCESS PILOT - Buenaventura Resource Corp. (17-287) 

Buenaventura Resource Corporation owns the exclusive license to use a patented process to extract oil from tar sands in the 
United States and Canada. The cold process was invented by Park Guymon of Weber State University. 

The two step process uses no heat in extracting heavy oil from tar sands. Asphalt can be made from the oil, or it can be refined for 
use as a motor oil. The company is currently assessing the market for these products. 

The process will be developed in three phases. The first phase is a small pilot plant to be installed at or near Weber State Univer-
sity. The plant is being built in Texas and was shipped to Utah in the fall of 1990 for installation. The project's second phase will 
be a larger pilot plant and the third phase will be a commercial-scale plant. 

Buenaventura has been working on developing the new process in Uintah County, Utah since 1986. Funding for the project is 
being sought from the State of Utah and the United States Department of Energy. 

CARIBOU LAKE PILOT PROJECT - Husky Oil Operations Ltd. (60 percent) and Alberta Energy Co. (40 percent) (F-310) 

Husky Oil Operations Ltd. and Alberta Energy Co. received ERCB approval for a 1,100 barrels per day heavy oil steam pilot in 
the Primrose block of the Cold Lake Air Weapons Test Range in northeastern Alberta. 

In September, 1989, Husky and AEC Oil & Gas Company announced their intention to proceed with the development of the 
Caribou Lake Pilot Project. This project will test the potential commercial application of producing heavy oil using cyclic steaming 
technology. Husky will operate the project. 

Construction at the Caribou Lake Pilot Project was completed in early 1991 and the operations phase of the project has begun. 
The Pilot consists of 25 cyclic steam/production wells, 75 MMBTU/hour steam generation capacity and associated oil treating and 
produced water clarification facilities. A comprehensive testing and analysis program to define technology for maximum reuse of 
produced water will be incorporated. The pilot will likely span 3 to 7 years depending on the results. The total average output of 
the project is expected to be 1,200 barrels of heavy oil per day. 

Project Cost: Approximately $20 Million 

CELTIC HEAVY OIL PILOT PROJECT - Mobil Oil Canada (r-320) 

Mobil's heavy oil project is located in T52 and lU) W3M in the Celtic Field, northeast of Lloydminster. The pilot consists of 
25 wells drilled on 5-acre spacing, with twenty producers and live injectors. There is one fully developed central inverted nine-spot 
surrounded by four partially developed nine-spots. The pilot was to field test a wet combustion recovery scheme with steam 
stimulation of the production wells. 

Air injection, which was commenced in October 1980, was discontinued in January 1982 due to operational problems. An intermit-
tent steam process was initiated in August 1982. The seventh steam injection cycle commenced in January, 1987. Operations were 
suspended in 1988-89. 

Production in the Celtic Multizone Test, an expansion of the Heavy Oil Pilot, consisting of 16 wells on 20 acre spacing, commenced 
with primary production in September, 1988. First cycle steam injection commenced May, 1989. This test operation is now part of 
the total Celtic field operation. 

Project Cost:	 $21 million (Canadian) (Capital)
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R & D PROJECTS (Continued) 

C-il SYNFUELS DREDGING PROJECT- C-Il Synfuels Ltd. (F-330) 

C-Il Synfuels Ltd. plans to construct an oil sands dredging project in Section 8, Township 89, Range 9, west of the 4th meridian. 

The scheme would involve dredging of a cutoff meander in the i-lone River some 900 meters from the Fort McMurray subdivision 
of Abasand Heights. Extraction of the dredged bitumen would take place on a floating modular process barge employing a 
modified version of the Clark Hot Water Process. The resulting bitumen would be stored in tanks, allowed to cool and solidify, 
then transported, via truck and barge, to either Suncor or the City of Fort McMurray. Tailings treatment would employ a novel 
method combining the sand and sludge, thus eliminating the need for a large conventional tailings pond. 

C-Il proposes to add lime and a non-toxic polyacrylamide polymer to the tailings stream. This would cause the fines to attach to 
the sand eliminating the need for a sludge pond. 

Project Cost: Not disclosed 

CIRCLE CLIFFS PROJECT - Kirkwood Oil and Gas (F-MO) 

Kirkwood Oil and Gas is forming a combined hydrocarbon unit to include all acreage within the Circle Cliffs Special Tar Sand 
Area, excluding lands within Capitol Reef National Park and Glen Canyon National Recreational Area. 

Work on this project was suspended in 1990 until an Environmental Impact Statement can be completed. 

Project Cost: 	 Not disclosed 

COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada (T-350) 

A stratigraphic test program conducted on Mobil's 75,000 hectares of heavy oil leases in the Cold Lake area resulted in ap-
proximately 150 holes drilled to date. Heavy oil zones with a total net thickness of 30 meters have been delineated at depths be-
tween 290 and 460 meters. This pay is found in sand zones ranging in thickness from 2 1020 meters. 

Single well steam stimulations began in 1982 to evaluate the production potential of these zones. Steam stimulation testing was 
subsequently expanded from three single wells to a total of fourteen single wells in 1988. Various zones have been tested in the 
Upper and Lower Grand Rapids formation. The test well locations are distributed throughout Mobil's leases in Townships 63 and 
64 and Ranges 6 and 7 W4M. Based on encouraging results, the Iron River Pilot 15cc Iron River Pilot Project (T-440)1. was con-
structed with operations beginning in March, 1988. To date, steam stimulation tests have been conducted in a total of 14 vertical 
wells. 

Five vertical wells, all multizone completions, were still in operation in 1991; the remaining wells were suspended at the conclusion 
of their testing programs. No further steaming of the single wells is planned. A single zone, conduction assisted steam stimulation 
in a horizontal well began in mid-1989. This test was still operating in 1990. 

Project Cost:	 Not disclosed 

DONOR REFINED BITUMEN PROCESS - Gulf Canada Resources Limited, the Alberta Oil Sands Technology and Research 
Authority, and L'Association pour la Valorization des 1-luiles Lourdes (ASVAIIL) (T-360) 

An international joint venture agreement has been signed to test the commercial viability of the Donor Refined Bitumen (DRB) 
process for upgrading heavy oil or bitumen. 

About 12,000 barrels of Athabasca bitumen from the Syncrude plant were shipped to the ASVAHL facilities near Lyon, France. 
Beginning in October 1986 tests were conducted in a 450 barrel per day pilot plant. Engineering and economic evaluations were 
completed by the end of 1987. 

ASVAIIL is a joint venture of three French companies—Elf Aquitaine, Total-Compagnie Francaise de Raffinage, and Institut Fran-
caisc du Petrole. The ASVAHL test facility was established to study new techniques, processes and processing schemes for upgrad-
ing heavy residues and heavy oils at a demonstration scale. 

The DRB process entails thermally cracking a blend of vacuum residual and a refinery-derived hydrogen-rich liquid stream at low 
pressure in the liquid phase. The resulting middle distillate fraction is rehydrogenated with conventional fixed bed technology and 
off-the-shelf catalysts. 

Project Cost:	 Not disclosed
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ESSO COLD LAKE PILOT PROJECTS - l3sso Resources Canada Ltd. (T-380) 

I3sso operates two steam based in situ recovery projects, the May-Ethel and Leming pilot plants, using steam stimulation in the 
Cold Lake Deposit of Alberta. Tests have been conducted since 1964 at the May-Ethel pilot site in 27-64-3W4 on Esso's Lease No. 
40. l3sso has sold these data to several companies. Esso's Leming pilot is located in Sections 4 through 8-65.3W4. The Laming 
pilot uses several different patterns and processes to test future recovery potential. Esso expanded its Leming field and plant 
facilities in 1980 to increase the capacity to 14,000 barrels per day at a cost $60 million. A further expansion, costing $40 million, 
debottlenecked the existing facilities and increased the capacity to 16,000 barrels per day. By 1986, the pilots had 500 operating 
wells. Approved capacity for all pilot projects is 3,100 cubic meters per day—i.e., about 19,500 barrels per day of bitumen. 

Major prototype facilities for the commercial-scale Cold Lake Project will continue to be tested including three 175,000 pounds per 
hour steam generators, and a water treatment plant to convert the saline water produced with the bitumen into a suitable feedwater 
for the steam generators. Additionally, the pilots serve as a testing area for optimizing the parameters of cyclic steam stimulation 
as well as on follow-up recovery methods, such as steam displacement and horizontal wells. 

(Also we Cold Lake in commercial projects listing) 

Project Cost:	 $260 million 

I7YEIIILL IN SITU COMBUSTION PROJECT - Canadian Occidental Petroleum, Ltd., C.S. Resources Ltd. and Murphy Oil Company 
Ltd. (T-390) 

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 
primary wells that are located within the project area were placed on production during 1984. The pilot covers 180 acres. Ignition 
of the nine injection wells was completed in February 1982. The pilot is fully on stream. Partial funding for this project was 
provided by the Canada-Saskatchewan Ileavy 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 degrees API, viscosity 2,750 Cp at 70 degrees F, porosity 34 percent, and permeability 6,000 md. 

Cumulative production reached one million barrels in 1988. This represents about 6 percent of the oil originally in place in the 
project area. Another four million barrels is expected to be recovered in the project's remaining 10 years of life after 1988. 

Production in 1990 continued at 500 barrels per day. The air compressors supplying combustion air were shut-in in June 1990. 
Secondary processes for additional recovery will be reviewed during 1992. 

Project Cost:	 $15.2 million 

FORT KENT THERMAL PROJECT - Koch Industries and Canadian Worldwide Energy Corporation (T-400) 

Canadian Worldwide Energy Ltd. and Suncor, Inc., developed heavy oil deposits on a 4,960 acre lease in the Fort Kent area of Al-
berta. Canadian Worldwide holds a 50 percent working interest in this project, with Koch Industries now replacing Succor. This 
oil has an avenge gravity of 125 degrees API, and a sulfur content of 35 percent. The project utilizes huff and puff, with 
steamdrive as an additional recovery mechanism. The first steamdrive pattern was commenced in 1980, with additional patterns 
converted from 1984 through 1988. Eventually most of the project will be converted to steamdrive. 

A total of 126 productive wells are included in this project, including an Swell cluster drilled in late 1985. Five additional develop-
ment well locations have been drilled. Approximately 59 wells are now operating, with production averaging 1,600 barrels per day. 
Further development work, including tying-in the S wells most recently drilled, has been delayed. Ultimate recoveries are an-
ticipated to be greater than 21 percent with recoveries in the 26 percent range in the steamflood areas expected. 

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 1988 is approximately $35 million (Canadian). 

In January1989, it was announced that the project would be indefinitely suspended 

Project Cost:	 See Above
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FROG LAKE PILOT PROJECT—Texax, Canada Petroleum (T405) 

The Frog Lake Lease is located about 50 miles northwest of Lloydminster, Alberta in the southeastern portion of the Cold Lake 
Oil Sands deposit. The lease contains a number of heavy oil producing horizons, but primary production rates are generally 
restricted to less than 5 cubic meters per day per well due in large part to the high viscosity of the oil. 

During the 1960's steam stimulation treatments were carried out on several wells on the Frog Lake lease but based on these tests it 
was concluded that conventional thermal recovery methods using steam are hampered by the thermal inefficiency associated with 
the thin sands. 

In 1991 Texaco began preparing to apply electromagnetic heating 10 stimulate three Lower Waseca wells at Frog Lake. The wells 
were placed on production in late November 1990 and electromagnetic heating was scheduled to commence by mid-1991. 

Upon completion of the tests in 1993 it is expected there will be sufficient data available to develop reliable economics for a com-
mercial project. A reservoir simulator will be used to history-match test results and make predictions of production rates and ul-
timate recovery for various well patterns and spacing. 

GLISP PROJECT - Amoco Canada Petroleum Company Ltd. (14.29 percent) and AOS1'RA (85.71 percent) (T-420) 

The Gregoire Lake In-Situ Steam Pilot (GLISP) was an experimental steam pilot located at Section Z-86-7W. Phase B operations 
were terminated in July 1991 due to financial limitations. Petro-Canada had participated in Phase A of the project, but declined to 
participate in Phase B which was initiated in 1990. The lease is shared jointly by Amoco and Petro-Canada. Amoco is the 
operator. 

The GLISP production pattern consisted of a four spot geometry with an enclosed area of 0.28 hectacres (0.68 acres). The process 
tested the use of steam and steam additives in the recovery of high viscous bitumen (IxIO million ci' at virgin reservoir 
temperature). Special fracturing techniques were tested. Three temperature observation wells and seismic methods were used to 
monitor the in-situ process. 

The project began operation in September 1985. Steaming operations were initiated in October 1986 to heat the production 
wellbores. A production cycle was initiated in January 1987 and steam foam flooding began in October 1988. Foam injection was 
terminated in February 1991. Steam diversion using low temperature oxidation was tested between April and July 1991. Opera-
tions at GLISP were suspended July 18, 1991. 

Project Cost:	 $26 million (Canadian) 

HANGINOSTONE PROJECT— Petro-Canada, Canadian Occidental Petroleum Ltd., Esso Resources Canada Limited and Japan 
Canadian Oil Sands (T430) 

Construction of a 13 well cyclic steam pilot with 4 observation wells was completed and operation began on July 1, 1990. On Sep-
tember 4, 1990, Petro-Canada announced their official opening of the Hangingstone Steam Pilot Plant. 

The production performance of the first cycle was said to be below expectations because of cold bitumen influx into the wellbore 
causing severe rodfall problems and pump seizure, and a lack of heat in the zone of high bitumen saturation. 

The pilot wells are now in their third production cycle. 

The Group owns 34 leases in the Athabasca oil sands, covering 500,000 hectares. Most of the bitumen is found between 200 and 
500 meters below the surface, with total oil in place estimated at 24 billion cubic meters. 

The Hangingstone operations are expected to continue until the end of 1992. According to Petro-Canada, total expenditures will 
reach $160 million by 1993. Expansion to an enlarged pilot operation or a semi-commercial demonstration project could result if 
the current project is deemed successful. 

IRON RIVER PILOT PROJECT - Mobil Oil Canada (T-440) 

The Iron River Pilot Project commenced steam stimulation operations in March 1988. It consists of a four hectare pad develop-
ment with 23 slant and directional wells and 3 observation wells on 3.2 and 1.6 hectare spacing within a 65 hectare drainage area. 
The project is 100 percent owned by Mobil Oil. It is located in the northwest quarter of Section 6-64-6W4 adjacent to the Iron 
River battery facility located on the southwest corner of the quarter section. The project is expected to produce up to 200 cubic 
meters of oil per day. The battery was expanded to handle the expected oil and water volumes. The produced oil is transported by 
underground pipeline to the battery. Pad facilities consist of 105 million kJ/hr steam generation facility, test separation equipment, 
piping for steam and produced fluids, and a flare system for casing gas.
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To obtain water for the steam operation, ground water source wells were drilled on the pad site. Prior to use, the water is treated. 
Produced water is injected into a deep water disposal well. Fuel for steam generation is supplied from Mobil's fuel gas supply sys-
tem and the treated oil is trucked to the nearby Ilusky facility at Tucker Lake. 

17he pilot project has been operating since 1988 and is expected to continue operation until 1992. 

Project Cost:	 $14 million 

KEARI. LAKE PROJECT - See Athabasca In Situ Pilot Project (T-270) 

LINDI3IZRGII STEAM PROJECT— Murphy Oil Company, Ltd. (17470) 

itis experimental in situ recovery project is 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 1650 feet. The pilot began with one inverted seven spot pattern enclosing 
20 acres. Each well has been steam stimulated and produced roughly eleven times. A steam drive from the center well was tested 
from 1980 to 1983 but has been terminated. huff-and-puff continued. Production rates from the seven-spot area were encourag -
ing, and a 9 well expansion was completed August 1, 1984, adding two more seven spots to the pilot. Oil gravity is 11 degrees API 
and has a viscosity of 85,000 Cp at reservoir temperature F. Porosity is 33 percent and permeability is 2,500 md. 

This pilot is currently suspended due to low oil prices. 
(Refer to the Lindbergh Commercial Thermal Recovery Project (T-33) listed in commercial projects.) 

Project Cost:	 $7 million capital, $23 million per year operating 

LINODERGIl THERMAL PROJECT—Amoco Canada Petroleum Company Ltd. (T480) 

Amoco (formerly Dome) drilled 56 wells in section 18-55-5 W4M in the Lindbergh field in order to evaluate an enriched air and air 
injection fire flood scheme. The project consists of nine 30 acre, inverted seven spot patterns to evaluate the combination thermal 
drive process. The enriched air scheme included three 10 acre patterns. Currently only one tO acre enriched air pattern is opera-
tional. 

Air was injected into one 10 acre pattern to facilitate sufficient burn volume around the wellbore prior to switching over to en-
riched air injection in July 1982. Oxygen breakthrough to the producing welts resulted in the shut down of oxygen injection. A con-
certed plan of steam stimulating the producers and injecting straight air into this pattern was undertaken during the next several 
years. Enriched air injection was reinitiated in this pattern in August 1985. Initial injection rate was 200,000 cubic feet per day of 
100 percent pure oxygen. Early oxygen breakthrough was controlled in the first year of Combination Thermal Drive (CTD) by 
reducing enrichment to 80 percent oxygen. 

In the second year of CTD, further oxygen breakthrough was controlled by stopping injection, then injecting air followed by 
50 percent 02. Lack of production response and corrosion caused the pilot to be shut in in mid-1990. 

Project Cost:	 $22 million 

MINE-ASSISTED PILOT PROJECT - (see Underground Test Facility Project) 

MORGAN COMBINAflON THERMAL DRIVE PROJECT - Amoco Canada Petroleum Company Ltd. (17-490) 

Amoco (formerly Dome) completed a 46 well drilling program (7 injection wells, 39 production wells) in Section 35-514-W4M in 
the Morgan field in order to evaluate a combination thermal drive process. The project consists of nine 30-acre seven spot pat-
terns. All wells have been steam stimulated. The producers in these patterns have received multiple steam and air/steam stimula-
tions to provide for production enhancements and oil depletion prior to the initiation of burning with air as the injection medium. 
All of the nine patterns have been ignited and are being pressure cycled using air injection. 

A change of strategy with more frequent pressure cycles and lower injection pressure targets was successful for pressure cycle four. 
This strategy will be continued with pressure cycle five scheduled for this year. A.conversion to combination thermal drive is still 
planned after pressure cycling becomes unfeasible due to longer repressuring time requirements. 
The project started up in 1981 and is scheduled for completion in 1995. 

Project Cost:	 $20 million
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ORINOCO BELT STEAM SOAK PILOT—Maraven (7-500) 

The Orinoco Belt of 54,	 km  was divided into four areas in 1979 to effect an accelerated exploration program by the operating 
affiliates (Corpoven, Lagoven, Maraven and Meneven) of the holding company Petroleos de Venezuela (PDVSA). 

Maraven has implemented a pilot project in the Zuata area of the Orinoco Belt to evaluate performance of slant wells, productivity 
of the area, and well response to "Fluff and Puff" steam injection in relation to a commercial development. 

Twelve inclined wells (7 producers and S observers) have been drilled in a cluster configuration, using a slant rig with a well spacing 
at surface of 15 meters and 300 meters in the reservoir. 

The 7 production wells, completed with openhole gravel packs, have been tested prior to steam injection at rates between 30 BPD 
and 200 BPD using conventional pumping equipment. Five wells have been injected, each with 10,000 tons of steam distributed 
selectively over two zones. After an initial flowing period, stabilized production on the pump averaged 1,400 BPD per well with a 
water cut of less than 3 percent. 

With the information derived from the exploration phase, it was possible to establish an oil-in-place for the Zuata area of 
487 billion Sit. 

PELICAN LAKE PROJECT - CS Resources Limited and Devran Petroleum Ltd. (7-510) 

CS Resources acquired from Gulf Canada, the original operator, the Pelican lake Project comprised of some 89 sections of oil 
sand leases. 

The Pelican Lake program is designed to initially test the applicability of horizontal production systems under primary production 
methods, with a view to ultimately introducing thermal recovery methods. 

Eight horizontal wells have been successfully drilled at the project site in north central Alberta. The Group utilizes an innovative 
horizontal drilling technique which allows for the penetration of about 1,500 feet of oil sands in each well. With this technique, a 
much higher production rate is expected to be achieved without the use of expensive secondary recovery processes. 

Drilling was commenced on the first horizontal well on January 30, 1988 and drilling of the eighth well was completed in June 1988. 
Drilling of five more horizontal wells with horizontal sections of 3,635 feet (a horizontal record) was accomplished in December 
1989 and January 1990. Four more horizontal wells were drilled in 1991 for a total of 17 horizontal wells. 

All four 1991 wells contacted almost 100 percent of good quality reservoir throughout the horizontal section. The horizontal sec-
tion of one well was 1,321 meters from intermediate casing point to total depth. A 496 meter lateral am was completed off the 
horizontal section of a 1,137 meter main hole section. One "F well was a limited success with a horizontal section of 907 meters. 

The average drill, case and completion cost of the 1991 wells was $540,000. The wells took an average of 73 days to drill with the 
average horizontal section being 1,290 meters. The cost per horizontal meter has dropped from $1,240 per meter in 1988 to 
$420 per meter in 1991. 

Special effort was made to keep the drilling program simple and cost-effective. A surface casing was set vertically at 110 meters, 
then the wells were kicked off and inclination was built gradually to 90 degrees at a rate of two clegmes/10 meters. An intermediate 
casing was run and cemented before horizontal drilling commenced in the sand reservoir. Early production rates avenged 15 to 
20 cubic meters per day, three to six times average vertical well figures. Four wells, drilled in 1988, rapidly produced with a disap-
pointing, and unexpected high water cut, whereas no bottom water is known to exist in this particular area. However, the two sub-
sequent horizontal wells have not had any free water problems. 

Sand production has not been a major problem and the production sand content is lower than in surrounding vertical wells. 

Project Cost:	 Not disclosed 

PELICAN-WABASCA PROJECT - CS Resources (7-520) 

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 in-
itiated in November 1984. Six more wells were added in March 1985 that completed an additional two 7-spot patterns. In April 
1986, the fireflood operation was shut down and the project converted to steam stimulation. Sixteen pilot wells were cyclic 
steamed. One pattern was converted to a steam drive, another pattern converted to a water drive. The remaining wells stayed on 
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production. In January/February 1986,18 new wells were drilled and put on primary production. Cyclic steaming was undertaken 
in February 1987. The waterflood on the pilot ceased operation in April, 1987. Cyclic steaming of the producing wells on the 
7-spot steamflood project south of the pilot was converted to steamflood in fall 1987. 
In May 1989 all thermal operations had been terminated. The wells were abandoned with the exception of 13 wells that remain 
producing on primary production. 

The use of horizontal wells is being tested. In 1991, an additional eight horizontal wells were drilled to about 1,000 meters in 
length. 

Project Cost:	 Not Specified 

PROVOST UPPER MANNVILLI3 HEAVY OIL STEAM PILOT - AOSTRA, Canadian Occidental Petroleum, Ltd., Esso, Resources 
Canada Ltd., Murphy Oil, Noreen Energy Resources Limited (T-530) 

Noreen Energy Resources Limited has applied to the Alberta Energy Resources Conservation Board to conduct 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 in-
verted 9 spot pattern to he located approximately 20 kilometers southeast of Provost, Alberta. 

An in situ combustion pilot comprising one 20 acre 5 spot was initiated in 1975. The pilot was expanded in 1982 to encompass 
seven 6 hectare 7 spot patterns. 

All nine wells in the new steam pilot pattern will initially be subject to cyclic steam with conversion to a steam drive utilizing one 
central injector and eight surrounding producers as soon as communication is established between each well. All nine pattern wells 
were placed on primary production in February 1985. 

The project was designed to be operated in four stages. The first stage was to place the wells on primary production, next to begin 
multicyclic steam stimulation, followed by a steam drive and finally a heat scavenging waterflood. The project was estimated to last 
approximately 10 years. The time frame for these four phases being: 

- Mar/85 - Fed/86: Primary Production 
- Apr/86 - Jun/89: Cyclic Steam Stimulation 
- Jul/89 - Dec/92: Steam Drive 
- Jan/93 - Dec/94: Heat Scavenging Waterflood 

Overall, the cyclic production performance had an average incremental recovery of 17 percent over the three-year cycle phase. The 
avenge calendar day oil rates were slightly less than the 11.9 cubic meters per day originally forecast with oil steam ratios higher 
than the 035 forecast. 

The next phase of the pilot is to follow-up the four cycle steam stimulation phase with a steam drive by way of continuous injection 
into the central well. Performance thus far has been encouraging with production being equal to or better than forecast and 
slightly higher than at the end of the cyclic phase. The steam drive performance in 1991 and 1992 will be important in determining 
the ultimate recovery process and pattern size to be chosen for the pool. 

Project Cost:	 $14 million capital, $23 million per year operating 

PR SPRING PROJECT - Enercor and SOIV-EX Corporation, (T-540) 

The PR Spring Tar Sand Project, a joint venture between Solv-Ex Corporation (the operator) and Enercor, was formed for the 
purpose of mining tar sand from leases in the PR Spring area of Utah and extracting the contained hydrocarbon for sale in the 
heavy oil markets. 

The project's surface mine will utilize a standard box-cut advancing pit concept with a pit area of 20 acres. Approximately 
1,600 acres will be mined during the life of the project. Exploratory drilling has indicated oil reserves of 58 million barrels with an 
average grade of 7.9 percent by weight bitumen. 

The proprietary oil extraction process to be used in the project was developed by Solv-Ex in its laboratories and pilot plant and 
claims the advantages of high recovery of bitumen, low water requirements, acceptable environmental effects and low economical 
capital and operating costs. Process optimization and scale-up testing is currently underway for the Solv-Ex/Shell Canada Project 
which uses the same technology. 

The extraction plant for the project has been designed to process tar sand ore at a feed rate of 500 tons per hour and produce net 
product oil for sale at a rate of 4,663 barrels per day over 330 operating days per year. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1992) 

R & D PROJECTS (Continued) 

In August 1985 the sponsors requested loan and price guarantees totaling $230,947,000 under the United States Synthetic Fuels 
Corporation's (SFC's) solicitation for tar sands mining and surface processing projects. On November 19, 1985 the SFC deter-
mined that the.project was qualified for assistance under the terms of the solicitation. However, the SEC was abolished by Con-
gress on December 19, 1985 before financial assistance was awarded to the project. 
The sponsors are evaluating various product options, including asphalt and combined asphalt/jet fuel. Private financing and equity 
participation for the project are being sought. 

Project Cost: 	 $158 million (Synthetic crude option) 
$90 million (Asphalt option) 

SOARS LAKE HEAVY OIL PILOT - Amoco Canada Petroleum Company Ltd. (T-590) 

Amoco Canada in July, 1988 officially opened the company's 16-well heavy oil pilot facilities located on the Elizabeth Metis Settle-
ment south of Cold Lake. The project is designed to test cyclic steam simulation process. 

Amoco Canada has been actively evaluating the heavy oil potential of its Soars Lake leases since 1965 when the company drilled 
two successful wells. The company now has 49 active or shut-in wells at this site with most having been drilled since 1985. The 
heavy oil reservoir at Soars Lake is located in the Sparky formation at a depth of 1,500 feet. 

In the summer of 1987, Amoco began drilling 15 slant wells for the project. One vertical well already drilled at the site was in-
cluded in the plans. The wells are oriented in a square 10 acre/well pattern along NE-SW rows. 

The injectionscheme initially called for steaming two wells simultaneously with the project's two 25 MMBTU/hr generators. 
However, severe communication developed immediately along the NE-SW direction resulting in production problems. Although 
this fracture trend was known to exist, communication was not expected over the 660 feet between the wells' bottomhole locations. 
Steam splitters were installed to allow steaming of 4 wells simultaneously along the NE-SW direction. Four cycles of steam injec-
tion have been completed and although production problems have decreased, reservoir performance remains poor. The short-term 
strategy for the pilot calls for an extended production cycle to create some voidage in the reservoir prior to any further steam 
stimulations. 

Further to extending the production cycle of the original pilot wells, Amoco Canada is currently testing the primary production 
potential of Soars Lake with six new wells drilled in June 1991. To this end Amoco Canada and the government of Alberta are ne-
gotiating an agreement on project royalties for primacy production. Initial results from the six new wells have been encouraging. 
Additional drilling is anticipated during late 1991 or early 1992. 

Project Cost: $40 million 

SrEIZPBANK PILOT PROJECT`- Chevron Canada Resources (T40) 

Chevron Canada Resources has started a new pilot project utilizing the iLASDrive (Heated Annulus Steam Drive) process to 
recover bitumen from the Athabasca Oil Sands. The pilot plant is located on Chevron's Steepbank oil sands lease located about 
30 miles northeast to Fort McMurray, Alberta, Canada. 

In the iLASDrive process, a horizontal wellbore is drilled into the oil sands formation. Steam is circulated in the cased wellbore 
thereby transferring heat into the oil sand. Two vertical injection wells are used to inject steam into the formation at points along 
the heated horizontal channel (annulus), driving the heated bitumen toward a production well placed between the injection wells. 

The pilot includes two steam iniection wells, one producin g well, one horizontal HASDrive well, six temperature observation wells 
and four crosshole seismic wells. 

Operations commenced November 1, 1991 with steam circulation in the horizontal well. Steam injection and production were both 
under wa y by March 1992. 

Project Cost: 	 $12.7 million 

TACIUK PROCESSOR PILOT - AOSTRA and The UMA Group Ltd. (T-610) 

AOSTRA has built a pilot for an extraction and partial upgrading process located in southeast Calgary, Alberta. The pilot plant 
finished construction in March 1978 at a cost of $1 million. The process was invented by William Taciuk of The UMA Group. 
Development is being done by UMATAC Industrial Processes Ltd., a subsidiary of The UMA Group. Funding is by the Alberta 
Oil Sands Technology and Research Authority (AOSTRA). The processor consists of a rotating kiln which houses heat exchange, 
cracking and combustion processes. The processor yields cracked bitumen vapors and dry sand tailings. The pilot plant, which 
processed S tons of Athabasca oil sand per hour, has completed testing and demonstration. 
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S'I'ATUS OF OIL SANDS PROJECT'S (Underline denotes changes since June 1992) 

K & I) PROJECTS (Continued) 

Information agreements were made with a major oil company and With a joint-venture company between two majors. The informa-
tion agreements provide, in exchange for a funding contribution to the project, full rights for evaluation purposes to the informa-
tion generated by the project during the pilot phase. 

A substantial increase in coke burning capacity and in the length of pilot run was demonstrated in the 1982 season. Recycle of the 
heaviest fraction of the extracted oil to produce an oil suitable for hydrolreating has been practiced. The oil product is similar to 
that of a fluid coker, so the process would replace both the extraction and primary upgrading steps of the process (hot water and 
coking) used at existing commercial plants. 

The next stage is a demonstration scale AOSTRA Taciuk Processor (AT?) plant, sized at 100 tons per hour reed capacity and lo-
cated in the Athabasca Oil Sands operating area. The design and proposal for this facility were completed in 1985, but the project 
has not proceeded because of the unfavorable economic climate for oil industry capital investment. 

A comparable demonstration scale project is being considered for a semi-commercial plant to study and demonstrate the Al? Sys-
tem for producing oil from oil shale at a deposit in Australia. The design of this facility is underway, and is for a throughput 
capacity of 6,000 tons per day of oil shale feed. Construction is not yet committed, but is planned for 1993 or later. (See Stuart Oil 
Shale Project in oil shale status section). 

A third area of application of the technology has been developed in the past 7 years, which is its use for remediation of oily soils 
and sludges. In this area, the A'F has progressed to commercialization. The first ATP waste treatment was built in 1989 for Soil-
Tech, Inc. which is the United States licensee for the use of the technology in waste treatment. This plant has successfully treated 
42,000 tons of PCB contaminated soil to remove the PCB contaminant. The removal treatment was by chemical dechlorination 
within the AT? unit and met standards of 2 ppm or less PCB for the remediated soil. 

The 10 ton/hour soiltech plant is presently committed for use at the Waukegon Harbor Superfund site in Illinois. This is also a 
PCB treatment project, for the extraction of PCBs from 17,000 cubic yards of drained harbor silts. 

In February 1991, AOSTRA commissioned the construction of as ton per hour portable unit for use in Canada. It will to be avail-
able in the summer of 1992 to demonstrate oil production from tar sands and cleanup of oily waste sites in Canada. 

Project Cost To Date: 	 C$24 million (AOSTRA) 

TANOLEFLACIS NORTII - Sceptre Resources Limited and Murphy Oil Canada Ltd. (F-620) 

The project, located some 35 kilometers northeast of Uoydminster, Saskatchewan, near Paradise Hill, involves the first horizontal 
heavy oil well in Saskatchewan. Production from horizontal oil wells is expected to dramatically improve the recovery of heavy oil 
in the Ltoydminster region. 

The Tangiellags North Pilot Project is employing drilling methods similar to those used by Esso Resources Canada Ltd. in the Nor-
man Wells oil field of the Northwest Territories and at Cold Lake, Alberta. The combination of the 500-meter horizontal produc-
tion well and steamflood technology is expected to increase recovery at the Tangleflags North Pilot Project from less than one per-
cent of the oil in place to up to 50 percent. 

The governments of Canada and Saskatchewan provided $3.8 million in funding under the terms of the Canada-Saskatchewan 
Heavy Oil Fossil Fuels Research Program. 

Estimates indicate sufficient reserves exist in the vicinity of the pilot to support commercial development with a peak gross produc-
tion rate of 6,200 barrels of oil per day. Project life is estimated at 15 years. 

The Tangleflags pilot has advanced to the continuous steam injection phase. With one horizontal well and four vertical steam injec-
tion wells in place, the project was producing at rates in excess of 1,000 barrels of oil per day by mid 1990. Cumulative production 
to the middle of 1990 was 425,000 barrels. Production has reached peak rates in excess of 1,600 barrels per day. The expansion of 
the pilot project into a commercial operation involving 14 horizontal wells will hinge on future crude oil prices. 

The strong performance of the initial well prompted Sceptre to initiate a six-well commercial phase scheduled for completion by 
the end of 1992. For this purpose a second horizontal producer well and an additional vertical injector well were drilled in the 
fourth quarter of 1990. Facilities were expanded to generate more steam and handle increased production volumes in early 1991. 
Cumulative oil production to the end of 1991 was 1,303,000 barrels. 

Project Cost: $12.3 million invested to 1992
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K & D PROJECTS (Continued) 

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 arc 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 Tri-
angle Special Tar Sand Area (STSA). 

Kirkwood is also active in three other STSAs as follows: 
Raven Ridge-ltimrock--Kirkwood Oil and Gas has received a combined hydrocarbon lease for 640 acres 
in the Raven Ridge-Rim Rock Special Tar Sand Area. 
Hill Creek and San Rafael Swell—Kirkwood Oil and Gas is also in the process of converting leases in 
the Hill Creek and San Rafael Swell Special Tar Sand Areas. 

Kirkwood Oil and Gas has applied to convert over 108,000 acres of oil and gas leases to combined hydrocarbon leases. With these 
conversions Kirkwood will hold more acreage over tar sands in Utah than any other organization. 

The project has been put on temporary hold. 

Project Cost:	 Unknown 

UNDERGROUND TEST FACILITY - Alberta Oil Sands Technology and Research Authority, Federal Department of Energy, 
Mines and Resources (CANMET), Chevron Canada Resources Limited, Esso Resources Canada Limited, Conoco Canada Limited, 
Mobil Oil Canada Ltd., Petro-Canada Inc., Shell Canada Ltd., Amoco Canada Petroleum Company, Ltd., Japex Oil Sands Ltd. (T-650) 

The Underground Test Facility (UTF) was constructed by AOSTRA during 1984-1987, for the purpose of testing novel in situ 
recovery technologies based on horizontal wells, in the Athabasca oil sands. The facility is located 70 kilometers northwest of Fort 
McMurray, and consists of two access/ventilation shafts, three meters in diameter and 185 meters deep, plus a network of tunnels 
driven in the Devonian limestone that underlies the McMurray pay. A custom drilling system has been developed to drill wells up-
ward from the tunnels, starting at a shallow angle, and then horizontally through the pay, to lengths of up to 1,000 meters. 

Two processes were selected for initial testing steam assisted gravity drainage (SAGD), and Chevron's proprietary I-IASDrive 
process. Steaming of both test patterns commenced in December 1987 and continued up to early 1990. lLASDrive was shut in 
April 1990 and the SAGD was to continue producing in a blowdown phase until the fall of 1990. 

Both tests were technical successes. In the case of the Phase A SAGD test, a commercially viable combination of production rates, 
steam/oil ratios, and ultimate recovery was achieved. Complete sand control was demonstrated, and production flowed to surface 
for most of the test. 

Construction of the Phase B SAGD test commenced in the spring of 1990 with the drivage of 550 meters of additional tunnel, for a 
total of about 1,500 meters. Phase B is a direct scale up of the Phase A test, using what is currently thought to be the economic op- - 
timum well length and spacing. The test consists of three pairs of horizontal wells, with completed lengths of 600 meters and 
70 meter spacing between pairs. Each well pair consists of a producer placed near the base of the pay, and an injector about 
$ meters above the producer. All six wells were successfully drilled in 1990. The rest of Phase B operations are to be completed by 
1994. Phase A produced over 130,000 barrels of bitumen. 

Phase B steaming, to commence in September 1991, is expected to continue until 1994. A decision regarding expansion to com-
mercial production will be made after this period. Two thousand barrels per day of bitumen are expected to be produced by this 
method. Production was slated to begin in September 1992. 

AOSTRA states that this new method of bitumen production is starting to look like a major technological breakthrough and that 
bitumen may eventually be produced for under C$7 per barrel, which would be less costly than most current in situ bitumen 
production. 

In 1991, AOSTRA applied to expand its experimental operations at the UTF. The project entails six new horizontal wells to test 
the production capabilities of longer wellbores reaching up to 600 meters. Bitumen production rates at the site are expected to in-
crease from 400 to 500 cubic meters per day. 

Japex Oil Sands Ltd. of Calgary will invest $6.5 million in the lilT over the next several years. Japex will take an active role in the 
management of the project. 

Project Cost:	 $150 million
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COMPLETED AND SUSPENDED PROJECTS 

Project Sponsor Last Appearance in SFR 

Aberfeldy Project Husky Oil Operations, Ltd. March 1983; page 3-33 

A.D.]. Chemical Extraction Aarian Development, Inc. December 1983; page 3-56 

Alsands Project Shell Canada Resources, Ltd. September 1982; page 3-35 
Petro-Canada 
Gull Canada 

Aqueous Recovery Process Globus Resources, Ltd. December 1984; page 3-44 
United-Guardian, Inc. 

Ardmore Thermal Pilot Plant Union Texas of Canada, Ltd. September 1989; page 3-9 

Asphalt Ridge Tar Sands Pilot Sohio December 1986; page 3-51 

Asphalt Ridge Pilot Plant Enercor September 1984; page T-7 
Mobil 
University of Utah 

Athabasca Project Shell Canada Limited September 1988; page 3-50 
Solv-Ex Corp. 

Beaver Crossing Thermal Recovery Pilot Chevron Canada Resources December 1988; page 3-67 

Block One Project Amoco Canada Petroleum Company Ltd. September 1984; page T-8 
AOSTRA 
Petro-Canada Ltd. 
Shell Canada Resources 
Suncor, Inc. 

Burnt Hollow Tar Sand Project Glenda Exploration & Development Corp. September 1984; page T-8 
Kirkwood Oil & Gas Company 

Burnt Lake Succor December 1986; page 3-43 

BVI Cold Lake Pilot AOSTRA 
Bow Valley Industries, Ltd. March 1991; page 3-44 

California Tar Sands Development Project California Tar Sands Development Company September 1989; page 3-42 

Calsyn Project California Synfuels Research Corporation March 1984; page 3-34 
AOSTRA 
Dynalectron Corporation 
Ralph M. Parsons Company 
Tenneco Oil Company 

CANMET Hydrocracking Process Petro-Canada March 1992; page 3-50 
Partec Lavatin, Inc. 

Canstar Nova March 1987; page 3-29 
Petro-Canada 

Cat Canyon Steamftood Project Getty Oil Company December 1983; page 3-58 
United States Department of Energy 

Cedar Camp Tar Sand Project Enercor June 1987; page 3-55 
Mono Power 

Chaparrosa Ranch Tar Sand Project Chaparrosa Oil Company March 1985; page 342 

Charlotte Lake Project Canadian Worldwide Energy Ltd. September 1998; page 3-61 

Chemech Project Chemech December 1985; page 3-51 

Chetopa Project EOR Petroleum Company December 1983; page 3-59
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STATUS OF OIL SANDS PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Tetra Systems 

Cold lake Pilot Project Gull Canada Resources December 1979; page 3-31 

Dccpsteam Project Sandia Laboratories March 1984; page 341 
United States Department of Energy 

Enpex Syntaro Project Enpex Corporation March 1989; page 3-63 
Texas Tar Sands Ltd. 
Getty Oil Company 
Superior Oil Company 
M. II. Whittier Corporation 
Ray M. Southworth 

Falcon Sciences Project Falcon Sciences, Inc. December 1985; page 3-38 

Fostern N. W. In Situ Wet Combustion Mobil Oil Canada, Ltd. December 1989; page 3-

Groasmont Thermal Recovery Project Unocal Canada Ltd. December 1988; page 3-71 

HOP Kern River Commercial Ladd Petroleum Corporation June 1985; page 3-5I 
Development Project 

Ipiaitk East Project Alberta Energy Company March 1992; page 3-54 
Amoco Canada Petroleum Company. Ltd. 
Deminex Canada 

Ipiatik Lake Project Alberta Energy Company and December 1986; page 3-63 
Petro-Canada 

Jet Leaching Project BP Resources Canada Ltd. June 1991; page 3-57 

Kenoco Project Kenoco December 1991; page 3-52 

Kentucky Tar Sands Project Texas Gas Development June 1985; page 3-52 

Lloydminster Fireflood Murphy Oil Company, Ltd. December 1983; page 3-63 

Manatokan Project Canada Cities Service September 1982; page 3-43 
Westcoast Petroleum 

Marguerite Lake 'B' Unit A051'RA December 1988; page 3-72 
BP Resources Canada 
Petro-Canada 

Meota Steam Drive Project Conterra Energy Ltd June 1987; page 3-60 
Saskatchewan Oil & Gas 
Total Petroleum Canada 

Mine-Assisted In Situ Project Canada Cities Service December 1983; page 3-64 
Esso Resources Canada Ltd. 
Gulf Canada Resources, Inc. 
Husky Oil Corporations, Ltd. 
Pet ro-Ca nada 

MRL Solvent Process C & A Companies March 1983; page 3-41 
Minerals Research Ltd. 

Muriel Lake Canadian Worldwide Energy June 1987; page 3-61 

North Kinsella Heavy Oil Petro-Canada June 1985; page 3-58 

Peace River In Situ Pilot Amoco Canada Petroleum June 1987; page 3-61 
AOSTRA 
Shell Canada Limited 
Shell Explorer Limited
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STATUS OF OIL SANDS PROJECTS 

COMPLfl'ED AND SUSPENDED PROJECTS (Continued)

Porta-Plants Project Porta-Plants Inc. September 1986; page 3-50 

Primrose Project Japan Oil Sands Company September 1984; page T-16 
Noreen Energy Resources Ltd. 

Primrose-Kirby Project Petro-Canada June 1986; page 3-56 

RAPAD Bitumen Upgrading Research Association for Petroleum Alternatives December 1991; page 3-55 

Ras Charib Thermal Pilot General Petroleum Company of Egypt March 1990; page 3-54 

Resdein Project Gull Canada Resources Inc. March 1983; page 343 

It F. Heating Project lIT Research Institute March 1983; page 343 
Flalliburton Services 
United States Department of Energy 

Rio Verde Energy Project Rio Verde Energy Corporation June 1984; page 3-58 

RTR Pilot Project RTR Oil Sands (Alberta) Ltd. March 1991; page 3-53 

Sandalta Gulf Canada Resources Ltd. March 1992; page 3-58 
Home Oil Company, Ltd. 
Mobil Oil Canada Ltd. 

Santa Fe Tar Sand Triangle Altex Oil Corporation December 1986; page 3-60 
Santa Fe Energy Company 

Santa Rosa Oil Sands Project Solv-Ex Corporation March 1985; page 345 

Sarnia-London Road Mining Assisted Project Devran Petroleum December 1988; page 3-62 
Shell Canada 

South Kinsella (Kinsella B) Dome Petroleum December 1988; page 3-76 

South Texas Tar Sands Conoco June 1987; page 3-64 

Texaco Athabasca Pilot Texaco Canada Resources June 1987; page 3-66 

Tucker Lake Pilot Project Husky Oil Operations Ltd. December 1991; page 3-57 

Ultrasonic Wave Extraction Western Tar Sands June 1987; page 3-66 

Vaca Tar Sand Project Santa Fe Energy Company March 1982; page 343 

Wabasca Fireflood Project Gulf Canada Resources, Inc. September 1980; page 3-61 

Whiterocks Oil Sand Project Enercor December 1983; page 3-55 
Hinge-line Overthrust Oil & Gas Corp. 
Rocky Mountain Exploration Company 

Wolf Lake Oxygen Project BP Canada Resources September 1988; page 3-70 
Petro Canada 

200 Sand Steamilood Demon- Santa Fe Energy Company June 1986; page 3-62 
stration Project United States Department of Energy
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INDEX OF COMPANY INTERESTS 

Company or Oreanization Project Name 

Alberta Energy Company Burnt Lake Project 343 
Caribou Lake Pilot Project 3-54 
Primrose Lake Commercial Project 3-49 
Syncrude Canada Ltd. 3-51 

Alberta Oil Sands Equity Oslo Project 347 
Syncrude Canada Ltd. 3-51 

Alberta Oil Sands Technology Athabasca In Situ Pilot Plant 3-53 
and Research Authority (AOSTRA) Donor Refined Bitumen Process 3-55 

GLISP Project 3-57 
Provost Upper Mannville Heavy Oil Steam Pilot 3-60 
Taciuk Processor Pilot 3-61 
Underground Test Facility Project 3-63 

Amoco Canada Petroleum Company, Ltd. Elk Point 3-45 
GLISP Project 3-57 
Lindbergh Commercial Project 3-46 
Lindbergh Thermal Project 3-58 
Morgan Combination Thermal Drive Project 3-58 
Primrose Lake Commercial Project 349 
Soars Lake Heavy Oil Pilot 3-61 
Underground Test Facility 3-63 
Wolf Lake Project 3-52 

Amoco Production Company Sunnyside Project 3-50 

Buenaventura Resource Corp. Buenaventura Cold Process Pilot 3-54 

Canada Centre For Mineral & Energy Underground Test Facility 3-63 
Technology 

Canadian Hunter Exploration Burnt Lake Project 343 

Canadian Occidental Petroleum, Ltd. Eyehill In Situ Combustion Project 3-56 
Hangingstone Project 3-57 
Oslo Project 3-47 
Provost Upper Mannville Heavy Oil Steam Pilot 3-60 
Syncrude Canada Ltd. 3-51 

Canadian Worldwide Energy Corp. Fort Kent Thermal Project 3-56 

CANMET Underground Test Facility 3-63 

C-H Synfuels Ltd. C-H Synfuels Dredging Project 3-55 

Chevron Canada Resources Ltd. Steepbank HASDrive Pilot Project 3-61 
Underground Test Facility 3-63 

Conoco Canada Ltd. Underground Test Facility 3-63 

Consumers Cooperative Refineries Ltd. NewOrade Heavy Oil Upgrader 3-46 

CS Resources Eyehill In Situ Combustion Project 3-56 
Pelican-Wabasca Project 3-59 
Pelican Lake Project 3-59 

Devran Petroleum Ltd. Pelican Lake Project 3-59 

Electromagnetic Oil Recovery Inc. Electromagnetic Well Stimulation Process 3-44 

Enercor PR Spring Project 3-60
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INDEX OF COMPANY IN'FERESTS (Continued)

Company or Organization Proiect Name 

I3sso Resources Canada Ltd. Athabasca In Situ Pilot Project 3-53 
Cold Lake Project 3.43 
Esso Cold Lake Pilot Projects 3-56 
flanging Stone Project 3-57 
Oslo Project 3.47 
Provost Upper Mannville Heavy Oil Steam Pilot 3-60 
Syncrude Canada Ltd. 3-51 

GNC Energy Corporation Sunnyside Tar Sands Project 3-50 

Greenwich Oil Corporation Forest Hill Project 345 

Gulf Canada Resources Ltd. Donor Refined Bitumen Process 3-55 
Oslo Project 347 
Syncrude Canada Ltd. 3-51 

IIBOG Oil Sands Partnership Syncrude Canada Ltd. 3-51 

Hudson's Bay Oil and Gas Hattrum In Situ Wet Combustion Project 3-54 

husky Oil Operations, Ltd. Athabasca In Situ Pilot Project 3-53 
Battrum In Situ Wet Combustion Project 3-54 
Hi-Provincial Upgrader 342 
Caribou Lake Pilot Project 3-54 

James W. Bunger and Assoc. Inc. Asphalt From Tar Sands 3-42 

Japan Canadian Oil Sands Ltd. l-Iangingstone Project 3-57 

Kirkwood Oil and Gas Company Circle Cliffs Project 3-55 
Tar Sand Triangle 3-63 

Koch Exploration Canada Fort Kent Thermal Project 3-56 

L'Association pour Ia Valorization Donor Refined Bitumen Process 3-55 
des Huiles Lourdes (ASVAHL) 

Maraven Orinoco Belt Steam Soak Pilot 3-59 

Mitsubishi Oil Company Syncnide Canada Ltd. 3-51 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 3-54 
Celtic [heavy Oil Pilot Project 3-54 
Cold Lake Steam Stimulation Program 3-55 
Iron River Pilot Project 3-57 
Underground Test Facility 3-63 

Murphy Oil Canada Ltd. Eyehill In Situ Combustion Project 3-56 
Lindbergh Commercial Thermal Recovery Project 3-46 
Lindbergh Steam Project 3-58 
Provost Upper Mannville Heavy Oil Steam Pilot 3-60 
Tangieflags North 3-62 

NewOrade Energy Inc. NewOrade Heavy Oil Upgrader 3-46 
Noreen Energy Resources Ltd. Provost Upper Mannvilie Heavy Oil Steam Pilot Project 3-60 

Ontario Energy Resources Ltd. Suncor, Inc. Oil Sands Group 349 

PanCanadian Petroleum Elk Point Oil Sands Project 3-45 
Oslo Project 3.47 
Syncrude Canada Ltd. 3-51
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INDEX OF COMPANY INTERESTS (Continued)

Company or Organization Project Name 

Petro-Canada Daphne Project 3-44 
GLISP Project 3-57 
Ilangingstone Project 3-57 
Oslo Project 3-47 
Syncrude Canada Ltd. 3-51 
Underground Test Facility 3-63 

Petroleos de Venezuela SA Orimulsion Project 3-47 

Saskatchewan Government NewCrade heavy Oil Upgrader 3-46 

Saskoil Battrum In Situ Wet Combustion Project 3-54 

Sceptre Resources Ltd. Tangleflags North 3-62 

Shell Canada, Ltd. Peace River Complex 348 
Scotford Synthetic Crude Refinery 3-49 
Underground Tat Facility 3-63 

Solv-Ex Corporation Bitumount Project 3-42 
PR Spring Project 3-60 

Suncor, Inc. Burnt Lake Project 343 
Fort Kent Thermal Project 3-56 
Suncor, Inc. Oil Sands Group 3-49 

Sun Company, Inc. Suncor, Inc. Oil Sands Group 3-49 

Synco Energy Corporation Synco Sunnyside Project 3-51 

Texaco Canada Petroleum Frog Lake Project 3-57 

Texaco Inc. Diatomaceous Earth Project 3-44 

Three Star Drilling and Producing Corp. Three Star Oil Mining Project 3-52 

Uentech Corporation Electromagnetic Well Stimulation Process 3-44 

Underwood McLellan & Associates Taciuk Processor Pilot 3-61 
(UMA Group) 

Unocal Canada, Ld. Battnjm In Situ Wet Combustion Project 3-54 

Union of Soviet Socialist Republics Yarega Mine-Assisted Project 3-53 

Veba Oct AG Orimulsion Project 3-47
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PROJECT ACTIVITIES 

LOUISIANA GASIFICATION OBSERVES FIFTH 
ANNIVERSARY 

Louisiana Gasification Technology, Inc., a subsidiary of Des-
tec Energy, Inc., observed its fifth anniversary of commercial 
production in April. In its first 5 years the plant processed 
over 1.8 million tons of coal, operated in excess of 
22,000 hours on coal, and produced 24,218 billion BTU of 
energy. 

The gasification plant produces syngas for cogeneration of 
steam and 161 megawatts of electricity at Dow Chemical's 
Plaquemine, Louisiana complex. The processing capacity of 
the facility is 2,400 tons of coal per day. The facility is 
demonstrating the viability of coal gasification combined 
cycle technology. 

ENCOAL PROJECT IN STARTUP—NOT AFFECrED BY 
SALE OF SHELL MINING COMPANY 

ENCOAL's $72 million LFC clean coal demonstration plant 
in Wyoming, which utilizes the proprietary LFC (Liquids 
From Coal) process technology developed by 501 Interna-
tional, is now in the initial startup phase. The plant is lo-
cated at Triton Coal Company's Buckskin Mine in Gillette, 
Wyoming. Triton and ENCOAL are both subsidiaries of 
Shell Mining Company. 

The ENCOAL LFC plant is designed to produce cleaner-
burning, Process Derived Fuel (PDF) and Coal Derived Li-
quids (CDL). The PDF can be used in new or existing 
powerplants and the CDL will be readily usable as fuel oil. 
The PDF has higher heating values and lower moisture con-
tent than the original coal. 

ENCOAL has contracted with Wisconsin Power and Light to 
sell PDF for large-scale test burns. TEXPAR Energy, Inc. 
will purchase most of the coal liquids produced by the EN-
COAL plant, up to 135,000 barrels per year. 

ENCOAL exclusively owns and operates the plant which is 
being jointly funded by ENCOAL and the United States 
Department of Energy (DOE) under the Clean Coal Tech-
nology Program. 

SGI was the initial developer of the LFC process and is now 
an equal partner with Shell Mining Company in the TEK-
KOL Partnership which owns the LFC process. 501 is the 
licensing contractor for TEK-KOL

SOl says it regards the proposed purchase of Shell Mining 
Company by Zeigler Coal Holding Company as a positive 
development for SGI and the LFC process. 

In June, Zeigler and Shell Oil Company signed a letter of in- 
tent for Zeigler's purchase of Shell Mining Company, with a 
target closing date of October 1992. Upon completion of the 
transaction Zeigler would become one of the largest coal 
companies in the United States, with annual sales in excess 
of $1 billion, annual production of 40 million tons and 
recoverable coal reserves of about 4 billion tons. 

W.M. Owens, chairman of SGI, said, "We understand that 
the existing working relationships with TEK-KOL and EN-
COAL would continue and that Zeigler plans to continue 
operations at the ENCOAL LFC plant in cooperation with 
DOE. We like the fact that 100 percent of Zeigler's business 
is coal mining and marketing and that the combination of 
Shell Mining and Zeigler's personnel and mining properties 
would result in creation of a major new player in the coal 
industry.* 

Zeigler was founded in 1904. Houston Natural Gas acquired 
Zeigler in the 1970s. Managers and investors purchased the 
company in 1985, establishing Zeigler Coal Holding Com-
pany. Zeigler acquired Old Ben Coal Company in 1990, 
quadrupling production and sales. 

In 1991, Zeigler was the largest coal producer in Illinois and 
the 15th largest coal producer in the United States. The com-
pany has mining operations in Illinois, Indiana and West Vir-
ginia.

##1# 

DOE APPROVES SHIFT OF TALLAHASSEE CLEAN 
COAL PROJECT TO PENNSYLVANIA 

The United States Department of Energy (DOE) has ap-
proved changes for a Clean Coal Technology demonstration 
project originally sponsored by the City of Tallahassee, 
Florida. The project, which was selected as an alternative in 
the first found of the program, will be reassigned to York 
County Energy Partners L.P., a subsidiary of Air Products 
and Chemicals Inc. of Allentown, Pennsylvania. 

The original project would have involved the demonstration 
of a coal-fired circulating fluidized-bed combustion system 
by repowering a boiler at one of Tallahassee's municipally-
owned powerplants. However, Tallahassee city officials an-
nounced in 1991 that they would not move forward with the 
project.
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Under the new agreement, the technology will be 
demonstrated at a site in York County, Pennsylvania. The 
revised project will result in the construction of a new "grass 
roots" cogeneration facility which will utilize the circulating 
fluidized-bed combustion technology. The 250-megawatt 
plant will operate as a qualifying cogeneration facility under 
the Public Utility Regulatory Policies Act. When completed, 
the plant will be the largest operating circulating fluidized 
bed unit in the United States, and the first to operate on 
Eastern coals. 

Metropolitan Edison of Reading, Pennsylvania has agreed to 
purchase power from the new cogeneration plant for 
25 years. Also, about 40,000 pounds of steam per hour will 
be provided to a manufacturing firm located adjacent to the 
proposed powerplant. 

In a circulating fluidized-bed boiler, coal, air and limestone 
are mixed in the bottom of an atmospheric pressure water-
wall combustor where initial combustion occurs. As coal is 
reduced in size through combustion and breakage, it moves 
higher in the combustor where secondary air is added. Ash, 
unreacted coal and limestone are swept out of the combus-
tor, collected in a cyclone particle separator, and recycled to 
the bottom of the vessel. Sulfur reacts with the limestone 
sorbent to form solids that can be removed along with the 
ash. 

Heat is removed by the water walls and superheaters along 
the circulating "loop" made up of the combustor, cyclone and 
solids recycle leg. Combustion gases leaving the cyclone are 
cooled by additional superheaters, water walls and an 
economizer located in a convective bypass. Steam is then 
sent to a turbine to generate power. 

Sulfur dioxide emissions are reduced by 92 percent or more 
within the combustion chamber, while nitrogen oxide emis-
sions in this low temperature process are held to 20 to 
40 percent of the levels released in conventional boilers. 

The new plant is scheduled to begin operating in 
December 1996, 1 year after the projected date for the 
original project. Several different coals will be evaluated 
during the 2-year operating period. The total cost of the new 
plant will be about $374.3 million, compared to 
$276.8 million for the previous project. 

fin 

TOMS CREEK PROJECT Him ROADBLOCK 

TAMCO Power Partners have run into a roadblock regard-
ing their plans to demonstrate Integrated Gasification Com-
bined Cycle (IGCC) technology at a powerplant in Coeburn, 
Virginia. The project partners, Tampella Power Corporation 
and Coastal Power Production Company (FAMCO), plan to

sell the 107 megawatts of electricity generated by the project, 
but have not been able to find a buyer. 

TAMCO originally expected to sell the electricity to Virginia 
Power, but that company says it does not need the power 
and no agreement has been reached. Negotiations for the 
sale of the project's power output are continuing with Vir-
ginia Power as well as with other potential purchasers, ac-
cording to Coastal Corporation. 

The partners expect to complete funding negotiations with 
the United States Department of Energy (DOE) and sign a 
Cooperative Agreement with DOE sometime this fall. The 
Toms Creek project was selected for funding under DOE's 
Clean Coal Technology Program. It is expected that DOE 
will fund approximately 50 percent of the total cost of the 
project which is estimated at $219.1 million. (See the P ace 
Synthetic ftjs Report, June 1992, page 4-10.) 

The project will demonstrate IGCC technology using the 
Tainpella U-GAS fluidized-bed gasification system and incor-
porating a hot gas cleanup system. 

fin 

TEXACO GASIFIER SELECTED FOR TAMPA IGCC 
PROJECT 

The Texaco Gasification Process (TGP) has been selected 
for the 260 megawatt Integrated Gasification Combined 
Cycle (16CC) powerplant to be constructed by Tampa 
Electric Company. The plant will be located at the Polk 
Power Station in Lakeland, Polk County, Florida. 

The Texaco Gasification Power System, the integration of 
the TGP with a combined cycle power block, is expected to 
become operational at the Tampa facility in 19%. The 
project will gasify approximately 1,900 tons per day of high. 
and low-sulfur coal. In the first stage of the project, 
scheduled for completion in 1995, 150 megawatts of 
electricity will be generated by a gas turbine using a fuel oil 
feedstock. 

Partial funding for the project comes from the United States 
Department of Energy's (DOE) Clean Coal Technology 
Program (Round 111) to support the demonstration of a 
General Electric hot gas cleanup system. DOE will fund 
50 percent of the project's total cost of $2415 million. 

Technology Description 

The project will demonstrate the integrated performance of 
a pressurized oxygen-blown, entrained-flow coal gasifier is-
land coupled to a combustion and steam turbine power is-
land. The project is part of a larger Tampa Electric project 
valued at $640 million. 
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The system is expected to achieve 99 percent removal or SO  
and 95 percent removal of NO. 

Figure 1 is a block flow diagram of the demonstration 
project. 

The coal gas from the gasifier enters the hot gas cleanup sys-
tem at approximately 1,200°F, where sulfur is removed in a 
moving bed of solid sorbent. The cleaned gas is then 
delivered to a combustor. 

Hot gas from the combustor (2,300°F) expands through a gas 
turbine producing about 190 megawatts of electrical power. 
The gas turbine exhaust flows to the heat recovery steam gen-
erator which drives the steam turbine. Waste nitrogen from 
the oxygen plant is routed to the gas turbine combustor to 
suppress NO formation and to augment power production.

#fl# 

WYOMING TURNS DOWN CHAR-FUELS REQUEST 
FOR MORE MONEY 

State officials in Wyoming have turned down a request from 
Wyoming Coal Refining Systems (WCRS) for an additional 
$2.5 million in low-interest loans from state funds. Wyoming 
has already loaned WCRS $8 million out of a $16.5 million 
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low-interest loan approved by the Wyoming Investment 
Fund Committee in 1987.

However, Carbontec's technology has performed well on all 
coals. The ability to process a wide variety of coals is a sig-
nificant achievement, says Simmons. 

The original agreement was meant to help fund construction 
of a Char-Fuels demonstration plant in Wyoming and in-
cludes a requirement that WCRS obtain matching funds 
from third party investors. 

WCRS president, L. Meyer, says the company has a verbal 
commitment from the Tennessee Valley Authority for 
$250,000 and that $3.8 million in non-Wyoming funds have 
already gone into the project. State officials, however, say 
that WCRS has not met the contract requirement for match-
ing funds. 

It appears that Wyoming officials are also having a problem 
with the company's plan to build an 18 ton per day pilot 
plant in Colorado. The pilot plant, to be located at the 
Colorado School of Mines in Golden, is to provide design 
criteria for a 150-ton-per-day demonstration plant to be built 
at the Dave Johnston Powerplant in Glenrock, Wyoming. 
Meyer says that siting the pilot plant in Colorado saved the 
company a lot of money because equipment needed for the 
plant is already in place at the School of Mines. However, 
Wyoming officials say they are not obligated to advance 
money to WCRS to construct a Char-Fuels pilot plant in 
Colorado. 

The Char-Fuels Process is being developed to produce a 
high BTU, clean-burning slurry fuel from coal that can be 
delivered to utilities by pipeline. 

CARBONDRY PROCESS HEADED FOR PILOT 
DEMONSTRATION 

The Carbondry Process, an innovative method for drying 
low-rank coal developed by Carbontec Energy Corporation, 
will be demonstrated at a commercial-sized coal upgrading 
facility. Cordero Mining Company plans to build the 
250,000 ton per year plant at its mine near Gillette, Wyom-
ing. 

Near-term plans call for an expansion of the demonstration 
project to a 1 million ton per year plant. Long-term goals 
include the construction of additional facilities at the mine 
site to produce 4 million tons per year of upgraded coal. 

The Carbondry Process is described in a paper presented by 
J. Simmons, president of Carbontec Energy, at the Coal 
Prep '92 Conference held in Cincinnati, Ohio in May. Ac-
cording to Simmons, the process has been proven to be a ver-
satile, cost effective technology, ideally suited for drying 
Western United States subbituminous coal.

A typical subbituminous Wyoming coal product from the 
process is a high-BTU, low-sulfur fuel that contains from 
11,000 to 11,500 BTU, 8 to 10 percent moisture, and less 
than 0.5 percent sulfur. 

The process technology has been demonstrated at 
Carbontec's coal drying pilot plant at Bismarck, North 
Dakota. More than 1,500 tons of subbituminous Wyoming 
coal and North Dakota lignite have been successfully 
processed at this plant, including coal from six Wyoming Pow-
der River Basin mines. 

The process involves two stages: a hot oil first-stage dryer 
and a hot inert gas second-stage dryer. The first-stage dryer 
removes all of the surface and a major portion of the in-
herent moisture leaving a protective coating of oil on the 
coal. The second-stage dryer controls the final BTU and 
moisture content. It also removes a portion of the coal 
volatiles and some surface and absorbed drying-medium oils. 

The coal and oil volatiles removed are condensed with the 
recovered oil recirculated to the system. The processed coal, 
in addition to being a low-moisture, high-BTU fuel, is also 
resistant to moisture reabsorption, dust generation, and spon-
taneous combustion. The process operates at atmospheric 
pressures and moderate temperatures. 

The continuous, 20 ton per day demonstration plant started 
up in May 1989, with lignite coal from a North Dakota mine. 
Raw lignite containing 40 percent moisture and 6,100 BTU 
per pound produced an enriched fuel product that contained 
10 percent moisture and 10,500 BTU. Testing of Wyoming 
subbituminous coal started in August 1989. More than 
1,000 tons of Wyoming coal were processed to produce an 
enriched fuel with energy values of 10,500 to 12,000 BTU per 
pound, moisture levels of 6 to 12 percent, with a sulfur con-
tent of 0.6 to 0.8 pounds of SO  per million BTU. 

A computer-controlled operating circuit provides precise con-
trol over processing times and temperatures. Carbontec's 
pilot plant successfully demonstrated the reliability of the sys-
tem with a high 95 percent availability time factor. 

Table 1 contains a summary of data from several pilot plant 
tests of six Wyoming coals from Powder River Basin mines. 

The pilot plant test results confirmed earlier results obtained 
in the laboratory. More than 1,000 tons of raw sub-
bituminous coal was processed during the test program. This 
testing program demonstrated that a high-BTU, low-
moisture, low-sulfur coal can be produced by Carbontec's 
coal drying process from a wide variety of subbituminous 
coals.
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TABLE 1 

PILOT PL&N'F TEST RESULTS USING 
WYOMING POWDER RIVER BASIN COAL 

Raw Coal Carbondrv Coal 
Mine Moisture BTU/lb Moisture BTU/lb 

Antelope 24.85 9,080 732 11,478 
Belle Ayr 29.80 8,420 8.80 11,170 
Coal Creek 29.63 8,675 6.45 11,690 
Cordero 29.61 8,428 8.34 11,264 
Rawhide 30.15 8,375 931 11,083 
Rochelle 26.80 8,860 7.97 11,250

Description or Systems 

The Carbon dry Process can be divided into six systems which 
are described below. 

The material handling system, which prepares the run-of-
mine coal for the treatment process, stores coal to provide a 
process reserve so the treatment process can operate inde-
pendently of the mining operation, moves coal through the 
process, and stores product fuel for transfer to the unit-train 
loadout facility. 

The coal treatment system incorporates the first- and 
second-stage dryers to remove the coal moisture and 
volatiles, and includes a direct pulverized-coal-fired fluid 
heater for heat transfer oil heating and flue gas production. 

The coal cooling system is used to reduce the product tem-
peratures to a storable condition. 

The oil recovery system is necessary to reduce oil losses and 
to prevent the escape of oil and condensed volatiles into the 
environment. 

The water treatment system is required to condition the con-
densed water vapor to an environmentally acceptable quality.

The ash handling system collects heater ash for disposal. 

Coal Treatment System 

The first-stage dryers operate in parallel to heat the coal 
using a special blend of hot fuel oils from the direct fired 
heater to drive off moisture and, for some coals, to reduce 
sulfur and sodium content. The first-stage dryer of train 
No. 1 treats the 2x1 inch fraction. The first-stage dryer of 
train No. 2 treats the 1x0.25 inch fraction. Each dryer is an 
enclosed chamber containing a wire mesh conveyor belt. A 
mixture of hot fuel oils is pumped into the system. The heat-
ing oil is heated in a closed tube heat exchanger, and recircu-
lates continuously between the fired heater and Dryer No. 1. 

Heat is provided to the system by a direct-fired tube heater. 
The direct-fired tube heater provides all the heat for the 
process and is a source of flue gas which is used as a heating 
and inerting medium in the treatment process. 

All product exiting the first-stage dryers and the unused por-
tion of the untreated fine coal fraction is fed to a common 
enclosed cleated conveyor and transported to the second-
stage rotary-tray dryer/cooler. All surfaces of the coal are 
repeatedly brought into contact with hot flue gas. 

The coal, as it is processed, cascades by gravity from one tray 
of the dryer down to the next, continuing until it cascades to 
the first and subsequent trays of the cooler section. The flue 
gas exiting the second-stage dryer carries away the moisture 
and volatiles evaporated from the coal, along with a small 
portion of the vaporized heat transfer oil. 

Product Marketing 

The upgraded coal is expected to be priced comparably to a 
high-rank, low-sulfur coal. Based on the projected market 
for coal switching, the anticipated market for a low sulfur 
coal in the 10,500 to 12,500 BTU range is in excess of 
100 million tons per year. Use of the product fuel from the 
Carbondry Process will help lower transportation costs, in-
crease thermal efficiency, and effect minimal denting of ex-
isting units while at the same time meeting the environmen-
tal regulations in the 1990 Clean Air Act Amendments. 

#fl# 
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CORPORATIONS 

CUSTOM COALS LINES UP FINANCING 

Custom Coals Corporation of Pittsburgh, Pennsylvania has 
reached a financing agreement with the Chase Manhattan 
Bank, NA. to support its plans to build at least 10 plants 
that will produce specialized coal fuels to allow electric 
utilities to meet stringent federal air quality standards. The 
aggregate cost of the planned construction program is a-
pected to exceed $500 million during the life of the agree-
ment. 

Custom Coals has begun the construction planning phase of 
its first commercial-scale production facility for two ad-
vanced coal technology products—Carefree Coal and Self-
Scrubbing Coal. The technology used to produce Carefree 
Coal has been successful in commercial-scale testing. It will 
now be made available to electric utilities seeking economi-
cally feasible ways to comply with the Clean Air Act Amend-
ments of 1990 which requires coal-fired powerplants to cut 
their current sulfur and nitrogen oxide emissions in half by 
the year 2000.

coal product is called Carefree Coal, which will comply with 
the air quality standards applicable to many grades of coal. 
When deeper cleaning is required, Carefree Coal is mixed 
with additives to form Self-Scrubbing Coal, which, during 
combustion, captures 30 to 35 percent of the remaining 
pyritic and organic sulfur. Overall, Self-Scrubbing Coal 
removes up to 70 percent of the total sulfur content in the 
coal. 

Any required plant or boiler modifications are minor, keep-
ing retrofit and capital costs to a minimum. According to 
the company, Self-Scrubbing Coal and Carefree Coal have 
been found to be more cost-effective strategies for many 
United States coal-burning utilities than scrubbers, fuel-
switching, or other alternatives. 

In addition to plants in the United States, Custom Coals is 
exploring the feasibility of locating several plants in Eastern 
Europe, the United Kingdom, and the Pacific Rim. 

Under the terms of the contract, Chase will work in partner-
ship with Custom Coals, serving as financial advisor in the 
construction of at least 10 plants by the year 2000. 

Pennsylvania Governor R.P. Casey said, 'This investment 
will pay significant dividends to many states that depend on 
coal for their energy needs, but it will also help jump-start 
the mining industry here in Pennsylvania? 

Custom Coals expects that each plant will create 
150 construction jobs, and approximately 25 to 30 permanent 
operating jobs. The completion of the 10 proposed plants 
would result in a total capacity of 25 to 40 million tons of 
compliance coal for electric utilities each year. 

Custom Coals' first commercial-scale plant will be located in 
Stoystown, in Somerset County, Pennsylvania, and will 
produce 1.5 million tons of compliance coal per year. This 
$76 million project will be a demonstration site for the 
United States Department of Energy's Clean Coal Technol-
ogy Program and is critical to the development of the Self-
Scrubbing Coal product. Once the government's test 
program has been completed, this plant will be used for com-
mercial production. Construction will begin in early 1993 
and plant startup is planned for 1994. 

Custom Coals' fuel products are produced through a 
proprietary two-stage sulfur removal process. In the first 
stage, more than 90 percent of the pyritic sulfur is removed 
in a unique coal preparation system. The resulting clean

M-C POWER ACHIEVES FUEL CELL SCALE-UP 

MC Power Corporation is testing molten carbonate fuel 
cells with a cross-sectional area of!! square feet, the largest 
area fuel cells ever operated in the United States, and the 
size MC Power plans to use in its commercial units. 

The MC Power fuel cell stack is designed to generate 
20 kilowatts of electricity, but the stack is currently produc-
ing 22 kilowatts. The stack uses the IMIJIEX internally 
manifolded fuel cell stack concept which was developed by 
the Institute of Gas Technology (!Gfl. MC Power is a 
majority-owned subsidiary of IGT. 

IMHEX powerplants are characterized by high electric ef-
ficiency, minimal emissions, high-quality heat, flexible operat-
ing capability and a wide range of power capacities. 

MC Power built, and is now operating, this stack with fund-
ing from the Gas Research Institute, which has been a major 
sponsor of the company's development program. The 
program has also received significant support from the 
United States Department of Energy, the Electric Power 
Research Institute, San Diego Gas and Electric Company, 
Southern California Edison, South Coast Air Quality 
Management District, and Union Oil of California 
(UNOCAL). 
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M-C Power will conduct the next major demonstration 
project in 1993 at UNOCAL's Science and Technology Cen-
ter in Brea, California. This unit will have a power output of 
250 kilowatts. Commercialization of the technology is 
scheduled for 1997. 

ENERGY INTERNATIONAL SEES PROMISE IN 
UNDERGROUND GASIFICATION 

According to B.E. Davis, et al., of Energy International Cor-
poration, there is renewed interest in indirect coal liquefac-
tion as a source of liquid fuels. Underground Coal Gasifica-
tion (UCG) is an attractive source of synthesis gas, and the 
combination of this technology with the newer Fischer-
Tropsch technologies presents an opportunity to convert un-
recoverable coal resources into liquid transportation fuels. 
Their paper, which was presented at the 17th International 
Conference on Coal Utilization and Slurry Technologies in 
Clearwater, Florida in April, describes advances in UCG and 
Fischer-Tropsch technology that make this option competi-
tive with the more conventional indirect liquefaction 
processes. 

The authors note that in situ gasification of coal is often over-
looked as a potential generator of good quality synthesis gas. 
In some cases, UCO can offer both resource and economic 
advantages. 

UCG permits the economic recovery of energy from coal 
without mining and opens up resources which are either too 
deep or too steep for conventional mining applications. 
During the past 15 years, UCG has evolved from an interest-
ing concept to a viable commercial process. The technology 
to gasify coal, in both steeply-dipping and horizontal beds of 
coal, has proven to be especially effective in large-scale field 
tests in Wyoming. 

Fischer-Tropsch (F-i) Technology 

The F-T process uses a catalyst (usually iron or cobalt) to 
convert synthesis gas into a wide boiling mixture of hydrocar-
bons plus some oxygenates. The major component of the 
product is usually normal paraffins; but various amounts of 
olefins and oxygenates may occur. 

F-T middle distillate has good combustion properties (high 
cetane number, high smoke point, etc.) although it tends to 
have a high pour point. However, additional processing, 
such as hydrocracking and isomerization, can produce a 
product with acceptable cold flow properties. F-T naphtha 
has a low cetane number, and although it can be upgraded to 
make gasoline, a better use may be in chemicals manufac-
ture; F-T naphtha is a premium feedstock to naphtha crack-
big for ethylene manufacture.

Synthesis gas is normally produced from one of two feed 
sources: coal or natural gas. With natural gas, steam reform-
ing can be used, which produces a relatively high hydrogen 
to carbon monoxide ratio synthesis gas. With coal, some 
form of partial oxidation is used. Partial oxidation may also 
be used with natural gas. Partial oxidation usually produces 
a lower 132/CO ratio syngas. 

Underground Coal Gasification 

Underground coal gasification technology has evolved sig-
nificantly during the past 50 years. UCG began to be used in 
the United States in the late 1940s with the most significant 
activities occurring since 1972. During this period, 30 field 
tests have been performed with approximately 50,000 tons of 
coal gasified. There have been over 800 days of UCG opera-
tional experience accumulated in the United States. 

Process Configurations 

The UCG process gasifies coal in much the same way as in 
surface gasifiers. Wells are drilled into the coal seam, where 
the reactor forms in situ, and the wells are used to inject reac-
tants and remove product gases. There are, however, several 
other suitable configurations. 

The horizontal UCG process consists of drilling two wells 
into a horizontal coal seam, establishing a link zone between 
the wells, igniting the seam and gasifying the coal by injec-
tion of air or oxygen and steam into one well and removing 
the gasification products from the production well. As the 
process matures, the reactor grows to the roof as well as 
laterally along the zone between the wells. The oxidation 
zone is continually growing, while the reduction and pyrolysis 
zones remain constant or diminish in size. 

A modification to this configuration is the Controlled 
Retracting Injection Point (CR11') method, which attempts 
to decrease heat loss and water influx resulting from roof fall 
into the reaction zone. The CRlF configuration includes a 
horizontally drilled injection well along the bottom of the 
coal seam. 

For UCG in steeply-dipping coal seams (>35 0), the injection 
well enters the seam through the floor and the product well 
runs updip to the surface. As the reactor grows, coal falls in 
the reactor, creating a packed-bed gasifier similar to the 
Lurgi surface gasifier. 

Environmental Aspects of UCG 

UCG has a less severe environmental impact than a combina-
tion of conventional mining plus surface gasification be-
cause: 

- The coal ash components, which would result in sur-
face solid wastes if the coal were mined, remain 
underground. 
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The surface disturbance is minimal compared to 
surface mining. 

Only a relatively small quantity of low-quality water 
is required for the process. 

Health and safety problems will be less severe than 
those associated with conventional mining 
methods. 

- Field tests have demonstrated excellent control of 
the process with restoration of the groundwater 
and surface to its original use value. 

Comparison with Other Gasification Processes 

There are several processes available for surface gasification 
of coal. Published data for Lurgi gasifiers are shown in 
Table 1 along with horizontal data from steeply-dipping coal 
and CRIP in horizontal coal. 

The comparison of gasification processes appropriately con-
siders a number of factors, including the desired product, 
available coal resources, location of project, and economics. 
Different technologies may tend to prove beneficial in dif-
ferent situations. A UCG project in Western subbituminous 
coal and long distance transmission of power may not com-
pare well to the surface option for that use. However, the 
typically higher levels of hydrogen produced in UCG may 
prove favorable for a chemical or fuel production feedstock, 
such as ammonia, methanol, or F-T liquids. 

TABLE 1

COMPARISON OF GASIFICATION PROCESSES

Steeply Lurgi 
Dipping Horizontal Fixed 

Coal Coal Bed 

Heating Value, 
BTU/SCF (Dry) 356 299 285 

Nitrogen 0.1 0.1 1.6 
Hydrogen 302 39.6 39.4 
Carbon Monoxide 17.4 123 16.9 
Carbon Dioxide 32.6 35.6 31.5 
Methane 182 9.4 9.0 
Tar 0.1 0.2 0.2 
Hydrogen Sulfide 0.2 0.8 0.8 

0.9 1.6 - 
Oxygen Utilization 
(lb 02/lb Coal) 0.4 0.6 0.6 

Thermal Efficiency 98% 85% 76%

According to the paper, the UCG process will usually 
produce a synthesis gas with a higher heat value, methane 
content, hydrogen content, and hydrogen-to-carbon 
monoxide ratio than is the case for most surface gasifiers. 
The Lurgi fixed-bed gasifier is the closest to UCO in syn-
thesis gas composition. The gasification chemistry is fun-
damentally the same for both surface and underground 
gasification, but the product composition varies because of 
the differences in temperature, pressure, steam and oxygen 
supply, and residence times in the gasification zones. 

An important aspect of the comparison of surface and under-
ground gasification technologies is the availability of coal 
resources. UCG is most likely to use coal that is not 
economically mineable and thus does not have other market 
value. As such, it is expected that coal resources for UCO 
can be contracted for long-term projects at fixed costs. In 
contrast, the coal used in surface gasifiers may in some cases 
be subject to market forces, price escalations, and uncer-
tainties of supply. 

Economics 

A number of studies comparing the economics of UCG and 
various surface gasification technologies have shown a sig-
nificant cost advantage for UCG based processes. 

The results from the various economic studies show that: 

- Synthesis gas can be produced by UCO at sig-
nificantly lower operating costs than from surface 
gasification of coal. 

- Capital costs for comparable size facilities are 
much lower for UCG plants. 

- Optimum plant sizes are much smaller for UCO 
facilities. 

- UCG derived synthesis gas can be competitive with 
similar products from natural gas reforming. 

Conclusions 

Fischer-Tropsch technology has seen major improvements in 
recent years with significant reduction in process economics. 
The quality and costs of feedstocks (synthesis gas) will be a 
major factor in determining when the technology will be com-
petitive with petroleum. In the United States, says the 
paper, coal gasification will be the primary source of syn-
thesis gas and UCG can be an important option to be con-
sidered. 

UCG has evolved into one of the more promising tech-
nologies for entry of coal into markets normally supplied 
with oil and natural gas. 
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When compared to surface gasification, UCO: 

Has lower projected costs for production of syn-
thesis gas. Operation costs are a fraction of those 
for conventional surface gasifiers. 

- Has lower capital charges.

- Can be expanded with little cost penalty. 

Can offer a product gas that is well suited as a 
feedstock to Fischer-Tropsch processing to make 
liquid fuels.

St's 
- Can apply to smaller size facilities.
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GOVERNMENT 

DOE COMPLETES AGREEMENTS ON TWO 
GASIFICATION PROJECTS 

The United States Department of Energy (DOE) has ap-
proved two agreements for gasification projects selected for 
funding under the fourth round of the Clean Coal Technol-
ogy (CCI) Program. 

Negotiations have been completed for the following projects: 

Wabash River Coal Gasification Repowering 
Project; Destec Energy, Inc. and PSI Energy, Inc.; 
West Terre Haute, Indiana 

Pinon Pine Integrated Gasification Combined 
Cycle (IGCC) Power Project; Sierra Pacific Power 
Company; Storey County, Nevada 

The projects are designed to cut sulfur emissions by more 
than 90 percent and nitrogen oxide emissions by more than 
85 percent. Both are also expected to demonstrate ways of 
reducing carbon dioxide by boosting the efficiency of coal-
fired power generation. 

Reports on the projects were sent to Congress in June. Con-
gress has 30 days to review the negotiated projects, after 
which DOE can begin cofunding design and construction 
work for the projects. 

The CCT Program was initiated in 1986, and after four 
rounds of competition, 42 projects are active in the program. 

Wabash River Project 

The project is a joint venture of Destec Energy, Inc. of Hous-
ton, Texas, and PSI Energy, Inc. of Plainfield, Indiana. The 
project will demonstrate the commercial application of a 
coal gasification combined cycle system which will be used to 
repower an existing reheat steam turbine at PSI's Wabash 
River Generation Station in West Terre Haute, Indiana, 
which has a net operating capacity of 265 megawatts. 

The demonstration will result in a combined cycle 
powerplant with low emissions and high net plant efficiency. 
The net plant heat rate for the repowered unit will be 
8,740 BTU per kilowatt-hour, a 21 percent improvement 
over the existing unit. The new process will cut 502 emis-
sions by more than 90 percent, and NO emissions by more 
than 85 percent. 

The 3-year operations phase of the project will rely upon 
high-sulfur bituminous coal as the fuel source. 

The project was slated to begin in August 1992 and run 
through June 1998. The total anticipated cost of the project

is $396 million, with DOE providing 50 percent of the fund-
ing. 

Pinon Pine Project 

This project, sponsored by Sierra Pacific Power Company, 
will involve the construction and operation of an 86-
megawatt IGCC demonstration plant. The facility will 
demonstrate the integrated performance of The M.W. Kel-
logg Company's KRW pressurized, air-blown, fluidized-bed 
coal gasifier coupled to a gas and steam power island. 

Sierra Pacific believes the air-blown KRW technology will 
provide a higher thermal efficiency than a similar oxygen-
blown system because it consumes less auxiliary power. The 
project also takes advantage of an advanced hot-gas cleanup 
system to remove sulfur pollutants and particulates without 
excessive cooling of the gas. 

The technology will be demonstrated at Sierra Pacific Power 
Company's Tracy Station in Storey County, Nevada. During 
the 42-month demonstration phase, the plant will use several 
different types of coal. The project will begin in 
September 1992 and run through September 2000. 

The total estimated cost for the project is $270 million. Of 
that total, 50 percent will be provided by DOE. 

fl## 

DOE ISSUES SOLICITATION FOR CLEAN COAL 
TECHNOLOGY ROUND V 

The United States Department of Energy (DOE) has issued 
its solicitation for Round V of the $5 billion Clean Coal 
Technology Demonstration (CCI') Program. 

The solicitation was made through release of the Program 
Opportunity Notice (PON) for Clean Coal Round V. 
Proposals are due by December 7, 1992, and DOE expects to 
announce its selections by May 6, 1993. In the PON, DOE is 
emphasizing projects that would demonstrate super-clean, 
high-efficiency coal-based systems. Improved environmental 
performance is becoming increasingly important as utilities 
and other energy companies seek ways to meet expected 
growth in energy demand while complying with the more 
stringent emission standards now going into effect.. The 
1990 Clean Air Act Amendments, for example, permanently 
cap electric utility sulfur dioxide emissions nationwide in the 
year 2000. Emission standards for other pollutants, including 
nitrogen oxides, are also likely to be tightened for new and 
modified units. Higher efficiency also reduces emissions of 
carbon dioxide. 
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Approximately $568 million in federal matching funds will be 
made available for the projects selected in this round of the 
CCI' Program. Under the law, unobligated balances of previ-
ous CCI' appropriations may be applied to other procure-
ments for use on projects for which Cooperative Agreements 
are in place. Such unobligated balances, however, will not 
be available for initial award for projects in the fifth round.

draft solicitation was distributed in April of this year for com-
ments. 

According to J.G. Randolph, Assistant Secretary for Fossil 
Energy, the focus on post-2000 energy and environmental 
needs represents a continuing shift in the CCI' Program. "In 
stressing these ultra-clean power systems, we are setting our 
sights more on the long-range future of coal. Earlier rounds 
of the program focused on technologies that addressed the 
more near-term emissions standards, which were dictated 
largely by concerns over acid rain," said Randolph. "By ex-
tending our sights, we are attempting to ensure that the CCI' 
Program yields a complete complement of technologies that 
can maintain coal's viability both in the near-term and 
beyond the year 2000." 

There are currently 42 projects located in 20 states that are 
under way or have been completed in the previous four 
rounds of the CCI' Program which began in 1986. 

Unlike previous rounds, Round V will allow government 
cost-sharing for certain activities outside the demonstration 
facility itself, such as pilot plant tests to help verify design 
and select project materials. Under the provisions of the 
PON, DOE's share of the cost of these activities would be 
limited to 10 percent of its overall contribution to the 
project, and no government funds could be used to build 
new testing facilities. These provisions were added to attract 
more innovative technologies for this round of competition. 

The PON describes the criteria under which the proposed 
projects will be evaluated. A panel of government reviewers 
will judge the proposed demonstration projects based upon 
the readiness of the technology, the adequacy and relevance 
of the demonstration, environmental, health and safety 
issues, the management of the project, cost/financial con-
siderations, and the technology's potential for commercializa-
tion. The requirements for repayment of the government's 
funding contribution to each project, pending its successful 
commercialization, are identical to those for the third and 
fourth rounds of the program. 

In drafting the solicitation, DOE received input from both 
industry and public sources as well as Congress. Two public 
meetings were held last year to receive industry input, and a

DOE NAMES UNIVERSITY COAL RESEARCH WINNERS 

The United States Department of Energy (DOE) announced 
26 new projects as the 1992 winners in DOE's University 
Coal Research (UCR) Program. The projects will be con-
ducted at 22 colleges and universities in 16 states, with 
4 universities being selected to conduct two projects each. 

The UCR Program, now in its 13th year, typically involves 
two or more students and a professor working together on 
advanced studies of basic coal science, thermodynamics, en-
vironmental science or other coal-related topics. This year, 
the 26 winners were chosen from 205 proposals submitted by 
colleges and universities across the country. 

Included in the 1992 selections is one project selected under 
a first-time pilot program meant to encourage the creating of 
academic and private industry research teams. 

Under this university/industry pilot program, the University 
of Kentucky will team with Consolidation Coal Company, of 
Pittsburgh, Pennsylvania, to develop a potential improve-
ment to advanced coal cleaning technology. The technique 
will be tested in one of the company's coal preparation 
plants. Pennsylvania State University will also be involved in 
the pilot project. 

Most of the projects selected for participation in the UCR 
Program will receive from $80,000 to $200,000 in federal 
grants which could last up to 3 years. The University of Ken-
tucky will receive nearly $400,000 in federal cofunding for 
the university/industry pilot program, with an additional 
$124,000 being added to the project by nonfederal sponsors. 
Actual grants for the projects are apected to be awarded in 
September. 

Since its inception in 1979, the UCR Program has provided 
more than $65 million to colleges and universities for fun-
damental studies of coal and coal processes. These funds 
have assisted more than 550 students in their pursuit of de-
grees in science and engineering. DOE's Pittsburgh Energy 
Technology Center oversees the program. 

Table 1 gives a partial list of the selected projects which have 
some application to coal conversion.

- 
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Funding 
DOE Grantee 

$199,943 $78,944 

199,071 129,508 

139,857 0 

199,900 0 

Grantee 

George R. Gavalas 
California Institute of Technology 

Theodore T. Tsotsis 
University of Southern California 

Dale A. Webster 
Illinois Institute of Technology 

Eduardo E. Wolf 
University of Notre Dame

Rita Subramaniam 140,000 
University of Kansas 

Phillip E. Savage 200,000 
University of Michigan 

Levi T. Thompson 199,999 
University of Michigan 

Robert M. Kelly 199,941 
North Carolina State University 

Robert P. 1-lesketh 82,613 
University of Tulsa 

Jennifer L. Sinclair 80,000 
Carnegie Mellon University 

Eric M. Suuberg 200,000 
Brown University 

Aydin Akgerman 200,000 
Texas Engineering Experiment Station

9,033

65,520

96,945

0

0

0

0

40,532

TABLE 1

COAL RESEARCH PROPOSAI.S SELECTED 

Prolect Title 

"Silica Membranes for Hydrogen Separation 
from Coat Gas" 

"Hindered Diffusion of Coal Liquids" 

"Biocatalytic Removal of Organic Sulfur from 
Coal" 

'Transient Studies of Low Temperature 
Metallo-Oxide Catalysts for Methane 
Conversion" 

"Fischer-Tropsch Synthesis in Supercritical 
Reaction Media" 

"Oxidation of Phenolics in Supercritical 
Water" 

"Novel Catalysts for Upgrading Coal-
Derived Liquids" 

"Bioenergetic Studies of Coal Sulfur Oxida-
tion by Extremely Thermophilic Bacteria" 

"Volatiles Combustion in Fluidized Beds" 

"Predictive Modelling of Particle-Laden, 
Turbulent Flows" 

"Vapor Pressures and Heats of Vaporization 
of Primary Coal Tars" 

"Fischer-Tropsch Synthesis in Supercritical 
Fluids"
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ENERGY POLICY AND FORECASTS 

LATE 90s WILL BE A KEY PERIOD FOR GASIFICATION 
TECHNOLOGY 

A presentation by R. Wolk of the Electric Power Research 
Institute (EPRI) at the annual conference of the Council on 
Alternate Fuels, held in Charleston, South Carolina in April, 
outlined EPRI's views on the future for coal gasification sys-
tems in the electric power industry. A several-year hiatus fol-
lowing the construction of the Texaco Cool Water and Dow 
Louisiana Integrated Gasification Combined Cycle projects 
will end with numerous new projects coming on-line in the 
latter part of the decade (Figure 1). At the same time, as in-
dicated in the figure, gas turbine technology will continue to 
advance, with higher firing temperatures leading to the even-
tual goal of a 500 megawatt gasification combined cycle sys-
tem. 

Whether and when coal gasification will assume a dominant 
role in new powerplant planning depends on the interplay 
between efficiencies, capital costs and fuel costs. EPRI has 
no control over the fuel costs, but sponsors a great deal of 
research and development bearing on the efficiency and capi-
tal cost questions.

Shown in Figure 2 is Wolk's view of the relative efficiency of 
future technologies for coal-fired versus gas-fired systems. 
The coupled gasifier-fuel cell has the theoretical potential 
for efficiencies comparable to those of gas-fired systems, but 
at this stage of development of the technology, there is still a 
large range of uncertainty. 

Regardless of efficiencies coal-fired systems will always cost 
more to build than gas-fired systems (Figure 3). Only if coal 
costs are substantially less than gas can coal hope to com-
pete. 

Another factor which appears to be gaining momentum 
when economic comparisons are made is the use of 
"externality costs." These are costs added to actual fiscal 
costs to account for the environmental effects of each fuel's 
use. Because the externality costs of coal use are substan-
tially higher than for natural gas, this places a further hand-
icap on coal systems, in addition to high capital costs. An 
example based on particular assumptions on externality costs 
and fuel prices, shown in Figure 4, indicates that gas-fired 
combined cycle systems will still be the most economical tech-
nology for electric power generation in the year 2000. 

FIGURE 1 

GASIFICATION POWERPLANT TIMELINE 
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DOE OUTLOOK FOR DIRECT LIQUEFACTION IS 
OPTIMISTIC 

At the 17th International Conference on Coal Utilization 
and Slurry Technologies, held in Clearwater, Florida in 
April, E.C. Moroni of the United States Department of 
Energy (DOE) Office of Coal Conversion presented the 
"Direct Coal Liquefaction Outlook." 

In accordance with its 'National Energy Strategy" (NES), 
DOE has originated a Strategic Plan incorporating both Ad-
vanced Coal-Fueled Power Systems and Coal-Based Fuels to 
guide future research and development efforts. Like the 
NES, this Strategic Plan forecasts an increase in coal use to 
meet domestic energy needs. However, there are constraints 
on coal use (environmental, socioeconomic, and regulatory) 
which encourage the use of new liquid fuel technologies that 
have higher efficiency, lower emission characteristics, and 
lower cost. Key objectives of the Strategic Plan for Coal-
Based Fuels include: 

By 2010, meet environmental issues and cost equiv-
alency with petroleum- and natural gas-derived 
products in the market place

- Determine technical and economic feasibility op-
tions for CO2 control from coal-based liquid fuel 
technologies 

In the Coal-Based Fuels Program, of which the Direct Coal 
Liquefaction Systems Program is a major component, em-
phasis is placed on transportation fuels because the domestic 
resource of these fuels is inadequate. DOE believes that 
direct coal liquefaction offers an unusually attractive oppor-
tunity to build new industries to provide a domestic source of 
liquid and solid fuels. The successful execution of such an 
undertaking would provide: 

Improved national security 

A substantial reduction in the deficit in the na-
tional trade balance 

The creation of a significant number of new jobs 

Background 

Direct liquefaction of coal is one of the most efficient ways 
of utilizing coal. It involves the conversion of coal directly 
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into liquid intermediates, which are then upgraded into a 
slate of conventional fuels. Direct liquefaction also produces 
a variety of chemical byproducts. The capital cost of direct 
liquefaction is high because it involves treating coal under 
high pressures and temperatures In reactors. Although con-
siderable progress has been made to lower the projected 
production cost, the cost to date remains relatively higher 
than crude oil. 

The Department's preconimercial coal liquefaction activities 
in the 1970s and early 1980s were developed in close relation-
ship with industries and international consortia of industries. 
In that period, and, principally because of the cooperative ef-
forts of government and industries, the technical feasibility 
of direct liquefaction was firmly established. 

In the early 1980s, the direct liquefaction program was 
reoriented toward longer range process research and develop-
ment activities with the objective of developing improved, 
lower cost technology. According to Moroni, the DOE 
development program since then has made substantial and 
significant improvements in the process technology. Liquid 
yields have been improved by over 30 percent. On a 
balanced commercial plant basis, this translates to a produc-
tion of about 33 barrels of liquids per ton of coal compared 
to 2.5 barrels for the technologies developed in the 1970s. 

Th quality of the coal-derived distillates produced by the cur-
rent technology has been substantially improved, but at the 
expense of increased consumption of the upgrading catalyst. 
As a result, the currently produced liquids are of much 
higher quality than petroleum crudes in general. Other tech-
nology improvements include less severe operating condi-
tions which favorably impact construction costs, operability 
and maintenance; and improved product slate flexibility, 
which allows greater freedom in producing products for 
specific market applications. 

As a consequence of these improvements in technology, sub-
stantial cost reduction has been achieved. Current two-stage 
technology demonstrated in proof-of-concept facilities 
results in product costs of about $38 to $40 per barrel: Be-
cause of improved quality, these products would be competi-
tive with crude oil at about $33 to $35 per barrel. 

Technology 

The direct liquefaction program includes research and 
development activities in three areas: 

Catalytic staged liquefaction 
Coprocessing of coal and petroleum resids 
Advanced research process concepts 

To successfully develop these technologies three additional 
types of work are required. These are:

Advanced research to provide fundamental under-
standing and novel concepts 

- Research and development of specific subsystems and 
components for the processes 

Economic and systems analysis which also includes 
product and market research 

The overall program is designed to complete coprocessing 
research in 1996 and advanced direct liquefaction technology 
development in 1998 with a database sufficient for industry 
to move forward with economically attractive demonstration 
projects. 

Program Activities 

The program involves project activities spanning into the 
late 1990s. Some of the specific sub-program elements are 
described below. 

Catalytic Staged Liquefaction. This technology has been 
under development for several years with promising results 
at both bench-scale and proof-of-concept levels. Present lit 
aid yields are significantly higher than yields of previous 
processes. Research activities are in progress to lower the 
cost further. 

Coprocessing. Results to date have shown that the technol-
ogy is applicable to all types of United States coals and that 
both high conversion and distillate production can be 
achieved. A new procurement for bench scale research is 
scheduled for fiscal year (FY) 1992 with completion targeted 
for FY 1995. A companion program in chemistry will be in-
itiated in FY 1993. If warranted by process results and in-
dustrial interest, a follow-on demonstration program will be 
planned in FY 1996. 

Advanced Liquefaction Process. Economic analyses have 
indicated that a new liquefaction process will be necessary to 
achieve the overall cost goals of this program. In FY 1991 
five contractors were selected to develop advanced process 
concepts at the laboratory scale. After 2 years of laboratory 
scale research, the most promising two concepts will be 
selected for further development at the bench scale. One of 
them will be tested at the Pittsburgh Energy Technology Cen-
ter Generic Facility which is expected to be operational by 
1993. The most successful process variations will then be 
verified at the proof-of-concept level. 

Novel Concepts. Research will be conducted on novel ap-
proaches to coal liquefaction that have the potential for sub-
stantially improving process efficiency and selectivity. This 
will include low temperature staged treatment to enhance 
hydrogen transfer, rather than the predominantly hydrogena-
tion reactions, thus avoiding the creation of the detrimental 
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assure theft acceptability in the market and to determine if 
they have any premium value. 

incompatibility occurring among the formed 
saturates/paraffins and the existing polyaromatics and polar 
compounds. 

Preconversion Processing. The use of mild pretreatment 
may allow reduction of process severity or increased through-
put. Both of these results would significantly reduce capital 
cost. In 1991, several contracts were awarded in this area. 

Hydrogen Cost. Hydrogen cost contributes about 25 percent 
of the cost of coal liquids. Thus, hydrogen generated from 
sources other than coal needs to be studied. Research will 
be conducted in these and other auxiliary systems and high 
cost components to improve the various systems. 

Coal Liquids Refining. Coal liquid refining techniques must 
be investigated to establish the value of coal liquids in the 
refinery. The performance of the fuels must be measured to

Moroni underlines the ability of direct coal liquefaction to 
produce an environmentally clean distillate product slate. 
The ease of sulfur removal during low-severity staged li-
quefaction operation is quite remarkable, compared with the 
difficulty of removing sulfur from the product of the earliest 
liquefaction processes using high severity operations. Also, 
direct liquefaction is distinguished from other coal processes 
in that its product requires only the use of existing petroleum 
refining technology prior to end use. All other coal 
processes, i.e., gasification, combustion, and pyrolysis, re-
quire extensive and costly intermediate cleanup of the 
products to meet environmental requirements. 

##fl 
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ECONOMICS 

Will COMPCOAL PROCESS LOOKS FEASIBLE 

Western Research Institute (WRI) has been developing a 
process to produce a premium quality, solid fuel from low-
rank coal called the CompCoal process. An economic 
evaluationshows that the process will be economically attrac-
tive if the product can be sold for $20 per ton or more. 

This was the topic of a paper by N. Merriam, et al., of Wit!, 
which was presented at the Coal Prep '92 Conference held in 
Cincinnati, Ohio in May. The authors say that the product 
from the CompCoal process has a higher BTU content, is 
less dusty, less susceptible to readsorption of moisture and 
has reduced susceptibility to self heating. Table 1 lists the 
target specifications for the CompCoal product. 

Description of CompCoal Process 

In the CompCoal process coal is dried, partially decarboxy-
lated, mildly pyroly-zed, and stabilized. In the process 
(Figure 1) volatiles are driven from the coal in the pyrolyzer. 
The high-boiling components (pitch) in the volatiles are ad-
sorbed on the surface of the pyrolyzed char, thus coating the 
particles and sealing off the pores within the particles. The 
low-boiling components pass through the char bed and can 
be burned as plant fuel. The char is coated with about 6 to 
8 percent weight pitch, the equivalent of about 15 gallons of 
stabilizing agent per ton of coal. 

According to the paper, the combination of options shown in 
Figure 1 results in a low-cost process because: 

No liquid products or emissions are produced 

- No heat transfer surfaces are used 

TABLE 1 

TARGET SPECIFICATIONS
FOR THE COMPCOAL

PROD UCr 

HHV 12,500 BTU/lb 
0.6-0.9 lb SO /MMBTU 
1/2 in. by 20 Aesh 
No Dust 
Low Moisture Readsorption 
Low Self Heating 
Good Combustion Characteristics

- Blowers are located in the process in clean gas streams 

- The fluidized-bed reactors are high-throughput, low-
cost devices 

Gases and vapors are burned as fuel; no solids are 
burned 

Preliminary Testing 

During laboratory-scale tests several variables were inves-
tigated. These included the use of an upflow packed-bed or 
a fluidized-bed pyrolyzer section coupled to an upflow 
packed-bed, a downflow packed-bed, or a spouting fluidized-
bed stabilizer section. In addition, the final operating tem-
perature of the stabilizer, the coating time for the feed in the 
stabilizer, the mesh size of the coal in the stabilizer, and the 
presence of coal or char in the stabilizer were evaluated with 
respect to the properties of the product. A total of 19 tests 
were conducted in the laboratory-scale reactor. For the 
bench-scale tests the variables investigated were the 
pyrolyzer feed rate and the presence of coal or char in the 
stabilization section. 

Coal was pyrolyzed in the preheated pyrolysis section, and 
the vapors were transported to the stabilization section 
where the higher boiling components of the vapor condensed 
on the coal or char sample to be stabilized. The lower boil-
ing components of the vapor passed through the stabilization 
section. The properties to be addressed during these tests 
were the dustiness, the equilibrium moisture percentage, and 
the spontaneous ignition potential of the stabilized product. 

ASTM 1991 was used to evaluate the dust-forming tendency 
of the coated products and raw coal. The results indicate 
that the coated coal and coated char have a lower dust index 
than the raw Powder River Basin (PRB) coal. 

The equilibrium moisture percentage of the materials was 
used as an approximate indication of the limit to which coal, 
char, or the CompCoal product can readsorb moisture from 
the atmosphere. The results show that coated char has a 
lower limit for readsorption of moisture than does coated 
coal. Thus, it appears that during the production of the char 
its capacity to adsorb moisture is limited, probably because 
of pore collapse, and coating the char further reduces that 
limit. 

Self heating or spontaneous ignition is a problem often en-
countered with dried coal. Even when self heating is control-
led by moving the coal piles, the low level of oxidation 
results in a lower heating value of the coal. 
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FIGURE 1 

PROCESS FLOW DIAGRAM FOR THE COMPCOAL PROCESS 

Goal

Sulfur 
_..Removal vent

	

DrYer	

Cyclone 

	

Pyrcyze:	
(

 
Filter

Rotary 
Valves 

Gas	

v i L__4	 Dryer Recycle 

Rue Gas 

	

_j Fue

Cooler	

Water 

l Gas	 Burner

Air

Blower 

Compcoal	 Blower 

SOURCE: MEAM, Er AL. 

The feed chars to the stabilizer are quite reactive, spon-
taneously igniting in about 9 to 10 hours. However, the igni-
tion time for the coated chars is longer, requiring from 15 to 
36 hours. The raw PRE coal takes the longest time to spon-
taneously ignite (about 72 hours). The authors note that the 
results reported do not correlate directly with conditions at a 
mine site but rather indicate the presence of a trend, in this 
case, a decreasing potential for self heating with an increas-
ing percentage of a tar coating as produced by the Comp-
Coal process. 

Preliminary Economic Evaluation 

The cost of the capital equipment for a 1,000 ton per day 
CompCoal plant using PRB coal would be about 
$133 million. The plant was assumed to be located at a PRB 
mine and would use existing crushing and screening equip-
ment. The plant will operate for 330 days each year and 
produce 573 tons per thy of the CompCoal product. The 
plant is estimated to have a conversion efficiency of 
86 percent.

PRB coal was charged to the operating costs at a rate of 
$4.25 per ton. A 10 year straight-line depreciation was used, 
and 50 percent debt financing for the project was assumed. 

Income from the CompCoal plant is based upon two sources. 
First, the concentrated product can result in shipping the 
same quantity of energy at reduced tonnage, thereby reduc-
ing freight costs. Second, the CompCoal product is a 
premium fuel which commands a premium price in the 
market place. 

The reduction in freight costs is estimated from shipment of 
189,300 tons per year of the CompCoal product at $20 per 
ton for a freight cost of $3,786,000. Shipment of 285,090 tons 
of PRB coal containing the same amount of energy costs 
$5,701,807 for freight. Thus, $1,915,807 is saved by reduced 
freight costs. 

The CompCoal product has a low sulfur content and high 
heating value. The selling price of the CompCoal product 
was treated as a variable to determine the price at which the 
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return on investment becomes attractive (Table 2). The	 be earned if the CompCoal product sells for $20 per ton or 
evaluation shows that an attractive return on investment can 	 higher. 

TABLE 2 

NET INCOME FROM A COMPCOAIJ PLANT
AT VARYING SELLING PRICES, S/TON 

$15.00 $20.00 $25.00 $30.00 

2.84 3.78 4.73 5.67 
1.90 1.90 1.90 1.90 
4.74 5.68 6.63 7.57 
5.51 5.51 5.51 5.51 

(0.77) 0.17 1.12 2.06 
0.0 0.058 0.381 0.700 

(0.77) 0.112 0.739 1.360 
1332 1332 1332 1.332 
0.562 1.444 2.071 2.692

10	 22	 32	 41 

'In

Income, $ Million 
Freight Savings 
Total Income 
Operating Cost 
Net Income - 
FIT (34%) 
Income After Tax 
Depreciation 
Cash Flow 

Discounted Cash Flow 
Rate of Return, %
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TECHNOLOGY 

TECHNOLOGY OF DRYING LOW-RANK COALS 
REVIEWED 

Low-rank coals (LRCs), brown, lignitic, and subbituminous 
coals, represent nearly half of the estimated coal resources in 
the world. Often less than half of its weight is combustible, 
the rest being water and ash. Thus, the cost of hauling LRC 
over long distances in its untreated city bulk form is prohibi-
tive. 

However, from a utilization aspect, LRCs have a lower fuel 
ratio (fixed carbon to volatile matter) and are typically an 
order of magnitude more reactive than bituminous coals. 
Many LRCs, including the enormous reserves in Alaska, 
Australia, and Indonesia, also have extremely low sulfur con-
tents. Low mining costs, high reactivity, and extremely low 
sulfur content would make these coals premium fuels were it 
not for their high moisture levels, which range from around 
25 percent to over 60 percent. 

Until recent advances at the Energy and Environmental 
Research Center (EERC), the high moisture levels of LRC 
have excluded them from the rapidly growing coal-water fuel 
(CWF) market. Of all the coal-based alternative fuels, 
CWFs appear the most promising, according to 
W.G. Wilson of EERC, Grand Forks, North Dakota. 
Wilson, et al., reviewed the technology of drying low-rank 
coals in a paper presented at the Coal Prep '92 Conference 
held in Cincinnati, Ohio in May. 

Of all the LRC drying technologies assessed by EERC, the 
most promising is hydrothermal treatment, commonly known 
as hot-water drying (HWD). According to the paper, the 
HWD process is particularly well suited for producing a con-
centrated low-rank coal-water fuel (LRCWF) for premium 
applications. Production of a quasi-liquid fuel with its in-
herent benefits eliminates the stability problems that have 
plagued all other LRC drying processes designed to produce 
a dried LRC, in bulk, that can be safely handled and 
transported. 

The authors state that the three stability issues that must be 
solved before bulk dried LRC is a marketable commodity 
are moisture reabsorption, dust generation, and spontaneous 
combustion. 

Drying Technologies 

No single process is suitable as a universal drying application 
for all LRCs. The needs of the end user dictate the type of 
process that is preferred. For instance, if the end user re-
quires dried lump coal for stoker applications, a process that 
generates significant amounts of fines or uses a fine coal feed 
will not be a good candidate. On the other hand, an end 
user with advanced combustion applications will require

finely ground coal. A preferred application might make use 
of two technologies: one to produce sized dry coal and the 
other to make coal-water fuel from the fines for a different 
market. 

Conventional Evaporative Drying 

Numerous evaporative drying technologies are available. 
Most are relatively low-temperature processes and use hot 
flue gases. A number of different processes have been used, 
including fixed- and fluid-bed, rotary kiln, and entrained sys-
tems. 

Because these processes usually use low temperatures and 
atmospheric pressure, they are the least expensive and are 
preferred if the dried product is to be used immediately. 
However, because the temperatures involved are too low to 
cause permanent changes in the coal structure, the dried coal 
product behaves like a spcinge, so when it is reexposed to 
humidity or water, it quickly reabsorbs the lost moisture. 

The dried product creates both dust and spontaneous com-
bustion problems. Stability problems are avoided when an 
evaporative drying process can be incorporated as part of the 
boiler feed preparation and the dried product injected 
directly into the boiler. The authors note that significant 
drying routinely occurs during normal coal grinding and 
other operations associated with preparation of the feed to a 
boiler. 

A steam fluid-bed (SFB) drying process is being imple-
mented at a plant operated in Victoria, Australia. The 
process uses a heat exchanger supplied by an external high-
pressure steam source to dry finely ground brown coal. A 
tube network immersed in the SFB supplies heat. The high 
heat-transfer rates of the bed, together with condensing 
steam, yield a compact heat exchanger. Test results show 
that the water content of Australian brown coal can be 
reduced from 60 to 15 percent and CO  emissions can be 
decreased by 17 percent. 

The State Electricity Commission of Victoria has been 
developing a solar drying process for brown coal since 1980. 
A pilot plant was commissioned in 1986, followed by the con-
struction of drying ponds. A high-purity solar-dried coal 
slurry (SDCS) has been produced from acid-leached coal 
and alkaline digestion with ammonia. The product is soft 
and porous and has a low density. By using potassium 
hydroxide, a hard, dense SDCS is produced. The SOCS can 
be produced from brown coal at a competitive price. 

The largest commercial LRC drying venture in the United 
States is the AMAX drying plant at its Belle Ayr Mine near 
Gillette, Wyoming. The objective is to reduce the equi- 
librium moisture of the subbituminous coal from its 
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+20 percent level to around 10 percent. Drying is per-
formed in a fluid-bed system. The gravel-sized dried product 
is stabilized by a coating of residual oil, and fines are 
returned to the process combustor. However, the dried LRC 
product has not met stability requirements and dust genera-
tion continues to be an unresolved problem.

Other methods have been tested to improve the stability of 
dried LRC, including spraying with residual tars, oils, briquet-
ting, and pelletizing dried pulverized coal. 

Nonevaporative LRC Drying 

Western Energy Company (WECO) has also developed an 
evaporative drying process which has been selected for 
demonstration as part of the Clean Coal Technology (CCI) 
Program in a 300,000 ton per year LRC upgrading project. 
The drying plant, now under construction at WECO's 
Rosebud Mine near Colstrip, Montana, consists of a two. 
stage process using vibrating, fluid-bed reactors designed to 
minimize Imes generation. The first stage is a low-
temperature, evaporative drier. Additional heating is incor-
porated in the second stage to remove chemically bound 
water and some sulfur species and to improve product 
stability. 

Drying Media 

Hot oil is an alternative drying media used by a number of 
process developers. Carbontech's hot oil drying process, 
chosen in Round IV of the CCT Program, will be 
demonstrated in a 250,000-ton per year plant at the Cordero 
Mine near Gillette, Wyoming. In the two-stage process, raw 
coal is first dried in hot oil. Most of the oil is recovered in 
the second-stage flue gas stripper. Some of the oil is ad-
sorbed, which helps stabilize the product and increase its 
heating value. 

Hot oil drying was also featured in the Exxon Donor Solvent 
direct liquefaction process where LRC was dried before it 
entered the high-pressure hydrogenation reactor by contact-
ing with hot recycle hydrogen donor solvent.

An alternative drying process that produces a safe, easily 
handled, quasi-liquid fuel is hydrothermal processing, i.e., 
hot-water drying. HWD technology features high tempera-
ture and pressure and nonevaporative drying which irrevers-
ibly removes much of the inherent moisture and allows the 
production of coal-water fuels. 

In HWD, a utility grind of LRC is treated at coal-specific 
temperatures, beginning as low as 240°C, and the correspond-
big saturated steam pressure for less than 10 minutes. Mois-
ture is irreversibly removed by expansion and expulsion from 
the micropores by CO2 liberated during decarboxylation. 
Devolatilized tars/oils remain on the coal surface producing 
a uniform tar coating which seals the micropores, thus limit-
ing moisture reabsorption (Figure 1). Retention of most of 
the LRC volatile matter in the tars adhering to the coal is 
responsible for high energy recovery and superior combus- 
tion performance. 

The technical feasibility of HWD and LRCWF production 
has been demonstrated in a 7.5-ton per day pilot plant at the 
EERC with LRCs from around the world. The energy den-
sities of LRCWFs produced alter HWD versus that prepared 
from raw coal are increased by around 30 percent for sub-
bituminous coals, 50 percent for lignites, and well over 
100 percent for brown coals. 

Preliminary tests conducted on an Alaskan subbituminous 
coal demonstrated that a clean burning concentrated 
LRCWF could be produced by hot-water drying at costs 
below those for fuel oil. 

FIGURE 1

EFFECTS OF HOT-WATER DRYING PROCESS 
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In Australia,- indirect drying has been used for-several 
decades to prepare brown coal for briquetting. In this 
process, low-pressure steam is condensed on the outside of 
tubes conveying brown coal to provide process heat: the 
more water removed in liquid form, the higher the efficiency. 
After reducing the moisture to about 15 percent, dried 
brown coal is compacted into briquettes using stamp presses. 

The State Electricity Commission of Victoria has also 
demonstrated HWD for Victorian brown coals, some of 
which have moisture levels of 60 to 70 percent and ash levels 
below 2 percent. HWI) tests over the temperature range 
from 250° to 350°C have resulted in raising the net wet 
specific energy level of the brown coal from 5.9 to 
15.4 megajoules per kilogram. 

Mild Gasification Processing 

While mild gasification processes are more than just drying 
processes, when applied to LRCs, the primary reactor will 
also dry the coal; thus advances in these technologies have 
potential applications for LRC drying, says the paper. 

The Koppetman K-Fuel process operates at temperature 
ranges near the bottom of those associated with conventional 
carbonization processes. After high-temperature processing 
in a partially aqueous environment, the dried products are 
compacted and removed as pellets. Production of K-Fuel 
has been undertaken in a small demonstration plant in Gil-
lette, Wyoming. 

Conclusions 

To date, the only successful commercial LRC drying 
processes are those in which the dried LRC is utilized im-
mediately and not stored. When stored, the products from 
all other drying systems have suffered from instability 
problems. 

An alternative that avoids the stability issues associated with 
LRC is hot-water drying, which can be used. to produce a 
low-rank coal-water fuel. LRCWFs are nonhazardous liquid 
fuels that benefit from being able to use cheaper liquid-
handling systems, including pipeline and barge transporta-
tion. While HWD is an additional processing cost, LRCWFs 
become a value-added product capable of competing in 
energy markets. Although LRCWFs are unlikely to replace 
the widespread use of dry-bulk coal in traditional coal 
markets, they represent a viable alternative to fuel oil.

SECOND LAW ANALYSIS SHOWS BGL GASIFIER TO 
BE THE MOST EFFICIENT 

A second law of thermodynamics analysis of Integrated Coal 
Gasification Combined Cycles (10CC), conducted by 
S.P. Cicconardi, G. Fontana and E. Jannelli, has shown that 
the British Gas Lurgi (BGL) gasification process is the most 
efficient. They discuss the results of their research in a 
paper presented at the Florence World Energy Research 
Symposium held in Florence, Italy in June. 

Seven gasification processes were compared: BGL, Voest-
Alpine (V-A), High Temperature Winkler, Texaco, Shell, 
Prenflo, and Dow Gas (Dow). 

Most of these technologies adopt cocurrent gasification reac-
tors. The BGL has a countercurrent reactor and the V-A 
adopts a mixed cocurrent and countercurrent principle. 

These different gasification principles, together with the dif-
ferent flow rates of oxidizing substances (in general 02 and 
H 0), lead to quite different compositions and temperatures 
o?the raw gas produced. 

It was shown that the greater the temperature is, the smaller 
the heating value of the coal-derived gas becomes. Further-
more, high reactor exit temperatures require high levels of 
the oxygen/coal ratio and, therefore, a greater amount of 
power consumption is needed for the oxygen separation 
plant and for the supplying of oxygen at the gasifier opera-
tion pressure. 

Because present day sulfur removal processes require a low 
temperature, high raw gas temperatures also dramatically in-
crease the importance of a heat recovery steam generator 
(HRSG). This is necessary for heat recovery of the hot gas 
but must operate at high pressure and is crossed by hot fluids 
that are detrimental to materials. 

Based on these considerations, the researchers conclude that 
only a combined cycle powerplant, which recovers the 
gasification process waste heat, can achieve an efficiency 
comparable to that of a direct coal-fired steam turbine 
powerplant. 

The analysis was carried out by dividing the integrated 
gasification power system into five subsystems, and comput-
ing the main irreversibility losses for each one. In this way, 
the different losses of the gasification process and those due 
to the thermodynamic conversion could be distinguished and 
compared.
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The purpose was to provide an effective tool for determining 
what gasification process features mainly influence the coal 
energy devaluation. At the same time, considerations were 
made regarding the optimal choice of the thermal 
powerplant which must be integrated with the coal gasifica-
tion process. 

The results of the second law analysis of seven IGCC plants 
illustrate how the coal-gas conversion is such a crucial step 
for every gasification process—from a thermodynamic point 
of view—and in many eases it presents an aergy loss similar 
to or greater than that of the combustion turbine. This fact 
is evidenced by the basic role played by the gasification reac-
tor exit temperature. 

The second law analysis allows the evaluation of loss distribu-
tion, within the different plant sections, which leads to the 
overall irreversibility loss. In this way the critical points of 
the thermodynamic conversion of fuel energy into mechani-
cal energy can be highlighted. The aergy of a steady flow is 
the maximum work obtainable in a process which brings the 
flow from its initial state to the dead state interacting only 
with the environment. 

The five subsystems studied in the analysis are: 

- Gasification reactor 
- Cleaning and cooling section 
- Gas turbine 
- Heat recovery steam generator 
- Steam turbine 

For every subsystem the exergy input and output was 
evaluated and the aergy destruction was computed. 

Results 

According to the paper, the first conclusion that can be 
made is that the overall integrated system efficiency is com-
parable with that of direct coal-fired steam plants. Thus, 
these first results are encouraging. 

IGCC plant efficiency is somewhat lower than that of com-
bined cycles fired with natural gas. In some cases, there are 
noticeable differences among the different gasification tech-
nologies (sometimes 15 percentage points). In particular, 
the countercurrent process, characterized by a low reactor 
exit temperature, seems to be favorable from an aergetic 
point of view. On the other hand, cocurrent processes, 
generally characterized by high temperatures (higher than 
1,300°K), present high aergy losses. 

As shown by Figure 1, from a thermodynamic viewpoint, the 
BGL gasification process (countercurrent, reactor exit tem-
perature approximately 700°K) is one of the most efficient 
processes achieving an efficiency higher than 40 percent, 
with a peak level of 43 percent. Good results are also

FIGURE 1

EXERGY BALANCE 
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achieved by the V-A and Shell technologies, whose ef-
ficiencies were close to 40 percent. 

For every gasification process, a significant loss of the IGCC 
plant is the aergy loss of the coal-gas conversion. In many 
cases it is similar to that of the combustion turbine, with the 
exception of the Winkler and Dow processes for which this 
loss is very high (32 to 39 percent of the input aergy). See 
Figure 2. 

This loss is basically due to the combustion and oxidation ir-
reversibility in the gasification reactor. 

In Figure 3 a comparison among efficiencies obtainable 
when using the reference gas turbine A and turbines B and C 
is reported. It can be noted that gas turbine B performs with 
the best results in such kinds of applications as combined 
cycles firing with low Fill fuels. The advantage in efficiency 
is almost the same for every gasification technology. 

Conclusions 

IGCC plants can achieve an ovejall efficiency similar to that 
of direct coal-fired steam cycle plants and not too much 
lower than that of combined cycle plants fed by natural gas. 
Because medium and low BTU clean gas derived by coal 
gasification behaves well in terms of nitrogen oxides emis-
sion, acceptable levels for IGCC plant efficiency represent a 
promising potential for the use of coal as the primary energy 
source in thermal powerplants. 

Among the gasification technologies, the smallest energy dis-
sipations are obtainable in countercurrent gasification 
processes with low delivery temperature, using O and H 
as oxidant agents. This aspect allows both the proauction of 
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FIGURE 2 

MAIN EXERGY LOSSES
IN GASIFICATION PROCESSES 
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a gas mixture with a satisfactory chemical exergy content and 
a reduced power consumption. 

Within the IGCC plant the most remarkable loss is the 
gasification exergy loss which is influenced by the reactor exit 
temperature and the final gas composition. 

Thus the analysis strongly suggests that in order to improve 
the IGCC efficiency it is necessary'. 

- To keep the gasification reactor exit temperature low 
(satisfying the constraints on temperatures imposed 
by the production of slag, ashes, etc.) 

- To make an accurate recovery of the process waste 
heat (powerplants must be combined gas/steam cycle 
plants) 

- To have an optimal power section, especially with a 
gas turbine and an HRSG suitable for the greater 
mass flow rates typical of low BTU fuels 

To choose the optimal powerplant parameters accord-
ing to the gasification process features (in particular, 
the devices recovering and utilizing the gasification 
waste heat)

FIGURE 3 
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BRITISH COAL TOPPING CYCLE SHOWS PROMISE 

British Coal Corporation has developed a topping cycle in 
response to the need for alternative coal-fired generation sys-
tems which have higher efficiencies and a lower environmen-
tal impact. A paper describing the development of the 
British Coal Topping Cycle was authored by J.S. Harrison, 
S.G. Dawes and Al Minchener of British Coal Corporation 
and presented at the Florence World Energy Research Sym-
posium held in Florence, Italy in June. 

Description of the Topping Cycle 

In the topping cycle, coal is gasified in an air-blown spouted 
bed gasifier operated at elevated pressure and temperatures 
up to 1,000 °C. Sorbent is injected into the gasifier to retain 
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sulfur which would otherwise be released in the gas. The 
fuel gas from the gasifier undergoes an initial stage of clean-
ing in a cyclone. The raw gas leaving the cyclone is then 
cooled to about 400°C via a heat exchanger, fine particulate 
material is then removed using ceramic candle filters. The 
clean fuel gas is advanced to the gas turbine combustor. The 
exhaust gases pass to a waste heat boiler and then via a stack 
to the atmosphere. 

Between 70 and 80 percent of the coal is converted into a 
low calorific value (LCV) fuel gas. The 20 to 30 percent of 
the unconverted coal feed is removed from the gasifier 
mainly as fines collected by the cyclones and hot gas filters. 
These fines are transferred to the circulating fluidized bed 
combustor (CFBC) where, together with any residual carbon 
removed from the base of the gasifier, they are burned to 
raise heat for the steam turbine cycle. 

Performance Predictions 

The predicted efficiency for a commercial powerplant using 
such a topping cycle system is around 46 to 47 percent on a 
lower heating value basis. According to the paper, there is a 
potential for significant improvement on this efficiency in the

future. The development of advanced supercritical steam tur-
bines will mean that supercritical steam cycles can readily be 
introduced. There should also be benefit from future 
developments in gas turbines. Such advances are predicted 
to raise the cycle efficiency to around 52 percent or more. 

British Coal has undertaken a study to compare the topping 
cycle with a number of the power generation technologies 
suitable for application for small-scale generation. These 
were considered from the standpoint of thermal efficiency, 
capital cost and overall cost of electricity. 

Figure 1 summarizes the findings of the study. The topping 
cycle has the best overall efficiency, lowest capital cost and 
hence lowest generating costs of any of the coal-rued op-
tions. It is, therefore, the one most likely to compete with 
natural-gas-based generation in the small power station 
market. Figure 1 also shows a possible scenario for the 
year 2000 which indicates a breakeven position between the 
topping cycle and gas plants. 

Present expectations are that the emissions from the topping 
cycle plant will be low compared with a conventional coal-
fired plant. A 90 percent reduction in sulfur oxide emissions 
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should be achievable from limestone addition to the 
fluidized beds. Further cleaning by sulfur polishing will al-
low the topping cycle to meet the most stringent levels for 
sulfur emissions with little loss in overall plant efficiency. 
Emissions of nitrogen oxides (NO and N 0) are also pre-
dicted to be low. Emissions of do2 are 4o percent lower 
relative to conventional coal burning plants due to the sub-
stantially higher overall plant efficiency. According to the 
paper, the high efficiency of the topping cycle compared with 
other developing advanced coal burning technologies 
(pressurized fluidized bed combustion and integrated 
gasification combined cycle, for example) means CO  emis-
sions are also lower than for those technologies. 

Development Program 

British Coal hopes to establish a demonstrated topping cycle 
technology in the United Kingdom by 1998, thereby allowing 
the design, construction and operation of a commercial 
prototype to proceed with confidence. The proposed 
development program to meet that objective has three 
phases. 

Phase I will establish proof-of-concept. Phase II will require 
the scaleup and demonstration of the integrated com-
ponents. Phase III will be the demonstration at the commer-
cial scale of the integrated topping cycle system. 

Phase I is designed to resolve the technical uncertainties of 
the topping cycle. The program includes the establishment 
of the pressurized gasification process, proving the char com-
bustion system, establishing the appropriate gas cleanup ap-
proach, developing the gas turbine combustor for LCV fuel 
gas, establishing a control methodology and characterizing 
the solid and gaseous emissions from the system. 

The second phase of the development will include the 
scaleup of the pressurized gasifier to 15 tons per hour with 
the associated hot gas cleanup system, the development of a 
low calorific gas combustion system for a 40 megawatt gas 
turbine and the establishment of a CFBC for char combus-
tion. Ultimately the demonstration of the integration and 
control of the gasifier, gas turbine and char combustor will 
be established. 

The third phase will involve the design, construction and 
operation of a commercial topping cycle plant. The likely 
size for such a demonstration is 400 megawatts and this will 
involve the following stages: 

- Design, construction and operation of three 50 ton 
per hour gasifiers 

- Design, construction and operation of a nominally 
250 megawatt CFBC

Installation and operation of a 200 megawatt gas tur-
bine

#0## 

SIMULATED COAL-DERIVED METHANOL TESTED IN 
DIESEL ENGINE 

Methanol produced from simulated coal gases has out per-
formed chemical grade methanol in recent diesel engine runs 
at a test facility in Michigan. 

The results were obtained with fuel produced at a United 
States Department of Energy (DOE) test facility in 
La Porte, Texas where, for more than a decade, DOE has 
teamed with Air Products and Chemicals Inc. to perfect the 
"liquid phase methanol" process. The technique is designed 
to make methanol from gases produced by modern, high ef-
ficiency coal gasifiers operating in a coal gasification com-
bined cycle powerplant. 

The tests were carried out utilizing Detroit Diesel 
Corporation's (DDC) 6V-92TA engine. In a standard 100-
hour test, approximately 2,500 gallons of raw methanol were 
run through a typical bus cycle engine simulation. 

Although the raw methanol did not exactly meet current fuel 
specifications for methanol diesel engines, the fuel per-
formed with no signs of fuel injector plugging. The engine 
ran at its maximum horsepower throughout the tests. 

Based on the success of the tests, the Port of Long Beach, 
California plans to test La Porte methanol in the DDC en-
gines of several of its "yard hustlers" to try to improve 
regional air quality. "Hostlers" are vehicles used to move 
cargo containers within the terminal's yards. 

The advanced methanol production process developed at 
La Porte takes place in a liquid environment. Because the 
methanol reaction generates considerable heat, engineers 
must keep the reaction rates relatively slow to prevent heat 
damage to the catalyst. 

In the liquid phase process, the methanol catalyst is 
suspended in an inert liquid that absorbs heat much more ef-
fectively than a gas. The methanol reaction can thus be run 
at much higher rates, and the catalyst maintains its effective-
ness longer. 

In a 1988 test run at La Porte, methanol was produced at a 
rate three times faster than commercially available 
processes—and at more than twice the original 35 barrel per 
thy design rate of the test facility. 
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Plans call for a larger-scale version of the liquid phase 
methanol process to be demonstrated as part of the Clean 
Coal Technology Program at the Coot Water Gasification 
Plant in Daggett, California. Pending the completion of con-
tract talks, a plant capable of producing up to 200 tons of 
methanol per day will be built as an adjunct to the integrated 
gasification combined cycle powerplant. 

Methanol fuel from the Clean Coat Technology demonstra-
tion will be tested in both an on-site gas turbine and in off-
site boilers and vehicles, including buses and van pool opera-
tions in the Charleston, West Virginia and Los Angeles, 
California areas.

Sn, 

NIPPON KOKAN PATENTS TWO-STAGE GASIFIER 

United States Patent 5,089,031 issued to K. Kikuchi, et al., 
and assigned to Nippon Kokan Kabushiki Kaisha of Japan, 
concerns a "Coal Gasification Apparatus Using Coal 
Powder." The technique of the invention comes within the

category of fluidized bed methods. More specifically, the in-
vention is directed to a method in which the temperature of 
a fluidized bed is maintained at around 1,100°C so that an 
agglomerated bed of fluidized material is formed and thus 
the gasification furnace capacity and the coal gasification 
quantity are increased. 

As shown in Figure 1, the gasifier consists of a fluidized reac-
tion chamber having its lower part formed into a throat with 
a slightly reduced diameter, and below this a combustion 
chamber. Included are injection nozzles for injecting a coal 
powder, and oxygen or air and steam, into substantially the 
middle portion of the reaction chamber. There is also an in-
jection nozzle for injecting char or coal with oxygen or air 
and steam into the combustion chamber. 

Outlet pipes are provided through which the product gas and 
products discharged from the reaction chamber are intro-
duced into a dust collector. From the dust collector a char 
delivery pipe conveys the char and a small quantity of ash 
separated in the dust collector to a char hopper. A coal 
supply pipe can be used to add coal to the char hopper. 
From the char hopper, a fuel supply pipe supplies the char or 

FIGURE 1 

NIPPON KOKAN GASIFIER 

n-I 
(O2)I

&(O2)

SYNTHETIC FUELS REPORT, SEPTEMBER 1992 
4-28 



coal to an injection nozzle in either the fluidized bed or the 
combustion chamber. 

Coal powder having a particle diameter of less than 
3 millimeters is fed, along with oxygen and steam, into the 
reaction chamber of the fluidized bed. On the other hand, 
char recovered and supplied from the dust collector and 
oxygen and steam are introduced into the jet combustion 
chamber formed below the reaction chamber. In this way, 
the temperature within the jet combustion chamber is main-
tained at about 1,600°C and the temperature within the reac-
tion chamber is maintained substantially at 1,300°C. A waste 
heat boiler arranged above the fluidized bed recovers the sen-
sible heat of the product gas. Steam generated from the 
waste heat boiler is supplied in part to the fluidized bed reac-
tion chamber and part to the jet combustion chamber and 
the remaining steam is applied to any external use. 

Char introduced into the jet combustion chamber is first 
burned by the oxygen and steam and the temperature within 
the combustion chamber is increased. When the tempera-
ture within the combustion chamber is increased so that the 
temperature of the reaction chamber comes within the 
reaction-enabling temperature region, coal powder supplied 
to the reaction chamber along with the oxygen and steam 
starts to react and gasification takes place. 

By maintaining the temperature within the combustion cham-
ber at about 1,600°C, the temperature within the reaction 
chamber is held within the temperature range between 900 
and 1,300°C which ensures the most efficient operation. 

By so doing, the ash is agglomerated within the fluidized-bed 
reaction chamber, drops via the throat against the velocity of 
the gas stream from the jet combustion chamber, is fused 
within the combustion chamber, and discharged to the ash 
receiver. 

To allow this action to take place, temperatures lower than 
900°C are improper because a complete gasification of coal 
cannot be effected. Also, in general, no agglomerated bed of 
fluidized material can be formed at temperatures higher than 
1,300°C, although there are exceptions depending on the 
grades of coal. Thus, the previously mentioned temperature 
range is chosen. 

In accordance with an example of the method of this inven-
tion, as compared with the calorific value of 
6,190xl03 kilocalories per ton of raw coal, the recovered 
calorific value of the product gas was 5,033x10 3 kilocalories 
or 81 percent, and it was confirmed that the cold gas ef-
ficiency was high.

In,

BEST METHOD OF EXTRACTING AIR FROM 
TURBINES FOR IGCC CYCLES BEING RESEARCHED 

Experiments are under way at Clemson University in South 
Carolina to determine the best method of extracting air from 
gas turbines for Integrated Gasification Combined Cycle 
(IGCC) systems. An air-blown IGCC system utilizes a gas 
turbine's compressed air for gasification and researchers are 
evaluating various methods for extracting the compressed 
air. 

According to the May issue of Global Gas Turbine, 
the experiments will use a flow system that includes a test 
model with combustor cans and transition pieces over 3600 
in circumference. The modular test model will allow for 
parametric internal flow studies between the compressor exit 
and the gas turbine inlet. 

Figure 1 shows a sectional view of that area of an advanced 
industrial gas turbine. Different parts of the combustor and 
transition pieces are cooled as air flows through the passages 
and holes indicated by the arrows on the figure. There are 
14 combustor cans and 14 transition pieces equally spaced on 
the circumference of an advanced gas turbine. 

A 3600 test model, rather than a segmented test model, is 
being used to accurately represent flow in the areas where an 
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adverse pressure gradient exists. The 360° test model allows 
visual access to the various subsystems. 

One potential site for extracting compressed air is the gas tur-
bine wrapper. This method creates a cross flow in the dump 
area. Through a computational analysis, the researchers 
have determined that some of the holes on the impingement 
sleeve experience reverse flow. In that case, the transition 
piece may cause hot spots or local burnout. Another alterna-
tive for providing air to the gasifier would be to extract it 
immediately downstream of the compressor exit. 

To allow for a comparative evaluation of various air extrac-
tion methods, the researchers plan to map the flow field in 
the entire region between the compressor exit and the tur-
bine inlet.

nfl 

COPROCESSING OF COAL AND USED TIRES SHOWS 
PROMISE 

Coprocessing of coal with used tires produces synthetic 
crude oil that could be used as a source of transportation 
fuel or could be used in the production of new tires. 

M. Farcasiu and C. Smith, researchers at the United States 
Department of Energy's Pittsburgh Energy Technology 
Center, are investigating this use for scrap tires. With over 
200 million used tires discarded each year in the United 
States, scrap tires offer a virtually free feedstock and, at the 
same time, their beneficial use would solve a major disposal 
problem. 

Farcasiu and Smith authored a paper on the coprocessing of 
coal and waste rubber, it was presented at the American 
Chemical Society Division of Fuel Chemistry meeting held in 
San Francisco, California in April. 

This approach takes advantage of both the high hydrogen 
content of the organic material in rubber tires and of the 
good solvent properties of the depolymerized rubber to aid 
coal liquefaction. Carbon black, an important constituent in 
rubber tires, provides a good hydrocracking catalyst during 
coprocessing. Due to the presence of carbon black in tires, 
the yields of liquids obtained by coprocessing coal and tires 
are superior to those that could be obtained by coprocessing 
rubber with coal in the absence of carbon black. 

The materials used in the experiments were: Illinois No 6 
coal; tread material from a highway-collected rubber tire; vul-
canized tread material; styrene-butadiene mbber, cia-
polybutadiene rubber; aromatic oil; elemental sulfur, and car-
bon black.

Liquefaction Experiments 

The liquefaction experiments were performed in a laboratory 
shaker autoclave. The reaction temperature was 425°C, the 
reaction time was 60 minutes, and the initial hydrogen pres-
sure (at room temperature) was 1,000 psi. 

Results 

Several tests were performed to test the coprocessing con-
cept and to assess the properties of the liquids obtained. 
The organic material from both the highway-collected rub-
ber tire and the tread material were convened completely to 
liquid, heptane-soluble materials when processed under 
these conditions. In both cases the gas formation was under 
1 percent. The percent of heptane-soluble material obtained 
from coal was 31 percent, when the liquefaction was per-
formed in the presence of tetralin, and 37 to 41 percent, 
when the liquefaction was performed in the presence of 
rubber-tread material. The heptane-soluble oils that con-
stitute the majority (approximately 87 percent) of the li-
quefied material are rich in hydrogen. 

Carbon black constitutes about 33 percent of rubber tire 
material. The researchers found carbon blacks to be good 
catalysts in hydrocracking reactions. Coprocessing experi-
ments were performed in the presence and in the absence of 
carbon black. When coal and the tread material were 
coprocessed, the conversions were similar (approximately 
71 percent) to those obtained with the vulcanized tread 
material, and the gas production was under 1 percent. 
However, when the coal was coprocessed with the same com-
ponents of tread material except carbon black, the conver-
sion decreased to 60 percent and the gas production in-
creased to 6 percent. 

According to the paper, the comparative data for conversion 
to liquids when the coprocessing is performed in the 
presence and in the absence of carbon black indicate its role 
during coprocessing. The reduction in the quantity of gas 
formed when coprocessing is performed in the presence of 
carbon black (1 percent gases) versus in the absence of car-
bon black (6 percent gases) suggests the possibility that the 
aromatic fragments from coal products or rubber are alky-
lated with aliphatic fragments formed during rubber 
depolymerizat ion. 

A heavy petroleum fraction (aromatic oil) is used in a rather 
large concentration (20 percent by weight in the tread 
material) in rubber tires. Because an automobile tire con-
tains about 15 pounds of organic materials (i.e., 3 pounds of 
aromatic oil), production of 200 million rubber tires per year 
will require abut 600 million pounds (273,000 tons) per year 
of aromatic oils. Preliminary results indicate that at least a 
part of this oil could be generated from coprocessing coal 
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with used tires, so that a valuable, hydrogen-rich material 
can be recycled.

FIGURE 1 

fin 
SOLID-PHASE COAL REFINING MAY LEAD TO NEW 
PROD UM 

Researchers at Southern Illinois University in Carbondale 
have proposed a concept to subdivide coal into its basic com-
ponents and then produce premium solid fuels and 
feedstocks for a variety of higher-value products. With this 
more comprehensive approach to coal processing, they say 
many coal-derived products are possible, each of which has 
value and offsets the processing costs. 

ICE. Tempelmeyer, et a, discussed this proposal in a paper 
presented at the 17th International Conference on Coal 
Utilization and Slurry Technologies held in Clearwater, 
Florida in April. 

The most fundamental material groups in coal consist of 
three types of organic coal macerals, vitrinite, liptinite, and 
inertinite, as well as iron pyrite, and a variety of other inor-
ganic minerals and clays. According to the paper, an ideal 
coal refining process would fracture the interface bonds be-
tween these rive components, liberating them one from the 
other. Then, these components would be separated into five 

product streams. 

Process Concept 

Figure 1 is a schematic diagram of this coal refining concept. 
The process involves a thermal or freeze/thaw pretreatment 
of coal to produce cracking at the interfaces between 
macerals and minerals, followed by mild grinding to expand 
the crack into fractures which liberate the maceral types, and 
two separation methods to subdivide the coal into its three 
maceral components, the mineral matter and pyrite. While 
the process may be applied to many coal types, the focus of 
the paper is on Illinois No. 6 coal. In addition, a significant 
effort in maceral characterization, i.e., the determination of 
the physical and chemical properties of macerals, has been 
undertaken. The types of products resulting from coal refin-
ing and some of their uses are outlined in Table 1. 

Maeeral Liberation 

Utilizing the differences in the expansion properties of 
macerals, minerals, and pyrite, researchers have developed a 
new technique to fracture coal along specific particle bound-
aries. They found that precooling increases the brittleness of 
the coal. Mild grinding, following the cooling pretreatment, 
fractures the coal in sizes from a few to 20 microns or larger 
and achieves a high degree of maceral liberation.

SCHEMATIC OF
COAL REFINING CONCEPT 

I	 Macsin! Liberation by inter-boundary Fracturing 

I	 Macoral and Mineral Separation 

Products 

Product Characterization 

SOURCE: TEIELkEYER, ET AL 

Following pretreatment cooling, almost all of the pseudo-
vitrinite and vitrinite components are liberated from other 
macerals, irrespective of the pretreatment temperature. The 
lower the pretreatment temperature, the greater the pyrite 
liberation. As much as 94 percent of the pyrite was liberated 
from coal pretreated at 77°K. The liberation of inertinite 
was also found to be dependent upon the pretreatment tem-
perature. Up to 80 percent of inertinite was liberated from 
coal pretreated at 77°K. 

A second liberation approach is to expose the coal to a num-
ber of freeze/thaw cycles. The variables examined to date 
include the moisture content of the coal, the number of 
freeze/thaw cycles, and grinding time. While this technique 
has not as yet been as well developed as the low-temperature 
pretreatment, it is clear that ash migration due to 
freeze/thaw cycling occurs. Moreover, there is a develop-
ment of bedding cracks and a development of interfacial 
cracking at larger particles which results in a better size 
reduction than that of the rapid freezing process. As a 
result, it is believed that the complete liberation of macera 
pyrites, and other minerals may be achievable with this tech-
nique. 

Maceral Separation 

Once the coal macerals and mineral components are 
liberated, it is necessaiy, to separate the various components. 
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TABLE I 

POTENTIAL MARKETS FOR
REFINED COAL COMPONENTS 

Vitrinite 
Low-Ash Premium Boiler Fuel 
Demineralized Solid Mobile Fuel 
Residential/Commercial Clean Heating Fuel 
Liquefaction/Chemical Feedstock 
Low-Grade Carbon Fiber 

Inertinite 
Pitches 
Activated Carbons 
Carbon Black 

Liptinite 
Liquid Fuels 
Naphtha/.JP4 
High Quality Resins 
Thermo-Setting Inks 
Liquefaction/Chemical Feedstocks 
Pitches 

Minerals/Other 
Asphalt Patching Material 
Wall Board 
Specialty Fibers 

Two complementary techniques are being developed to 
separate the coal macerals; one would produce dry products, 
and the second a moist or slurry product. 

Electrostatic Maceral Separation. A novel electrostatic 
separator is cylindrical and produces a spatially nonuniform 
electric field. This configuration produces much stronger 
electric fields at the inner electrode without breakdown or 
arcing than is possible in the parallel plate separators used 
by others. 

The liberated macerals were triboelectrically charged as they 
passed through the separator which operated at applied volt-
ages from 0 volts to 50 kilovolts. 

A chemical analysis and microscopic examination was made 
on the coal particles collecting on the inner and outer walls 
of the separator. Microscope analysis indicated that the 
separated material on the inner negative electrode was 
vitrinite with a purity of 98 to 99 percent for all coals tested. 
While the original coals had ash contents of 9 to 12 percent, 
the separated vitrinite had ash levels as low as 0.4 percent. 
Pyrite separation was effective at applied voltages of as low 
as 10 kilovolts. Conclusions from the study to date are:

- The cylindrical configuration is more effective at remov-
ing ash pyrite than parallel plate separators. 

- Virtually all the liberated pyrite can be removed. 

- Separation of ash and pyrite is limited to the degree 
that it is liberated from the macerals. 

- This is a promising process to isolate all the major 
macerals. 

- Vitrinite with purities of 98 to 99 percent can be 
produced through electrostatic separation. 

By staging electrostatic separators which have contact 
materials with different work functions to tribocharge 
the particles, it should be possible to remove each 
maceral type sequentially. 

Bubble-Enhanced Wet Separation. Coal flotation by intrin-
sic bubble formation is an advanced, physical coal cleaning 
process that takes advantage of the natural porosity of the 
organic material in the coal. In this process, pressure is used 
to force gas into the pores of the organic material. Upon 
depressurization in a flotation liquid, this gas forms bubbles 
at pore openings. Because the process forms bubbles inter-
nally, higher selectivity between macerals and inorganic fines 
(which are nonporous) can be achieved. Because nonporous 
minerals do not form bubbles, flotation can be highly selec-
tive. Previously reported results demonstrated that the 
process could clean fines down to the liberation level for a 
given particle size distribution. Other advantages included 
high carbon recovery, low additive requirements, more effi-
cient use of gas compression and very rapid flotation. 

However, problems existed with the cleaning of micronized 
coal, due to the small particle size. A new mixing system was 
developed that overcame this problem. With the new sys-
tem, greater than 85 percent carbon recoveries and 
90 percent ash rejection have been obtained. 

Maceral Characterization 

Over the past few years, there has been significant progress 
in producing and separating relatively pure samples of 
specific macerals and measuring theft physical and chemical 
properties. Maceral characterization is a key element be-
cause it is through the determination of the physical and 
chemical properties of individual maceral types that the 
processing steps can be defined, improved, and made success-
ful. Moreover, the characterization activity is essential in as-
sessing the potential uses of refined coal products. 

Conclusions 

According to the paper, the capital costs for a plant process-
ing 1,000 tons per day have been found to be similar to other 
coal cleaning methods. 
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The experimental work on developing this coal refining 
process has led to the following conclusions: 

Low temperature or freeze/thaw pretreatment of 
coal creates thermal cracking at maceral-maceral and 
maceral-mineral interfaces. 

Mild grinding or impaction of thermally pretreated 
coal results in interface fracturing and a high level of 
maceral liberation. 

Electrostatic separation of coal macerals is a feasible 
means to produce dry maceral product streams. 

Vitrinite with a 98 to 99 percent purity has been ob-
tained by electrostatic separation. Multiple passes 
may produce significant recovery of high purity 
vitrinite. 

Bubble-enhanced gravity can produce wet maceral 
product streams with over 90 percent ash and pyrite 
rejection and a high energy recovery. 

IGOR PROCESS FOR COAL LIQUEFACTION 
DESCRIBED 

Integrating the hydrogenation step into the total coal li-
quefaction process can improve the quality and yield of the 
product oils. A new process variation, called IGOR for in-
tegrated gross oil refining, is being developed by DMT 
Forschung & Fruiting in Essen, Germany. 

According to B. Strobel of DMT, all coal liquefaction 
processes share a number of common steps: slurry prepara-
tion, solvent recycle, indirect preheating, asphaltenes and 
solids separation, etc. The other joint feature is that the 
produced syncrudes are unacceptably high in oxygen and 
nitrogen content and, therefore, require extensive further 
refining prior to hydrocrackirig, reforming or use as a 
marketable fuel. These raw syncrudes are also very toxic 
containing polynuclear aromatics, aromatic nitrogen bases, 
benzene and phenols. 

Strobel, et al., describe the development of the IGOR 
process in a paper presented at the American Chemical 
Society Division of Fuel Chemistry National Meeting held in 
San Francisco, California in April. 

Experiments were conducted in a 0.2 ton per day process 
development unit (PDU) and a 200 ton per day pilot plant. 
All runs were carried out under 30 MPa total pressure, with 
a German high volatile bituminous A (HVBA) feed coal and 
red mud as the catalyst in coal conversion. Commercial Ni-
Mo-alumina catalysts were used in the fixed-bed reactors.

The company's DT process provided the basis for further 
developments. Like other methods, the produced products 
require further refining. 

For eventual utilization as motor fuels and possibly jet fuels, 
DT syncrudes have favorable boiling ranges (end points he 
around 330°C). But in order to meet the existing specifica-
tions for marketable fuels and hydroconversion feed oils, 
respectively, high concentrations of oxygen and nitrogen con-
taining compounds as well as fused-ring aromatics need to 
be radically reduced. Because of the essentially cyclic nature 
of coal-derived oils, comparatively severe conditions are re-
quired in the hydrorefining of such feed. 

Strobel and his associates found that it was not only viable 
but advantageous to integrate a hydrorefining and saturation 
stage into a coal hydrogenation plant rather than running the 
units separately. With a fixed-bed catalytic reactor arranged 
downstream from the intermediate separator, the product oil 
vapors are hydrotreated before they are condensed. 

Extended PDU runs established that the product oil qualities 
obtained with separate refining are also attained with in-
tegrated refining. The total heteroatoms concentration— 
nitrogen, oxygen, and sulfur—an be kept well below 
10 milligrams per kilogram. Oil yields from the two methods 
are about the same. 

Integrated Cross Oil Refining 

Further experiments included a modified integrated refining 
scheme in which the fixed-bed reactor was arranged to 
hydrotreat not only the net product but also the oil being 
recycled for coal slurry preparation (gross oil refining). The 
heavy, distillate fraction—vacuum flash overhead oil—was in-
jected before the reactor. It was found that several hundred 
milligrams per kilogram heteroatoms were left in the net 
product oil. Net oil yield, however, has soared to more than 
60 percent. According to Strobel, the yield improvement is 
due to an extended liquid/solid residence time in the coal 
conversion reactor. The driving force is enhanced oil strip-
ping which in turn is due to the more volatile recycle oil. 

With nitrogen contents between 80 and 100 milligrams per 
kilogram and even higher oxygen levels, the product oil 
failed to meet minimum feed specifications for further 
processing over bifunctional catalysts. In other words, the 
extra oil yield was obtained at the expense of quality, making 
additional hydrotreatment necessary. 

Therefore, two separate but smaller reactors were employed, 
the first one for gross-oil-treatment and the second one for 
net-oil-treatment (see Figure 1). The results from this mode 
of operation fully met the expectations: both high oil yield 
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FIGURE 1 

IGOR PROCESS,
SIMPLIFIED FLOWSHEET 

Residuum 

(to Gasificatior) 

SOURCE: STROOEL, FT AL. 

and perfect quality were obtained at the same time. This 
process mode was named IGOR+. It compares favorably 
with other processes as can be seen in Table 1.

Discussion 

The authors note that iuoiC product oil is water-white, 
stable in storage, and completely free of "that certain coal-oil 
smell." Moreover, any biotoxic potential suspected in the 
previous process liquids has in all probability been removed. 

Coal conversion temperatures in the IGOR process are 
somewhat lower than in the DT process which results in a 
comparatively lower hydrogen demand. Some extra 
hydrogen, on the other hand, is consumed in the methana-
tion of the carbon oxides. 

With integrated refining there are no carbon oxides left, so 
purge water is no longer necessary. At the same time, refin-
ing has completely removed the phenols. Accordingly there 
is not only much less waste water to be treated but it no 
longer contains phenols. 

Scale-Up Experiences 

The process was tested on pilot scale with large-volume reac-
tors. The results obtained were even somewhat more 
favorable than in the small-scale tests. 

At the large KORLEOL pilot plant at Bottrop, it has been 
possible to bring the coal slurry up to reaction starting tem-
perature exclusively through heat exchange with reaction 
product streams and preheating of the treat gas. In other 
words the slurry preheater, always an expensive and delicate 
component of the plant, was no longer necessary. 

TABLE 1

COMPARISON OF COAL HYDROGENATION PROCESSES 

Process 
EDS H-Coal ITSL SRC II DT IGOR 

Feed Coal Illinois #6 Indiana #5 Kentucky #9 Ruhr Gasflamm, 
Prosper 

Carbon % d.a.f. 77 78 78 79.5 85 85 
C4 + Oil Yield % on d.a.f. coal 39 50 56 43 55 60 
Oil Inspection: 

Boiling End ASTM D86, °C 520 520 450 480 330 331 
Hydrogen 11.2 10.7 10.7 9.6 10.0 13.7 
Oxygen mg/kg 15,000 15,000 7,000 35,000 27,000 <5 
Nitrogen mg/kg 3,000 3,000 4,000 1,400 9,000 <2 
Sulfur mg/kg 800 800 800 2,000 800 <1
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INTERNATIONAL 

SGl STUDYING COAL REFINERIES IN SOUTHEAST 
ASIA 

SO! International has announced the expansion of its Clean 
Coal Refinery Project Development Programs to the 
ASEAN (Association of Southeast Asian Nations) countries 
of Indonesia, Thailand and the Philippines. SGI has 
received and started processing coal samples from these 
countries in response to interest from governments and local 
coal producers. 

SGI is evaluating large-scale clean coal plants for each of the 
coal-producing ASEAN countries. 501's proposed clean 
coal refineries can economically, produce clean premium 
refined coal and liquid fuels from the abundant coal supplies 
found in these ASEAN countries. These nations are ex-
periencing high economic growth rates and the consequent 
increased demand for new electric powerplants is resulting in 
greatly expanded utilization of domestic coal reserves. 

Feasibility studies are now under way in cooperation with in-
terested government and industry groups in each of these 
countries. Candidate coals from each country are being

tested and evaluated at SGI's Development Center in Perrys-
burg, Ohio.

"U 

COAL GASIFICATION TO CONTRIBUTE TO 
ENVIRONMENTAL CLEANUP IN CHINESE CITY 

The first stage of a $109 million coal gasification project has 
been completed in the City of Lanzhou, the capital of Gansu 
Province in Northwest China. Once the project has been 
completed, the coal gas will be used to supply the households 
of Lanzhou's 1.5 million residents. 

The coal gasification project is listed as a key state construc-
tion project. It is also part of the city government's "blue sky 
plan" aimed at mitigating the city's serious air pollution. 
Changing the city's energy structure is pan of an overall 
strategy to improve the city's environmental quality. 
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COAL PUBLICATIONS/PATENTS 

COAL - PATENTS 

"Process for Purification of Synthesis Gas," Daniel C. Baker - Inventor, Shell Oil Company, United States Patent Number 5,112,586, 
May 12, 1992. A process for the treatment of a gas stream derived from the gasification of coal is described, the process being charac-
terized, in one embodiment, by stripping of the wash and cooling liquid used to cool and remove NH

3 from the synthesis gas prior to 
reuse of the liquid in removal of residual solids from the product gas stream, thereby avoiding incompatibilities which may initiate or 
aggravate chemical precipitation, particularly that of CaCOr 

"Stag Deposition Detection," Chih-Hsiung F. Liu - Inventor, Shell Oil Company, United States Patent Number 5,112,366, 
May 12, 1992. A method for determining blockage of a coal gasification process quench zone or heat exchanger by monitoring 
changes in the heat transfer values. 

"Method of Refining Coal by Catalyzed Short Residence Time Hydrodisproportionation to Form a Novel Coal-Derived Fuel System," 
Gerald F. Cavaliere and Lee G. Meyer - Inventors, Carbon Fuels Corporation, United States Patent Number 5,110,452, May 5, 1992. 
This invention generally relates to a catalyzed short residence time decomposition and volatilization of coal to produce liquid 
coproducts while minimizing production of char and gas without utilization of external hydrogen, that is, hydrogen other than that 
contained in the coal feedstock. The invention more particularly relates to an improved method of economically producing uniform, 
fluidic, oil-type of "value-added" coproducts by a catalyzed coal refining process employing short residence time hydrodisproportiona-
tion. The preferred catalysts are oxides and salts of iron. 

"Coal Extraction Process," Michael A. Jones - Inventor, Coal Industry Ltd., United States Patent Number 5,110,451, May 5, 1992. A 
two-stage coal extracting process has a first liquid hydrogen donor solvent oil extraction stage and a second-stage comprising catalytic 
hydrocracking of the extract. Desired levels of hydrocracking and hydrogenation of the extract, with an acceptable level of naphthene 
formation, are achieved by using on the catalyst a mixture of a promoted W or Mo catalyst with an unpromoted W or Mo catalyst. 

"Coal Extract Hydroconversion Process Comprising Solvent Enhanced Carbon Monoxide Pretreatment," Claude C. Culross and Steve 
D. Reynolds - Inventors, Exxon Research and Engineering Company, United States Patent Number 5,110,450, May 5, 1992- An im-
proved process for the hydroconversion of coal, wherein coal is slurried in an organic solvent and subjected to pretreatment with car-
bon monoxide, followed by separation of a solvent-soluble phase comprising hydrocarbon material from the coal, and subsequently 
hydroconverting the extracted material in a hydroconversion reactor. The extracted material consists of a relatively hydrogen-rich 
material which is readily hydroconverted to valuable liquid products in high yield. The coal residue is relatively hydrogen deficient 
material which can be gasified to produce hydrogen and carbon monoxide for the hydroconversion and pretreatment stages, respec-
tively. 

"Method and Apparatus for Drying Solid Material," Eero J. Berg - Inventor, Ahlstrom, A Oy, Finland, United States Patent 
Number 5,103,743, April 14, 1992. A method and apparatus for drying solids such as bark, peat, wet coal or the like utilizes waste 
heat recovered from a rotary kiln. Solids are dried by simultaneously using both the radiation heat of the shell surface of the kiln and 
the heat of hot flue gases being discharged from the kiln. The solids are dried in a drying space which is defined by the shell surface 
of the rotary kiln and a jacket surrounding at least part of the shell surface of the kiln. flue gases from the rotary kiln are passed with 
solids through the drying space. The kiln may be used for combusting lime. 

"Cooler for Particle-Laden Gases," Frohmut Vollhardt - Inventor, MAN Gutehoffnungshutte GmbH, Denmark, United States Patent 
Number 5,099,916, March 31, 1992. A cooler for particle-laden gases in a coal gasification plant, with an upright nest of hot-gas tubes 
that coil around the cooler's longitudinal axis inside its jacket and with a pipe for supplying a coolant inside the nest of tubes. The 
cooler has a ceramic-lined or liquid-cooled distributing head (1) with a central gas intake (2) at the top and with several diffusor-like 
gas outlets (3) at the bottom that open into the nest (4) of tubes and several gas outlets (5) below the nest. The hot-gas tubes are 
suspended from the coolant-supply pipe (v) on claws (7). The pipe has at least one intake (8) for the descending coolant and rests on 
a support (9) on the base (11) of the cooler or on supports (10) against the inner surface of the cooler. The mixture of steam and 
water ascending among the tubes is extracted through at least one outlet (14) on the jacket (12) of the cooler. 

"Separable Coal-Oil Slurries Having Controlled Sedimentation Properties Suitable for Transport by Pipeline," 
Theodore C. Frankiewia and Samuel C. Hanson - Inventors, Union Oil Company of California, United States Patent 
Number 5,096,461, March 17, 1992. Slurries of water-saturated coal and liquid hydrocarbon carriers having the properties of low ap-
parent viscosity, controlled sedimentation and easy separation, which properties render the slurries transportable over long distances 
in conventional oil pipelines to predetermined destinations where they are easily separated into their constituent parts, are prepared 
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by combining coal with a liquid hydrocarbon carrier, a minor amount of water in excess of the amount in the water-saturated coal 
and, optionally, a surfactant to form a mixture and then agitating the mixture under high shear conditions to form agglomerated coal 
particles in which water acts as a coordinator bridging layer around and/or among the agglomerated particles. 

"Pyrolysis of Coal, Suresh P. Babu and Wilford G. Bair - Inventors, Institute of Gas Technology, United States Patent 
Number 5,092,984, March 3, 1992. A method for mild gasification of crushed coal in a single vertical elongated reaction vessel provid-
ing a fluidized bed reaction zone, a freeboard reaction zone, and an entrained reaction zone within the single vessel. Feed coal and 
gas may be fed separately to each of these reaction zones to provide different reaction temperatures and conditions in each reaction 
zone. The reactor and process of this invention provides for the complete utilization of a coal supply for gasification including utiliza-
tion of caking and noncaking or agglomerating feeds in the same reactor. The products may be adjusted to provide significantly 
greater product economic value, especially with respect to desired production of char having high surface area. 

"Process for Combustion of a Fuel Containing Sulfur Through the Use of a Gas Turbine," David J. Abner, Joseph J. Oliva and 
Richard C. Sheldon - Inventors, General Electric Company, United States Patent Number 5,092,121, March 3, 1992. A process for 
combusting fuel containing sulfur through the use of a gas turbine to generate electricity wherein a tail gas from a sulfur treatment 
process containing carbon dioxide and contaminants containing sulfur is passed to the combustor of the gas turbine or a supplemental 
firing unit to combust the contaminants.
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COMMERCIAL AND R&D PROJECTS (Underline denotes changes since June 1992) 

ACME COAL GASIFICATION DESULFURING PROCESS - ACME Power Company (C-9) 

American Plastics and Chemicals, Inc. (APAC), based in Los Angeles, California, signed an agreement in 1990 to acquire the Acme 
Powerplant located in Sheridan, Wyoming. The Acme facility is a 12 megawatt coal-fired steam plant, which has been idle since 
1977 when it was shut down in anticipation of new power generating facilities. 

APAC formed Acme Power Company, a wholly-owned subsidiary, which will bring the Acme plant up to current environmental 
standards with appropriate emission controls prior to bringing it back on-line. The plant will initially operate in a conventional 
mode, using locally purchased coal. In addition to providing revenue through electric power sales, the plant, with its modular 
design, will provide for a long term commercial demonstration of the desulfurizing coal gasification process which APAC has op-
tioned. 

The project will demonstrate the commercial viability of the desulfurizing gasification technology and make it ready for the retrofit 
of other coal-fired facilities. 

The APAC coal gasification process can emphasize either acetylene production from calcium carbide or power generation, depend-
ing on the coal-to-limestone ratio used. Increasing the limestone component produces byproduct calcium carbide, from which 
acetylene can be produced. Increasing the coal component results in byproduct calcium sulfide. 

APAC's consulting engineers estimate that it will take about one year to bring the plant on-line after power sale contracts, environ-
mental permits, and project financing have been put in place. 

Project Cost: Undisclosed 

ADVANCED COAL LIQUEFACTION PILOT PLANT AT WILSONVILLE - Electric Power Research Institute (EPRI) and 
United States Department of Energy (DOE) (C-b) 

EPRI assumed responsibility for the 6 tons per day Wilsonville, Alabama pilot plant in 1974. This project had been initiated by 
Southern Company and the Edison Electric Institute in 1972. The Department of Energy began cofunding Wilsonville in 1976. 

The initial thrust of the program at the pilot plant was to develop the SRC-I process. That program evolved over the years in terms 
of technology and product slate objectives. Ken-McGee Critical Solvent Deashing was identified as a replacement for filtration 
which was utilized initially in the plant and a Kerr-McGee owned unit was installed in 1979. The technology development at Wil-
sonville continued with the installation and operation of a product hydrotreating reactor that has allowed the plant to produce a 
No. 6 oil equivalent liquid fuel product as well as a very high distillate product yield. 

The Wilsonville Pilot Plant was subsequently used to test the Integrated Two-Stage Liquefaction (ML) process. In the two stage 
approach, coal is first dissolved under heat and pressure into a heavy, viscous oil. Then, after ash and other impurities are removed 
in an intermediate step, the oil is sent to a second 

vessel where hydrogen is added to upgrade the oil into a lighter, more easily 
refined product. A catalyst added in the second 

stage aids the chemical reaction with hydrogen. Catalytic hydrotreatment in the 
second stage accomplishes two distinct purposes; (1) higher-quality distillable products are produced by mild hydroconversion, and 
(2) high residuum content, donor rich solvent is produced for recycle to the coal conversion first stage reactor. Separating the 
Process into two stages rather than one keeps the hydrogen consumption to a minimum. Also, mineral and heavy organic com-
pounds in coal are removed between stages using Ken-McGee's Critical Solvent Dashing unit before they can foul the catalyst. 

ITSL results showed that 30 percent less hydrogen was needed to turn raw coal into a clean-burning fuel that can be used for gener- 
ating electricity in combustion turbines and boilers. Distillable product yields of greater than 60 percent MAY coal were 
demonstrated on bituminous coal. Similar operations with sub-bituminous coal demonstrated distillates yields of about 55 percent 
MAP. This represents substantial improvement over single stage coal liquefaction processes. 

Tests then concentrated on testing both types of coals with the deashing step relocated downstream of the catalytic hydrotreatment. 
Results showed that previous improvements noted for the two-stage approach were achievable (no loss in catalyst activity). Lower 
product cost was indicated for this reconfigured operation in that the two reactor stages may be coupled as part of one system. The 
results from the reconfigured operation also indicated the potential for further improvements in product quality and/or produc-
tivity through use of the coupled-reactor approach. This was confirmed in tests which used a truly coupled, two-stage thermal-
catalytic reaction system in conjunction with an improved hydrotreatment catalyst. The nickel based catalyst (AMOCAT 1-C) was 
developed by Amoco Corporation, a program co-sponsor. In that test, coal space velocity was increased by 60 to 90 percent over 
previous operations, while catalyst productivity doubled. Furthermore, an improved configuration was developed and proven out, 
whereby only the net vacuum bottoms are deashed, thereby reducing the equipment size substantially. 

Recent work emphasized identifying potential cost benefits through advantageous feedstock selecting. This includes the use of 
lower ash (Ohio) coal and lower cost (Texas) lignite. The Ohio coal run results suggest that deep cleaning of the coal prior to li-
quefaction can increase distillate yield by 7-8 percent.
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COMMERCIAL AND R&D PROJECTS (Continued) 

Work using the Amocat catalyst indicated the need to improve first stage reactor design. This led to modification of the LID 
criteria which resulted in increased productivity corresponding to improved mixing. This improvement was also demonstrated with 
low-rank (Powder River Basin) coal. Further improvements for low-rank coal liquefaction were demonstrated using dispersed 
molybdemum catalyst in place of extracted catalyst in the first reaction. In addition to increasing productivity, the dispersed 
catalyst permits the use of a less expensive entrained (low (bubble column) reactor in place of the fluidized (ebullated) bed which is 
still required in the second reactor. Dosage of less than 200 ppm was effective, thus no catalyst recovery, is required. 

Project Cost: Construction and operating costs (through calendar 1990): $139 million 

ADVANCED POWER GENERATION SYSTEM - British Coal Corporation, United Kingdom Department of Energy, European Com-
mission, PowerGen, GEC/Alsthom (C-IS) 

British Coal Corporation is carrying out a research program to develop an advanced coal fired power generation system. In this 
system coal is gasified to produce a fuel gas which is used to drive a gas turbine. The waste heat recovery from the gas turbine is 
then integrated with a fluidized bed combustion steam turbine cycle. 

The integrated system is expected to have an efficiency of about 45 percent. 

At present the different technologies are being developed separately. A 12 tonne per day, air blown, pressurized, spouted bed 
gasifier developed at the Coal Research Establishment, Gloucestershire, started operating in 1990. This is providing design data 
for the next scale of plant (15 tonne/hr). 

The combustor, necessary to optimize the steam cycle and to burn unconverted carbon from the gasifier, can be either a CFBC or a 
PFBC. A 12 tonne per day CFBC is being built, for operation in 1991, alongside the gasifier. 

At Grimethorpe, British Coal's large scale experimental PFBC is producing a coal derived gas which is passed through an ex-
perimental gas turbine. In conventional PFBC, coal is burned under pressure and the hot pressurized gases are fed directly into a 
gas turbine. However the operating temperature of a PFBC is usually only about 850°C to avoid sintering of the ash. This com-
paratively low, temperature at the gas turbine inlet limits efficiency. 

To overcome this, British Coal engineers proposed a topping cycle. It entails burning a fuel gas in the hot FFI3C combustion gas in 
the gas turbine combustor, at a temperature to 1260°C or more. In the current Grimethorpe experiment the fuel gas is propane. 
In due course it will be provided by the 15 tonne per hour gasifier. 

The gas turbine operation is funded by British Coal, United Kingdom Department of Energy, PowerCen, GEC/Alsthom and 
EPRI. The gasifier work is funded by British Coal and the European Community. 

AECI AMMONIA/METHANOL OPERATIONS - AECI LTD. (C-20) 

AECI operates a 100 ton per day methanol facility and a 1,000 ton per day ammonia plant at its Modderfontein works near Johan-
nesburg. The plant uses six Koppers-Totzek two-headed gasifiers operating at 1,600 degrees C and atmospheric pressure to gener-
ate 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 ICI's low pres-
sure process, has been running since 1976. The plant is operating very satisfactorily at full capacity. 

AECI has successfully completed the piloting of a methanol to hydrocarbons process using Mobil zeolite catalyst. The design of a 
commercial scale ethylene plant using this process has been completed. 

AECI has also pursued development programs to promote methanol as a route to transportation fuel. Test programs include 
operation of a test fleet of vehicles on gasoline blends with up to 15 percent methanol, operation of other test cars on neat 
methanol, and operation of modified diesel trucks on methanol containing ignition promoters, trademarked "DIESANOL" by 
AECI. "DIESANOL" is currently being evaluated as a diesel fuel replacement in a number of countries. 

AECI has completed a detailed study to assess the economic feasibility of a coal-based synthetic fuels project producing gasoline 
and diesel using methanol conversion technology. The results of this study were encouraging technically, but lacked economic 
feasibility, with the result that further work in this area has been suspended. 

Project Cost: Not disclosed
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COMMERCIAL AND R&D PROJECTS (Continued) 

AMAX/EMRC MILD GASIFICATION DEMONSTRATION—AMAX, University of North Dakota Energy and Minerals Research 
Center (EMRC)(C-31) 

AMAX is considering a 1,000 ton per day plant at its Chinook Mine in Indiana. A fast fluidized-bed reactor will be used for mild 
gasification of this caking coal. It is planned to produce a diesel type fuel, as well as pure chemicals such as benzene and phenol. 

AMAX conducted prefeasibility studies and concluded that favorable economics depend upon upgrading the mild gasification chars 
to a higher value product. This is because char has lower volatile matter content and higher ash content than the starting coal. 
These characteristics make char a low value utility fuel. The char will be cleaned by simple physical methods, then further 
processed into a metallurgical coke substitute (pellets or briquettes) and possibly to activated carbon for the pollution control in-
dustry. The location of this project offers distinct marketing advantages for these products. 

A 100 pound per hour mild gasification process demonstration unit was started up at the Energy and Environmental Research Cen-
ter in Grand Forks, North Dakota in the fall of 1990. 

BEWAG GCC PROJECT - BEWAG AG, EAB Energie-Anlagen Berlin Gmbll, Ruhrkohle Oel and Gas Gmbll, and Lurgi Gmbll 
(C-35)

BEWAG AG of Berlin, in cooperation with others listed, has started to evaluate a project called 'Erection and testing of a GCC 
based demonstration plant.' 

The project's ultimate goal is the erection of a 195 megawatt pressurized circulating fluidized bed (CFB) combined cycle 
powerplant, with 95 megawatts obtained from the gasification, and 100 megawatts from the combustion section. As both sections 
may be operated individually, the 52 megawatt gas turbine could also operate on oil or natural gas. 

An engineering study to investigate the general feasibility of both pressurized CFB gasification and the coupling of pressurized 
CFB gasification with atmospheric CFB combustion was concluded in 1986. 

A second phase component testing program, costing DM12 million and supported by the German Ministry of Research and Tech-
nology, was carried out by a working group made up of BEWAG/EAB (Berlin), Ruhrkohle Oct and Gas GmbH (Bottrop), and 
Lurgi Gmbl-1 (Frankfurt), under the project leadership of EAB Energie-Anlagen Berlin GmbH. 

In this study, the design risks of key components were eliminated by detailed tests at pressurized charging valves and the condenser 
for carbonized residues. The availability of hot gas cleaning was proved with test series at electrostatic precipitators and tube fil-
ters. The now finished study allows the enlargement to a scaled up powerplant. This powerplant design shows a low grade of com-
plexity on the gasification plant (a result of the dry procedure in gas cleaning) and minimized demand of coal and lime quality. The 
emission of exhaust fumes is reduced by the well known low emission of the CFB coal combustion and the high efficiency grade of 
the combined cycle. The only residues are flue gases and ash. The flue gas does not need to be after-treated. As a result of these 
characteristics, the study found a minimal risk for investment. 

BHEL COAL GASIFICATION PROJECT - Bharat Heavy Electricals Limited (India) (C40) 

Bharat Heavy Electricals Limited (BHEL), of Vikas Nagar, Hyderabad, India, considers fluidized bed coal gasification as a long 
term perspective for combined cycle power generation. An 18 ton per day coal pilot scale process and equipment development unit 
(PEDLJ) has been built. 

BHEL, as a manufacturer of power generation equipment, has been involved in research and development activities related to ad-
vanced power systems. These include coal gas-based combined cycles. 

BI-JEL's involvement in the development of coal gasification concerns the better and wider utilization of high ash, low grade Indian 
coals. The coals normally available for power generation are non-caking and have ash content in the range of 25 to 45 percent by 
weight. The coals have high ash fusion temperature in the range 1,523-1,723°K. In the PEDU, coal is gasified by a mixture of air 
and steam at around 1,173 K and at a pressure of 1.013 MPa. 

Phase I of the fluidized bed coal gasification test program in the pilot scale plant is continuing. The plant was commissioned in 
early 1989 and further test trials were conducted. 

In Phase If of the fluidized bed coal gasification program, basic engineering of a demonstration scale 150 ton per day coal capacity 
gasification plant has been completed. The demonstration plant will be integrated with the existing 6.2 megawatt electrical gas 
turbine/steam turbine combined cycle plant. 

Project Cost: Not disclosed
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COMMERCIAL AND R&D PROJECTS (Continued) 

BI ]EL COMBINED CYCLE DEMONSTRATION PLANT - Bharat heavy Electricals Limited (India) (C-SO) 

Bharat Heavy Electricals Limited (BHEL) of Hyderabad, India is carrying out a broad-based research program aimed at better and 
wider utilization of Indian coal resources. One phase of that program has involved building a small gasification combined cycle 
demonstration plant using a Fixed bed coal gasifier. 

The combined cycle demonstration plant (CCDP) is installed at the coal research and development complex of BHEL at Trichy. 
The net power generation capacity at full load is 6.2 megawatts. The CCDP scheme consists of an air blown, fixed bed, pressurized 
coal gasifier, an industrial gas turbine firing the low-BTU coal gas, and a waste heat recovery steam generator behind the gas tur-
bine, which supplies a conventional steam turbine/generator. 

The plant was commissioned in March 1988 and has been in test operation since then, testing various coals with ash content in the 
25 to 40 percent range. 

- The test program on this plant has been completed and the plant's performance has been evaluated. A comprehensive test 
program was initiated for exploiting the moving bed gasification technology for commercialization. 

Project Cost: Not disclosed 

BOTrROP DIRECT COAL LIQUEFACTION PILOT PLANT PROJECT— Ruhrkohle AG, Veba Oct AG, Minister of 
Economics, Small Business and Technology of the State of North-Rhine Westphalia, and Federal Minister of Research and Technology of 
Germany (C-60) 

During operation of the pilot plant the process improvements and equipment components have been tested. The last improvement 
made being the operation of an integrated refining step in the liquefaction process. It worked successfully between late 1986 and 
the end of April 1987. Approximately 11,000 tons raffinate oil were produced from 20,000 tons of coal in more than 2,000 operating 
hours. 

By this new mode of operation, the oil yield is increased to 58 percent. The formation of hydrocarbon gases is as low as 19 percent. 
The specific coal throughput was raised up to 0.6 tons per cubic meter per hour. Furthermore high grade refined products are 
produced instead of crude oil. The integrated refining step causes the nitrogen and oxygen content in the total product oil to drop 
to approximately 100 ppm and the sulfur content to less than 10 ppm. 

Besides an analytical testing program, the project involves upgrading of the coal-derived syncrude to marketable products such as 
gasoline, diesel fuel, and light heating oil. The hydrogenation residues were gasified either in solid or in liquid form in the 
Ruhrkohle/Ruhrchemie gasification plant at Oberhausen-Hollen to produce syngas and hydrogen. 

The development program of the Coal Oil Plant Bottrop was temporarily suspended in April 1987. Reconstruction work for a 
bivalent coal/heavy, oil process was finished at the end of 1987. The plant capacity is 9 tons/hour of coal or alternatively 
24 tons/hour of heavy vacuum residual oil. The first oil-in" took place at the end of January 1988. Since then approximately 
325,ODO tons of heavy oil have been processed. A conversion rate over 90 percent and an oil yield of 85 percent have been con-
firmed. 

The project was subsidized by the Minister of Economics, Small Business and Technology of the State of North-Rhine Westphalia 
and since mid-1984 by the Federal Minister of Research and Development of the Federal Republic of Germany. 

Project Cost: DM830 million (by end-1987) 

BRITISH COAL LIQUID SOLVENT EXTRACTION PROJECT - British Coal, British Department of Energy, European Economic 
Community, Ruhrkohle AG, Amoco (C-70) 

British Coal is operating a 23 tons per day pilot plant facility at its Point of Ayr site, near Holywell in North Wales utilizing its 
Liquid Solvent Extraction Process, a two-stage system for the production of gasoline and diesel from coal. In the process, a hot, 
coal-derived solvent is mixed with coal. The solvent extract is filtered to remove ash and carbon residue, followed by hydrogena- 
tion to produce a syncrude boiling below 300 degrees C as a precursor for transport fuels and chemical feedstocks. Studies have 
confirmed that the process can produce high yields of gasoline and diesel very efficiently—work on world-wide coals has shown that 
it can liquefy economically most coals and lignite and can handle high ash feedstocks. 

British Coal dries and pulverizes the coal, then slurries it with a hydrogen donor solvent. The coal slurry is pressurized and heated, 
then fed to a digester that dissolves up to 95 percent of the coal. The digest is cooled, depressurized and filtered to remove mineral 
matter and undissolved coal. A fraction of the solvent washes the filter cake to displace the coal extract solution; residual wash oil 
is recovered by a vacuum that dries the filter cake.
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COMMERCIAL AND R&D PROJECTS (Continued) 

The coal extract solution is then pressurized, mixed with hydrogen and heated before being fed to the ebullating bed hydrocracking 
reactors. 

The product from this stage is distilled to recover the recyclable solvent and produce LPG (propane and butane), naphtha and 
mid-distillate. A byproduct pitch stream is siphoned off although material in this boiling range is primarily returned to the digest-
ion stage as part of the solvent. The remaining streams consist of light hydrocarbon gases and heterogases formed from the 
nitrogen and sulfur in the coal. 

Project Cost: 20 million British pounds (1989 prices) construction cost plus IS million British pounds (1989 prices) operating costs. 

BROKEN HILL PROJECT - The Broken Hill Proprietary Company Ltd. (CAM) 

The Broken Hill Proprietary Company Limited has been investigating the production of transport fuels from coal via continuous 
hydroliquefaction, since 1976 at their Melbourne Research Laboratories in Clayton, Victoria, Australia. The current continuous 
processing unit was built in 1980, and since 1982 it has been used to study medium severity hydroliquefaction. Routinely the 
primacy liquefaction reactor has a throughput of 3 k slurry per hour, with a coal to oil ratio of 40:60, and employs a If pressure of 
25 MPa, and a temperature of 450 degrees C. 

The main objective is to evaluate and develop alternative hydroliquefaction strategies and to test the efficacy of such strategies for 
a small indicative range of Australian coals. The unit is capable of single stage or two-stage operation, and allows for use of dis-
posable catalyst in stage 1 and for recycle of separated solids to stage 1, if desired. Currently, oil yields of between 35 percent and 
55 percent (DAF) coal have been obtained, depending on coal feed and process type. 

Batch micro-autoclaves (50 cubic centimeters) are used extensively in support of the continuous hydroliquefaction unit. Particular 
emphasis has been placed on matters relating to hydrogen transfer. An in-house solvent hydrogen donor index (SUDI) has been 
developed and has proven to be a valuable tool in process development and control, especially in non-catalytic two-stage hydroli-
quefaction. The research has also been concerned with the upgrading (refining) of product syncrudes to specification transport 
fuels. Experimental studies have included hydrotreating, hydrocracking and reforming, for the production of gasoline, jet fuel and 
diesel fuel. Jet and diesel fuel combustion quality requirements, as indicated by smoke point and cetane number for example, have 
been achieved via severe 

hydrotreatment. Alternatively, less severe hydrotreatment and blending with suitable blendstocks has also 
proven effective. High octane unleaded gasolines have been readily produced via consecutive hydrotreating and reforming. 

Substantial efforts have been directed towards understanding the chemical basis of jet and diesel fuel specification properties. As a 
result novel insights into the chemical prerequisites for acceptable fuel quality have been gained and are valid for petroleum 
derived materials and for many types of synthetic crudes. Considerable effort has also been directed towards developing special-
ized analytical methodology, particularly via NMR spectroscopy, to service the above process studies. 

The work is supported under the National Energy Research Development and Demonstration Program (NERD&DP) adminis-
tered by the Australian Federal Government. 

Project Cost: Not disclosed 

BROOKHAVEN MILD GASIFICATION OF COAL - Brookhaven National Laboratory and United States Department of Energy 
(C-90)

A program is under way on mild gasification of coal to heavy oils, tars and chars under mild process conditions of near atmos-
pheric pressure and temperatures below 750 degrees C. A test matrix has been designed to obtain the process chemistry, yields and 
characterization of liquid product over a wide range of teipperature (500 to 750 degrees C), coal particle residence time (10 seconds 
to 50 minutes), heatup rate (50 degrees C/second to 1ff' degrees C/second) coal particle size (50 to 300 microns) and additives 
(slaked lime, recycle ash, silica flour, recycle char). A combined entrained and moving bed reactor is being used to obtain the data. 
Four different types of coal have been tried, Kentucky No. 8 and Pittsburgh No. S bituminous coal, a Mississippi lignite and a 
Wyodak subbituminous. Generally the yields of oils from bituminous coals range between 20-25 percent (MAP), and about 
15 percent for subbituminous coal. 

A process for producing clean carbon black and coproduct hydrogen-rich gas and liquid methanol competitive with current prices 
of oil and gas is being developed. The HYDROCARB process can use any carbonaceous feedstock including coal, char, biomass 
and municipal solid waste. HYDROCARB provides clean fuel for heat engines (turbines and diesels), and offers reduced CO2 
emissions. 

Project Cost: $200,000
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COMMERCIAL AND R&D PROJECTS (Continued) 

CALDERON ENERGY GASIFICATION PROJECr— Calderon Energy Company, United States Department of Energy (C-95) 

Calderon Energy Company is constructing a coal gasification process development unit. The Calderon process targets the clean 
production of electrical power with coproduction of fuel methanol. 

Phase I activity and Phase II, detailed design, have been completed. Construction of the process development unit (PDU) was 
completed in 1990. Test operation began in October 1990 and ran at 50 percent capacity during the early stages. 

The FDU will demonstrate the Calderon gasification process. In the process, run-of-mine high sulfur coal is first pyrolyzed to 
recover a rich gas (medium BTU), after which the resulting char is subjected to airblown gasification to yield a lean gas (low BTU 
gas). The process incorporates an integrated system of hot gas cleanup which removes both particulate and sulfur components of 
the gas products, and which cracks the rich gas to yield a syngas (CO and H2 mix) suitable for further conversion (e.g., to 
methanol). The lean gas is suitable to fuel the combustion turbine of a combined cycle power generation plant. The PDIJ is 
specified for an operating pressure of 350 psig as would be required to support combined cycle power production. 

The pilot project, designed to process 25 tons of coal per day, is expected to operate for six to twelve months while operating data 
is gathered and any "bugs* in the system are worked out. 

The federal government has contributed $12 million toward project costs, with another $35 million coming from the Ohio Coal 
Development Office. 

Calderon Energy has obtained certification from the Federal Energy Regulatory Commission as a Qualifying Facility for a commer-
cial site in Bowling Green, Ohio. Calderon filed a proposal under the Clean Coal Technology program Round 3 to build a 
cogeneration facility supplying 87 megawatts of electricity and 613 tons of methanol per day. The project did not receive funding, 
however, in Round 3 or 4. A preliminary design and cost estimate has been prepared by Bechtel. Calderon is negotiating with 
Toledo Edison to sell the electricity which would be produced. 

Project Cost: Total Cost $242 million, PDU $20 million 

CILARFUEL PROJECT - Wyoming Coal Refining Systems, Inc., a subsidiary of Carbon Fuels Corporation (C-ho) 

Wyoming Coal Refining Systems, Inc. (WCRS) has secured about half the financing required for a 150 ton per day Charfuel project 
at the Dave Johnston Powerplant near Glenrock, Wyoming. The plant would include gas processing and aromatic naphtha 
recovery with off-site hydrotreating and product quality verification. 

The State of Wyoming has contributed $8 million and has committed to provide an additional $85 million in assistance, contingent 
on WCRS raising a certain amount of private capital. WCRS has secured over $4 million in capital and contributions. 

WCRS has solicited the U.S. Department of Energy for funding under the Clean Coal Technology program but was turned down 
for support in Round 4 of the program in 1991. 

The project involves demonstrating a coal refining process. The first step is hydrodisproportionation" which the company says is 
based on short residence time flash volatilization. Resulting char may be mixed back with process-derived liquid hydrocarbons to 
make a stable, high-BTU, pipelineable slurry fuel. This compliance fuel could be burned in coal-fired or modified oil-fired burners. 
The char can also be used as a feedstock for integrated combined cycle gasification (IGCC). Additional products manufactured 
during the refining process would include ammonia, sulfur, methanol, M'FBE, BT-X, and aromatic naphtha. 

WCRS has completed a program which verified the design of the injector/mixer system. This work was cofunded by the Depart-
ment of Energy and conducted at the Western Research Institute in Laramie, Wyoming. WCRS is presently in the design phase of 
an 18 ton per day pilot unit which will integrate the Charfuel hydrocracker with commercially available processes to optimize the 
operating conditions for the 150 ton per day project as well as commercial facilities. 

Wyomin g officials have turned down a request from WCRS for an additional $25 million in low-interest loans from state funds 
saying that the reauirement for matchin g funds has not been met. 

Project Cost: $245 million 

CHEMICALS FROM COAL - Tennessee Eastman Co. (C-120) 

Tennessee Eastman Company, a manufacturing unit of Eastman Chemical Company, operates its chemicals from coal complex at 
Kingsport, Tennessee at the design rate of 1,100 short tons per day. The Texaco coal gasification process is used to produce the 
synthesis gas for manufacture of 1.2 billion pounds per year of acetic anhydride. Methyl alcohol and methyl acetate are produced 
as intermediate chemicals, and sulfur is recovered and sold.
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COMMERCIAL AND R&D PROJECTS (Continued) 

The completion of a $200 million expansion program in October 1991 added two new chemical plants to the original complex, dou-
bling its output of acetyl chemicals from coal. 

Project Cost: Unavailable 

CHINA ASH AGGLOMERATING GASIFIER PROJECT - The Institute of Coal Chemistry, China (C-123) 

The Institute of Coal Chemistry (]CC) of the Chinese Academy of Sciences is developing an ash agglomerating coal gasification 
process. The process is applicable to a wide range of coals including those with high ash content and high ash fusion temperature. 

In 1983, a small scale pilot gasifier, or PDU, was set up. At first, different coals were gasified with air/steam as gasifying agents to 
make low heating value gas for industry. Later, coals were gasified with oxygen/steam to make synthetic gas for chemical synthesis. 
A pilot scale gasification system of 24 tons per day coal throughput was scheduled for startup in late 1990. 

The gasifier is a cylindrical column of 0.3 meter inside diameter with a conical gas distributor and central jet tube on the bottom. 
The enlarged upper section is 0.45 meter inside diameter in order to settle out the gas-entrained coarse particles. The total height 
of the gasifier is about 73 meters. 

Predried coal is blown into the gasifier after passing through the lockhopper and weighing system. Preheated air/steam (or 
oxygen/steam) enters the gasifier separately through a gas distributor and central jet tube. The coal particles are mixed with hot 
bed materials and decomposed to gas and char. Because of the central jet, there is high temperature zone in the dense bed in 
which the ash is agglomerated into larger and heavier particles. The product gas passes through two cyclones in series to separate 
the entrained fine particles. Then the gas is scrubbed and collected particles are recycled into the gasifier through standpipes. The 
fines recycle and ash agglomeration make the process efficiency very high. 

Based on the PDU data and cold model data, a 1 meter inside diameter gasifier system was designed and constructed. It is to be 
operated at atmospheric pressure to 03 MPa with a coal feed rate of 1 ton per hour. 

CIGAS GASIFICATION PROCESS PROJECT - Fundacao de Ciencia e Tecnologia—CIENTEC (C-130) 

The CIGAS Process for the generation of medium BTU gas is aimed at efficient technological alternatives suitable for Brazilian 
mineral coals of high ash content. No gasification techniques are known to be available and commercially tested for Brazilian coals. 

The CIGAS Process research and development program has been planned for the interval from 1976 to 1998. In 1977 an atmos-
pheric bench scale reactor was built, from which were obtained the first gasification data for Brazilian coals in a fluidized bed reac- 
tor. In 1978 a feasibility study was completed for the utilization of gas generated as industrial fuel. Next the first pressurized reac- 
tor in Latin America was built in bench scale, and the first results for pressurized coal gasification were obtained. 

In 1979 the first atmospheric fluidized bed pilot scale unit was assembled (with a throughput of 7.2 tons per day of coal). In 1980 a 
project involving a pressurized unit for oxygen and steam began (20 atmospheres and 03 tons per day of coal). The plant was fully 
operational in 1982. In 1984 the pressurized plant capacity was enlarged to 23 tons per day of processed coal and at the same time 
air was replaced by oxygen in the atmospheric plant. This unit started processing 17 tons per day of coal. 

In 1986 a unit was built to treat the liquid effluents generated throughout the process and studies on hot gas desulfurization were 
started in bench scale. By the end of 1988 pilot scale studies were finished. As the result of this stage, a conceptual design for a 
prototype unit will be made. This prototype plant will be operational in 1994 and in 1996 the basic project for the demonstration 
unit will be started. The demonstration unit is planned to be operational in 2001. 

Project Cost:	 US$6.0 million up to the end of 1988. The next stage of development will require US$8 million 

CIVOGAS ATMOSPHERIC GASIFICATION PILOT PLANT - Fundacao de Ciencia e Technolgia - CIENTEC (C-133) 

The CIVOGAS process pilot plant is an atmospheric coal gasification plant with air and steam in a fluidized-bed reactor with a 
capacity of five gigajoules per hour of low-BTU gas. It was designed to process Brazilian coals at temperatures up to 
1,000 degrees C. The pilot gasifier is about six meters high and 0.9 meters inner diameter. The bed height is usually 1.6 meters 
(maximum 2.0 meters). 

The CIVOGAS pilot plant has been successfully operating for approximately 10,000 hours since mid 1984 and has been working 
mainly with subbituminous coals with ash content between 35 to 55 percent weight (moisture-free). Cold gas yields for both coals 
are typically 65 and 50 percent respectively with a carbon conversion rate of 68 and 60 weight percent respectively. 

The best operating conditions to gasify low-rank coals in the fluidized bed have been found to be 1,000 degrees C, with the steam 
making up around 20 percent by weight of the air-steam mixture.
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Two different coals have been processed in the plant. The results obtained with Leao coal are significantly better than those for 
Candiota coal, the differences being mostly due to the relative contents of ash and moisture in the feedstock. 

CIIZNTEC expects that in commercial plants or in larger gasifiers, better results will be obtained, regarding coal conversion rate 
and cold gas yield due to greater major residence time, and greater heat recovery from the hot raw gas. 

According to the CIENTEC researchers, the fluidized-bed distributor and the bottom char withdrawal system have been their main 
concerns, and much progress has been made. 

COALPLEX PROJECT - AECI (C-140) 

The Coalplex Project is an operation of AECI Chlor-Alkali and Plastics, Ltd. The plant manufactures poly-vinyl chloride (PVC) 
and caustic soda from anthracite, lime, and salt. The plant is fully independent of imported oil. Because only a limited supply of 
ethylene was available from domestic sources, the carbide-acetylene process was selected. The plant has been operating since 1977. 
The live processes include calcium carbide manufacture from coal and calcium oxide; acetylene production from calcium carbide 
and water; brine electrolysis to make chlorine, hydrogen, and caustic; conversion of acetylene and hydrogen chloride to vinyl 
chloride; and vinyl chloride polymerization to PVC. Of the live plants, the carbide, acetylene, and VCM plants represent the main 
differences between coal-based and conventional PVC technology. 

Project Cost: Not disclosed 

COCA-I PROJECT— Coal Gasification, Inc. (C-150) 

The COCA-I project has been under development since 1983. The proposed project in Macoupin County, Illinois will consume 
I million tons of coal per year and will produce 675,000 tons of urea ammonia and 840,000 tons of urea per year. It will use a high-
temperature, high-pressure slagging gasification technology. When completed, the COCA-I plant would be the largest facility of 
its kind in the world. 

Sponsors were in the process of negotiations for loan guarantees and price supports from the United States Synthetic Fuels Cor-
poration when the SFC was dismantled by Congressional action in late December 1985. On March 18, 1986 Illinois Governor 
James It Thompson announced a $26 million state and local incentive package for COCA-I in an attempt to move the $690 million 
project forward. The project sponsor is continuing with engineering and financing efforts. 

Project Cost: $690 million 

COLOMBIA COAL GASIFICATION PROJECT - Carbocol (C-160) 

The Colombian state coal company, Carbocol plans for a coal gasification plant in the town of Amaga in the mountainous inland 
department of Antioquia. 

Japan Consulting Institute is working on a feasibility study on the gasification plant and current plans are to build a US$10 to 
20 million pilot plant initially. This plant would produce what Carbocol calls 'a clean gas fuel' for certain big industries in Antio-
quia involved in the manufacture of food products, ceramics and glass goods. According to recommendations in the Japanese 
study, this plant would be expanded in the 1990s to produce one if financing is found. 

Project Cost: $20 million initial 
$200 million eventual 

CORDERO COAL UPGRADING DEMONSTRATION PROJECT - Cordero Mining Company (C-ho) 

Cordero Mining Company will demonstrate the Carbontec Syncoal process at a plant to be built near its mine in Gillette, Wyom-
ing. The demonstration will produce 250,000 tons per year of upgraded coal product from high-moisture, low-sulfur, low-rank 
coals. 

The project was selected by the United States Department of Energy (DOE) in 1991 for a Clean Coal Technology Program award. 
DOE will fund 50 percent of the $34.3 million project cost. However, the cooperative agreement is still being negotiated. 

The Syncoal process converts high-moisture subbituminous coal into a high-BTU, low-moisture product. Hot oil and flue gas serve 
to heat the coal and to keep it in an inert atmosphere during coal processing. The hot oil seals the surface against moisture as well 
as preventing surface degradation during handling.
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It is expected that this upgraded coal product can be used by midwestern and eastern utilities that currently burn high-sulfur, high-
rank coals to comply with stricter environmental regulations. 

Near-term plans call for an expansion of the demonstration project to a I million ton per year plant. Long-term goals are for fur-
ther expansion to produce 4 million tons per year of upgraded coal. 

Project Cost:	 $34.3 million 

CR13 SPOUTED BED GASIFIER - British Coal, Otto-Simon Carves (C-190) 

A spouted fluidized bed process for making low-BTU fuel gas from coal has been developed by British Coal at the Coal Research 
Establishment (CR13). A pilot plant has been built with a coal throughput of 12 tonnes per day. 

This project was sponsored by the European Economic Community (EEC) under two separate demonstration grants. The results 
obtained established the basis of a simple yet flexible process for making a gaseous fuel low in sulfur, tar and dust. 

The CR13 gasification process is based on the use of a submerged spouted bed. A significant proportion of the fluidizing gas is in-
troduced as a jet at the apex of a conical base. This promotes rapid recirculation within the bed enabling caking coals to be 
processed without agglomeration problems. Coals with swelling numbers up to Si were processed successfully. 

Plant construction was completed in April 1985 and cold commissioning of all aspects of the plant was successfully achieved by June 
1985. As part of the contract with the EEC several extended trials were completed between April 1986 and March 1987 using char 
as bed material. Between April 1987 and November 1989, a further contract with the EEC investigated the use of inert bed 
materials and oxygen enrichment of the fluidizing air. This work enabled coal conversion efficiencies on the order of 90 percent 
(mass basis) to be attained, and allowed gases to be produced with caloric values up to 7.5 MJ/m (dry, gross). 

Work on the 12 tonne per day pilot plant was directed towards providing design information for gasifiers operated at atmospheric 
pressure for industrial fuel gas applications. A range of commercial gasifiers with a coal throughput typically of 24 to 100 tonnes 
per day have been developed. To this end a license agreement was signed by OSC Process Engineering Ltd. (OSC) to exploit the 
technology for industrial application. Designs of commercial gasifiers are available and OSC together with British Coat are actively 
promoting the use of the technology. 

Although OSC has yet to build the first commercial unit, interest has been shown from a large number of potential clients 
worldwide. 

The application of the process for power generation is now being investigated. Various cycles incorporating a pressurized version 
of the spouted bed technology have been studied and power station efficiencies up to 47 percent (lower heating value basis) are 
predicted. A contract with the EEC to develop a pressurized version commenced in January 1989. A 12 tonne/day pilot plant 
capable of operating at pressures up to 20 bar has been constructed and commissioned at CRE. Commissioning of the plant was 
completed in June 1990 and extensive operation of the plant has been carried out since. 

CRJEPI ENTRAINED FLOW GASIFIER PROJECT - Central Research Institute of Electric Power Industry (Japan), New Energy and 
Industrial Technology Development Organization (C-200) 

Japan's CRIEPI (Central Research Institute of Electric Power Industry) has been engaged in research and development on 
gasification, hot gas cleanup, gas turbines, and their integration into an 10CC (Integrated Gasification Combined Cycle) system. 

An air-blown pressurized two-stage entrained-flow gasifier (2.4 ton per day process development unit) adopting a dry coal feed sys-
tem has been developed and successfully operated. This gasifier design will be employed as the prototype of the national 200 ton 
per day pilot plant. As of late 1991, the gasifier had been operated for 1,920 hours, and tested on 19 different coals. 

Research and development on a 200 ton per day entrained-flow coal gasification pilot plant equipped with hot gas cleanup facility 
and gas turbine has been carried out extensively from 1986 and will be completed in 1993. 

CRIEPI executed a feasibility study of entrained-flow coal gasification combined cycle, supported by the Ministry of International 
Trade and Industry (Mn) and New Energy Development Organization (NEDO). They evaluated eight systems combining dif-
ferent methods of coal feed (dry/slurry), oxidizer (air/oxygen) and gas cleanup methods (hot-gas/cold-gas). The optimal plant sys-
tem, from the standpoint of thermal efficiency, was determined to be composed of dry coal feed, airblown and hot-gas cleanup 
methods. This is in contrast to the Cool Water demonstration plant, which is composed of coal slurry feed, oxygen-blown and hot-
gas cleanup systems. 

For the project to build a 200 ton per day entrained-flow coal gasification combined cycle pilot plant, the electric utilities have or-
ganized the "Engineering Research Association for Integrated Coal Gasification Combined Cycle Power Systems (IGC)' with 
10 major electric power companies and CRIEPI to carry out this project supported by MITI 

and NEDO. 
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Basic design and engineering of the pilot plant was started in 1986 and manufacturing and construction started in 1988 at the 
Nakoso Coat Gasification Power Generation Pilot Plant site. Coal Gasification Tests began in June 1991 with the air blown pres-
surized entrained-flow gasifier. Tests will begin in 1992 for the hot gas clean-up system and a high temperature gas turbine of 
1,260°C combustor outlet temperature. 

Project Cost: 53 billion yen 

DELAWARE CLEAN ENERGY PROJECT' - Texaco Syngas Inc., Star Enterprise, Delmarva Power & Light, Mission Energy (C-208) 

Texaco Syngas Inc., Star Enterprise, a partnership between Texaco and Saudi Refining, Inc., Delmarva Power and Light Co. and 
Mission Energy have begun joint engineering and environmental studies for an integrated gasification combined cycle (IGCC) 
electrical generating facility. The project calls for the expansion of an existing powerplant adjacent to the Star Enterprise refinery 
in Delaware City, Delaware. The facility would convert over 2,000 tons per day of high sulfur petroleum coke, a byproduct of the 
Star refinery, into clean, gaseous fuel to be used to produce about 200 MW of electrical power in both existing and new power gen-
erating equipment. 

Completion is planned for mid-1996 at an estimated cost of approximately $300 million (1990 dollars). 

The project has the potential to reduce substantially overall emissions at the Delaware City facilities, more than double the current 
electric output and make use of the coke byproduct from the oil refinery. The Phase I studies will require approximately one year 
to complete (in 1991) at an estimated cost of $6 million. 

The existing powerplant would be upgraded and expanded and would continue to operate as a cogeneration facility 

Project Cost:	 $250- 300 million (1989 dollars) 

DESTEC SYNGAS PROJECT - Louisiana Gasification Technology, Inc. a subsidiary of Destec Energy, Inc. (C-210) 

The Destec Syngas Project, located in Plaquemine, Louisiana, began commercial operations in April, 1987, operating at rates up to 
105 percent of capacity. As of February 1992 the project has completed 22,043 hours on coal. It has produced 24,218 billion ff113 
of on-spec syngas and has reached 1,807,275 tons of coal processed. A 90-day consecutive production record of 71.2 percent 
capacity was reached in October 1990. A 30-day consecutive production record of 99 percent availability and 89 percent capacity 
factor was reached in February 1992. 

At full capacity, the plant consumes 2,400 tons of coal per day providing 30 billion ff113 per day of medium BTU gas. The process 
uses Dow-developed coal gasification technology to convert coal or lignite into medium BTU synthetic gas. 

The process uses a pressurized, entrained flow, slagging, slurry-fed gasifier with a continuous slag removal system. Dow's 
GAS/SPEC ST-1 acid gas removal system and Unocal's Selectox sulfur conversion unit are also used. Oxygen is supplied by Air 
Products. 

Construction of the plant was completed in 1987 by Dow Engineering Company. Each gasification module is sized to produce syn-
gas to power 150-200 megawatt combustion turbines. The project is owned and operated by Louisiana Gasification Technology In-
corporated, a wholly owned subsidiary of Houston-based Destec Energy, Inc., a subsidiary of The Dow Chemical Company. 

In this application, the Destec Syngas Process and the associated process units have been optimized for the production of synthetic 
gas for use as a combustion gas turbine fuel. The project received a price guarantee from the United States Synthetic Fuels Cor-
poration (now the Treasury Department) which is subject to the amount of gas produced by the project. The amount of the price 
guarantee is based on the market price of the natural gas and the production of the project. Maximum amount of the guarantee is 
$620 million. 

Project Cost: $72.8 million 

DUNN NOKOTA METhANOL PROJECT - The Nokota Company (C-215) 

The Nokota Company isthe sponsor of the Dunn-Nokota Methanol Project, Dunn County, North Dakota. Nokota plans to con- 
vert a portion of its coal reserves in Dunn County, via coal gasification, into methanol and other marketable products, including 
carbon dioxide for enhanced oil recovery in the Williston and Powder River Basins. $20 million has been spent, and 12 years have 
been invested in site and feasibility studies. After thorough public and regulatory review by the state of North Dakota, air quality 
and conditional water use permits have been approved. The Bureau of Reclamation released the final Environmental Statement 
on February 26, 1988.
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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. 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 plans to work closely with local community 
leaders, informing them of the types and timing of socioeconomic 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 pet 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. 

Existing product pipelines and nil facilities are available to provide 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 avenge approximately 3,200 jobs per year. When complete 
and in commercial operation, employment would be about 1,600 personnel at the plant and 500 personnel in the adjacent coal 
mine. 

Nokota's schedule for the project 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:	 $2.6 billion (Phase I and II) 
$0.2 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
$0.4 billion (Mine) 

ELSAM GASIFICATION COMBINED CYCLE PROJECt - Elsam (C-218) 

Elsam, the Danish utility for the western part of Denmark, in January 1991 submitted a proposal for the construction of a 
315-megawatt integrated gasification combined cycle (10CC) powerplant using the PRENFLO gasification technology. The utility 
proposes a 3-year test period under the Thermie program of the European Communities. 

The 10CC plant would be built as a joint project of the German Utility Preussenfllektra and the Danish utility Sonderjyllands 
Hojspaendingsvaerk. 

Commissioning is planned for 1995. 

ENCOAL LFC DEMONSTRATION PLANT - ENCOAL Corporation, United States Department of Energy (C-221) 

ENCOAL Corporation, a wholly owned subsidiary of Shell Mining Company of Houston, Texas, received funding from the Depart-
ment of Energy's Clean Coal Technology Round 3 Program for a 1,000 ton per day mild gasification plant at Shell's Buckskin Mine 
in Northeastern Wyoming. The government will fund 50 percent of the proposed $72.6 million total cost. The demonstration plant 
will utilize the LFC technology developed by 501 International. 

The demonstration plant will be put in service in the second quarter of 1992. The plant is designed to be operated as a small com-
mercial facility and is expected to produce sufficient quantities of process derived fuel and coal derived liquids to conduct full scale 
test burns of the products in industrial and utility boilers. Feed coal for the plant will be purchased from the Buckskin Mine which 
is owned and operated by Triton Coal Company (a wholly owned subsidiary of Shell Mining Company). Other United States coals 
may be shipped to the demonstration plant from time to time for test processing, since the process appears to work well on lignites 
and some Eastern bituminous coals. 

A Permit to Construct was received from the Wyoming Department of Environmental Quality, Air Quality Division for the 
demonstration plant. It was approved on the basis of the use of best available technology for the control of SO , NO , CO 
hydrocarbons and particulates. There will be no waste water and source water requirements will be very small. 
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Ground was broken at the Buckskin mine site for the commercial process demonstration unit in late 1990. Work continued 
through the winter with the foundations being in place by early 1991. Construction activities are ahead of schedule with construc-
tion of all silos and the coal pyrolyzer complete, mine expansion tasks complete, all major equipment in place, and steel erection 
80 percent complete. The plant was expected to be delivering products by mid-1992. The plant will process 1,000 tons of coal per 
day and produce 150,000 barrels of liquids per year plus 180,000 tons of upgraded solid fuel. 

Engineering, procurement and construction services are being provided by the M.W. Kellogg Company. SGI International will fur-
nish technical services. 

In June 1992, Zei gler Coal Holdin g Company si gned a letter of intent to purchase Shell Minin g Company, with a target closing date 
in October 1992. The ENCOAL nroiect will not be affected b y the chan ge in ownership. 

Estimated Project Cost:	 $72.6 million 

FREETOWN 10CC PROJECT - Texaco Syngas Inc., Commonwealth Energy and General Electric Company (C-223) 

The three companies have begun joint development of an electrical generating facility, using an integrated gasification combined 
cycle (10CC) design, in Freetown, Massachusetts. The facility would be known as the Freetown Energy Park. 

The energy park will be located on a 600 acre site along the Taunton River owned by a subsidiary of Commonwealth Energy. 

Texaco Syngas will design the plant to use the Texaco Coal Gasification process and General Electric's high efficiency, gas turbines. 
The initial phase will produce 440 megawatts of power to be sold to New England utilities and gasify roughly 4,000 tons of coal per 
day. 

The plant will be one of the world's cleanest coal based powerplants with emissions levels of particulates, SO and NO significantly 
less than conventional coal plants and below state and federal emissions standards. 

The gasification process involves the injection of a coal-water slurry with oxygen into a pressurized vessel where partial oxidation of 
the coal occurs and synthesis gas is produced. The gas leaves the vessel through a water bath where ash and particulates are 
removed as slag. The cleaned gas is then directed to a sulfur removal system, which removes 98 percent of the sulfur prior to its 
use within the gas turbine. 

Using the syngas, the gas turbine produces electricity while exhausting high temperature exhaust gas to heat recovery steam genera-
tors. The heat recovery steam generators produce steam for use in a steam turbine which in turn produces additional electricity. 

Project startup is scheduled for late 1995. 

FRONTIER ENERGY COPROCESSING PROJECT— Canadian Energy Developments, Kilborn International (C-225) 

Under the United States Department of Energy's Clean Coal Technology Round 3 Program, the Frontier Energy project received 
funding for the commercial demonstration of a state-of-the-art technology for the simultaneous conversion of high sulfur coal and 
heavy oil (bitumen) to low sulfur, lean burning, liquid hydrocarbon fuels plus the cogeneration of electricity for export. Two main 
liquid hydrocarbon products are produced, a naphtha fraction which can be used as a high value petrochemical feedstock or can be 
processed further into high octane motor fuel and low sulfur fuel oil that can be used to replace high sulfur coal in thermal 
powerplants. Cogenerated electricity, surplus to the requirements of the demonstration plant, is exported to the utility electrical 
System. 

Frontier Energy is a venture involving Canadian Energy Developments of Edmonton, Alberta, Canada and Kilborn International 
Ltd. of Tucson, Arizona. 

The technology being demonstrated is the CCLC Coprocessing technology in which a slurry of coal and heavy oil are simul-
taneously hydrogenated at moderate severity conditions (temperature, pressure, residence time) to yield a low boiling range 
(C5-975 degrees F) distillate product. 

The CCLC Coprocessing technology is being developed by Canadian Energy Developments Inc. in association with the Alberta Of-
fice of Coal Research and Technology (AOCRT) and Gesellschaft fur Kohleverfiussigung GmbH (GfK) of Saarbrucken, West 
Germany. 

Two integrated and computerized process development units (PDUs), 18-22 pounds per hour feed rate, are currently being 
operated to confirm the technology in long duration runs, to generate operating data for the design of larger scale facilities and to 
produce sufficient quantities of clean distillate product for secondary hydrotreating studies and market assessment studies. 
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Canadian Energy and GfK are planning to modify an existing 10 ton/day coal hydrogenation pilot plant to the CCLC Coprocessing 
configuration and to use it to confirm the coprocessing technology in large pilot scale facilities while feeding North American coals 
and heavy oils. Data from this large pilot scale facility will form the basis of the design specification for the Frontier Energy 
Demonstration Project. 

The demonstration project will process 1,128 tons per day of Ohio No. 6 coal and 20,000 barrels per day of Alberta heavy oil. An 
unsuccessful application was made for Clean Coal Technology (CCI) funds in Round III. The project intends to file an application 
for CCI' funds in Round V. 

GE HOT GAS DESULFURIZATION - GE Environmental Services Inc. and Morgantown Energy Technology Center ((>228) 

This project was designed to demonstrate the operation of regenerable metal oxide hot gas desulfurization and particulate removal 
system integrated with the GE air blown, coal gasifier at the GE Corporate Research and Development Center in Schenectady, 
New York. 

Construction of the demonstration facility was completed by 1990 and several short duration runs were done to allow a long dura-
tion (100 hour) run to be completed in 1991. The facility gasifies 1700 pounds per hour of coal at 280 psig. Outlet gas temperature 
ranges from 830-1150°?. 

During a 43 hour period in a 60 hour run the hot gas cleanup system achieved an overall sulfur removal of 953 percent. 

GERMAN IGCC POWERPLANT— Stadtwerke Duisburg ((>229) 

The project for Stadtwerke Duisburg in Germany is based on the 1,200 TPD PRENFLO gasifier and two Siemens V64 gas tur-
bines. 

A detailed site-specific study was performed together with Siemens/KWU and Linde. Capacity was approximately 170 MWe. 
After the decision by the European Commission in favor of the Puertollano Project in Spain, the management of Stadtwerke Duis-
burg decided to stop all activities. 

GFK DIRECT LIQUEFACTION PROJECT - West German Federal Ministry for Research and Technology, Saarbergwerke AG, and 
GFK Gesellschaft fur Kohleverflussigung MbI-I ((>230) 

For the hydrogenation of heavy oils, mixtures of heavy oil and coal (Coprocessing) and coals with low ash contents, GFK favors a 
unique hydrogenation reactor concept in which the feedstock is fed at the top and passes through the reactor counter currently to 
the hydrogen which is fed at the reactor bottom. It has been found that this reactor is superior to the classical bubble column. At 
present this concept is being further tested using a variety of different coals and residual oils on the bench scale. 

On the 31st of December 1989, GFK terminated the operation of its pilot and bench-scale facilities. The further development, par-
ticularly the demonstration of the counter-flow-reactor on the pilot scale, is now pursued within a cooperation with East Germany's 
company Maschinen unit Anlagenbau Grimma GmbH where an existing hydrogenation pilot-plant is presently being modified to 
the new concept. Operation began at the end of 1991. 

Project Cost: Not disclosed 

GREAT PLAINS SYNFUELS PLANT - Dakota Gasification Company ((>240) 

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 plant designed to produce 250 million cubic feet per day to be constructed by late 1981. However, problems in financing the 
plant delayed the project and in 1976 the plant design 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 synthetic natural gas (SNG) sold on 
an unregulated basis. In April 1981, an agreement was reached whereby the SNG would be sold under a formula that would esca-
late quarterly according to increases in the Producer Price Index with a cap equal to the energy-equivalent price of No. 2 Fuel Oil. 
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During these negotiations, Columbia Gas withdrew from the project. On May 13, 1982, it was announced that a subsidiary of 
Pacific Lighting Corporation had acquired a 10 percent interest in the partnership; 75 percent from ANR's interest and 23 percent 
from Transco. 

Full-scale construction did not commence until August 6, 1981 when the United States Department of Energy (DOE) announced 
the approval of a $2.02 billion conditional commitment to guarantee loans for the project. This commitment was sufficient to cover 
the debt portion of the gasification plant, Great Plains' share of the coal mine associated with the plant, an SNG pipeline to con-
nect the plant to the interstate natural gas system, and a contingency for overruns. Final approval of the loan guarantee was 
received on January 29, 1982. The project sponsors were generally committed to providing one dollar of funding for each three dol-
lars received under the loan guarantee up to a maximum of $740 million of equity funds. 

The project was designed to produce an average of 125 million cubic feet per day (based on a 91 percent onstream factor, i.e., a 
1375 million cubic foot per day design capacity) of high wru pipeline quality SNG, 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 16,000 tons per day of North Dakota lignite were ex-
pected to be required as feedstock. 

In August, 1985 the sponsors withdrew from the project and defaulted on the loan, and DOE began operating the plant under a 
contract with the ANG Coal Gasification Company. The plant successfully operated throughout this period and earned revenues in 
excess of operating costs. The SNG is marketed through a 34 mile long pipeline connecting the plant with the Northern Border 
pipeline running into the eastern United States, 

In parallel with the above events, DOE and the Department of Justice (DOJ) filed suit in the District Court of North Dakota 
(Southwestern Division) seeking validation of the gas purchase agreements and approval to proceed with foreclosure. On January 
14, 1986 the North Dakota Court found the gas purchase agreements valid, that state law was not applicable and that plaintiffs 
(DOE/DOJ) were entitled to a summary judgment for foreclosure. A foreclosure sale was held and DOE obtained legal title to 
the plant and its assets on July 16, 1986. This decision was upheld by the United States Court of Appeals for the Eighth Circuit on 
January 14, 1987. On November 3, 1987, the Supreme Court denied a petition for a writ of certiorari. 

The North Dakota District Court also held that the defendant pipeline companies were liable to the plaintiffs (DOE/DOJ) for the 
difference between the contract price and the market value price. This decision was upheld by the United States Court of Appeals 
for the Eighth Circuit on May 19, 1987. No further opportunity for appeal exists and the decisions of the lower court stands. 

In early 1987 the Department of Energy hired Shearson Lehman Bros. to help sell the Great Plains plant. In August, 1988 it was 
announced the Basin Electric Power Cooperative had submitted the winning bid for approximately $85 million up-front plus future 
profit-sharing with the government. Two new Basin subsidiaries, Dakota Gasification Company (DGC) and Dakota Coal Com-
pany, operate the plant and manage the mine respectively. Ownership of the plant was transferred on October 31, 1988. 

Under Dakota Gasification ownership, the plant has produced SNG at over 125 percent of jjy design capacity.. 

In 1989 DGC began concentrating on developing revenue from byproducts. On February 15, 1991, a phenol recovery facility was 
completed. This project will produce 35 million pounds of phenol annually, providing manufacturers an ingredient for plywood and 
chipboard resins. The first railcar of phenol was shipped in January 1991. DGC has signed contracts with three firms to sell all of 
its output of crude cresylic acids, which it produces from its phenol recovery project. 

Construction of a facility to extract krypton/xenon from the synfuel plant's oxygen plant was completed in March 1991. Rare gases 
are to be marketed to the lighting industry starting in early 1991. DGC signed a 15-year agreement in 1989 with the Linde Division 
of Union Carbide Industrial Gases Inc. to sell all of the plant's production of the krypton/xenon mixture. The first shipment of the 
product occurred on March 15, 1991. Other byproducts being sold from the plant include anhydrous ammonia, sulfur and liquid 
nitrogen. Argon, carbon dioxide, naphtha and cresote are also potential byproducts. 

In late 1990 DGC filed with the North Dakota State Health Department a revision to the applications to amend the Air Pollution 
Control Permit to Construct. The revised application defines the best available control technology to lower SO  and other emis-
sions at the plant. 

In late 1990, DGC and DOE initiated a lawsuit against the four pipeline company purchasers contracted to buy SNG. The issues in 
these proceedings involve: the extent of the pipeline finns' obligations to take and provide transportation for SNG; whether the 
sales price of SNG has been understated; and whether the adjustment made b y DGC to the rate the plant charges the pipeline 
companies to transport their SNG to a point of interconnection on the Northern Border Pipeline system is in accordance with con-
tract terms. 

Project Cost: $2.1 billion overall
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I icir GAS CLEANUP PROCESS - Southern Company Services, Inc. and United States Department of Energy (C-257) 

Southern Company Services, Inc. (SCS) Birmingham, Alabama in 1990 began a five-year, $46 million effort to develop advanced gas 
cleaning systems that could be the final link between advanced coal-fired power generating concepts and the commercial 
marketplace. 

Southern Company will build and operate a state-of-the-art test facility at Alabama Power Company's Wilsonville plant. When 
complete, this facility will be able to test innovative techniques for cleaning the gas produced by two advanced coal technologies-
pressurized fluidized bed combustion and gasification combined cycle systems. 

The new test facility at Wilsonville will move the hot gas cleanup techniques from laboratory research to integrated engineering 
tests. Actual gases from coal gasification or combustion will be used. 

SCS has a cooperative agreement with DOE to construct and operate a nominal 50 ton per day coal feed facility for long-term test-
ing of hot gas cleanup. The test facility will be designed to operate in either a gasification or a pressurized fluidized bed combus-
tion (PFBC) mode with gas temperatures up to 1,800°F and a system pressure of 300 psi. The gas generator will be designed to 
operate with an Eastern bituminous coal and an alternate Powder River subbituminous coal. Researchers will be able to evaluate 
the performance of the cleanup devices while varying gas temperatures, gas pressures, particulate levels, particulate sizes and types 
of coal. 

Design and construction of the test facility will take three years. Phase I of the project is the conceptual design which was initiated 
January 1, 1991. The detailed design in Phase 2 is expected to be completed by the fall of 1992. Construction of the facility is an-
ticipated to last 15 months, with operations targeted to begin by January 1994. A nominal two years of testing are provided for in 
the cooperative agreement. Southern Company Services and M. W. Kellogg of Houston, Texas will design the facility, which will be 
built by Alabama Power Company and operated by Southern Electric International Inc. The Southern Research Institute will 
oversee the evaluation of the cleanup systems. 

DOE is providing $36.8 million, or 80 percent of the contract's total cost. Southern Company Services, with support from the 
M. W. Kellogg Company and the Electric Power Research Institute, is providing the remaining $9.2 million. 

DOE is currently sponsoring two other coal research efforts at the Wilsonville plant, a test facility for coal liquefaction technology 
and a unit that cleans coal before it is used. 

Project Cost: $46 million 

lIUMBOLT ENERGY CENTER PROJECT - Continental Energy Associates and Pennsylvania Energy Development Authority (C-265) 

Greater Hazleton Community Area New Development Organization, Inc. (CAN DO, Incorporated) built a facility in Hazle 
Township, Pennsylvania to produce tow BTU gas from anthracite. Under the third general solicitation, CAN DO requested price 
and loan guarantees from the United States Synthetic Fuels Corporation (SFC) to enhance the facility. however, the SEC turned 
down the request, and the Department of Energy stopped support on April 30, 1983. The plant was shut down and CAN DO 
solicited for private investors to take over the facility. 

The facility has been converted into a 135 megawatt anthracite refuse-fueled integrated gasification combined cycle cogeneration 
plant. Gas produced from anthracite coal in both the original facility and in new gasifiers is being used to fuel turbines to produce 
electricity. One hundred megawatts of power will be purchased by the Pennsylvania Power & tight Company over a 20-year 
period. Steam is also produced which is available to industries within Humboldt Industrial Park at a cost well below the cost of in-
house steam production. 

The project cost for this expansion is over $100 million. The Pennsylvania Energy Development Authority authorized the bond 
placement by the Northeastern Bank of Pennsylvania and the Swiss Bank. 

Project Cost: over $100 million 

FIYCOL HYDROGEN FROM COAL PILOT PLANI' - Research Association for Hydrogen from Coal Process Development (Japan) 
(C-270) 

In Japan, the New Energy and Industrial Technology Development Organization (NEDO) has promoted coal gasification tech-
nologies based on the fluidized bed. These include the HYBRID process for high-BTU gas making and the low-BTU gas making 
process for integrated combined cycle power generation. NEDO has also started to develop coal gasification technology based on a 
multipurpose coal gasifier for medium-BTU gas.
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The multipurpose gasifier was evaluated as a key technology for hydrogen production, since hydrogen is the most valuable among 
coal gasification products. NEDO decided to start the coal-based hydrogen production program at a pilot plant beginning in fiscal 
year 1986. Construction of the pilot plant in Sodegaura, Chiba was completed in August, 1990. Operational research was to begin 
in 1991 after a trial run. 

The key technology of this gasification process is a two-stage spiral flow system. In this system, coal travels along with the spiral 
flow from the upper part towards the bottom because the four burner nozzles of each stage are equipped in a tangential direction 
to each other and generate a downward spiral flow. As a result of this spiral flow, coal can stay for a longer period of time in the 
chamber and be more completely gasified. 

In order to obtain a higher gasification efficiency, it is necessary to optimize the oxygen/coal ratio provided to each burner. That 
is, the upper stage burners produce reactive char and the lower stage burners generate high temperature gas. High temperature 
gas keeps the bottom of the gasifier at high temperature, so molten slag falls fluently. 

The specifications of the pilot plant are as follows: 

- Coal feed 50 ton pe1 day 
- Pressure 30kg/cm g 
- Temperature about 1,800°C 
- Oxidant Oxygen 
 -CoalFeed Dry 

- Slag Discharge Slag Lock Hopper 
- Refractory Lining Water-cooled slag coating 
- Dimensions Outer Pressure Vessel 2 Meters Diameter, 133 Meters Height 
- Carbon Conversion 98 Percent 
- Cold Gas Efficiency 78 Percent 
- 1,000 Hours Continuous Operation 

The execution of this project is being carried out by the Research Association for Hydrogen from Coal Process Development, a 
joint undertaking by nine private companies, and is organized by NEDO. Additional research is also being conducted by several 
private companies to support research and development at the pilot plant. The nine member companies are:

Idemitsu Kosan Co., Ltd. 
Osaka Gas Co., Ltd. 
Electric Power Development Company 
Tokyo Gas Co., Ltd. 
Toho Gas Co., Ltd. 
Nippon Mining Company 
The Japan Steel Works, Ltd. 
Hitachi, Ltd. 
Mitsui SRC Development Co., Ltd. 

IGT MILD GASIFICATION PROJECT - Institute of Gas Technology (101), Kerr-McGee Coal Corporation, Illinois Coal Develop-
ment Board (C-272) 

Kerr-McGee Coal Corporation is heading a team whose goal is to develop the Institute of Gas Technology's (IGT) MILDGAS ad-
vanced mild gasification concept to produce solid and liquid products from coal. The process uses a combined fluidized-
bed/entrained-bed reactor designed to handle Eastern caking and Western noncaking coals. 

The 24 ton per day facility will be built at the Illinois Coal Development Park near Carterville, Illinois. The 3-year program will 
provide data for scaleup production of coproducts, preparation of a detailed design for a larger demonstration unit, and the 
development of commercialization plans. 

Kerr-McGee Coal Corporation will provide the coal and oversee the project. Bechtel Corporation will design and construct the 
process development unit, and Southern Illinois University at Carbondale will operate the facility. IGT will supply the technology 
expertise and the activities of the team members. 

The technology will produce a solid char that can be further processed into form coke to be used in blast furnaces as a substitute 
for traditional coke. Liquids produced by the process could be upgraded to make gasoline or diesel fuel or used to manufacture 
such materials as roofing and road binders, electrode binders, and various chemicals. 
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IMI ll3X MOLTEN CARBONATE FUEL CELL DEMONSTRAI1ON - M-C Power Corporation, Combustion Engineering, Inc., 
Institute of Gas Technology (C-273) 

Despite being turned down for funding under the United States Department of Energy's Clean Coal Technology Round 3 
Program, M-C Power Corporation is going ahead with a demonstration project to repower an existing coal-fired powerplant with 
coal gas-fueled IMIIEX molten carbonate rue! cells (MCFC). The proposed coal gasification/MCFC system can be used to fully or 
partially repower existing powerplants regardless of the fossil fuel for which they were initially designed. This repowering should 
result in more economic plants, with greater capacity and reduced emissions of 502 and NO, says M-C Power. 

The !MIIEX configuration is a novel advanced molten carbonate fuel cell designed to eliminate many of the pumping problems ex-
perienced by previous molten carbonate fuel cc!! concepts. 

The demonstration facility would be located at the Institute of Gas Technology's (IGT) Energy Development Center in Chicago, Il-
linois. The demonstration will use IGT's existing U-GAS coal gasifier and will produce 500 kilowatts of electricity. 

The demonstration project was scheduled to begin April 1, 1991 and will be completed September 30, 1994. Total estimated cost of 
the project is $22,700,000. 

M-C Power is testing a molten carbonate fuel cell with a cross-sectional area of 11 s q uare feet, the largest ever onerated in the 
United States. 

ISCOR MELTER-GASIFIER PROCESS - ISCOR, Voest-Alpine Industrieanlagenbau (C-275) 

An alternative steel process that does not use coke has been commercialized at ISCOR's Pretoria works (South Africa). Designed 
and built by Voest-Alpine Industrieanlagenbau GmbH (Linz, Austria), the plant converts iron ore and coal directly into 
300,000 tons per year of pig iron in a melter-gasifier, referred to as the COREX process. Conventional techniques require use of a 
coke oven to make coke, which is then reacted with iron ore in a blast furnace. Production costs at the Pretoria plant are said to be 
30 percent tower than conventional method costs. 

Startup of the plant was in November 1989. Two separate streams of materials are gravity fed into the melter-gasifler. One stream 
is coal (03-0.7 tons of carbon per ton of pig iron produced) with ash, water and sulfur contents of up to 20 percent, 12 percent and 
13 percent, respectively. Lime is fed together with the coal to absorb sulfur. The second stream—iron ore in lump, sinter or pellet 
form—is first fed to a reduction furnace at 850-900 degrees C and contacted with reducing gas (65-70 percent CO and 20-25 percent 
H) from the melter-gasifier. This step reduces the ore to 95 percent metal sponge iron. The metallization degree of the sponge 
iron where it comes 

into contact with the 850-900 degree C hot reducing gas produced in the reduction furnace, is 95 percent on 
average. 

The sponge iron proceeds to final reduction and melting in the melter-gasifier, where temperatures range from 1,100 degrees C 
near the top of the unit to 1,500-1,700 degrees C at the oxygen inlets near the bottom. Molten metal and slag are tapped from the 
bottom. As a byproduct oç the hot metal production export gas is obtained, which is a high quality gas with a caloric value of ap- 
proximately 2000 kcal/Nm . Voest-Alpine says the pig iron quality matches that from blast furnaces, and that costs were $150 per 
ton in 1990. 

Voest-Alpine has also recently patented several schemes involving a fluidized bed meltdown-gasifier (United States Patents 
4,725,308, 4,728,360, 4,729,786, issued in 1988). Typically a fluidized bed of coke particles is maintained on top of the molten iron 
bath by blowing in oxygen-containing gas just at the surface of the molten metal. 

Voest-Alpine has been collaborating with Geneva Steel to demonstrate the technology in the United States, however, Geneva has 
shelved further action on the project after failing to receive funding in the DOE Clean Coal Technology Round 3. In 1990 Virginia 
Iron Industries Corporation announced plans to build a COREX plant in Hampton Roads, Virginia. (See Virginia Iron Corex 
Project C-613). 

The COREX process is being marketed as an environmentally superior method of iron making and claims significant reductions in 
dust, SO  and NO emissions compared to conventional methods. 

During 1990 the plant ran at 100 percent design capacity 

K-FUEL COMMERCIAL FACILITY - K-Fuel Partnership (C-290) 

The K-Fuel process was invented by Edward Koppelman and developed further by SRI International between 1976 and 1984. In 
1984, K-Fuel Partnership (KFP) was formed to commercialize the process. KFP owns the worldwide patents and international 
licensing rights to the process in the United States and 37 foreign countries. In the K-Fuel process, low-grade coal or peat is dried 
and mildly pyrolyzed in two coupled reactors that operate at elevated temperatures and at a pressure of 800 psi. The process 
produces a pelletized, low-moisture, low-sulfur coal with a BTU value of 12,000, and by-product water and fuel gas. K-Fuel pellets 

SYWI7IIETIC FUELS REPORT, SEPTEMBER 1992 
4-54



STATUS OF COAL PROJECTS (Underline denotes changes since June 1992) 

COMMERCIALAND R&D PROJECTS (Continued) 

contain 60 percent more energy (approximately 27 million BTU per ton) and 40 percent less sulfur than the raw coal. The fuel gas 
from the process is utilized on site to provide the needed heat for the process. K-Fuel was tested at Wisconsin Power and Light's 
(WPL) Rock River generating station near Debit in south-central Wisconsin. The test was successful and Wisconsin Power has 
agreed to buy up to one million tons per year. 

KFP, headquartered in Denver, Colorado, owns and operates a full demonstration facility and research center at the Fort Union 
Coal Mine near Gillette, Wyoming. The laboratory and pilot facility, which can produce 25 tons of K-Fuel per day, has been in 
operation since July 1988. 

Wisconsin Power and Light plans to use K-Fuel at several of its facilities to meet new state and federal emission control require-
ments. The upgraded coal is also less expensive to ship and store due to its improved heating value. 

WPL, through its wholly owned subsidiary called ENSERV Inc., has purchased an interest in the K-Fuel technology. A license for 
the use of the K-Fuel technology on coal only in North America was issued to Heartland Fuels Corporation (HFC), and ENSERV 
subsidiary. HFC made application for funding to DOE under Round 4 of the Clean Coal Technology program but did not receive 
support. HFC has since reached an agreement to merge its project with the ThermoChem project, which did receive DOE support, 
and expects to announce the beginning of construction soon. 

Project Cost: $62 Million 

KOBRA HIGH TEMPERATURE WINKLER 10CC DEMONSTRATION PLANT - RWE Energie AG (C-294) 

RWE Energie AG, a sister company of Rheintiraun AG, has decided to build a combined-cycle power station with integrated 
gasification based on the High Temperature Winkler (Ifl'W) technology. Raw brown coal with 50 to 60 percent moisture will be 
dried down to 12 percent, gasified and dedusted with ceramic filters after passing the waste heat boiler. After the conventional 
scrubber unit, the gas will be desulphurized and fed to the combined cycle process with an unfired heat recovery steam generator. 
This project is referred to as KOBRA (in German: Kombikraftwerk mit Braunkohlenvergasung, i.e. combined-cycle power station 
with integrated brown coal gasification). 

The capacity of the KOBRA plant will slightly exceed 300 MWe. The question of whether oxygen or air will be used as gasifying 
agent has not yet been decided, but irrespective of this the fuel gas will be produced in this demonstration plant by two gasifiers, 
each having a throughput of 1$00 tons per day of dried lignite. The gas turbine will have a rated capacity of about 200 MWe, and 
the overall plant is expected to reach a net efficiency of 46 percent. 

Beginning of construction is scheduled for 1993 and start up in 1995. The most important orders awarded so far were placed with 
the MAN company as the general contractor, the Uhde/Lurgi consortium for the engineering of the coal gasification system, and 
with the Siemens company for the delivery of the gas turbine (type 94.3). To implement this project, a task force comprising staff 
members of both RWE Energie AG and Rheinbraun AG started working in early 1990. To ensure that the plant can be con- 
structed on schedule as from early 1993 and commissioned in late 1995, the orders relating to the desulphurization unit, the coal 
drying unit and some other large components were placed in 1990. Completion of the permit engineering is scheduled for mid-
1992, so that building and operating permits can be applied for. 

Of crucial importance for reaching a high overall efficiency is the coal drying system which reduces the moisture content of the raw 
brown coal to 12 percent. For this step, Rheinbraun's WA process will be employed ('WFA means fluidized-bed drying with inter-
nal waste heat utilization). 

To demonstrate the technology, a plant having a capacity of 20 tons per hour of dried lignite will be started up in 1992 for testing 
purposes. Engineering of this project is being handled by Lurgi GmbH. 

A successful test operation of the demonstration plant will provide the essential basis for the construction of commercial-scale 
power stations of this type. The start-up of a 600 MWe commercial-scale 10CC plant is scheduled for the turn of the century. This 
new generation of power stations will be characterized by a high overall efficiency, extremely low emissions, and low production 
costs. 

LAKESIDE REPOWERING GASIFICATION PROJECT - Combustion Engineering, Inc. and United States Department of Energy 
(DOE) (C-320) 

The project will demonstrate Combustion Engineering's pressurized, airblown, entrained-flow coal gasification repowering technol-
ogy on a commercial scale. The syngas will be cleaned of sulfur and particulates and then combusted in a gas turbine (40 MWe) 
from which heat will be recovered in a heat recovery steam generator (HRSG). Steam from the gasification process and the HRSCI 
will be used to power an existing steam turbine (25 MWe).
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The project is selected for demonstration at the Lakeside Generating Station of City Water, Light and Power, Springfield, Illinois. 
The selected site with associated characteristics and costs includes repowering an existing steam turbine to produce 65 MWe via the 
combined cycle mode. 

The $270.7 million project will span 10 years, including 5 years needed to test and operate the system. The plant will continue to 
provide power to the city as part of its commercial grid during the testing period. 

Design work for the new integrated powerplant began in November 1990. The preliminary design package and plant cost estimates 
are complete. Gasifier groundbreaking is scheduled for September 1993, with initial coal-fired operation scheduled for mid-1995. 
Cold flow modeling of the gasifier internals and dry coal feed system continues. 

DOE is providing $129.4 million, 0148 percent, of the project's total cost. The remaining funds will be provided by Combustion 
Engineering, City Water, Light & Power, and the Illinois Department of Energy and Natural Resources. 

Project Cost:	 $270.7 million 

LAPORTE ALTERNATIVE FUELS DEVELOPMENT PROGRAM - Air Products & Chemicals, Inc., Electric Power Research In-
stitute, and United States Department of Energy (DOE) (C-330) 

Air Products and Chemicals, Inc. is proposing a 36-month program to develop technologies for the conversion of coal-derived syn-
thesis gas to oxygenated hydrocarbon fuels, fuel intermediates, and octane enhancers, and to demonstrate the most promising tech-
nologies in DOE's Slurry Phase Alternative Fuels Development Unit (AFDU) at LaPorte, Texas. With emphasis on slurry phase 
processing, the program will initially draw on the experiences of the successful Liquid Phase Methanol (LPMEOII) program. See 
completed project LaPorte Liquid Phase Methanol Synthesis" in December 1991 Synthetic Fuels Report for details on the 
LPMEOI-I project. 

Air Products has been conducting laboratory investigations into the synthesis of dimethyl ether (OME) since 1985 in an effort to 
improve syngas. 

The alternative fuels development program aims to continue the investigations initiated in the above research program, with the 
principal objective being demonstration of attractive fuel technologies in the LaPorte AFDU. The focus is continued in pilot plant 
operations after a 12-18 month period of plant modifications. Certain process concepts such as steam injection, and providing 11 
via in situ water-gas shift, will assist in higher conversions of feedstocks which are necessary, particularly for higher alcohol Syn-

2 

thesis. 

Four operating campaigns are currently envisaged. The first will focus on increased syngas conversion to methanol using steam in-
jection and staged operation. The second will demonstrate production of dimethyl ether/methanol mixtures to (1) give optimum 
syngas conversion to storable liquid fuels, (2) produce mixtures for both stationary and mobile fuel applications, and (3) produce 
the maximum amount of DME, which would then be stored as a fuel intermediate for further, processing to higher molecular- 
weight oxygenates. Economic, process, and market analyses will provide guidance as to which of these scenarios should be em-
phasized. The third and fourth campaigns will address higher alcohols or mixed ether production. 

In the laboratory, the principal effort will be developing oxygenated fuel technologies from slurry-phase processing of coal-derived 
syngas using two approaches, (1) fuels from syngas directly, and (2) fuels from DME/methanol mixtures. Air Products has already 
demonstrated the unique ability of DME to act as a chemical building-block to higher molecular-weight oxygenated hydrocarbons. 

Project Cost:	 $205 million FY91-FY93 

LUBECK 10CC DEMONSTRATION PLANT— PreussenElektra (C-339) 

The project of PreussenElektra/Germany has a capacity of 320 MWe net based on hard coal and a net efficiency of 45 percent. 
PRENFLO gasification technology has been chosen for the gasifier. 

LU NAN AMMONIA-FROM-COAL PROJECT - China National Technical Import Corporation (C-360) 

The China National Technical Import Corporation awarded a contract to Bechtel for consulting services on a commercial coal 
gasif

i
cation project in the People's Republic of China. Bechtel will provide assistance in process design, design engineering, 

detailed engineering, procurement, construction, startup, and operator training for the installation of a 375 tons per day Texaco 
gasifier at the 200 metric tons per day Lu Nan Ammonia Complex in Tengxian, Shandong Province. The gasifier was completed in 
1991, and has replaced an obsolete coal gasification facility with the more efficient Texaco process. 

Project Cost: Not Disclosed
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MILD GASIFICATION PROCESS DEMONSTRATION UNIT - Coal Technology Corporation and United States Department of 
Energy (DOE) (C-370) 

Since the mid-1980s, Coal Technology Corporation (CrC), formerly UCC Research Corporation, has been investigating the 
pyrolysis of coal under sponsorship of DOE's Morgantown Energy Technology Center. This work initially was the development of 
a batch process demonstration unit having a coal feed capacity of 120 pounds per batch. The process produced coal liquids to be 
used for motor fuels and char to be potentially used for blast furnace coke and offgas. 

In January 1988, DOE and Cit cost shared a $3,300,000 three-year program to develop a process demonstration unit for the 
pyrolysis of 1,000 pounds/hour of coal by a continuous process. This work involved a literature search to seek the best possible 
process; and then after small scale work, a proprietary process was designed and constructed. The unit began operating in 
February 1991. Test runs have been made with seven different caking bituminous coats and no major differences in coke making 
were observed. 

In the Cit mild gasification process, coal is heated from ambient temperature to around 400°F in the first heat zone of the reac-
tor, and then to 800 to 900°F in the second heat zone. Lump char discharged from the reactor is cooled in a water jacketed auger 
to 300°F. At present, the char is stored, but in an integrated facility, the cooled char would then be crushed, mixed with binder 
material and briquetted in preparation for conversion to coke in a continuous rotary hearth coker. The moisture and volatile 
hydrocarbons produced in the reactor are recovered and separated in scrubber/condensers into noncondensibles gases and liquids. 

The coal liquid and coke (CLC) mild gasification technology to be demonstrated involves the production of two products from 
bituminous caking type coals: coal liquids for further refining into transportation fuels, and formS coke for foundry and blast fur-
nace application in the steel industry. The CLC process will continuously produce blast furnace quality coke within a 2-hour dura-
tion in a completely enclosed system. The coat liquids will be recovered at less than 1,000°F for further refining into transportation 
fuel blend stock. 

The processing involves feeding coal into three of Cit's proprietary mild gasification retort reactors operating at about 1,000°F to 
extract the liquids from the coal and produce a devolatized char. The hot char is fed directly into a hot briquette system along with 
additional coking coal to form what is called green briquettes. The green briquettes will directly feed into the specially designed 
rotary hearth continuous coking process for final calcining at 2,000°F to produce blast furnace formed coke. The small amount of 
uncondensed gases will be recirculated back through the system to provide a balanced heat source for the mild gasification retorts 
and the rotary hearth coking process. A total of 1,420 tons of coal per day will be used in the demonstration phase of this plant. 

Three companies in Virginia have agreed to cosponsor this project as equity participants: Norfolk Southern Corporation, Coal 
Technology Corporation, and Rapoca Energy Company. The project was submitted to DOE under the Clean Coal Technology 
Program Round 4, but was not selected for funding. 

Wise County Industrial Park was selected as the primary site for this plant. The 32 acre site is adjacent to massive high quality coal 
reserves and the Norfolk Southern rail system now extends to the site. Wise County has agreed to donate the leveled site as an in-
centive for the location of this plant in their county. The Virginia Coalfield Economic Development Authority has agreed to 
provide various financial incentives to locate the plant in this area of Virginia. 

American Electric Power of Lancaster, Ohio is initiating a pilot program at its subsidiary, Appalachain Power in Abington, Vir-
ginia, to test liquid coal fuel in part of its vehicle fleet. The program will test petroleum fuel with 10 percent liquid coal fuel added. 

Some experimental tests of char for steel making in a full scale electric arc furnace were scheduled for late 1991. Char from the 
continuous mild gasification process will be used. 

Project Cost: $1245 million for the process demonstration plant 

MILD GASIFICATION OF WESTERN COAL DEMONSTRATION - AMAX, Western Research Institute (C-372) 

AMAX is planning a 1,000 ton per day mild gasification commercial demonstration plant at its Eagle Butte Mine near Gillette, 
Wyoming. Inclined fluid-bed reactors will be used for drying and mild gasification. Amax is studying ways to best market all of the 
char and liquid products produced. 

The first liquid product, dirty pitch, will be marketed as a binder for carbon anodes used in aluminum production. A lighter frac- 
tion would be sold as chemical feedstock. The oil product will be used as diesel additive to run the heavy mine equipment or to 
spray on dry coal. 

Prefeasibility studies concluded that favorable economics depend upon upgrading the mild gasification chars to a higher value 
product. This is because char has lower volatile matter content and higher ash content than the starting coal. These characteristics 
make char a low value utility fuel. Amax has been developing a char-to-carbon (CTC) process to convert the char to pure carbon 
and activated carbon. Pure carbon is to be used for the manufacture of carbon anodes in aluminum production or sold as carbon 
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black. Its use as a premium fuel for gas turbines and heat engines offers the largest long-term market. The waste streams will be 
incinerated in an atmospheric fluidized-bed combustor which, in addition to supplying process heat, will produce electric power for 
export. 

A 100 pound per hour inclined fluid bed mild gasification process research unit has been operating at Western Research Institute 
since January 1990. A 50 pound per hour CrC process demonstration unit was started up at Amax Research and Development in 
Golden, Colorado in 1990. A proposal was submitted to the U.S. Department of Energy in 1990 for design, construction, operation 
and evaluation of 20 ton per day integrated process development unit at Golden. 

MONASII FIYDROLIQUEFACFION PROJECT - Coal Corporation of Victoria and Monash University (C-380) 

The Chemistry, Chemical Engineering, and Physics Departments at Monash University at Clayton, Victoria are conducting a major 
investigation into the structure and hydroliquefaction of Victorian brown coal. Batch autoclave and other studies are being con-
ducted. 

The work is largely supported by the Coal Corporation of Victoria and NERDDC. 

Earlier studies on the hydroliquefaction of brown coal have led to a more detailed study of its structure and reactivity and are 
based on extensive collaborations with a number of other laboratories in Australia. These led to the proposal of a guest/host 
model for brown coal which more recent results suggests may represent an oversimplification of coal structure. The nature of the 
bonding, chemical and/or physical, by which aliphatic material is retained in the lignocellulosic polymer has yet to be defined. 

The use of sodium aluminate as a promoter for the reaction of brown coal with carbon monoxide and water, leading to high yields 
of low molecular weight products under relatively mild conditions without the use of a recycle solvent, has been established. Some 
success has been achieved in characterizing the aluminum species responsible for promoting these reactions but further work is re-
quired. 

Partial oxidation of brown coal is thought to be adventitious for hydroliquefaction, particularly in the carbon 
monoxide/water/aluminate system. 

A wide range of collaborative projects are currently in progress. Investigations are underway into the isolation and characterization 
of potentially useful products which can be extracted from brown coal. 

Project Cost: $2.0 million (Australian) since commencement 

MONGOLIAN ENERGY CENTER - People's Republic of China (C-390) 

One of China's largest energy and chemical materials centers is under construction in the southwestern part of Inner Mongolia. 
The first-phase construction of the Jungar Coal Mine, China's potential largest open-pit coal mine with a reserve of 25.9 billion 
tons, is in full swing and will have an annual capacity of 15 million tons by 1995. 

The lb Je League (Prefecture) authorities have made a comprehensive development plan including a 1.1 billion yuan complex which 
will use coat to produce chemical fertilizers. A Japanese company has completed a feasibility report. 

The region may be China's most important center of the coal-chemical industry and the ceramic industry in the next century. 

MRS COAL 1-JYDROGENATOR PROCESS PROJECT - British Gas plc and Osaka Gas Company Ltd. (C-400) 

Work is being carried out jointly by British Gas plc and the Osaka Gas Company Ltd. of Japan, to produce methane and valuable 
liquid hydrocarbon coproducts by the direct thermal reaction of hydrogen with coal. A novel reactor, the MRS (for Midlands 
Research Station) coal hydrogenator incorporating internal gas recirculation in an entrained flow system has been developed to 
provide a means of carrying out the process without the problems of coal agglomeration, having to deal with excessive coal tines, or 
excessive hydrogenation gas preheat as found in earlier work. 

A 200 kilogram per hour pilot plant was built to prove the reactor concept and to determine the overall process economics. The 
process uses an entrained flow reactor with internal gas recirculation based on the Gas Recycle 1-lydrogenator (GRI-1) reactor that 
British Gas developed to full commercial application for oil gasification. 

Following commissioning of the plant in October 1987, a test program designed to establish the operability of the reactor and to 
obtain process data was successfully completed. An Engineering and Costing Study of the commercial process concept confirmed 
overall technical feasibility and exceptionally high overall efficiency giving attractive economics. 
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In December 1988, the sponsors went ahead with the second stage of the joint research program to carry out a further two year 
development program of runs at more extended conditions and to expand the pilot plant facilities to enable more advanced testing 
to be carried out. 

Through 1989, performance tests have been conducted at over 43 different operating conditions. Four different coals have been 
tested, and a total of 10 tonnes have been gasified at temperatures of between 780 degrees centigrade and 1,000 degrees centigrade. 
The initial plant design only allowed tests of up to a few hours duration to be carried out. The plant was modified in early 1990 to 
provide continuous feeding of powdered coal and continuous cooling and discharge of the char byproduct and was operated in this 
mode starting in the second half of 1990. 

Project Cost: 	 Phase I	 $16 million 
Phase II	 $7.4 million 

NEDO 10CC DEMONSTRATION PROJECT - New Energy and Industrial Technology Development Organization (NEDO) (C-408) 

NEDO is studying integrated gasification combined cycle technology as part of a national energy program called the Sunshine 
Project. A 200 ton per day pilot plant has been constructed at the Nakoso power station site in Iwaki City, Fukushima Prefecture. 
The pilot began operating in March 1991. 

The plant, which is designed to produce 42,900 cubic meters of synthetic gas per hour, is expected to operate for about 3 years 
using four different kinds of coal. The gasifier is an air blown, two stage entrained flow type with a thy-feeding system. 

NEDO's goal is to develop a 250 megawatt demonstration plant by the year 2000 that has a net thermal efficiency greater than 
43 percent and better operability than existing pulverized coal-fired plants. In order to obtain this goal, the development of the 
entrained flow gasification pilot plant will be followed by a fluidized bed gasification pilot plant. 

NI3DOL BITUMINOUS COAL LIQUEFACTION PROCESS - New Energy Development Organization (NEDO) (C-410) 

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 commercialization of coal liquefaction and gasification tech-
nology. NEDO plans a continuing high level of investment for coal liquefaction R&D, involving two large pilot plants. The con-
struction of a 50 tons per day brown coal liquefaction plant was completed in December 1986 in Australia, and a 150 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 most 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 (PDU5) 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, so 
called NEDOL Process, and NEDO has intended to construct a 150 tons per day pilot plant. 

In the proposed pilot plant, bituminous coal will be liquefied in the presence of activated iron catalysis. Synthetic iron sulfide or 
iron dust will be used as catalysts. The heavy fraction (-538 degrees C) from the vacuum tower will be hydrotreated at about 
350 degrees 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. 

Detailed design of the new pilot plant has been completed. It is expected that the pilot plant will start operation in 1991. In 1988, 
five different coals were processed in the bench scale unit with encouraging results. 

Project Cost: 100 billion yen, not including the three existing PDU 

P-C!G PROCESS - Interproject Service AR (Sweden) and Nippon Steel Corporation, Japan (C455) 

The Pressurized-Coal Iron Gasification process (P-CICl) is based on the injection of pulverized coal and oxygen into an iron melt at 
overatmospheric pressure. The development started at the Royal Institute of Technology in Stockholm in the beginning of the 
1970s with the nonpressurized 00 Process. Over the years work had been done on ironmaking, coal gasification and ferroalloy 
production in laboratory and pilot plant scale. 

In 1984, Interproject Service AB of Sweden and Nippon Steel Corporation of Japan signed an agreement to develop the P-CIG 
Process in pilot plant scale. The pilot plant system was built at the Metallurgical Research Station in Lulea, Sweden. The P-CIG 
Process utilizes the bottom blowing process for injection of coal and oxygen in the iron melt. The first tests started in 1985 and 
several test campaigns were carried out through 1986. The results were then used for the design of a demonstration plant with a 
gasification capacity of 500 tons of coal per day.
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According to project sponsors, the P-CIG Process is highly suitable for integration with combined cycle electric power generation. 
This application might be of special interest for the future in Sweden. 

For the 500 tons of coal per day demonstration plant design, the gasification system consisted of a reactor with a charge weight of 
40 tons of iron. Twenty-two tons of raw coal per hour would be crushed, dried and mixed with five tons of flux and injected 
together with 9,000 cubic meters of oxygen gas. 

PI3TC GENERIC COAL LIQUEFACTION PLANT'S—United States Department of Energy (DOE), M.W. Kellogg Company (C457) 

DOE's Pittsburgh Energy Technology Center (PETC) has awarded Kellogg a contract to engineer, fabricate, install and commis-
sion three generic pilot plants to be installed at the center. The plants, which will be skid mounted, include direct coal liquefaction, 
indirect coal liquefaction, and product upgrading units. These pilot plants will be used by PETC to test new concepts for improving 
these processes and will allow testing of new processes and catalysts by outside contractors who do not have facilities for such test-
ing. The facilities are scheduled to be completed by mid-1993. 

PINON PINE IGCC POWERPLAN'r— Sierra Pacific Power Company (C-458) 

Sierra Pacific Power Company is planning to build an 80 MW integrated gasification combined cycle plant at its Tracy Powerplant 
site, east of Reno, Nevada. The plant will incorporate an air-blown KRW fluidized bed gasifier producing a low-BTU gas for the 
combined cycle powerplant. The demonstration project will have a heat rate of 9,500 BTU/kWh. - 

Dried and crushed coal is introduced into a pressurized, air-blown, fluidized-bed gasifier through a lockhopper system. The bed is 
fluidized by the injection of air and steam through special nozzles into the combustion zone. Crushed limestone is added to the 
gasifier to capture a portion of the sulfur introduced with the coal as well as to inhibit conversion of fuel nitrogen to ammonia. The 
sulfur reacts with the limestone to form calcium sulfide which, after oxidation, exits along with the coal ash in the form of ag-
glomerated particles suitable for landfill. 

Hot, low-BTU coal gas leaving the gasifier passes through cyclones which return most of the entrained particulate matter to the 
gasifier. The gas, which leaves 

the gasifier at about 1,700°F, is cooled to 1,050°F before entering the hot gas cleanup system. 
During cleanup, virtually all of the remaining particulates are removed by ceramic candle filters, and final traces of sulfur are 
removed in a fixed bed of zinc ferrite sorbent. 

In the demonstration project, a nominal 800 tons per day of coal is converted into 86 megawatts; support facilities for the plant it-
quire 6 megawatts, leaving 80 megawatts for export to the grid. The project will be designed to run on Western subbituminous coal 
from Utah; operation with higher sulfur and lower rank coats also is being considered. 

The U.S. Department of Energy (DOE) has agreed to fund half of the $270 million project cost. The project is funded by DOE 
through the Clean Coal Technology Program, Round 4. Sierra Pacific Power will fund the remaining 50 percent. 

Foster Wheeler USA Corp. has been contracted to provide design, engineering, construction, manufacturing and environmental 
services for the project. 

After the permitting process, construction of the plant could begin in 1993. Completion is estimated for 1996-1997. 

Project Cost:	 $270 million 

POLISH DIRECT LIQUEFACTION PROCESS - Coal Conversion Institute, Poland (C-460) 

In 1975, Polish research on efficient coal liquefaction technology was advanced to a rank of Government Program PR-1 'Complex 
Coal Processing,' and in 1986 to a Central Research and Development Program under the same title. The leading and coordinating 
unit for the coal liquefaction research has been the Coal Conversion Institute, part of the Central Mining institute. 

Initial work was concentrated on the two-stage extraction method of coal liquefaction. The investigations were carried out up to 
the bench scale unit (120 kilograms of coal per day). The next step—tests on a Process Development Unit (PDU)—met serious 
problems with the mechanical separation of solids (unreacted coal and ash) from the coal extract, and continuous operation was 
not achieved. In the early eighties a decision was made to start investigations on direct coal hydrogenation under medium pressure. 

Investigations of the new technology were first carried out on a bench-scale unit of five kilograms of coal per hour. The coal con-
version and liquid products yields obtained as well as the operational reliability of the unit made it possible to design and construct 
a PDU scaled for two tonnes of coat per day. 

The construction of the direct hydrogenation PDU at the Central Mining Institute was finished in the middle of 1986. In Novem-
ber 1986 the first 

integrated run of the entire unit was carried out.
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The significant, original feature of this direct, non-catalytic, middle-pressure coal hydrogenation process is the recycle of part of the 
heavy product from the hot separator through the preheater to the reaction zone without pressure release. Thanks to that, a good 
distribution of residence times for different fractions of products is obtained, the proper hydrodynamics of a three-phase reactor is 
provided and the content of mineral matter (which acts as a catalyst) in the reactants is increased. From 1987 systematic tests on 
low rank coal type 31 have been carried out, with over 100 tons of coal processed in steady-state parameters. 

The results from the operation of the FDU will be used in the design of a pilot plant with a capacity of 200 tonnes coal per day. 

PRENFLO GASIFICATION PILOT PLANT - Krupp Koppers GmbH (KK) (0470) 

Knipp Koppers (KK) of Essen, West Germany (in United States known under the name of GKT Gesellschaft fuer Kohie-
Technologie) are presently operating a 48 ton per day demonstration plant and designing a 2,400 ton per day module for the 
PRENFLO process. The PRENFLO process is KK's pressurized version of the Koppers-Totzek (Kr) flow gasifier. Detailed en-
gineering has been completed for a 1,200 ton per day module. 

In 1973, KK started experiments using a pilot KT gasifier with elevated pressure. In 1974, an agreement was signed between Shell 
Internationale Petroleum Maatschappij BV and KK for a cooperation in the development of the pressurized version of the 1(1' 
process. A demonstration plant with a throughput of 150 tons per day bituminous coal and an operating pressure of 435 psia was 
built and operated for a period of 30 months. After completion of the test program, Shell and KK agreed to continue further 
development separately, with each partner having access to the data gained up to that date. KK's work has led to the PRENFLO 
process. 

Krupp Koppers has decided to continue development with a test facility of 48 tons per day coal throughput at an operating pressure 
of 30 bar. The plant is located at Fuerstenhausen, West Germany. In over 8,000 hours of test operation nine different fuels with 
ash contents of up to 40 percent were successfully used. All fuels used are converted to more than 98 percent, and in the case of fly 
ash recycled to more than 993 percent. 

Project Cost: Not disclosed 

PRESSURIZED FLUID BED COMBUSTION ADVANCED CONCEPTS - M. W. Kellogg Company (0473) 

In September of 1988, Kellogg was awarded a contract by the DOE to study the application of transport mode gasification and 
combustion of coal in an Advanced Hybrid power cycle. The study was completed in 1990 and demonstrated that the cycle can 
reduce the cost of electricity by 20-30 percent (compared to a PC/FGD system) and raise plant efficiency to 45 percent or more. 

The Hybrid system combines the advantages of a pressurized coal gasifier and a pressurized combustor which are used to drive a 
high efficiency gas turbine generator to produce electricity. The proprietary Kellogg system processes pulverized coal and lime-
stone and relies on high velocity transport reactors to achieve high conversion and low emissions. 

DOE, in late 1990, awarded a contract to Southern Company Services, Inc. for addition of a [lot Gas Cleanup Test Facility to their 
Wilsonville test facility. The new unit will test particulate removal devices for advanced combined cycle systems and Kellogg's 
Transport gasifier and combustor technology will be used to produce the fuel gas and flue gas for the testing program. The reactor 
system is expected to process up to 48 tons per day of coal. [See Hot Gas Cleanup Process (0-257)). 

Kellogg has built a bench scale test unit to verify the kinetic data for the transport reactor system and is currently conducting tests 
in both gasification and combustion modes. Initial test results in both modes have verified the concept, supporting the thesis that 
reactors designed to process pulverized coal can achieve commercial conversion levels while operating at high velocities and short 
contact times. These data will be used to support the design of the Wilsonville test gas generator. 

The gasifier converts part of the coal to a low-BTU gas that is filtered and sent to the gas turbine. The remaining char is com-
busted and the flue gas is filtered and also goes to the gas turbine. The advantages of the system in addition to high efficiency are 
lower capital cost and greatly reduced SO and NO emissions. 

DOE's Morgantown Energy Technology Center has awarded Kellogg a contract for experimental studies to investigate in-situ 
desulfurization with calcium-based sosbents. The testing, which will be conducted at Kellogg's Houston Technology Development 
Center, will investigate the effects of the sorbents on sulfur capture kinetics and carbon conversion kinetics, and the mechanism for 
conversion of calcium sulfide to calcium sulfate in second generation (hybrid) pressurized fluid bed combustion systems. 

DOE has also approved the design, fabrication, installation and operation of a Process Development Unit (PDU) based upon 
Kellogg's Transport gasification process at the University of North Dakota, Energy and Environmental Research Center. The unit 
will process 13 tons per day of pulverized bituminous coal.
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PUI3RTOLLANO 10CC DEMONSTRATION PLANT- Empresa Nacional de Electricidad, S.A. (ENDESA) (C476) 

The Spanish utility company ENDESA together with EDF/France, IBERDItOLA/Spain, ilidroelectrica del Cantabrico/Spain, 
SEVILLANA/Spain, ENEL/Italy, and EDP/Portugal are involved in the Puertollano project. The project also has the European 
Economic Commission support, under the Thermic Program. 

The proposed project has a capacity of approximately 300 MWe, which is influenced by the type of gas turbine selected (Siemens or 
Alsthom). The PRENFLO gasification technology has been chosen for the gasifier. 

The plant configuration is single-train throughout. Using oxygen and steam, about 100 tons of coal per hour will be gasified. The 
required oxygen, approximately 90 tons per hour, will be produced in a single-train air separation unit. The resulting coal gas will 
be dedusted, desulfurized and saturated in a single-train configuration and then combusted in a single combustion turbine. 

A 50150 mixture of Puertollano coal and petroleum coke from the Puertollano Petroleum Refinery is intended to be the main 
feedstock for this project. Coals from England, Spain, France, the United States, China, Austria, Columbia, Germany, Poland and 
South Africa will also be tested over the 3-year demonstration period. 

SO Emission values of 10 mg/m3n and NO values of 60 mg/m 3n are expected in the exhaust gas (based on 15 volume percent 
oxygen). 

Civil work is scheduled to begin in November 1992 with construction of the combined cycle components completed by December 
1994. The gasification island is scheduled to be completed by December 1995, and commissioning with coal gas would take place in 
January 1996. The demonstration period, then, would be from 1996 to 1998. 

RIIEINBRAUN HIGH-TEMPERATURE WINKLER PROJECT - Rheinische Braunkohlenwerlce AG, Uhde GmbH, Lurgi 
GmbH, German Federal Ministry for Research & Technology (C-ISO) 

Rbeinbraun and Uhde have been cooperating since 1975 on development of the High-Temperature Winkler fluidized bed gasifica-
tion process. In 1990 Lurgi joined the commercialization effort. 

Based on operational experience with various coal gasification processes, especially with ambient pressure Winkler gasifiers, 
R.heinische Braunkohlenwerke AG (Rheinbraun) in the 1960s decided to develop pressurized fluidized bed gasification, the High-
Temperature Winkler (I-nW) process. The engineering contractor for this process is Uhde GmbH. 

The development was started at the lnstitut fur Eisenhuttenkunde of Aachen Technical University in an ambient pressure process 
development unit (PDU) of about 50 kilograms per hour coal throughput. 

Based on the results of pre-tests with this PDU a pilot plant operating at pressure of 10 bar was built in July 1978 at the Wachtberg 
plant site near Cologne. Following an expansion in 1980/1981, feed rate was doubled to 1.3 tons per hour dry lignite. By end of 
June 1985 the test program was finished and the plant was shut down. From 1978 until June 1985 about 21,000 tonnes of dried 
brown coal were processed in about 38,000 hours of operation. The specific synthesis gas yield reached 1,580 standard cubic meters 
per tonne of brown coal (MAF) corresponding to 96 percent of the thermodynamically calculated value. At feed rates of about 
1,800 kilograms per hour coal, the synthesis gas output of more than 7,700 standard cubic meters per hour per square meter of 
gasifier area was more than threefold the values of atmospheric Winkler gasifiers. 

After gasification tests with Finnish peat in the l-ITW pilot plant in the spring of 1984 the Kemira Oy Company of Finland decided 
to convert an existing ammonia production plant at Oulu from heavy oil to peat gasification according to the HTW process. The 
plant was designed to gasify approximately 650 tons per day of peat at 10 bar and process it to 280 tons per day of ammonia. This 
plant started up in 1988 and is operating successfully. 

Rheinbraun constructed a 30 ton per hour demonstration plant for the production of 300 million cubic meters of syngas per year. 
All engineering for gasifier and gas after-treatment including water scrubber, shift conversion, gas clean up and sulfur recovery was 
performed by Uhde; Linde AG is contractor for the Rectisol gas cleanup. The synthesis gas produced at the site of Rheinbraun's 
Ville/Berrenrath briquetting plant is pipelined to DEA-Union Kraftstoff for methanol production testing periods. From startup 
in January 1986 until the end of October 1991 about 755,000 tonnes of dried brown coal, especially high ash containing steam coal, 
were processed in about 31,900 hours of operation. During this time, about 996 million cubic meters of synthesis gas were 
produced. 

A new pilot plant, called HTW-pressurized plant, for pressures up to 25 bar and throughputs up to 63 bones per hour was erected 
on the site of the former pilot plant of hydrogasification and started up in November 1989. From mid-November 1989 to early July 
1990, the plant was operated at pressures between 10 and 25 bar, using oxygen as the gasifying agent. Significant features of the 
25 bar gasification are the high specific coal throughput and, consequently, the high specific fuel gas flow of almost 100 MW per 
square meter. In mid-1990, the 25 bar HTW plant was modified to permit tests using air as the gasifying agent. Until the end of 
October 1991 the plant was operated for 7,515 hours at pressures of up to 25 bar, oxygen blown as well as air blown. Under all test 
and operating conditions gasification was uniform and trouble free.
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Typical results obtained are: up to 95 percent coal conversion, over 70 percent cold-gas efficiency and 50 MWtb specific foci gas 
flow per square meter air blown and 79 percent cold-gas efficiency and 105 MW specific fuel gas flow per square meter oxygen 
blown.	 I 

This work is performed in close co-ordination with Rheinbraun's parent company, the Rheinisch.Westfalisches Elektrizitatswerk 
(aWE), which operates power stations of a capacity of some 9,300 megawatts on the basis of lignite. Since this generating capacity 
will have to be renewed after the turn of the century, it is intended to develop the 10CC technology so as to have a process avail-
able for the new powerplants. Based on the results of these tests and on the operating experience gained with the HTW pres-
surized plant, a demonstration plant for integrated 1-FEW gasification combined cycle (HTW-IGCC) power generation is planned 
which will go on stream in 1995 and will have a capacity of 300 MW of electric power. See KOBRA HTW-IGCC Project (C.294). 

Project Cost: Not disclosed 

SASOL - Saw[ Limited (C-490) 

Sasol Limited is the holding company of the multi divisional Sasol Group of Companies. Saw] is a world leader in the commercial 
production of coal based synthetic fuels. The Symbol oil-from-coal process was developed by Saw] in South Africa in the course of 
more than 30 years. A unique process in the field, its commercial-scale viability has been fully proven and its economic viability 
conclusively demonstrated. 

The first Saw] plant was established in Sasolburg in the early fifties. The much larger Saw] Two and Three plants, at Secunda-
situated on the Eastern Highveld of Transvaal, came on-stream in 1980 and 1982, respectively. 

The two Secunda plants are virtually identical and both are much larger than Sasol One, which served as their prototype. Enor-
mous quantities of feedstock are produced at these plants. At full production, their daily consumption of coal is almost 
100,000 tons, of oxygen, 26,000 tons; and of water, 160 megaliters. Sasol's facilities at Seconds for the production of oxygen are by 
far the largest in the world. 

Facilities at the fuel plants include boiler houses, Lurgi gasifiers, oxygen plants, Rectisol gas purification units, synthol reactors, gas 
reformers and refineries. Hydrocarbon synthesis takes place by means of the Sasol developed Synthol process. 

The products of Sasol Two and Three, other than liquid fuels, include ethylene, alcohols, acetone, methyl ethyl ketone, pitch, tar 
acids, and sulfur, produced for Sasol's Chemical Division, ammonia for the group's Fertilizer and Explosives Divisions, and 
propylene for the Polypropylene Division. The primary fuels produced by Saw] at Secunda are probably among the most environ-
mentally acceptable in the world. The gasoline that is produced has zero sulfur content, is low in aromatics and the level of 
oxygenates means a relatively high octane number. An oxygenate-containing fuel, as a result of the lower combustion temperature, 
results in a generally lower level of reactive exhaust constituents. 

The blending of synthetic gasoline with alcohols (ethanol as well as high fuel alcohols) presented a particular challenge to Saw]. 
Sasol erected research and development facilities to optimize and characterize fuel additives. Whereas carburetor corrosion with 
alcohol-containing gasoline occurs with certain alloys used for carburetors, Sasol has now developed its own package of additives to 
the point where a formal guarantee is issued to clients who use Sasol fuel. 

The diesel fuel is a zero sulfur fuel with a high cetane number and a paraffin content that will result in a lower particulate emission 
level than normal refinery fuel. 

Sasol's Mining Division manages the six Sasol-owned collieries, which have an annual production in excess of 43 million tons of 
coal. The collieries comprised of the four Secunda Collieries (including the new open cast mine, Syferfontein), which form the 
largest single underground coal mining complex in the world, and the Sigma Colliery in Sasolburg. 

A technology company, Sastech, is responsible for the Group's entire research and development program, process design, engineer-
ing, project management, and transfer of technology. 

Saw[ approved in 1990 six new projects costing $451 million as part of an overall $1.1 billion program over the next five years. The 
first three projects are scheduled for completion by January 1993. 

Sasol has increased its production of ethylene by 60,000 tons per year, to a current level of 400,000 tons per year, by expanding its 
ethylene recovery plant at Secunda. 

The company's total wax producing capacity will be doubled from its current level of 64,000 tons per year to 123,000 tons per year 

The 70,000 ton per year Saw] One ammonia plant is to be replaced by a 240,000 ton per year plant, which is expected to supply 
South Africa's current ammonia supply shortfall.
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A new facility is 10 be built as Sasol One to manufacture paraffinic products for detergents. The other three newly approved 
projects, which will be located at Sasol's Seconds facilities, are: 

-	 An n-butanol plant to recover acetaldehyde from the Seconds facilities and to produce 17,500 tons per year of n-butanol is 
being built. The plant is expected to come on stream in January 1992. 

- Sasol will construct a delayed coker to produce green coke, and a calciner to calcinate the green coke to anode coke and 
needle coke. The anode coke is suitable for use in the aluminum smelting industry. They are scheduled to be in production 
by March 1993. 

-	 A flexible plant to recover 100,000 tons per year of 1-hexane or 1-pentone will be built to come online in January 1994. 

-	 Krypton and xenon gases will be recovered from the Secunda oxygen units. 

A major renewal project at Sasol One includes an expansion of the fixed bed Fischer-Tropsch plant. The renewal also includes 
shutting down much of the synthetic fuels capability at this plant. 

Project Cost: SASOL TWO $2.9 Billion 
SASOL Three $3.8 Billion 

At exchange rates ruling at construction 

SCOTIA COAL SYNFUELS PROJECT - DEVCO; Alastair Gillespie & Associates Limited; Gulf Canada Products Company 
NOVA; Nova Scotia Resources Limited; and Petro-Canada (C-S®) 

The consortium conducted a feasibility study of a coal liquefaction plant in Cape Breton, Nova Scotia using local coal to produce 
gasoline and diesel fuel. The plant would be built either in the area of the Point Tupper Refinery or near the coal mines. The 
25,000 barrels per day production goal would require approximately 23 million tonnes of coal per year. A contract was completed 
with Chevron Research Inc. to test the coals in their two-stage direct liquefaction process (CCLP). A feasibility report was com-
pleted and financeability options discussed with governments concerned and other parties. 

Scotia Synfuels Limited has been incorporated to carry on the work of the consortium. Scotia Synfuels has down-sized the project 
to 12,500 barrels per day based on a coprocessing concept and purchased the Point Tupper site from Ultramar Canada Inc. Recent 
developments in co-processing technology have reduced the capital cost estimates to US$375 million. Net  operating costs are es-
timated at less than US$20 per barrel. 

In late 1988 Hydrocarbon Research Inc. (HRI) was commissioned by Scotia Synfuel Ltd. to perform microautoclave and bench 
scale tests to demonstrate the feasibility of their co-processing technology using Harbour seam coal and several oil feedstocks. In 
early 1989, Bantrel Inc. (a Canadian engineering firm affiliated with Bechtel Inc.), was commissioned to develop a preliminary 
process design. 

Scotia Synfuets and partners have concluded an agreement with the Nova Scotia government supported by the federal government 
for financial assistance on a $23 million coprocessing feasibility study. The study was completed in 1990. 

Based on the test program results, material and energy balances were developed for a commercial facility. An economic model was 
developed to analyze a number of options. The model incorporated government investment support programs available in eastern 
Canada. The primary incentives were investment tax credits and loan financing. 

Discussions on project financing continued in 1991 with the governments of Canada and Nova Scotia and private corporations. 

Project Cost: 	 Approximately $23 million for the feasibility study 
Approximately C$500 million for the plant 

SEP 10CC POWERPLANF - Demkolec B.V. (SEP) (C-520) 

In 1989, Demkolec, a wholly owned subsidiary of Samenwerkende Elektriciteits-Produktiebedrijven (SEP) the Central Dutch 
electricity generating board, started to build a 253 megawatt integrated coal gasification combined cycle (10CC) powerplant, to be 
ready in 1993. 

SEP gave Comprimo Engineering Consultants in Amsterdam an order to study the gasification technologies of Shell, Texaco and 
British Gas/Lurgi. In April 1989 it was announced that the Shell process had been chosen. The location of the coal 
gasification/combined cycle demonstration station is Buggenum, in the province of Limburg, The Netherlands. 
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The coal gasification facility will employ a single 2,000 ton per day gasifier designed on the basis of Shell technolocv. The clean gas 
will fuel a single shaft Siemens V94.2 gas turbine (156 MWe) coupled with steam turbine (128 MWe) and generator. The 
gasification plant will be fully integrated with the combined cycle plant, including the boiler feed water and steam systems; addition-
ally the compressed air for the air separation plant will be provided as a bleed stream from the compressor of the gas turbine. The 
design heat rate on internationally traded Australian coal (Drayton) is 8,240 BTU/kWh based on coal higher heating value (HHV). 

Environmental permits based on NO emissions of 0.17 Ib/MMBTU and SO 2 emissions of 0.06 Ib/MMBTU were obtained in April 
1990. Construction began in July I99) and start of operation is scheduled for September 1993. When operation begins, the Dem-
kolec plant will be the largest coal gasification combined cycle powerplant in the world. 

After three years of demonstration (1994 to 1996), the plant will be handed over to the Electricity Generating Company of South 
Netherlands (N.V. EPZ). 

Project Cost: Dfl. 880 million (1989) 

SHANGHAI CHEMICALS FROM COAL PLAN!' - People's Republic of China (C-525) 

The Chinese government has approved construction of a new methanol complex. Using coal as raw material, the Shanghai-based 
plant is expected to produce 100,000 tons per year of methanol and 15,000 tons per year of acetate fiber. Completion is due in 
1992. 

SI-IOUOANG COAL GASIFICATION PROJECT - People's Republic of China (C-527) 

The Shougang plant will gasify 1,170 tons per day of Chinese anthracite using the Texaco coal gasification process. The gasification 
plant will produce fuel gas for an existing steel mill and town gas. The detailed design is being completed and equipment fabrica-
tion is underway. The plant is expected to be operational in late 1992. 

SLAGGING GASIFIER PROJECT - British Gas Corporation (C-MO) 

The British Gas Corporation (HOC) constructed a prototype high pressure slagging fixed bed gasifier in 1974 at Westfield, Scot-
land. (This gasifier has a 6 foot diameter and a throughput of 300 tons per day.) The plant successfully operated on a wide range 
of British and American coals, including strongly caking and highly swelling coals. The ability to use a considerable proportion of 
fine coal in the feed to the top of the gasifier has been demonstrated as well as the injection of further quantities of fine coal 
through the tuyeres into the base of the gasifier. Byproduct hydrocarbon oils and tars can be recycled and gasified to extinction. 
The coal is gasified in steam and oxygen. The slag produced is removed from the gasifier in the form of granular frit. Gasification 
is substantially complete with a high thermal efficiency. A long term proving run on the gasifier has been carried out successfully 
between 1975 and 1983. Total operating time was over one year and over 100,000 tons of coal were gasified. 

A new phase, started in November 1984, is the demonstration of a 500 ton per day (equivalent to 70 megawatts) gasifier with a 
nominal inside diameter of 73 feet. Integrated combined cycle tests will be carried out with an SK 30 Rolls Royce Olympus turbine 
to generate power for the grid. The turbine is supplied with product gas from the plant. It has a combustor temperature of 
1,950°F, a compression ratio of 10, and a thermal efficiency of 31 percent. By 1989 this gasifier had operated for approximately 
1,300 hours and has gasified over 26,000 tons of British and American (Pittsburgh No.8 and Illinois No. 6) coals. 

Progressive development of the gasifier components has continued. The two main items of attention have been the stirrer at the 
top of the fuel bed and the distribution of steam and oxygen at the bottom of the fuel bed. 

In addition to the current 500 ton per day gasifier, an experimental gasifier designed to operate in the fixed bed slagger mode at 
pressure up to 70 atmospheres was constructed in 1988. It is designed for a throughput of 200 tons per day. The unit is to be used 
to study the effect of pressure on methane production and gasifier performance. 

Project Cost: Not available 

SOI.TFI-I AUSTRALIAN COAL GASIFICATION PROJECT - Government of South Australia (C-550) 

The South Australian Government is continuing to assess the feasibility of building a coal gasification plant utilizing the low rank 
brown coal of the Northern St. Vincent Basin deposits, north of Adelaide. The plant being studied would be integrated with two 
300 MW combined cycle power station modules and is one possible option for meeting additional power station capacity require-
ments in the mid- 1990s.
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Coal has been tested in a number of processes including the Sumitomo CGS (molten iron bath), Westinghouse, Shell-Koppers and 
Texaco, and studies are continuing in conjunction with Sumitomo, Uhde-Steag, and Krupp-Koppers. heads of Agreement were 
signed with a consortium headed by Uhde Gmbll to test coal from the Bowmans deposit in the Rheinbraun IITW gasifier and per-
form a detailed design and feasibility study for a 600 MW gasification combined cycle power station. Ten tonnes of Bowinans coal 
were satisfactorily gasified in the small scale Process Development Unit at Aachen, FRG, in August 1985, and a further 500 tonnes 
were tested in the 40 ton per day Rheinbraun pilot plant at Frechen-Wachtbcrg, PRO in December 1986. 

The third phase, the detailed costing and feasibility study, was deferred indefinitely in 1988 due to deferred need for new electric 
capacity with significantly reduced electricity load growth. 

Project Cat: DM 75 million 

SYNTHESEGASANLAGE RUHR (SAR) - Ruhrkohle Oel and Gas GmbH and Hoechst AG (C-560) 

Based on the results of the pressurized coal-dust gasification pilot plant using the Texaco process, which has been in operation 
from 1978 to 1985, the industrial gasification plant Synthesegasanlage Ruhr has been completed on Ruhrchemie's site at 
Oberha usen-h-lolten. 

The 800 tons per day coal gasification plant has been in operation since August 1986. The coal gases produced have the quality to 
be fed into the Ruhrchemie's oxosynthesis plants. The gasification plant has been modified to allow for input of either hard coal or 
heavy oil residues. The initial investment was subsidized by the Federal Minister of Economics of the Federal Republic of Ger-
many. The Minister of Economics, Small Business and Technology of the State of North-Rhine Westphalia participates in the coal 
costs. 

Project Costs: DM220 million (Investment) 

TAMPELLA 10CC PROCESS DEMONSTRATION - Tampella Power (C-565) 

After having obtained the rights to the Institute of Gas Technology's fluidized bed gasification technology in 1989, Tampclla Keeler 
began to design and initiate construction of a 10 MW thermal pilot plant at their research facilities in Tampere, Finland. The pilot 
plant is considered essential for determining operating parameters for specific coals and for continuing process development in the 
areas of in-gasifier sulfur capture and hot gas cleanup. The pilot plant will be operational in early 1991. 

The pilot plant is designed so that alternative hot gas filters and zinc ferrite absorber/regenerator design concepts can be 
evaluated. The gasifier is 66 foot tall, with an inside diameter ranging from 2 to 4 feet. The gasifier will be capable of operating at 
pressures up to 425 psig. 

After the pilot plant construction was underway, Tampella turned its attention towards locating a demonstration project in Finland 
and one in the U.S. A cogeneration project to be located at an existing papermill has been selected as the basis for the demonstra-
tion in Finland. The gasifier will have a capacity of 150 MW thermal which is equal to about 500 tons per day of coal consumption. 
The plant will produce about 60 MW of electricity and about 60 MW equivalent of district heating. 

In September, 1991 Tampella received support from the U.S. Department of Energy (DOE) to build an integrated gasification 
combined-cycle demonstration facility, known as the Toms Creek 10CC Demonstration Project, in Coeburn, Wise County, Virginia 
(see project C-580, below). The Toms Creek Project will utilize Tampella Power's advanced coal gasification technology to 
demonstrate improved efficiency for conversion of coal to electric power while significantly reducing SO  and NO emissions. 

TECO 10CC PLANT - Teco Power Services, U.S. Department of Energy (C-567) 

A 260 MW(e) coal-gas based combustion turbine combined cycle power generating system is planned for Lakeland, Polk County, 
Florida. The plant will include an integrated gasification system providing fuel to a conventional combustion turbine combined 
cycle base load unit. 

The project, originally proposed as a 120 MW independent power project costing $400 million, was to be built on a site outside Tal-
lahassee, Florida near the existing Arvah B. Hopkins Power Station. Public opposition and stalled negotiations with city officials 
forced Tampa Electric to change the location. A nominal 1.900 tons per day of coal will be converted to electricity. High-sulfur Il-
linois Basin coal will be used. 

The integrated gasification combined cycle (10CC) project is being developed by TECO Power Services MS), a subsidiary of 
Tampa Electric. TPS will develop the project under commercial terns and conditions using a United States Department of Energy 
program subsidy to reduce financial risks associated with the coal gasification phase of the plant. 
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The Texaco Gasification Process has been selected for intezration with a combined cycle power block. Startup is expected in 1996. 

Project Cost: 	 $2415 million 

TEXACO COOL WATER PROJECT - Texaco Syngas Inc. and Air Products and Chemicals, Inc. (C-569) 

Original Cool Water participants built a 1,000-1,200 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, was integrated with a General 
Electric combined cycle unit to produce approximately 122 megawatts of gross power. Plant construction, which began in Decem-
ber 1981, was completed on April 30, 1984, within the projected $300 million budget. A 5-year demonstration period was com-
pleted in January 1989. See "Cool Water Project" in the December 1991 issue of the Synthetic Fuels Report, Status of Projects sec-
tion for details of the original completed project. 

Texaco plans to modify and reactivate the existing facilities to demonstrate new activities which include the addition of sewage 
sludge into the coal feedstock, production of methanol, and carbon dioxide recovery. 

Texaco intends to use a new application of Texaco's technology which will allow the Cool Water plant to convert municipal sewage 
sludge to useful energy by mixing it with the coal feedstock. Texaco has demonstrated in pilot runs that sludge can be mixed with 
coal and, under high temperatures and pressures, gasified to produce a clean synthesis gas. The plant will produce no harmful 
byproducts. 

Texaco will participate with Air Products, Chemical Inc. and the Department of Energy (DOE) to demonstrate the production of 
up to 150 TPD of liquid phase methanol (LPMEOI-l) under a U.S. Department of Energy Clean Coal Technology Round 3 award. 
Texaco also plans to recover approximately 200 TPD of liquid CO 2. Texaco has submitted permit applications to the California 
Energy Commission and the U.S. Environmental Protection Agency and has received Federal Energy Regulatory Commission 
designation as a Qualifying Facility Cogenerator. DOE will fund 43 percent of the $213.7 million project cost. 

Acquisition of the plant is conditioned upon finalizing the terms of the purchase agreement and the completion of negotiations with 
utilities for the sale of electricity to be produced. In addition, negotiations will be required with municipalities and other 
governmental entities that produce and handle sewage sludge. 

Upon conclusion of the necessary negotiations, Texaco will invest additional capital in the plant for modifications and additions 
aimed at reopening the facility in late 1993. 

Project Cost:	 $263 million for original Cool Water Coal Gasification Program 
$213.7 million for the commerical demonstration of the liquid-phase methanol process 

TEXACO MONTEBELLO RESEARCH LABORATORY STUDIES - Texaco Inc. (C-571) 

Texaco has a number of on-going coal gasification research and development programs at its Montebello Research Laboratory 
(MRL). MRL is a major pilot-scale process development facility which has been involved in gasification research since 1946. It 
currently has three gasifiers with rated capacities of 15-30 tons per day of coal. These units are also capable of feeding a wide range 
of other solid and liquid fuels. 

MRL serves the dual purpose of doing research and pilot unit testing for the development of the Texaco Gasification Process 
(TGP), and obtaining data required for the design and environmental permitting of commercial plants. In recent years, the 
research emphasis has expanded to include the improved integration of the gasification process with the overall chemical or 
powerplant. This has involved the development of high temperature syngas cleanup technology (jointly funded by the U.S. Depart-
ment of Energy), improved low temperature acid gas removal processes and engineering studies aimed at increasing the efficiency 
and reducing the cost of Texaco gasification based chemical and power generation plants. 

In addition, the research also continues to expand the already wide range of feeds which can be gasified by the TGP. Recent work 
has included oily wastes, Orimulsion, contaminated soil and sewage sludge. 

ThERMOCHEM PULSE COMBUSTION DEMONSTRATION - ThermoChem, Inc., Weyerhauser and U.S. Department of Energy 
(C-Sn)

ThermoChem will demonstrate Manufacturing and Technology Conversion International's (MTCI) pulse combustor in an applica-
tion for steam gasification of coal. This gasification process will produce a medium BTU content fuel gas from subbituminous coal 
at Weyerhauser Paper Company's Containerboard Division mill in Springfield, Oregon. The fuel gas and byproduct steam 
produced by this demonstration unit will be used in the mill to offset use of existing hog-fuel boilers. The eventual replacement of 
all existing five hog-fuel boilers is contemplated.
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This demonstration will be of an industrial size gasifier. The heal required for the gasification will be supplied by the combustion 
of cleaned gasification products (fuel gas) in numerous pulsed combustion tubes. The products of pulsed combustion are separated 
from the gasification products. Since no dilution of the byproducts of combustion or of gasified fuel gas occurs, a medium BTU 
content fuel (500 RTU/scf) gas will be produced. The turbulent nature of the pulsed combustor contributes to a high combustion 
heat release density and high heat transfer rates to the gasifier bed. The fluidized bed coal gasifier also offers high turbulence and 
heat transfer rates. 

The objective of the ThermoChem project is the demonstration of a 420 ton per day (as-received coal) novel coal gasification unit. 
It will supply a product fuel gas with a heating value of 161.2 million BTU/hr for boiler fuel. Use of the fuel gas in place of hog. 
fuel boilers will lower particulate emissions at the host facility. Another goal of the project is to determine whether gasification can 
be used on other potential energy sources, such as pulp-making byproducts. 

The U.S. Department of Energy will fund 50 percent of the project under Round 4 of the Clean Coal Technology Program. 
Weyerhauser and TherinoChem will split the rest of the project. 

Project Cost:	 $37.3 million 

TOM'S CREEK 10CC DEMONSTRATION PLANT - TAMCO Power Partners and U.S. Department of Energy (C-580) 

TAMCO Power Partners, a partnership between Tampella Power Corporation and Coastal Power Production Company will build 
an integrated gasification combined cycle powerplant in Coeburn, Virginia. The U.S. Department or Energy will fund 50 percent of 
the $291 million project under Round 4 of its Clean Coal Technology Program. 

The project will demonstrate a single air blown fluidized bed gasifier, based on the U-GAS technology developed by the Institute of 
Gas Technology. The plant will burn 430 tons per day of local bituminous coal and produce a net 55 MWe. Power will be genera-
ted with two gasifiers (one coal gas fired, one natural gas fired), and one steam turbine. 

Proiect sponsors have had trouble findinc a bu yer for the proiect's vower output. The partners expect to com plete fundin g neaO-
tiations with DOE by the end of 1992. 

Project Cost: 	 $291.1 million 

UBE AMMONIA-FROM-COAL PLANT - Ube Industries, Ltd. (C-590) 

Ube Industries, Ltd., of Tokyo completed the world's first large scale ammonia plant based on the Texaco coal gasification process 
('FCGP) in 1984. There are four complete trains of quench mode gasifiers in the plant. In normal operation three trains are used 
with one for stand-by. Ube began with a comparative study of available coal gasification processes in 1980. In October of that 
year, the Texaco process was selected. 1981 saw pilot tests run at Texaco's Montebello Research Laboratory, and a process design 
package was prepared in 1982. Detailed design started in early 1983, and site preparation in the middle of that year. Construction 
was completed in just over one year. The plant was commissioned in July 1984, and the first drop of liquid ammonia from coal was 
obtained in early August 1984. Those engineering and construction works and commissioning were executed by Ube's Plant En-
gineering Division. Ube installed the new coal gasification process as an alternative 'front end' of the existing steam reforming 
process, retaining the original synthesis gas compression and ammonia synthesis facility. The plant thus has a wide range of 
flexibility in selection of raw material depending on any future energy shift. It can now produce ammonia from coals, naphtha and 
LPG as required. 

The 1,650 tons per day gasification plant has operated using four kinds of coal—Canadian, Australian, Chinese, and South African. 
Over 2.5 million tons of feed including 200,000 tons of petroleum coke, had been gasified by 1990. The overall cost of ammonia is 
said by Ube to be reduced by more than 20 percent by using coal gasification. Furthermore, the coal gasification plant is expected 
to be even more advantageous if the price difference between crude oil and coal increases. 

Project Cost - Not disclosed 

yEW GASIFICATION PROCESS - Vereinigte Elektrizitatswerke Westfalen AG, Dortmund (C-600) 

A gasification process being specially developed for application in powerplants is the yEW Coal Conversion Process of Vereinigte 
Elektrizitatswertce Westfalen AG, a German utility. The process works on the principle of entrained flow. Coal is partly gasified 
with air and the remaining coke is burned separately in a combustion unit. Because the coal is only partly gasified, it is not neces-
saty to use oxygen. A prototype 10 tons coal per hour plant has been operated in Gersteinwerk near Dortmund since 1985. Super-
heated steam of 530 degrees C and 180 bar is generated in the waste heat boiler. Two variants are being tested for gas cleaning, 
whereby both wet and dry gas cleaning are being applied. These consist of:
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Wet gas cleaning to remove chlorine and fluorine by forming ammonia salts; dry salts arc produced in an evaporation 
plant 

Dry removal of chlorine and fluorine in a circulating fluidized bed in which lime is used as a reagent 

The test operation was finished in January 1991. 

The future concept of a coal-based combined cycle powerplant links the partial coal gasification and the product gas cleaning with 
an innovative circulating fluidized bed combustor. In this process the product gas is freed only from dust, chlorine, and fluorine in 
order to protect the gas turbine materials. NO reduction and sulfur removal is carried out in the combustor. 

Project Cost: Not disclosed 

VICTORIAN BROWN COAL LIQUEFACTION PROJECT - Brown Coal Liquefaction (Victoria) Pty. Ltd. (C-610) 

BCLV was operating a pilot plant at Morwell in southeastern Victoria to process the equivalent of 50 tonnes per day of moist ash 
free coal until October 1990. BCLV is a subsidiary of the Japanese-owned Nippon Brown Coal Liquefaction Company (NBCL), a 
consortium involving Kobe Steel, Mitsubishi Kasei Corporation, Nissho Iwai, Idemitsu Kosan, and Cosmo Oil. 

The project is being run as an inter-governmental cooperative project, involving the Federal Government of Australia, the State 
Government of Victoria, and the Government of Japan. The program is being fully funded by the Japanese government through 
the New Energy and Industrial Technology Development Organization (NEDO). NBCL is entrusted with implementation of the 
entire program, and DCLV is carrying out the Australian components. The Victorian government is providing the plant site, the 
coal, and some personnel. 

Construction of the drying, slurrying, and primary hydrogenation sections comprising the first phase of the project began in 
November 1981. The remaining sections, consisting of solvent deashing and secondary hydrogenation, were completed during 
1986. The pilot plant was operated until October 1990, and shut down at that point. 

The pilot plant is located adjacent to the Morwell open cut brown coal mine. Davy McKee Pacific Pty. Ltd., provided the 
Australian portion of engineering design procurement and construction management of the pilot plant. The aim of the pilot plant 
was to prove the effectiveness of the DCL Process which had been developed since 1971 by the consortium. 

Work at the DCLV plant was moved in 1990 to a Japanese laboratory, starting a three-year study that will determine whether a 
demonstration plant should be built. NBCL is developing a small laboratory in Kobe, Japan, specifically to study the Morwell 
Project. 

Part of the plant will be demolished and the Coal Corporation of Victoria is considering using a part of the plant for an R&D 
program aimed at developing more efficient brown coal technologies. The possibility of building a demonstration unit capable of 
producing 16,000 barrels per day from 5,000 tonnes per day of dry coal will be examined in Japan. 

If a commercial plant were to be constructed, it would be capable of producing 100,000 barrels of synthetic oil, consisting of six 
lines of plant capable of producing 16,000 barrels from 5,000 tonnes per day dry coal. For this future stage, Australian companies 
will be called for equity participation for the project. 

Project Cost: Approximately $700 million 

WABASH RIVER COAL GASIFICATION REPOWERING PROJECT - Destec Energy, Inc. and PSI Energy Inc. ((>614) 

Located in West Terre Haute, Indiana, the project will repower one of the six units at PSI Energy's Wabash River power station. 
The repowering scheme will use a single train, oxygen-blown Destec gasification plant and the existing steam turbine in a new in-
tegrated gasification combined cycle configuration to produce 270 megawatts of electricity from 2,500 tons per day of high sulfur 
eastern bituminous coal. The plant will be designed to substantially out-perform the standards established in the Clean Air Act 
Amendments for the year 2000. The demonstration period for the project will be 3 years, endin g in 1996. 

The $592 million project was selected for funding under Round 4 of the U.S. Department of Energy's (DOE) Clean Coal Technol- 
ogy Program, and is slated to operate commercially followin g the demonstration period. DOE has agreed to provide funding of up 

Project Cost:	 $592 million
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WESTERN CANADA IGCC DEMONSTRATION PLANT - Coal Association of Canada, Canadian Federal Government, the Provin-
cial Governments of Alberta, Saskatchewan, Ontario and British Columbia (C-615) 

A C$l million feasibility study, led by the Coal Association of Canada and begun in 1990, has selected a 240 MW facility to be 
designed around a General Electric 7001 F gas turbine to test integrated gasification combined cycle technology in Western 
Canada. The demonstration will also be the first in the world to test carbon dioxide recovery. The study was completed in mid 
1991. Two companies, Nova Scotia Power and Saskatchewan Power are now considering the results of the feasibility study to deter-
mine whether or not to go ahead with a siting study for the project. 

The project will incorporate a Shell entrained flow gasifier capable of using 2,400 tonnes per day of subbituminous coal and will 
also feature testing of a process that will recover 50 percent of the carbon dioxide from the gas stream prior to combustion. Capital 
cost is estimated around C$2,000/kW. 

WESTERN ENERGY ADVANCED COAL CONVERSION PROCESS DEMONSTRATION - Rosebud SynCoal Partnership, West-
ern Energy Company, United States Department of Energy (C-616) 

The United States Department of Energy (DOE) signed an agreement with Western Energy Company for funding as a replace-
ment project in Round I of the Department's Clean Coal Technology Program. DOE will fund half of the $69 million project and 
the partners will provide the other half of the funding. Western Energy Company has entered a partnership with Scoria Inc., a sub-
sidiary of NRG, Northern States Powers' nonutility group. The new entity, Rosebud SynCoal Partnership will be the project 
owner. Western Energy Company has retained a contract to build and operate the facility. 

The Western proposal is a novel coal cleaning process to improve the heating value and reduce the sulfur content of western coals. 
Typical western coals may contain moisture as much as 25 to 55 percent of their weight. The high moisture and mineral content of 
the coals reduces their heating value to less than 9,000 BTU per pound. 

The Western Energy process would upgrade the coals, reducing their moisture content to as low as 1 percent and produce a heating 
value of up to 12,000 Bill per pound. The process also reduces sulfur content of the coals, which can be as high as 1.5 percent, to 
as low as 0.3 percent. The project will be conducted at a 50 ton per hour unit adjacent to a Western Energy subbituminous coal 
mine in Colstrip, Montana. 

Construction of the ACCP demonstration facility is complete and initial 'turnover* of equipment started in December 1991. The 
DOE agreement calls for a 3-year operation demonstrating the ability to produce a clean, high quality, upgraded product and test-
ing the product in utility and industrial applications. 

Plant construction was completed ahead of schedule and, following shakedown activities, startup was achieved in early 1992. When 
in continuous operation, the plant will produce 1,000 tons per day, or 300,000 tons per year of upgraded solid fuel. 

Northern States Power Company's Riverside plant will receive the first 
5,0 ton shipment to conduct an initial test burn of the 

product. Daiiytand Power has committed to use the next 5,000 tons for test burns at its Alma Station. 

If demonstration is successful, Western Energy hopes to build a privately financed commercial-scale plant processing I to 3 million 
tons of coal per year by 1997. 

Project Cost: 	 $69 million 

WIflING TRIGENERATION PROJECT - Shanghai Coking and Chemical Plant (C-620) 

Shanghai Coking and Chemical Plant (SCCP) is planning a trigeneration project to produce coal-derived fuel gas, electricity, and 
steam. The proposed plant will be constructed near the Shanghai Coking and Chemical plant in Wujing, a suburb south of Shan-
ghai. SCCP contracted with Bechtel on June 6, 1986 to conduct a technical and economic feasibility study of the project. 

The project will consist of coal gasification facilities and other processing units to be installed and operated with the existing coke 
ovens in the Shanghai Coking and Chemical Plant. The facility will produce 2 million cubic meters per day of 3,800 Kcal per cubic 
meter of town gas; 70,000 kilowatt-hours of electricity per year,100 metric tons per hour of low pressure steam; and 300,000 metric 
tons per year of 99.85 percent purity chemical grade methanol, 100,000 metric tons per year of acetic anhydride, and 50,000 metric 
tons per year of cellulose acetate. The project will be constructed in three phases. 

In Phase 1, the production plan is further divided into 2 stages. In the first 
stage, I million cubic meters per day of town gas and 

100,000 tons per year of methanol will be produced. The second stage will add another 0.7 million cubic meters per day of town gas 
and other 100,000 tons per year of methanol.
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In November 1991, SCCP and Texaco Development Corporation signed an agreement for Texaco to furnish the gasifier, coal slurry 
and methanol systems. SCCP will import other advanced technologies and create foreign joint ventures at later stages for the 
production of acetic anhydride, formic acid, cellulose acetate and combined cycle power generation. 

In March 1992, a Foundation stone laying ceremony was performed at the plant site. Phase I is scheduled to be completed by June 
1995. 

Project Cost: 2 billion yuan 

YUNNAN LURGI CHEMICAL FERTILIZERS PLANT - Yunnan Province, China (C-625) 

In the 1970s, a chemical fertilizer plant was set up in Yunnan province by using Lurgi pressurized gasifiers of 2.7 meter diameter. 
The pressurized gasification of a coal water slurry has completed a model test with a coal throughput of 20 kilograms per hour and 
achieved success in a pilot unit of 13 tons per hour. The carbon conversion reached 95 percent, with a cold gas efficiency of 
66 percent. 

For water-gas generation, coke was first used as feedstock. In the 1950s, experiments of using anthracite to replace coke were suc-
cessful, thus reducing the production cost of ammonia by 25 to 30 percent. In order to substitute coal briquettes for lump 
anthracite, the Beijing Research Institute of Coal Chemistry developed a coal briquetting process in which humate was used as a 
binder to produce synthetic gas for chemical fertilizer production. This process has been applied to production. 

YUNNAN PROVINCE COAL GASIFICATION PLANT - People's Republic of China (C-630) 

China is building a coal gasification plant in Kunming, Yunnan Province, that will produce about 220,000 cubic meters of coalgas 
per day. Joe Ng Engineering of Ontario, Canada has been contracted to design and equip the plant with the help of a $5 million 
loan from the Canadian Export Development Corporation.
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COMPLEtED AND SUSPENDED PROJECTS 

Project Sponsors Last Appearance in SFR 

A-C Valley Corporation Project A-C Valley Corporation June 1984; page 4-59 

Acurex-Aerotherm Low-BTU Gasifier Acurex-Aerotherm Corporation September 1981; page 4-52 
for Commeicial Use Glen-Geiy Corporation 

United States Department of Energy 

ADL Extractive Coking Process Arthur D. Little, Inc. March 1978; page 13-23 
Development Foster-Wheeler 

United States Department of Energy 

Advanced Flash Hydropyrolysis Rockwell International June 1987; page 447 
U.S. Department of Energy 

Agglomerating Burner Project Battelle Memorial Institute September 1978; page 8-22 
United States Department of Energy 

Air Products Slagging Gasifier Air Products and Chemicals, Inc. September 1985; page 4-61 
Project 

Alabama Synthetic Fuels Project AMTAR Inc. June 1984; page 4-60 
Applied Energetics Inc. 

Amax Coal Gasification Plant AMAX, Inc. March 1983; page 4-85 

Appalachian Project M. W. Kellogg Co. September 1989; page 4-53 
United Slates Department of Energy 

Aqua Black Coal-Water Fuel Gallagher Asphalt Company, December 1986; page 4-35 
Standard Havens, Inc. 

Arkansas Lignite Conversion Dow Chemical Company, December 1984; page 4-64 
Project Electec Inc. 

International Paper Company 

Australian SRC Project CSR Ltd. September 1985; page 4-62 
Mitsui Coal Development Pty, Ltd. 

Beach-Wibaux Project See Tenneco SNG from Coal 

Beacon Process Standard Oil Company (Ohio) March 1985; page 4-62 
TRW, Inc. 

Bell High Mass Flux Gasifier Bell Aerospace Textron December 1981; page 4-72 
Gas Research Institute 
United States Department of Energy 

Beluga Methanol Project Cook Inlet Region, Inc. December 1983; page 4-77 
Placer U. S. Inc. 

RI-GAS Project United States Department of Energy March 1985; page 4-63 

Breckinridge Project Bechtel Petroleum, Inc. December 1983; page 4-78 

BRICC Coal Liquefaction Program Beijing Research Institute of Coal Chemistry March 1992; page 4-50 

Burnham Coal Gasification El Paso Natural Gas Company September 1983; page 4-62 
Project 

Byrne Creek Underground Coal Dravo Constructors March 1987; page 4-90 
Gasification World Energy Inc. 

Calderon Fixed-Bed Slagging Project Calderon Energy Company December 1985; page 4-73
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Proiect Sponsors Last Appearance in SFR 

Car-Mox Low-BTU Gasification Fike Chemicals, Inc. March 1980; page 4-53 
Project 

Catalytic Coal Liquefaction Gulf Research and Development December 1978; page 8-25 

Caterpillar Low BTU Gas From Coal Caterpillar Tractor Company September 1988; page 4-55 

Celanese Coastal Bend Project Celanese Corporation December 1982; page 4-83 

Celanese East Texas Project Celanese Corporation December 1982; page 4-83 

Central Arkansas Energy Project Arkansas Power & Light Company June 1984; page 4-63 

Central Maine Power Company Central Maine Power Company June 1984; page 4-63 
Sears Island Project General Electric Company 

Stone & Webster Engineering 
Texaco Inc. 

Chemically Active fluid Bed Central & Southwest Corporation (four 	 - December 1983; page 4-80 
Project utility companies) 

Environmental Protection Agency (EPA) 
Foster Wheeler Energy Corporation 

Chemicals from Coal Dow Chemical USA March 1978; page 8-24 
United States Department of Energy 

Cherokee aran Fuels Project Bechtel Corporation September 1981; page 4-55 
Mono Power Company 
Pacific Gas & Electric Company 
Rocky Mountain Energy 

Chesapeake Coal-Water Fuel ARC-COAL, Inc. March 1985; page 4-64 
Project Bechtel Power Corporation 

COMCO of America, Inc. 
Dominion Resources, Inc. 

Chiriqui Grande Project Ebasco Services, Inc. June 1987; page 4-51 
United States State Department (Trade & Development) 

Chokecherry Project Energy Transition Corporation December 1983; page 4-81 

Circle West Project Meridian Minerals Company September 1986; page 4-58 

Clark Synthesis Gas Project Clark Oil and Refining Corporation December 1982; page 4-85 

Clean Coke Project United States Department of Energy December 1978; page B-26 
U.S. Steel 
USS Engineers and Consultants, Inc. 

Coalcon Project Union Carbide Corporation December 1978; page 8-26 

Coalex Process Development Coalex Energy December 1978; page 8-26 

COGAS Process Development COGAS Development Company, a joint December 1982; page 4-86 
venture of: 
Consolidated Gas Supply Corporation 
FMC Corporation 
Panhandle Eastern Pipeline Company 
Tennessee Gas Pipeline Company 

Colstrip Cogeneration Project Bechtel Development Company December 1990; page 4-59 
Colstrip Energy Limited Partnership 
Pacific Gas and Electric Company
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Project Sponsors 

Rosebud Energy Corporation 

Columbia Gas System, Inc. 

Consumer Energy Corporation 

British Gas Corporation 
British Department of Energy 

Conoco Coal Development Company 
Consolidated On Supply Company 
Electric Power Research Institute 
Gulf Mineral Resources Company 
Natural Gas Pipeline Co. of America 
Panhandle Eastern Pipeline Company 
Sun Gas Company 
Tennessee Gas Pipeline Company 
Texas Eastern Corporation 
Transcontinental Gas Pipeline Corporation 
United States Department of Energy

Columbia Coal Gasification 
Project 

Combined Cycle Coal Gasification 
Energy Centers 

Composite Gasifier Project 

Conoco Pipeline Gas Demonstra-
lion Plant Project

Last Appearance in SFR 

September 1982; page 4-72 

December 1982; page 4-86 

September 1981; page 4-56 

September 1981; page 4-57 

Cool Water Gasification Program	 Bechtel Power Corporation	 September 1989; page 4-58 
Empire State Electric Energy Research Corporation 
Electric Power Research Institute 
General Electric Company 
Japan Cool Water Program Partnership 
Sohio Alternate Energy 
Southern California Edison 

Corex Iron Making Process	 Korf Engineering	 March 1990; page 4-51 

Cresap Liquid Fuels Plant 	 Fluor Engineers and Constructors	 December 1979; page 4-67 
United States Department of Energy 

Crow Indian Coal Gasification 
Project 

Crow Indian Coal-to-Gasoline 
Project 

Danish Gasification Combined 
Cycle Project 

DeSota County, Mississippi 
Coal Project 

Dow Coal Liquefaction Process 
Development 

Dow Gasification Process Development 

EDS Process

Crow Indian Tribe 
United States Department of Energy 

Crow Indian Tribe 
TransWorld Resources 

Elkraft 

Mississippi Power and Light 
Mississippi, State of 
Ralph M. Parsons Company 

Dow Chemical Company 

Dow Chemical Company 

Anaconda Minerals Company 
EN! 
Electric Power Research Institute 
Exxon Company USA 
Japan Coal Liquefaction Development Co. 
Phillips Coal Company 
Ruhrkohle A.G. 
United States Department of Energy

December 1983; page 4-84 

September 1984; page C-S 

December 1991; page 4-75 

September 1981; page 4-58 

December 1984; page 4-70 

June;1987 page 4-53 

June 1985; page 4-63 
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Project Sponsors Last Appearance in SFR 

Elmwood Coal-Water-Fuel Project Fester Wheeler Tennessee March 1987; page 4-66 

Emery Coal Conversion Project Emery Synfuels Associates: December 1983; page 4-84 
Mountain Fuel Supply Company 
Mono Power Company 

Enrecon Coal Gasifier Enrecon, Inc. September 1985; page 4-66 

Escrick Cyclone Gasifier Test Cakiands Limited March 1991; page 4-81 

Exxon Catalytic Gasification Exxon Company USA December 1994; page 4-73 
Process Development 

Fairmont Lamp Division Project Westinghouse Electric Corporation September 1982; page 4-76 

Fast fluid Bed Gasification Hydrocarbon Research, Inc. December 1982; page 4-90 
United States Department of Energy 

Fiat/Ansaldo Project Ansaldo March 1985; page 4-66 
Fiat flG 
KRW Energy Systems, Inc. 

Flash Pyrolysis Coal Occidental Research Corporation December 1982; page 4-91 
Conversion United States Department of Energy 

Flesh Pyrolysis of Coal Brookhaven National Laboratory June 1988; page 4-69 

Florida Power Combined Cycle Florida Power Corporation December 1983; page 4-87 
Project United States Department of Energy 

Fuel Gas Demonstration Plant Fester-Wheeler Energy Corporation September 1980; page 4-68 
Program United States Department of Energy 

Fularji Low-BTU Gasifier M.W. Kellogg Company December 1988; page 4-59 
Peoples Republic of China 

Gas Turbine Systems Development Curtiss-Wright Corporation December 1983; page 4-87 
United States Department of Energy 
General Electric Company 

Grants Coal to Methanol Project Energy Transition Corporation December 1983; page 4-89 

Greek Lignite Gasification Project Nitrogenous Fertilizer Industry (AEVAL) September 1988; page 4-61 

Grefco Low-BTU Project General Refractories Company December 1983; page 4-91 
United States Department of Energy 

GSP Pilot Plant Project German Democratic Republic December 1991; page 4-80 

Gulf States Utilities Project KRW Energy Systems March 1985, page 4-74 
Gulf States Utilities 

Hampshire Gasoline Project Kaneb Services December 1983; page 4-91 
Koppers Company 
Metropolitan Life Insurance Company 
Northwestern Mutual Life Insurance 

Hanover Energy Doswell Project Doswell Limited Partnership March 1991; page 4-84 

H-Coal Pilot Plant Ashland Synthetic Fuels, Inc. December 1983; page 4-92
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STATUS OF COAL PROJECT'S 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Project 

llillsborough Bay Coal-Water 
Fuel Project 

l-iowmet Aluminum 

HYGAS Pilot Plant Project 

ICGG Pipeline Gas Demonstra-
tion Plant Project 

Integrated Two-Stage Liquefaction 

ITF Coal to Gasoline Plant 

Kaiparowits Project 

Kansk-Achinsk Basin Coal Liquefaction 
Pilot Plant 

Kennedy Space Center Polygeneration 
Project 

Ken-Tex Project 

Keystone Project 

King-Wilkinson/Hoffman Project 

KILnGAS Project

Sponsors 

Conoco Coal Development Company 
Electric Power Research Institute 
Hydrocarbon Research Inc. 
Kentucky Energy Cabinet 
Mobil Oil Corporation 
Ruhrkohle AG 
Standard Oil Company (Indiana) 
United States Department of Energy 

ARC-Coal Inc. 
Bechtel Power Corporation 
COMCO of America, Inc. 

Howmet Aluminum Corporation 

Gas Research Institute 
Institute of Gas Technology 
United States Department of Energy 

Illinois Coal Gasification Group 
United States Department of Energy 

Cities Service/Lummus 

International Telephone & Telegraph 
J. W. Miller 
United States Department of Energy 

Arizona Public Service 
San Diego Gas and Electric 
Southern California Edison 

Union of Soviet Socialist Republics 

National Aeronautics & Space 
Administration 

Texas Gas Transmission Corporation 

The Signal Companies 

I- J. Hoffman 
King-Wilkinson, Inc. 

Allis-Chalmers 
State of Illinois 
United States Department of Energy 
Central Illinois Light Company 
Electric Power Research Institute 
Illinois Power Company 
Ohio Edison Company

Last Appearance in SFR 

September 1985; page 4-69 

March 1985, page 4-74 

December 1985, page 4-80 

March 1991; page 4-85 

December 1978; page B-31 

December 1980; page 4.86 

September 1981; page 4-66 

September 1986; page 4-69 

December 1981; page 4-93 

March 1978; page B-iS 

March 1992; page 4-82 

June 1986; page 4-85 

December 1983; page 4-95 

September 1986; page 4-71 

March 1985; page 4-80 

December 1988; page 4-65 

II-R International Syngas Project 	 H-k International, Inc. 
The Slagging Gasification Consortium 

Iiuenxe CGT Coal Gasification Pilot Plant Carbon Gas Technology (CGT) GmbH 

Hydrogen from Coal
	

Air Products and Chemicals, Inc. 
United States Department of Energy 
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Pro ject Sponsors Last Appearance in SFR 

Klockncr Coal Gasifier Kiockner Kohlegas March 1987; page 4-74 
CRA (Australia) 

Kohle Iron Reduction Process Weirton Steel Corp December 1987; page 4-75 
U.S. Department of Energy 

KRW Energy Systems Inc. Advanced M.W. Kellogg Company December 1991; page 4-84 
Coal Gasification System for U.S. Department of Energy 
Electric Power Generation Westinghouse Electric 

Lake DeSmet SNG from Coal Texaco Inc. December 1982; page 4-98 
Project Transwestern Coal Gasification Company 

LaPorte Liquid Phase Methanol Air Products and Chemicals Inc. December 1991; page 4-85 
Synthesis (1cm Systems Inc. 

Electric Power Research Institute 
U.S. Department of Energy 

Latrobe Valley Coal Lique- Rheinische Braunkohlwerke AG December 1983; page 4-96 
faction Project 

LC-Fining Processing of SRC Cities Service Company December 1983; page 4-96 
United States Department of Energy 

LIBIAZ Coal-To-Methanol Project Krupp Koppers, KOPEX December 1988; page 4-65 

Liquefaction of Alberta Alberta/Canada Energy Resources March 1985, page 4-81 
Subbituminous Coals, Canada Research Fund 

Alberta Research Council 

Low-BTU Gasifiers for Corn- Irvin Industrial Development, Inc. June 1979; page 4-89 
mcrcial Use-Irvin Industries Kentucky, Commonwealth of 
Project United States Department of Energy 

Low/Medium-BTU Gas for Multi- Bethlehem Steel Company December 1983; page 4-98 
Company Steel Complex United States Department of Energy 

Inland Steel Company 
Jones & Laughlin Steel Company 
National Steel Company 
Northern Indiana Public Service Company 
Union Carbide Corporation 

Low-Rank Coal Liquefaction United States Department of Energy March 1984; page 4-49 
Project University of North Dakota 

Lulea Molten Iron Gasification Pilot Plant KHD Humbolt Wedag AG and March 1991; page 4-90 
Sumitomo Metal Industries, Ltd. 

Lummus Coal Liquefaction Lummus Company June 1981; page 4-74 
Development United States Department of Energy 

Mapco Coal-to-Methanol Project Mapco Synfuels December 1983; page 4-98 

Mazingarbe Coal Gasification Project Certhar (France) September 1985, page 4-73 
European Economic Community 
Gas Development Corporation 
Institute of Gas Technology 

Medium-BTU Gas Project Columbia Coal Gasification September 1979; page 4-107 

Medium-BTU Gasification Project Houston Natural Gas Corporation December 1983; page 4-99

SYEflC FUELS REPORT, SEPTEMBER 1992 
4-77 



STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Project	 Sponsors 

Texaco Inc. 
Memphis Industrial Fuel Gas 	 CBI Industries Inc. 

Project	 Cives Corporation 
Foster Wheeler Corporation 
Great Lakes International 
Houston Natural Gas Corporation 
Ingersoll-Rand Company 
Memphis Light, Gas & Water Division

Last Appearance in SFR 

June 1984; page 4-79 

Methanol from Coal 

Methanol from Coal 

Midrex Electrothermal Direct 
Reduction Process 

Millmerran Coal Liquefaction 

Mining and Industrial Fuel Gas 
Group Gasifier 

Minnegasco High-BTU Gas 
from Peat 

Minnegasco Peat Biogasification 
Project

UGI Corporation 

Wentworth Brothers, Inc. 
(19 utility and industrial sponsors) 

Georgetown Texas Steel Corporation 
Midrex Corporation 

Australian Coal Corporation 

American Natural Service Co. 
Amerigas 
Bechtel 
Black, Sivalls & Bryson 
Burlington Northern 
Cleveland-Cliffs 
Davy McKee 
Dravo 
EPRI 
Hanna Mining Co. 
Peoples Natural Gas 
Pickands Mather 
Reserve Mining 
Riley Stoker 
Rocky Mountain Energy 
Stone & Webster 
U.S. Bureau of Mines 
U.S. Department or Energy 
U.S. Steel Corporation 
Western Energy Co. 
Weyerhaeuser 

Minnesota Gas Company 
United States Department of Energy 

Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy

March 1978; page B-22 

March 1980; page 4-58 

September 1982; page 4-87 

March 1985; page 4-82 

March 1987; page 4-78 

March 1983; page 4-108 

December 1981; page 4-88 

Minnegasco Peat Gasification 
Project 

Minnesota Power ELFUEL Project

Gas Research Institute 
Institute of Gas Technology 
Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy 

Minnesota Power & Light 
BN1 Coal 
Institute of Gas Technology 
Electric Power Research Institute 
Bechtel Corporation

December 1983; page 4-101 

June 1991; page 4-82 
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Pro ject Sponsors Last Appearance in SFR 

Mobil-M Project Mobil Oil Company September 1982; page 4-88 

Molten Salt Process Development Rockwell International December 1993; page 4-101 
United States Department of Energy 

Mountain Fuel Coal Gasification Process Mountain Fuel Resources September 1988; page 4-67 
Ford Bacon & Davis 

Mulberry Coal-Water Fuel Project CoaLiquid, Inc. March 1985; page 4-85 

NASA Lewis Research Center Coal-to- NASA Lewis Research Center December 1983; page 4-102 
Gas Polygencration Power Plant 

National Syntuels Project Elgin Butler Brick Company September 1988; page 4067 
National Synfuels Inc. 

New England Energy Park Bechtel Power Corporation December 1983; page 4-104 
Brooklyn Union Gas Company 
Eastern Gas & Fuel Associates 
EG&G 
Westinghouse Corporation 
United States Department of Energy 

New Jersey Coal-Water Fuel Ashland Oil, Inc. March 1985; page 4-86 
Project Babcock & Wilcox Company 

Slurrytech, Inc. 

New Mexico Coal Pyrolysis Project Energy Transition Corporation September 1988; page 4-67 

Nices Project Northwest Pipeline Corporation December 1983; page 4-104 

North Alabama Coal to Methanol Air Products & Chemicals Company March 1985; page 4-86 
Project Raymond International Inc. 

Tennessee Valley Authority 

North Dakota Synthetic Fuels 	 lnterNorth	 December 1983; page 4-106 
Project	 Minnesota Gas Company 

Minnesota Power & Light Company 
Minnkota Power Cooperative 
Montana Dakota Utilities 
North Dakota Synthetic Fuels Group 
North Dakota Synthetic Fuels Project 
Northwestern Public Service 
Ottertail Power Company 
Wisconsin Power & Light

NYNAS Energy Chemicals Complex AGA December 1990; page 4-76 
A. Johnson & Company 
Swedish Investment Bank 

Oberhausen Coal Gasification Ruhrchemie AG September 1986; page 4-79 
Project Ruhrkohle Oel & Gas GmbH 

Ohio I Coal Conversion Alberta Gas Chemicals, Inc. March 1985; page 4-88 
North American Coal Corporation 
Wentworth Brothers 

Ohio I Coal Conversion Project Energy Adaptors Corporation March 1990; page 4-65
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Pro ject Sponsors Last Appearance in SF11 

Ohio Coal/Oil Coprocessing Project Ohio Clean Fuels, Inc. June 1991; page 4-84 
Stone and Webster Engineering Corp. 
HRI Inc. 
Ohio Coal Development Office 
United States Department of Energy 

Ohio Valley Synthetic Fuels Consolidated Natural Gas System March 1982; page 4-68 
Project Standard Oil Company of Ohio 

Ott 1-lydrogeneration Process Cart A. Ott Engineering Company December 1983; page 4-107 
Project 

Peat-by-Wire Project PBW Corporation March 1985; page 4-89 

Peat Methanol Associates Project ETCO Methanol Inc. June 1984; page 445 
J. B. Sunderland 
Peat Methanol Associates 
Transco Peat Methanol Company 

Penn/Sharon/Kiockner Project Kiockner Kohlegas GmbI-I March 1985; page 4-72 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Philadelphia Gas Works Synthesis Philadelphia Gas Works December 1983; page 4-108 
Gas Plant United States Department of Energy 

Phillips Coal Gasification Phillips Coal Company September 1984; page C-28 
Project 

Pike County Low-BTU Gasifier Appalachian Regional Commission June 1981; page 4-78 
for Commercial Use Kentucky, Commonwealth of 

United States Department of Energy 
Plasma An Torch Swindell-Dresser Company December 1978; page B-33 
Corporation Technology Application Service 

Port Sutton Coal-Water Fuel Project ARC-Coal, Inc. December 1985; page 4-86 
COMCO of America, Inc. 

Powerton Project Commonwealth Edison March 1979; page 4-86 
Electric Power Research Institute 
Fluor Engineers and Constructors 
Illinois, State of 
United States Department of Energy 

Purged Carbons Project Integrated Carbons Corporation December 1983; page 4-108 

Pyrolysis Demonstration Plant Kentucky, Commonwealth of December 1978; page B-34 
Occidental Research Corporation 
Tennessee Valley Authority 

Pyrolysis of Alberta Thermal Coals, Alberta/Canada Energy Resource March 1985; page 4-90 
Canada Research Fund 

Alberta Research Council 

Riser Cracking of Coal Institute of Gas Technology December 1981; page 4-93 
United Sates Department of Energy 

RUHRIOO Project Ruhrgas AG September 1984; page C-29 
Ruhrkohle AG 
Steal; AG 
West German Ministry of Research 

and Technology

SYNTHETIC FUELS REPORT, SEPTEMBER 1992 
4-80 



STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Project	 Sponsors 

Rheinbraun Hydrogasification of Coal 	 Rcinische Braurikohlenwerke 
Lurgi GmbH 
Ministry of Research & Technology

Last Appearance in SFR 

December 1987; page 4-80 

Saathergwerke-Otto Gasification 
Process 

Savannah Coal-Water Fuel Projects 

Scrubgrass Project 

Sesco Project 

Sharon Steel 

Shell Coal Gasification Project

Saarbergwerkc AG 
Dr. C Otto & Company 

Foster Wheeler Corporation 

Scrubgrass Associates 

Solid Energy Systems Corporation 

Kiockner Kohlegas GmbH 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Shell Oil Company 
Royal Dutch/Shell Group

June 1984; page 4-86 

September 1985; page 4-77 

March 1990; page 4-69 

December 1983; page 4-110 

March 1985; page 4-92 

June 1991; page 4-89 

Simplified IGCC Demonstration Project 	 General Electric Company	 September 1986; page 4-71 
Burlington Northern Railroad 
Empire State Electric Energy Research Corporation 
New York State Energy Research and Development Authority 
Niagara Mohawk Power Corporation 
Ohio Department of Development 
Peabody Holding Company 
United States Department of Energy

Slagging Gasification Consortium Babcock Woodall-Duckham Ltd. September 1985; page 4-78 
Project Big Three Industries, Inc. 

The BOC Group plc 
British Gas Corporation 
Consolidation Coal Company 

Sohio Lima Coal Gasification/ Sohio Alternate Energy Development March 1985; page 4-93 
Ammonia Plant Retrofit Project Company 

Solution-Hydrogasification General Atomic Company September 1978; page B-31 
Process Development Stone & Webster Engineering Company 

Southern California Synthetic C F. Braun March 1981; page 4-99 
Fuels Energy System Pacific Lighting Corporation 

Southern California Edison Company 
Texaco Inc. 

Solvent Refined Coal Demonstration International Coal Refining Company September 1986; page 4-83 
Plant Air Products and Chemicals Inc. 

Kentucky Energy Cabinet 
United States Department of Energy 
Wheelabrator-Frye Inc. 

Steam-Iron Project Gas Research Institute December 1978; page 8-35 
Institute of Gas Technology 
United States Department of Energy 

Synthane Project United States Department of Energy December 1978; page 8-35 

Synthoil Project Foster Wheeler Energy Corporation December 1978; page 8-36 
United States Department of Energy
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STATUS OF COAL PROJECTS 

COMPIZFED AND SUSPENDED PROJECTS (Continued) 

Pro j ect	 Sponsors 

Sweeny Coal-to-Fuel Gas Project 	 The Signal Companies, Inc. 

Tenneco SNG From Coal 	 Tenneco Coal Company

Last Appearance in SFR 

March 1985; page 4-94 

March 1987; page 4-85 

Tennessee Synfuels Associates 
Mobil-M Plant 

Toscoal Process Development 

Transco Coal Gas Plant 

Tri-State Project 

TRW Coal Gasification Process 

TVA Ammonia From Coal Project 

Two-Stage Entrained Gasification 
System 

Underground Bituminous Coal 
Gasification

Koppers Company, Inc. 

TOSCO Corporation 

Transco Energy Company 
United States Department of Energy 

Kentucky Department of Energy 
Texas Eastern Corporation 
Texas Gas Transmission Corporation 
United States Department of Energy 

TRW, Inc. 

Tennessee Valley Authority 

Combustion Engineering Inc. 
Electric Power Research Institute 
United States Department of Energy 

Morgantown Energy Technology Center

December 1983; page 4-112 

September 1988; page 4-72 

December 1983; page 4-113 

December 1983; page 4-113 

December 1983; page 4-114 

September 1989; page 4-77 

June 1984; page 4-91 

March 1987; page 4-93 

United States Department of Energy 
University of Texas 

Energy International 

Spruce Creek Energy Company 

Government of Belgium 

Compannia Auxiliar de Empresas Electricas Brasileriras September 1988; Page 4-75 

Companhia Auxiliar de Empresas Electricas Brasileiras 	 December 1988; page 4-25 
U.S. DOE

Underground Coal Gasification 

Underground Coal Gasification, 
Ammonia/Urea Project 

Underground Gasification of Anthracite, 
Spruce Creek 

Underground Coal Gasification, Joint 
Belgo-German Project 

UCG Brazil 

UCG Brazil

June 1985; page 4-75 

March 1990; page 4-76 

March 1990; page 4-76 

March 1990; page 4-74 

Underground Coal Gasification, Alberta Research Council 	 September 1984; page C-37 
Canada 

Underground Coal Gasification, British Coal	 September 1987; page 4-76 
English Midlands Pilot Project 

Underground Coal Gasification, Rocky Mountain Energy Company	 June 1985; page 4-75 
Hanna Project United States Department of Energy

Underground Coal Gasification, Leigh Creek Government of South Australia	 September 1989; page 4-81 
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Pro ject Sponsors Last Appearance in SFR 

Underground Coal Gasification Lawrence Livermore National Laboratory December 1983; page 4-119 
Hoe Creek Project United States Department of Energy 

Underground Coal Gasification LLNL Lawrence Livermore National Laboratory December 1990; page 4-84 
Studies 

Underground Coal Gasification Mitchell Energy March 1985; page 4-98 
Republic of Texas Coal Company 

Underground Coal Gasification ARCO December 1983; page 4-120 
Rocky Hill Project 

Underground Coal Gasification, Rocky Amoco Production Company March 1990; page 4-76 
Mountain I Test 

Underground Gasification of Deep Seams Groupe d'Etudes de Ia Gazeification Souterraine December 1987; page 4-86 
Charbonnages de France 
Gas de France 
Institut Francais du Petrole 

Underground Gasification of Basic Resources, Inc. December 1983; page 4-121 
Texas Lignite, Tennessee 
Colony Project 

Underground Gasification of Texas A & M University December 1983; page 4-121 
Texas Lignite 

Underground Coal Gasification, India Oil and Natural Gas Commission March 1991; page 4-104 

Underground Coal Gasification, In Situ Technology March 1985; page 4-102 
Thunderbird II Project Wold-Jenkins 

Underground Coal Gasification, Sandia National Laboratories March 1983; page 4-124 
Washington State 

Underground Gasification of Basic Resources, Inc. March 1985; page 4-101 
Texas Lignite, Lee County Project 

Union Carbide Coal Conversion Union Carbide/Linde Division June 1984; page 4-92 
Project United States Department of Energy 

University of Minnesota University of Minnesota March 1983; page 4-119 
Low-BTU Gasifier for Commer- United States Department of Energy 
cial Use 

Utah Methanol Project Ouestar Synfuels Corporation December 1985; page 4-90 

Verdigris Agrico Chemical Company September 1984; page C-35 

Virginia Iron Corer Project Virginia Iron Industries Corp. March 1992; page 4-78 

Virginia Power Combined Cycle Project Consolidation Coal December 1985; page 4-90 
Electric Power Research Institute 
Slagging Gasification Consortium 
Virginia Electric and Power Company 

Watkins Project Cameron Engineers, Inc. March 1978; page B-22 

Westinghouse Advanced Coal KRW Energy Systems Inc. September 1985; page 4-80 
Gasification System for 
Electric Power Generation
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Wyoming Coal Conversion Project 

Zinc Halide Hydrocracking
Process Development

WyCoalGas, Inc. (a Panhandle Eastern 
Company) 

Conoco Coal Development Company 
Shell Development Company

STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Project	 Sponsors 

Whitethorne Coal Gasification	 United Synluets Inc.

Last Appearance in SFR 

September 1984; page C-36 

December 1982; page 4-112 

June 1981; page 4-86 
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INDEX OF COMPANY INTERESTS 

Company or Oitanization Project Name 

ACME Power Company ACME Coal Gasification Desulfurizing Process 4-38 

AECI Ltd. ABC! Ammonia/Methanol Operations 4-39 
Coalplex Project 4-45 

Air Products and Chemicals, Inc. Laporte Alternative Fuels Development Program 4-56 
Texaco Cool Water Project 4-67 

Alastair Gillespie & Associates Ltd. Scotia Synfuels Project 4-64 

AMAX AMAX/EMRC Mild Gasification Demonstration 4-40 
Mild Gasification of Western Coal Demonstration 4-57 

Amoco British Solvent Liquid Extraction Project 4-41 

Beijing Research Institute of Coal Chemistry China Ash Agglomerating Gasifier Project 4-44 

BEWAG AG BEWAG GCC Project 4-40 

Bharat Heavy Electricals Ltd. BHEL Coal Gasification Project 4-40 
BHEL Combined Cycle Demonstration 441 

BP United Kingdom, Ltd. Monash 1-lydroliquefaction Project 4-58 

British Coal Corporation Advanced Power Generation System 4-39 
British Coal Liquid Solvent Extraction Project 441 
CRE Spouted Bed Gasifier 4-46 

British Department of Energy British Coal Liquid Solvent Extraction Project 441 

British Gas Corporation MRS Coal Hydrogenator Process Project 4-58 
Slagging Gasifier Project 4-65 

Broken Hill Pty. Co. Ltd. Broken Hill Project 442 

Brookhaven National Laboratory Brookhaven Mild Gasification of Coal 442 

Brown Coal Liquefaction Pty. Ltd. Victorian Brown Coal Liquefaction Project 4-69 

Calderon Energy Company Calderon Energy Gasification Project 4-43 

Canadian Energy Developments Frontier Energy Coprocessing Project 4-49 

Canadian Federal Government Western Canada IGCC Demonstration Plant 4-70 

Carbocol Colombia Gasification Project 445 

Carbon Fuels Corp. Char Fuels Project 443 

Central Research Institute of Electric Power Industry CRIEPI Entrained Flow Gasifier 4-46 

Char Fuels of Wyoming Char Fuels Project 443 

China National Technical Import Lu Nan Ammonia-from-Coal Project 4-56 
Corporation 

Coal Association of Canada Western Canada IGCC Demonstration Plant 4-70 

Coal Conversion Institute, Poland Polish Direct Liquefaction Process 4-60 

Coal Corporation of Victoria Monash Hydroliquefaction Project 4-58 

Coal Gasification, Inc. COGA-1 Project 445
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STATUS OF COAL PROJECTS 

INDEX OF COMPANY INTERESTS (Continued)

Company or Oraanir.ation Prolect Name 

Coal Technology Corporation Mild Gasification Process Demonstration Unit 4-57 

Combustion Engineering Lakeside Repowering Gasification Project 4-55 
IMHEX Molten Carbonate Fuel Cell Demonstration 4-54 

Commonwealth Energy Freetown 10CC Project 4-49 

Continental Energy Associates Humbolt Energy Center 4-52 

Cordero Mining Company Cordero Coal Upgrading Demonstration Project 445 

Dakota Gasification Company Great Plains Synfuels Plant 4-50 

Delmarva Power & Light Delaware Clean Energy Project 4-47 

Demkolec B.V. SEP IGCC Power Plant 4-64 

Destec Energy, Inc. Dow Syngas Project 447 
Wabash River Coal Gasification Repowering Project 4-69 

DEVCO Scotia Coal Syntuels Project 4-64 

LAB Energie-Anlagen Berlin GmbH BEWAO 0CC Project 4-40 

Electric Power Research Institute Advanced Coal Liquefaction Pilot Plant 4-38 
Laporte Alternative Fuels Development Program 4-56 

Elsam Elsam Gasification Combined Cycle Project 4-48 

Encoal Corporation Encoal LFC Demonstration Plant 4-48 

ENDESA Puertollano IGCC Demonstration Plant 4-62 

European Economic Community British Coal Liquid Solvent Extraction Project 441 

Fundacao de Ciencia e Technologia (CIENTEC) CIGAS Gasification Process Project 444 
CIVOGAS Atmospheric Gasification Pilot Plant 4-44 

GE Environmental Services, Inc. GE Hot Gas Desulfurization 4-50 

GEC/Alsthom Advanced Power Generation System 4-39 

General Electric Company Freetown IGCC Project 4-49 

German Federal Ministry of Bottrop Direct Coal Liquefaction Pilot Plant Project 441 
Research & Technology GFK Direct Liquefaction Project 4-50 

Rbeinbraun High-Temperature Winkler Project 4-62 

(JFK Gesellschaft fur Kohleverfiussigung Ott Direct Liquefaction Project 4-50 

Gulf Canada Products Company Scotia Coal Synfuels Project 4-64 

HOECHST AG Synthesegasanlage Ruth 4-66 

Institute of Gas Technology IGT Mild Gasification Project 4-53 
IMHEX Molten Carbonate Fuel Cell Demonstration 4-54 

Interproject Service AR P-CIG Process 4-59 

ISCOR ISCOR Melter-Gasifier Process 4-54 

K-Fuel Partners K-Fuel Commercial Facility 4-54
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STATUS OF COAL PROJECTS 

INDEX OF COMPANY INTERESTS (Continued) 

Company or Organization
	

Proiect Name
	

page 

The M.W. Kellogg Company 

Kilborn International 

Krupp Koppers GmbH 

Louisiana Gasification Technology, Inc. 

Lurgi OmbH 

M-C Power Corporation 

Minister of Economics, Small Business and 
Technology of the State of North-Rhine, 
Westphalia 

Mission Energy 

Monash University 

Morgantown Energy Technology Center 

New Energy and Industrial Technology 
Development Organization 

Nippon Steel Corporation 

Nokota Company 

NOVA 

Nova Scotia Resources Limited 

Osaka Gas Company 

Otto-Simon Carves 

People's Republic of China 

Petro-Canada 

PowerGen 

PreussenElektra 

PSI Energy Inc. 

Research Ass'n For Hydrogen From Coal Process 
Development, Japan 

Rhcinische Braunlcohlwerke AG 

Rosebud SynCoal Partnership

PETC Generic Coal Liquefaction Plants
	

4-60 
Pressurized Fluid Bed Combustion Advanced Concepts 	 4-61 

Frontier Energy Coprocessing Project
	

4-49 

PRENFLO Gasification Pilot Plant
	

4-61 

Destec Syngas Project
	

4-47 

I3EWAG 0CC Project
	

4-40 
Rheinbraun High-Temperature Winkler Project

	
4-62 

IMHEX Molten Carbonate Fuel Cell Demonstration
	

4-54 

Bottrop Direct Coal Liquefaction Pilot Plant
	

4-41 
Synthesegasanlagc Ruhr (SAR)

	
4-66 

Delaware Clean Energy Project
	

4-47 

Monash Hydroliquefaction Project
	

4-58 

GE Hot Gas Desulfurization
	

4-so 

CRIEPI 10CC Demonstration Project
	

4-46 
NEDO IGCC Demonstration Project

	
4-59 

Nedol Bituminous Coal Liquefaction Project
	

4-59 

P-cc Process	 4-59. 

Dunn Nokota Methanol Project
	

4-47 

Scotia Coal Synfuels Project
	

4-64 

Scotia Coal Synfuels Project
	

4-64 

MRS Coal Hydrogenator Process Project
	

4-58 

CRE Spouted Bed Gasifier
	

4-46 

Mongolian Energy Center	 4-58 
Shanghai Chemicals from Coal Plant

	
4-65 

Shougang Coal Gasification Project
	

4-65 
Yunnan Province Coal Gasification Plant

	
4-71 

Scotia Coal Synfuels Project
	

4-64 

Advanced Power Generation System	 4-39 

Lubeck 10CC Demonstration Plant
	

4-56 

Wabash River Coal Gasification Repowering Project
	

4-69 

Hycol Hydrogen From Coal Pilot Plant
	

4-52 

Rlieinbraun High-Temperature Winkler Project 	 4-62 

Western Energy Advanced Coal Conversion Process Demonstration 4-70 
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INDEX OF COMPANY INTERESTS (Continued)

Com pany or Organization Project Name 

Ruhrkohle AG Bottrop Direct Coal Liquefaction Pilot Plant Project 441 
British Coal Liquid Solvent Extraction Project 441 
Synthesegasantage Ruhr (SAR) 4-66 

Ruhrkohle Oct und Gas GmbH BEWAG 0CC Project 4-40 

RWE Energie AG KoBra High-Temperature Winkler 10CC Demonstration Plant 4-55 

Saabergwerke AG GFK Direct Liquefaction Project 4-50 

Sasol Limited Sasol 4-63 

SEP SEP 10CC Power Plant 4-64 

Shanghai Coking & Chemical Corporation WujingTrigeneration Project 4-70 

Sierra Pacific Power Company Pinon Pine 10CC Power Plant 4-60 

South Australia, Government of South Australian Coal Gasification Project 4-65 

Southern Company Services, Inc. Hot Gas Cleanup Process 4-52 

Stadtwerke Duisburg German 10CC Power Plant 4-50 

Star Enterprise Delaware Clean Energy Project 4-47 

TAMCO Power Partners Tom's Creek 10CC Demonstration Project 4-68 

Tampella Power Tampella 10CC Process Demonstration 4-66 

TECO Power Services TECO 10CC Plant 4-66 

Tennessee Eastman Company Chemicals From Coal 443 

Texaco Inc. Delaware Clean Energy Project 4-47 
Texaco Montebello Research Laboratory Studies 4-67 

Texaco Syngas Inc. Delaware Clean Energy Project 4-47 
Freetown 10CC Project 449 
Texaco Cool Water Project 4-67 

ThermoChem, Inc. ThermoChem Pulse Combustion Demonstration 4-67 

TAMCO Power Partners Tom's Creek 10CC Demonstration Plant 4-68 

Ube Industries, Ltd. We Ammonia-From-Coal Plant 4-68 

Uhde GmbH Rbeinbraun High-Temperature Winkler Project 4-62 

United Kingdom Department of Energy Advanced Power Generation System 4-39 

United States Department of Energy Advanced Coal Liquefaction Pilot Plant 4-38 
Brookhaven Mild Gasification of Coal 4-42 
Calderon Energy Gasification Project 443 
Encoal LFC Demonstration Plant 4-48 
Frontier Energy Coprocessing Project 449 
Hot Gas Clean Up Process 4-52 
Lakeside Repowering Gasification Project 4-55 
Laporte Alternative Fuels Development Program 4-56 
Mild Gasification Process Demonstration Unit 4-57 
PETC Generic Coal Liquefaction Plants 4-60 
Piano Pine 10CC Power Plant 4-60 
TECO 10CC Plant 4-66
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STATUS OF COAL PROJECTS 

INDEX OF COMPANY INTERESTS (Continued) 

Company or Orranization
	

Proiect Name
	

Pan 

University of North Dakota Energy and
Environmental Research Center 

Vcba Gel GmbI-1 

Vereinigte Elektrizitatswerkc Westfalen AG 

Victoria, State Government of 

Voest-Alpine lndustrieanlagenbau 

Western Energy Company 

Western Research Institute 

Weyerhauser 

Wyoming Coal Refining Systems, Inc. 

Yunnan Province, China

ThermoChem Pulse Combustion Demonstration 4-67 
Tom's Creek IGCC Demonstration Plant 4-68 
Western Energy Advanced Coal Conversion Process Demonstration 4-70 

AMAX/EMRC Mild Gasification Demonstration 4-40 

Bottrop Direct Coal Liquefaction Pilot Plant Project 4-41 

YEW Gasification Process 4-68 

Victorian Brown Coal Liquefaction Project 4-69 

ISCOR Melter Gasifier Process 4-54 

Western Energy Advanced Coal Conversion Process Demonstration 4-70 

Mild Gasification of Western Coal DemonstratiOn 4-57 

TherinoChem Pulse Combustion Demonstration 4-67 

CharFuel Project 4-43 

Yunnan Lurgi Chemical Fertilizer Plant 4-71
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ENERGY POLICY AND FORECASTS 

WORLI)WATCH INsrrflrrE SEES NATURAL GAS AS A 
BRIDGE TO CLEAN ENERGY 

One of the strongest arguments for increasing the use of 
natural gas is that it could provide the bridge to an energy 
economy based on renewables. There are already 
powerplants in Southern California that rely mainly on solar 
cnerk and use natural gas as a backup fuel in the evenings. 
and utilities around the world are now considering similar 
schemes. 

According to C. Flavin. vice president for research at 
\Vorldwatch Institute, Natural gas may hold one of the keys 
to a more sustainable energy economy." In addition, he says 
the step front natural gas to hydrogen is "surprisingly small." 
Hydrogen. a carbon-free, gaseous fuel that can be produced 
directly front solar energy. can be stored in tanks and carried 
in pipelines just like natural gas.

Flavin says that until recently, natural gas has been lumped 
in with other fossil fuels. However, natural gas is the 
simplest of the hydrocarbons. Its main ingredient (methane) 
is one of the most basic organic molecules, made up of a car-
bon atom surrounded by four hydrogen atoms. Expanded 
use of natural gas would be effective in helping to achieve 
major reductions in carbon dioxide emissions. 

Moreover, he says, an energy system based on natural gas is 
a logical step to a hydrogen economy in which solar-
generated electricity would be used to produce hydrogen 
that is fed into pipelines similar to the current natural gas 
network. Environmentalists should view natural gas as "a 
bridge to an ecologically sustainable energy future." 

Natural gas contains one-third less carbon per unit of energy 
than oil, and a little more than half as much as coal (see 
Figure 1). Natural gas is now the world's third largest energy 
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source, and its use is growing more rapidly than that of any 
other major source. In fact, global use of natural gas has 
doubled since 1970, says Flavin.

be reinjected into the turbine or used to power a second 
steam turbine. Gas combined-cycle systems have already hit 
a conversion efficiency of 45 percent, and engineers believe 
that 55 percent is attainable by the mid-1990s. 

One of the biggest advantages of natural gas is its capacity 
for reducing air pollution. By the time it reaches the burner 
tip, natural gas has been stripped of sulfur, one of the main 
causes of add rain. Because of its chemical simplicity, air 
emissions from natural gas combustion are easy to control 
with today's technologies. 

The environmental advantages of natural gas can be seen in 
two of its most rapidly growing uses: electricity generation, 
which currently depends heavily on coal, and transportation, 
which depends almost entirely on oil. Together, electricity 
generation and transportation applications are responsible 
for much of the world's urban air pollution and acid rain, 
and more than half the carbon emissions from fossil fuels. 

One of the most important developments in electricity 
production is the new generation of efficient gas turbines, 
says Flavin. Gas turbines lend themselves to combined-cycle 
applications, in which exhaust heat produces steam that can

About half the powerplants being built in the United States 
are gas fired, mainly because power from a combined-cycle 
gas plant now costs about 25 percent less than that from a 
coal plant. 

Some of the newer natural gas technologies greatly reduce 
emissions of nitrogen oxides—by 85 percent compared with 
the most advanced coal plants yet built. In addition, they 
emit 60 percent less carbon dioxide than coal plants in use 
today (see Figure 2). 

According to Flavin, taxes on carbon dioxide and other 
policies designed to slow global warming are likely to ac-
celerate the shift to natural gas, and may encourage utilities 
to convert many oil- and coal-fired plants to gas combined 
cycle. Replacing half of existing United States coal capacity 
with gas turbines over the next 20 years would cut the 
country's carbon emissions by 16 percent. 

FIGURE 2 

AIR POLLUTANTS FROM ELECTRIC POWER GENERATION 
(Grams/Kilowatt-Hour) 

Sulfur Dioxide M Nitrogen Oxides 
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Natural gas is also gaining in use as a vehicle fuel; several 
states are encouraging the purchase of gas vehicles as a way 
of attacking air pollution. One study estimates that 4 million 
natural gas vehicles could be on United States roads by 2005. 
With optimized, high-compression engines, carbon dioxide 
emissions could be cut 30 percent below those from today's 
gasoline-fueled cars. 

The first big market for natural gas vehicles will be bus sys-
tems and fleet vehicles owned by government agencies and 
private companies. Some oil companies have begun to 
modify service stations for the distribution of natural gas. 

Gas is now the heavy favorite to win the alternative fuel 
sweepstakes, says Flavin. Local environmental groups are 
starting to lobby for natural gas, and state and local govern-
ments are encouraging it. 

Recent studies, including one by the National Petroleum 
Council, have found that earlier assessments systematically 
underestimated reserves of natural gas. Total United States 
resources are now estimated to be 1,000 to 1,300 trillion 
cubic feet. This is enough to last the country 60 years at cur-
rent rates of use, without any calamitous price increases. 

Globally, there is no question about the abundance of 
natural gas. During the past 2 decades, enormous exportable 
resources have been discovered in Argentina, Indonesia, 
Mexico, North Africa, the North Sea, and Russia. There is 
enough natural gas to meet doubled world demand during 
the next 20 to 30 years and then to sustain that level for at 
least a couple of decades. 

Ravin says that because world oil production is likely to 
grow little from the current level, natural gas seems destined 
to become the world's most important energy source, displac-

ing oil in the same way that oil once displaced coal. In the 
United States, half of the country's passenger cars could be 
fueled with only a one-third increase in United States natural 
gas supplies. 

The Bridge to Hydrogen 

Environmental groups have been effective advocates of im-
proved energy efficiency, but have fought against a number 
of biomass, wind, and geothermal projects. While renewable 
energy sources are generally an improvement over fossil 
fuels, a balanced expansion of renewable energy and natural 
gas seems preferable to the crash development of either, says 
Flavin. 

Something more than greater reliance on efficiency and 
renewables is needed. Because the technology and infrastruc-
ture are at least partly in place, expanded use of natural gas 
could reduce carbon emissions rapidly. 

The transition to hydrogen may be made easier because it 
can also be manufactured directly from natural gas. In addi-
tion, hydrogen can be mixed with methane in limited quan-
tities without altering today's gas pipelines or burners. As 
methane resources are depleted and prices rise, or as carbon 
taxes are introduced, hydrogen can be eased into the mix. 

Solar hydrogen may become the foundation of a new energy 
economy, says Flavin. All the world's population centers are 
near sunny and wind-rich areas. The pipeline routes that 
link the gas fields in Oklahoma or Wyoming with the in-
dustrial Midwest and Northeast could one day carry 
hydrogen.

##1# 
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TECHNOLOGY 

EXXON NATURAL-GAS-TO-LIQUIDS PROCESS 
REVEALED 

At the annual conference of the Council on Alternate Fuels, 
held in Charleston, South Carolina in April, W.N. Mitchell 
of Exxon Research and Development Laboratories discussed 
the natural-gas-to-liquids process that has been under 
development at Exxon for several years. A 200-barrel per 
day pilot plant has been operational since 1990 and Exxon 
says it has spent over $100 million on the process to date. 

The overall process is shown in Figure 1. A key component 
is the Exxon fluidized-bed syngas generator (Figure 2). This 
is a catalytic reforming step with partial oxidation occurring 
at the same time. The generator design, which draws on 
Exxon's extensive fluid-bed process experience in cat crack-
ing and fluid coking, is said to be highly efficient and offers 
good economy of scale. 

Synthesis gas from the fluid-bed syngas generator goes to a 
slurry-type Fischer-Tropsch reactor, which uses a proprietary 
Exxon catalyst. The paraffinic product from this step is sent 
to a hydroisomerization upgrading step. This is a fixed-bed 
hydroprocessing reactor. The output can be refinery 
feedstock or rushed products free of sulfur, nitrogen, 
vanadium and aromatics. The reaction system is said to be 
highly flexible, with a wide range of product options such as: 

- Premium quality diesel, jet fuel 

- Specialties such as lithe oils and waxes

FIGURE 2 

EXXON FLUIDIZED BED 
SYNGAS GENERATION CYCLONE J-EATCOVERY NATURAL GAS OXYGEN ITEAM CARBON MONOXTDE 

SOURCE: MlTC$LL 

- Chemicals for manufacturing solvents, alcohols and 
polymers 

In the maximum diesel/jet configuration, output is 
30 percent naphtha and 70 percent diesel/jet. In the maxi-
mum cat feed configuration, the output is 15 percent naph-
tha, 50 percent diesel/jet and 35 percent cat cracker 
feedstock. 

FIGURE 1 

EXXON ADVANCED GAS CONVERSION TECHNOLOGY 

NATURAL GAS 
OXYGEN	 SYNTHESIS

GAS	 2H2 + CO 
[ENlOj

HYDROCARBON 
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SOURCE: MITCHELL
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Exxon is continuing its development program to make the 	 which point information should be available for scaleup to 
new process technically ready as a process option for remote 	 commercial size. 
gas. The demonstration program is nearing completion, at

SYN'flIEIlC FUELS REPORT. SEPTEMBER 1992 
5-5



RESOURCE 

HYDRATES COULD BE HUGE SOURCE OF NATURAL 
GAS IN ALASKA 

Large amounts of natural gas, occurring in sediments as gas 
hydrates, are an immediate producible source of natural gas 
in Alaska, according to T.S. Collett of the United States 
Geological Survey. The Prudhoe Bay-Kuparuk River gas-
hydrate accumulation is estimated to contain about 
44 trillion cubic feet of natural gas. 

Gas hydrates are solids, composed of rigid cages of water 
molecules that trap molecules of gas. One cubic foot of 
methane hydrate can contain as much as 180 cubic feet of 
methane gas. Cold surface temperatures at high latitudes 
combine to develop gas hydrate in the subsurface. Arctic 
gas-hydrate studies show that in permafrost regions gas 
hydrates may exist at subsurface depths ranging from about 
130 to 2,000 meters. 

The gas hydrates in the Russian Messoyakha field, located in 
the West Siberian Basin, and those of the Prudhoe Bay-
Kuparuk River area in northern Alaska are the most studied 
gas-hydrate accumulations in the world. 

Prudhoe Bay-Kuparuk River Accumulation 

Regional analysis of subsurface gas chemistry, temperatures, 
pore-pressures, and pore-water salinities indicates that 
methane hydrate would be stable beneath most of the coas-
tal plain of northern Alaska and that the stability zone would 
be thicker than 1,000 meters in parts of the Prudhoe Bay oil 
field. 

Recently completed three-dimensional seismic surveys have 
documented the occurrence of a gas-hydrate/free-gas con-
tact at the base of the methane-hydrate stability field in the 
west end of the Prudhoe Bay production unit. Open-hole 
logs from wells in the west end of the Prudhoe Bay field also 
indicate the presence of a large free-gas accumulation 
trapped stratigraphically downdip below four of the log-
inferred gas hydrates. 

Messoyakha Accumulation 

The Messoyakha field was discovered in 1968 and it was the 
first producing field in the northern part of the West 
Siberian Basin. The Messoyakha gas accumulation is con-
fined to the Dolgan Formation of the Cenonianian Pokur 
"suite." The upper part (about 40 meters) of the Mes-
soyakha field is within the zone of predicted methane-
hydrate stability. It has been determined that the 
10°C isotherm defines the lower limit of the in situ gas 
hydrates, thus separating the Messoyakha field into an upper

gas-hydrate accumulation and a lower free-gas accumulation 
(Figure 1). Detailed cross sections reveal that the well-log-
inferred gas hydrates occur within a series of discrete, 
laterally continuous sandstone sequences which are 
separated by interbedded shales and siltstones. Prior to 
production, the calculated total gas reserves within the gas. 
hydrate and free-gas parts of the Messoyakha accumulation 
were estimated to be about 2.8 trillion cubic feet; about one-
third of the reserves are within the gas hydrates. 

Messoyakha Production History 

Long-term production from the gas-hydrate part of the Mes-
soyakha field has been achieved by a simple depressurization 
scheme. The reservoir pressure and production history of 
the Messoyakha field is depicted in Figure 2. When produc-
tion began in 1969, the reservoir pressure decline curve fol-
lowed the predicted path; however, in 1971 the measured 
reservoir pressures began to deviate from the predicted 
values. This deviation has been attributed to the liberation 
of free gas from dissociating gas hydrates. The 17-year 
production history of the Messoyakha field has been divided 
into rive stages: 

Stage I: From 1969 to 1971, reservoir pressure did 
not fall below gas-hydrate stability conditions and 
gas production was only from the deeper, free-gas 
part of the field. 

Stage H: From 1971 to 1975, actual reservoir pres-
sures exceeded predicted reservoir pressures, mark-
ing the start of gas-hydrate dissociation and gas 
production from gas hydrates. 

Stage ifi: From 1976 to 1977, the volume of gas 
withdrawn from the reservoir was equal to the 
amount of gas liberated from the dissociating gas 
hydrates. 

Stage IV: From 1978 to 1981, production was 
slowed and eventually shut-in; reservoir pressures 
began to rise as the gas hydrates continued to dis-
sociate. 

Stage V: Since 1982 there has only been modest 
production from the Messoyakha field. 

Throughout the production history of the Messoyakha field, 
the depth of the gas-water contact has not changed, and it is 
estimated that about 36 percent (about 183 billion cubic 
feet) of the gas withdrawn from the field has come from the 
gas hydrates. 
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Potential Production from the Prudhoe Bay-Kuparuk River 
Accumulations 

Production data from the Prudhoe Bay-Kuparuk River gas-
hydrate accumulation are limited to a single drill-stem test of 
the cored gas-hydrate interval of the Northwest Eileen State-
2 well. The maximum gas flow rate from the well of 
112 cubic meters per day is similar to production rates 
reported for gas-hydrate intervals in the Messoyakha field. 
Other similarities between the Messoyakha and the Prudhoe 
Bay-Kuparuk River gas-hydrate accumulations suggest that 
the production history of the Messoyakha field may be used 
as an analog to predict the production potential of the Alas-
kan gas hydrates, says Collett. 

Both the Messoyakha and Prudhoe Bay-Kuparuk River gas-
hydrate accumulations occur in similar sequences of inter-
bedded Cretaceous and Tertiary sandstone and siltstone

reservoir rocks. The presence of a significant volume of free 
gas trapped below both the Messoyakha and Prudhoe Bay-
Kuparuk River gas-hydrate accumulations is most important 
when considering the production characteristics of these two 
gas-hydrate accumulations. Utilization of the gas-hydrate 
depressurization method of production requires that part of 
the accumulation be in a free-gas state. 

According to Collett, the most striking difference between 
the two occurrences is the sizing of the accumulations. The 
total mapped area of the gas-hydrate accumulation in the 
Prudhoe Bay-Kuparuk River area is about 1,643 square 
kilometers, whereas the Messoyakha field covers only 
238 square kilometers. The difference in field size accounts 
for the vast difference in estimated gas volumes: 2.8 trillion 
cubic feet in the Messoyakha field compared to 44 trillion 
cubic feet in the Prudhoe Bay-Kuparuk River accumulation. 
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FIGURE 2 

RESERVOIR PRESSURES AND PRODUCTION HISTORY OF THE MESSOYAKHA FIELD 
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STATUS OF NATURAL GAS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since June 1992) 

FUELCO SYNHYTECH PLANT - Fuel Resources Development Company (0-10) 

Fuel Resources Development Company (FuelCo) held ground breaking ceremonies in May 1990 for their Synhytech Plant at the 
Pueblo, Colorado landfill. The Synhytech Plant, short for synthetic hydrocarbon technology, will convert the landfills' methane and 
carbon dioxide gas into clean burning diesel fuel as well as naphtha and a high grade industrial wax. 

The technology is said to be the world's first to convert landfill gases into diesel motor fuel. It was developed by FuelCo, a wholly 
owned subsidiary of Public Service Company of Colorado, and Rentech Inc. of Denver, Colorado. Fuelco is planning to invest up 
to $16 million in the project with Rentech having the option to purchase 15 percent of the plant. Ultrasystems Engineers and Con-
structors is designing and building the project. 

The plant is expected to produce 100 barrels of diesel, plus 50 barrels of naphtha and 80 barrels of high grade wax per day. It is es-
timated that the Pueblo site will sustain a 235 barrel per day production rate for about 20 years. FuelCo estimates that diesel fuel 
can be produced for about $IR per barrel. 

The process takes the landfill gas—which is about 52 percent methane and 40 percent carbon dioxide—breaks it down and passes it 
through an iron-based slurry-phase catalyst, and extracts diesel fuel, naphtha and wax. 

According to vehicle test results at high altitude, the Synhytech diesel was 35 percent lower in particulate emissions and produced 
53 percent fewer hydrocarbons and 41 percent less carbon monoxide in the vehicle exhaust. It contains no sulfur and only low 
levels of aromatics, and no engine modifications are required. Plant construction was complete in December 1991 and the first 
crude product was produced in January 1992. 

Project Cost:	 $16 million 

MOSSGAS SYNFUELS PLANT - South African Central Energy Fund (70 percent), Engen Ltd. (30 percent optional) ((1-20) 

In 1988 the South African government approved a plan for a synthetic fuels from offshore natural gas plant to be located near the 
town of Mossel Bay off the southeast coast. Gas for the synthesis plant will be taken from an offshore platform which was com-
pleted in 1991. The SASOL Synthol technology has been selected for the project. 

Construction of the onshore plant is scheduled for completion in mid-1992. The complex is expected to produce its first products 
by the third quarter of 1992 and to be in full production by the third quarter of 1993. The product slate will be liquefied petroleum 
gas, 93 and 97 octane gasoline, kerosene and diesel. 

The breakeven point for the project will be reached with crude oil prices of $35 per barrel. Engen is the project manager and will 
be the operator of the facility. The project was financed 80 percent by the Central Energy Fund and 20 percent by commercial 
loans. 

Gas reserves, located in 350 feet of water, 55 miles off the Southeast coast of South Africa, are sufficient to operate the synthesis 
facility for 30 years at design rate. 

Gas and condensate arrive onshore in separate pipelines. In the Natural Gas Liquid Recovery plant any hydrocarbons heavier than 
propane are removed from the gas stream yielding lean natural gas. The lean gas is fed to a two-stage methane reforming plant. 
The first stage consists of a tubular reforming plant which is followed by a secondary partial oxidation plant. The capacity of the 
three-train reforming plant would be sufficient for the production of 7,000 tons per day of methanol. 

Using an iron-based catalyst, the synthesis gas from the natural gas reforming plant is catalytically converted to predominantly light 
olefinic hydrocarbons. The tailgas from Synthol is sent to the Tailgas Treatment plant when products (propylene, butylene and 
C5 + condensate) are cryogenically removed before the gas is recycled back to a natural gas reforming plant. Hydrocarbons from 
Synthol are refined by conventional methods to produce the final fuels. 

Project Cost: 	 $4.2 billion 

NEW ZEALAND SYNFUELS PLANT - Fletcher Challenge, Ltd. (75 percent), Mobil Oil of New Zealand Ltd., (25 percent) (0-30) 

The New Zealand Synthetic Fuels Corporation Limited (Synfuel) Motunui plant was the first in the world to convert natural gas to 
gasoline using Mobil's methanol-to-gasoline (MTG) process. Construction began in early 1982 and the first gallon of gasoline was 
produced in October 1985. In the first 8 months of commercial production the plant produced 448,000 tonnes of gasoline or about 
35 percent of New Zealand's total demand for that period.
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STATUS OF NATURAL GAS PROJECTS (Underline denotes changes since June 1992) 

COMMERCIAL PROJECTS (Continued) 

During the first two years of operation, the Synfuel plant suffered several shutdowns in the methanol units thus causing production 
shortfalls despite reaching the one million tons of gasoline mark in 1988. A successful maintenance turnaround and several im-
provements to the MTG waste water plant have improved efficiency considerably. In 1990 the plant produced about 12,000 barrels 
of gasoline per day. This is about 34 percent of New Zealand's gasoline needs. 

The plant is located on the west coast of New Zealand's North Island in Taranaki. It is supplied by the offshore Maui and Kapuni 
gas fields. The synthetic gasoline produced at the plant is blended at the Marsden Point refinery in Whangarei. The plant is a toll-
ing operation, processing natural gas owned by the government into gasoline for a fee. Synfuels, thus does not own the refined 
product. 

Synfuel was owned 75 percent by the New Zealand government and 25 percent by Mobil Oil of New Zealand Ltd. However, the 
Petroleum Corporation of New Zealand (l'etrocorp) entered an agreement with the New Zealand government to assume its 
75 percent interest in the corporation. The New Zealand government had been carrying a debt of approximately $700 million on 
the plant up to that point. Petrocorp is owned by Fletcher Challenge, Ltd. 

Since the chan ge in ownership, a p ipeline has been built between the Synfuel plant and the Petral gas methanol plant in the Waitara 
Valley. This addition means that, when the price of distilled methanol is hi gh, a percentage of Synfuel crude methanol can be sent 
via the pipeline to Petrnlgns For distillation. When the price of gasoline is high, Petralgas methanol can he sent via the p ipeline to 
Synfuel and be converted into gasoline. 

The synfuel plant produced a record 562,000 tonnes of gasoline in the first 6 months of 1991. A percentage of crude methanol was 
pipelined to fletcher's Petralgas plant to produce 186,000 tonnes of chemical grade methanol. 

The plant was desi gned to produce 4,400 tonnes of methanol per day. Due to plant modifications, Synfuel is capable of producing 
5,000 tonnes of crude methanol per day. Eq ually, the p lant was desi gned to produce 570.000 tonnes of gasoline per year. For the 
last 2 years Synfuel has produced over 630,000 tonnes of gasoline, or 34 percent of New Zealand's gasoline needs. 

Fletcher Challenge will exercise its option to require the government to buy N7$400 million (US$222 million) of new shares from 
the company. 

SHELL MALAYSIA MIDDLE DISTILLATES SYN1'HESIS PLANT - Shell MDS (60 percent), Mitsubishi (20 percent), Petronas 
(10 percent), Sarawak State Government (G-50) 

The Royal Dutch/Shell Group is building the world's first commercial plant to produce middle distillates from natural gas in 
Malaysia. The $660 million unit is being built next to the Bintulu LNG plant in the state of Sarawak. The plant will produce ap-
proximately 500,000 metric tons of products per year from 100 million cubic feet per day of natural gas feedstock. 

The operator for the project will be Shell MDS. The main construction contract was let to JGC Corporation of Japan. Site 
preparations began in late 1989, with completion scheduled for late 1992. 

The Shell middle distillates synthesis process (SMDS) is based on modernized Fischer-Tropsch technology which reacts an inter-
mediate synthesis gas with a highly active and selective catalyst. The Shell catalyst minimizes coproduction of light hydrocarbons 
unlike classical Fischer-Tropsch catalysts. Middle distillates will be the main product, but the plant will have operating flexibility so 
that while maintaining maximum output, the composition of the product package, which will contain low molecular weight paraffin 
waxes, can be varied to match market demand. Shell will use its own gasification technology to produce the synthesis gas. 

Four reactors for the heavy paraffin synthesis unit, said to be the largest in the world, have been delivered to the plant site. These 
vessels were built in Italy, but overall construction is being handled by JGC Corporation of Japan. 

Project Cost:	 $660 million

'I 
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