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HIGHLIGHTS 

Capsule Summaries of the More Significant Articles In this Issue 

lEA Ministers Note Need for Diversified Energy Supply 

The ministers of the 21-member International Energy Agency (lEA), in assessing long-term energy 
options, said special emphasis should be placed on those technologies which enhance diversity, ef- 
ficiency and safety, extend and improve prospects for using reserves of conventional fossil fuels, 
and make available new and alternative energy sources. A discussion of theft outlook on a diver-
sified energy supply begins on page 1-1. 

CERI Price Projection Puts Oil Slightly Over $25 Post-2000 

The Canadian Energy Research Institute (CERI) has predicted that world oil prices will top 
$25 per barrel after the year 2000. As discussed on page 1-3, a recently released CERI study at-
tempts to capture the effects of the world's fourth oil price shock on long-term industry trends 
through an analysis of six possible scenarios. 

Case Made for Higher Oil Demand in the Future 

A study performed by the United Nations Institute for Training and Research presents an alterna- 
tive method of projecting future oil demand. This alternative approach, as detailed onpage 1-4, 
assumes that future oil demand is influenced by the underlying relationships between oil and gross 
domestic product and looks at those relationships over the past 40 years. The study projects 
growth rates for world oil consumption of either 2.8 or 3.8 percent. 

Rising Oil Prices Predicted by A. D. Little Study 

A new study by Arthur D. Little, "The Long-Term Outlook for Crude Oil and Petroleum 
Products," is discussed on page 1-6. The study predicts a few years of moderate energy prices 
before rising oil demand in developing countries and static oil production in non-OPEC countries 
will cause oil prices to rise. The report analyzes the implications of three possible scenarios in the 
world oil markets. 

Dlmethyl Ether from Syngas Demonstrated at Texas Pilot Plant 

Air Products and Chemicals, Inc. has begun a 3-year, $17 million program to test a one-step 
process to convert coal-derived gas into dimethyl ether, or DME. As discussed on page 1-10, the 
tests are being conducted at the Department of Energy's Alternative Fuels Development Unit in 
LaPorte, Texas. DME can be used to make oxygenates. 

What Is the Real Cost of Energy? Asks UCS 

As outlined on page 1-12, the Union of Concerned Scientists (UCS) says that society must put a 
price tag on the environmental costs of energy production in order to determine the real cost of 
energy. UCS says that if regulatory commissions restructure the utility planning process to con- 
sider the environmental costs of energy production, utilities will give fair consideration to less poi-
luting resources to meet society's energy needs. 
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Northiake Leases Utah Tract, Plans Retort Development 

Northiake Industries Inc. and Uintah Basin Minerals Inc. have obtained a Utah land use permit 
giving them access to the surface facilities and oil shale stockpile at the former White River Oil 
Shale Project. As detailed on page 2-1, Northlake will use the shale to test their new shale oil ex-
traction process in a pilot plant. If the tests are successful, the company's plans include a 
100,000 ton per day commercial facility. 

New Paraho Considers Coprocessing Oil Shale and Scrap Tires 

The New Paraho Corporation has proposed a 7-month, $500,000 commercial evaluation program 
to assess the economic benefits associated with coprocessing used tires and oil shale. The 
program, detailed on page 2-2, involves retorting operations in Paraho's pilot plant facilities near 
Rifle, Colorado using retort feedstocks consisting of shredded used tires blended with oil shale 
rock, an assessment of the potential benefits and an economic analysis. 

Colorado Governor Romer Supports Oil Shale Funding 

Colorado's Governor Romer is urging Congress to use funds already appropriated for the now 
defunct Occidental and Unocal oil shale projects to continue development of western oil shale 
resources. Romer presented proposals for oil shale research, development and demonstration 
projects in a letter to the chairman of the Senate Appropriations Committee. Portions of Romer's 
letter are reproduced on page 2-3. 

Oil Shale Future Discussed at Council on Alternate Fuels Seminar 

A summary of the presentations made at a seminar sponsored by the Council on Alternate Fuels, 
"Taking Stock: Oil Shale in the 1990s," is given on page 2-6. Presentations were given by represen- 
tatives from Unocal Corporation, Rio Blanco Oil Shale Project, Occidental Petroleum Corpora-
tion, lIT Research Institute, Sandia National Laboratory, Lawrence Livermore National 
Laboratory, and the Center for Strategic and International Studies. 

Road Tests of Shale Oil Modified Asphalt Yield Encouraging Results 

Recently released test data on New Paraho Corporation's shale oil modified asphalt product, 
called "SOMAT," indicate that the product can effectively compete with polymer modified as-
phalts. Paraho and Marathon Oil believe that SOMAT can also effectively compete from a market 
price point of view, saying that SOMAT should enjoy a significant price advantage over polymer 
modified asphalts. The test data are presented on page 2-8. 

Asphalt Research May Lead to Understanding How Shale Oil Modifiers Work 

An announcement from the National Research Council's Strategic Highway Research Program 
says recent advances in, understanding asphalt chemistry could make it much easier to build pave-
ment that lasts longer. As discussed on page 2-14, researchers in Wyoming and Pennsylvania have 
generated a new chemical model that could shed new light on the structure of asphalt. Research 
has focused on a chemical component called amphoterics. 

Esperance May Develop Australia's Second Oil Shale Project 

Esperance Minerals NL and Greenvale Mining NIL are considering a project to produce 
200,000 tons per year of "asphaltine" for bitumen from the Alpha torbanite deposit in central 
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Queensland, Australia. The proposed project, discussed on page 2-18, would meet 17 percent of 
Australia's bitumen demand. The Alpha deposit reportedly contains about 90 million barrels of oil 
reserves. 

Stuart Project Gets Critical Tax Break 

The Australian Government has granted an exemption from normal excise taxes on petroleum 
products derived from shale oil from approved demonstration projects. The exemption, 
guaranteed until 2005, will apply to about 40 percent of Stage 1 output from the proposed Stuart 
Project, saving the plant an estimated US$190 million over a 10-year period. See page 2-18 for 
more details. 

Reverse Combustion Tested as MIS Cleanup Technique 

Research at Western Research Institute to evaluate modified in situ (MIS) retort stabilization 
methods is summarized on page 2-19. Reverse combustion was found to be the most effective 
method for removing organic material on the unretorted shale at the bottom of the retort, com-
pared to hot quench and deluge techniques. Reverse combustion also reduced water readsorption 
by spent shale. 

Underground Test Facility Moving to Pie-Commercial Pilot Phase 

The underground test facility (UTF) owned and operated by Alberta Oil Sands Technology and 
Research Authority is moving into a pre-commercial pilot phase at an estimated cost of 
$65 million by March 1994. As discussed on page 3-1, the Phase B expansion will consist of three 
horizontal well pairs, 600 meters long, spaced 70 meter apart. The bitumen production rate is ex-
pected to by 2,000 barrels per day in this phase. 

Husky Upgrader May Start Up Ahead of Schedule Next Year 

The engineering for Husky Oil Ltd.'s Upgrader at Lloydminster, Saskatchewan, Canada is nearing 
completion and more than half of the equipment is already on-site. As discussed on page 34, half 
of the project could be ready for startup in the summer of 1992, 4 to 5 months ahead of schedule. 
The second half would come onstream as scheduled, probably in November 1992. 

LC-Fining a Success in Bitumen Upgrading at Syncrude 

A review of the operating history of the LC-Fining unit at Syncrude Canada Limited's Mildred 
Lake, Alberta oil sands mining and extraction complex is given on page 3-7. The unit was designed 
to process 40,000 barrels per day of partially topped bitumen, but has operated at 45,000 barrels 
per day for a 3-month period and at 50,000 barrels per day for a shorter period. Even though the 
feedstock is heavier than design, most conversion parameters exceed the design case. 

Horizontal Wells Studied for Peace River Project 

Operations at Shell Canada's Peace River In Situ Pilot continue to focuson novel recovery process 
technologies, specifically horizontal wells and in situ upgrading. Shell says horizontal wells, the 
subject of encouraging research, represent a significant opportunity for potential improvement in 
both field productivity and profitability. Further details are on page 3-8. 
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OSLO Would Use Evolutionary, Not Revolutionary Technology 

A review of the process design for OSLO Alberta Limited's proposed commercial extraction plant 
shows that an evolutionary approach was chosen to improve on current commercial practice in 
terms of recovery, energy efficiency, water consumption and tailings disposal practices. OSLO 
conducted several process selection studies over a 7-year period. A description of the selected 
process technologies and techniques begins on page 3-10. 

Texaco Will Test Electromagnetic Heating at Frog Lake 

Texaco's Frog Lake Project will test near well-bore electromagnetic heating designed to reduce oil 
viscosity and result in improved well productivity. Texaco will test this technology in three closely 
spaced wells, drilled from a central pad, which deviate up to 60 degrees from the vertical 
Electromagnetic stimulation on some heavy oil reservoirs has reportedly increased primary 
production by two or three times. See page 3-13 for details. 

Regional Upgrader Concept Could be Economical 

An overview of studies carried out by the Alberta Chamber of Resources Oil Sands Task Force 
concerning a regional heavy oil upgrader is presented on page 3-20. The task force first proposed 
this concept in 1986. Preliminary studies have shown that a regional upgrader with satellite 
bitumen/heavy oil production facilities would be competitive with the integrated "megaproject" 
approach. 

Byproducts Could Improve Oil Sands Profitability 

According to EACR Consulting Limited, the potential for byproducts to improve the economic 
viability of oil sands projects is becoming increasingly attractive. The article beginning on 
page 3-21 discusses the byproduct potential for a mature oil sands operation. Secondary 
byproducts discussed include gas liquids, sulfur, sulfur dioxide, ammonia, carbon dioxide, 
petroleum coke, heavy minerals, sand, cement and clay. 

Hydrogen the Key to Heavy Oil Upgrading 

Hydrogen is an essential input for any practical and economic process to upgrade bitumen and 
heavy oil to synthetic crude oil or transportation fuels, but hydrogen represents a major cost in 
upgrading. The discussion of hydrogen production technologies, found on page 3-25, concludes 
that electrochemical options for hydrogen production are significantly more complex, inefficient 
and expensive than thermochemical processes, such as reforming and gasification. 

Tar Sand Dredging Said Viable for Canada 

The Beaver Dredging Company says that dredging is a viable alternative to normal dry excavation 
methods not only for the removal of overburden but also for the excavation of the product ore. As 
detailed on page 3-28, one of the major advantages of dredging is the ability to excavate and 
transport material in a cost effective manner and directly feed the ore to the processing plant at a 
suitable slurry density. Such dredging operations are discussed in detail. 

Natural Bitumen Will be Used for Roads in Mongolia 

A lack of bitumen in Mongolia has led to research and development on the use of natural 
bituminous rocks for road construction. The Soviet Union's Dortechnika has developed the neces-
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sary technology and equipment to produce asphalt mixtures for all categories of motor roads. The 
article on page 3-31 outlines this technology which will be used for commercial production in the 
town of Nalaikh, Mongolia in 1991. 

Taciuk Process Studied for Application In Trinidad and Tobago 

Conventional in situ recovery methods are not applicable to exploit the oil sands deposit in the 
Parrylands area of Trinidad. The Trinidad and Tobago Oil Company (Trintoc) is studying the 
feasibility of using Alberta Oil Sands Technology and Research Authority's Taciuk process to 
recover oil from this deposit. As discussed on page 3-33, Trintoc's Parrylands deposit holds an es-
timated 70 to 75 million barrels of oil. 

New Tenure Option for Alberta Oil Sands Explained 

An explanation of the amended tenure system under which Alberta's oil sands reserves are leased 
is given on page 3-40. The new tenure options, which apply to second term oil sands leases, are 
designed to ensure that ample reserves of oil sands are in the hands of those who are committed to 
developing them. The goal is to increase production of bitumen and synthetic crude oil in Alberta, 
Canada. 

Heavy Oil Deposits Defined In Midcontinent Region 

A summary of the technical progress of a feasibility study of heavy oil recovery in the midcontinent 
region of the United States is presented on page 3-42. The National Institute for Petroleum and 
Energy Research is conducting the study on heavy oil resources in Oklahoma, Kansas and Mis- 
souri. The study will evaluate the potential for thermal recovery applications and the associated 
economic implications. 

ICF Forecasts U.S. Heavy Oil Production to Reach 700,000 Barrels Per Day in 2000 

Assuming oil prices reach $25 per barrel, ICF Resources says heavy oil production in the United 
States could increase to about 700,000 barrels, per day by the year 2000. The ICF forecast, dis-
cussed on page 3-43, says that with aggressive research and development and wide-scale applica- 
tion of thermal enhanced oil recovery, heavy oil production could reach 1 million barrels per day 
by 2005. 

CTC Expands Production, Marketing of Coal Liquids 

Coal Technology Corporation (CTC) began operating its 1,000 pound per hour mild gasification 
formed-coke pilot plant in February 1991. Coal liquids produced at the plant are already being 
marketed from about 20 outlets in Virginia and West Virginia. American Electric Power is initiat-
ing a pilot program to test liquid coal fuel in part of its vehicle fleet. See page 4-1 for further 
details. 

Great Plains Sells Cresylics and Surplus Methanol 

The Great Plains Synfuels Plant in North Dakota has signed contracts to sell all of its output of 
crude cresylic acids and the surplus methanol manufactured at the plant. Over the past several 
years, the Dakota Gasification Company, owner of the synfuels plant, has initiated numerous 
byproduct revenue enhancement schemes. These and other potential byproducts are discussed on 
page 4-1.
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DOE Drops Ohio Clean Fuels 

The United States Department of Energy (DOE) will not cofund a planned $225 million clean coal 
technology project to convert high-sulfur coal into a clean-burning liquid fuel. The project's 
private sponsor, Ohio Clean fuels, Inc., has been unable to secure its share of the necessary financ-
ing or to acquire a site for the project. As discussed on page 4-1, the decision to drop the project 
frees $39.6 million in unspent federal funds which had been allocated for the project. 

IGT Mild Gasification Team Wins DOE Funding for Pilot 

The Institute of Gas Technology (lOT) plans to design, construct and operate an $18 million ex-
perimental facility for its advanced mild gasification concept to produce a variety of high-value 
products from coal. If negotiations with the United States Department of Energy (DOE) are suc-
cessful, the federal government could provide up to $15 million toward the project. As disclosed 
on page 4-2, the Illinois Department of Energy and Natural Resources' Coal Development Board 
will contribute $3 million for project costs. 

SGI Reaching Commercialization of LFC Process	 - 

SO! International says it is now in a position to accelerate worldwide commercialization of its Li-
quids from Coal (LFC) process. Under its LFC Plant Development Program, discussed on 
page 4-4, 501 has developed joint venture programs for coal owners and users. In addition, a sum-
mary of 501's worldwide marketing efforts and opportunities is presented. 

Carbontec Syncoal Process Would be Demonstrated at Cordero Mine 

Cordero Mining Company is seeking funding to build a coal upgrading facility to demonstrate 
Carbontec's Syncoal Process. As detailed on page 4-5, the process uses moderate temperatures to 
remove the moisture, volatiles, sulfur, and sodium from subbituminous coals or lignite. Cordero 
plans to build a 1,200 ton per day demonstration plant at its mine site near Gillette, Wyoming. 
The estimated cost of the project is $34.3 million. 

Frontier Energy Proposes Coprocessing Plant in Ohio 

Frontier Energy Corporation proposes to build a $440 million plant to demonstrate the technology 
for simultaneous conversion of high sulfur coal and heavy oil to low sulfur, clean burning, liquid 
hydrocarbon fuels. The demonstration project, outlined on page 4-6, would process 1,200 tons per 
day of Ohio No. 6 coal and 20,000 barrels per day of Alberta heavy oil. The process would produce 
petrochemical naphtha, low sulfur fuel oil, electricity, commercial grade propane/butane, sulfur 
and anhydrous ammonia. 

Calderon Proposes Coal/Corn/Tire Feed for Coproduction Process 

Calderon Energy Company is proposing to use coal, corn and tires as the feedstock for the 
coproduction of syngas and low-BTU fuel gas. The syngas would then be converted to methanol 
while the fuel gas would be used to generate electrical power. Calderon proposes to site the 
project in Bowling Green, Ohio at an estimated cost of $271.5 million. More details are on 
page 4-7.
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COREX Process Demonstration Proposed at Geneva Steel 

Geneva Steel of Provo, Utah proposes to demonstrate the COREX ironinaking process in a 
770,000 ton per year commercial scale demonstration facility capable of producing hot metal from 
a wide range of iron ores and coals. The proposed project, discussed on page 4-9, has an estimated 
cost of $467.5 million of which the United States Department of Energy is being asked to fund 
25.7 percent under Round 4 of its Clean Coal Technology Program. 

PSI and Destec Propose Wabash River Coal Gasification Project 

The proposed Wabash River Coal Gasification Repowering Project, a joint venture of Destec 
Energy, Inc. and PSI Energy, Inc., will develop, design, construct and operate an integrated 
gasification combined cycle power plant. The technology will be used to repower one of six units at 
PSI's Wabash River generating station in West Terre Haute, Indiana. Further details on this es-
timated $592 million project are given on page 4-10. 

Sierra Pacific Submits Proposal for IGCC Plant in Nevada 

The Sierra Pacific Power Company has submitted a proposal to the United States Department of 
Energy (DOE) under Round 4 of its Clean Coal Technology Program to design, build and operate 
an integrated coal gasification combined cycle (IGCC) facility at its Tracy Station near Reno, 
Nevada. DOE is being asked to fund 50 percent of the estimated $340.7 million cost of the project. 
The M.W. Kellogg Company will design the KRW fluidized bed gasification system. See 
page 4-13. 

'WA Asks Funding for Combined IGCC and Fertilizer Plant 

The Tennessee Valley Authority (TVA) is proposing to develop and commercially demonstrate 
optimized integrated gasification combined cycle technology and the coproduction of electric 
power and fertilizer. The proposed site for the $686 million facility is Saltillo, Tennessee. TVA 
says the coproduction of urea and sulfuric acid or sulfur as marketable byproducts enhances the 
economic advantages of using coal. The optimized 10CC will also provide environmental benefits, 
as discussed on page 4-14. 

Manitowoc Project Would Demonstrate Combined Carbonizer-PFBC System 

Wisconsin's Manitowoc Public Utility (MPU) plans to demonstrate a coal fired advanced pres-
surized fluid bed combustion system capable of achieving a net plant efficiency of 45 percent. 
MPU says the proposed system will reduce the cost of electricity by more than 20 percent and 
reduce air pollutants substantially. MIPU has applied for United States Department of Energy 
funding under Round 4 of its Clean Coal Technology Program. The project has an estimated cost 
of $250 million. See page 4-14. 

METC Will Fund Cooperative Gasifier Development Facility 

The United States Department of Energy's Morgantown Energy Technology Center (METC) has 
signed a technology transfer agreement with Monongahela Power Company for a project to build a 
coal gasification "product improvement facility" where companies will be able to test advanced 
hardware for making electricity from coal. The $22 million facility will be sited at the Fort Martin 
Power Station's Unit 2 located 4 miles from the federal technology center. Project details are 
presented on page 4-18.
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EIA Sees U.S. Coal Production at 1.5 Billion Tons In 2010 

The Energy Information Administration (EM) says that United States coal production is expected 
to reach 1.5 billion short tons by the year 2010, an increase of 45 percent over the next 20 years. 
As outlined on page 4-20, EM discusses coal projections for three scenarios in its Annual Outlook 
for U.S.Coal 11. The report notes that the most significant event for the coal industry in 1990 
was the passage of the Clean Air Act Amendments. 

lEA Says Coal Demand to Rise 13 Percent by 2000 

The International Energy Agency annual publication, Coal Information 1991, predicts that total 
world coal demand will increase 13 percent between 1990 and 2000. For members of the Or-
ganization for Economic Cooperation and Development, coal demand is expected to grow by 
1.2 percent per year over the decade. lEA's projections on coal prices, demand, trade, production 
and productive capacity are summarized on page 4-21. 

Chinese Trigeneration Project Moves Ahead 

The Shanghai Coking and Chemical Plant is moving ahead with Phase I of the world's first - - 
trigeneration project designed to produce fuel gas from coal, thermoelectricity and chemicals. As 
discussed on page 4-24, the entire project is expected to cost 2 billion yuan. Phase I will cost 
545 million yuan and is scheduled for startup in the first half of 1994. The project is divided into 
three phases and will take 10 years to complete. 

Environmental Externalities Must be Considered for Gasification Projects 

"Environmental externalities" include the costs to society that result from emissions of pollutants 
from power plants. The Electric Power Research Institute says that many utility commissions have 
directed utilities in their states to amend the procedure for determining the minimum cost of 
providing electricity to include these environmental externalities. See page 4-25 for a discussion of 
these costs and how some states are dealing with them. 

Conventional Expectation of Natural Gas Price Increases Doubted 

An Occasional Paper published by the International Research Center for Energy and Economic 
Development at the University of Colorado says that most conventional forecasts that look for gas 
prices over the near and medium term to increase more rapidly than competing energy costs are 
wrong. A summary of this outlook is presented on page 5-2. The analysis says that pressures in 
the marketplace will tend to depress wellhead values. 

One-Step Conversion of Synthesis Gas to Gasoline Studied 

Research carried out at the University of Western Ontario in Canada has simulated a cocurrent 
fixed-bed reactor for the one-step conversion of synthesis gas to gasoline. This work is discussed in 
the article on page 5-3. A great deal of effort has been expended to improve the economics of the 
Mobil methanol to gasoline process. One approach is the integration of the methanol synthesis 
and methanol conversion steps in a single reactor using a composite catalyst. 

A-8



( - I ) t



GOVERNMENT 

ECONOMIC GROWTH, ENVIRONMENT CITED AS KEY 
TO NATIONAL ENERGY STRATEGY 

A national energy plan for the United States must insure a 
balance between the country's energy needs, environmental 
protection and continued economic growth, the president of 
the National Coal Association told members of a congres-
sional subcommittee.	 -	 -. 

"Hard decisions will be necessary to ensure a stable, secure 
energy supply for the nation in the decades to come. And, 
these decisions must carefully balance our energy needs, and 
all they mean to the economic future of our nation and 
others, with the equally important need to protect the en-
vironment in which we all live. These decisions mu g be 
made now, this year and next, not at some distant time in the 
future," R.L. Lawson told the House Committee on Energy 
and Commerce Subcommittee on Energy and Power. 

Testifying with regard to a national energy strategy, Lawson 
commended subcommittee members for recognizing that 
coat, the nation's largest fossil energy resource, must be an 
integral part of the plan. He stressed that any plan must 
have as a primary goal the reduction of dependence on im-
ported oil and increased reliance on more plentiful domestic 
fuels. 'We believe all domestic energies—coal, oil, gas, 
nuclear and renewables—must be employed in a balanced, 
comprehensive energy strategy," he added. 

Lawson told subcommittee members that the United States 
does not have to address environmental questions by restrict-
ing its own future potential or by suggesting actions that 
limit growth in developing nations to little more than they 
have today. 

As developing nations grow, so will their energy require-
ments. Conservation and greater efficiencies will serve to 
slow the anticipated rate of growth, but demand for energy, 
including electricity, will not decline unless economic activity 
declines, he testified. 

"We can attain our goals with technology without adversely 
affecting either our economy or the environment or suggest-
ing actions that limit the outlook for developing nations. We - 
do not have to put "caps" on energy use and thus economic 
potential," he pointed out. 

Lawson said the economic future of the United States is de-
pendent on an adequate, reasonably priced and secure 
energy supply. The economic future of both developed and 
developing nations depends upon the same factors. Energy 
is the common denominator that is imperative to sustain 
economic growth, improve standards of living and simul-
taneously support an expanding population, Lawson tes-
tified.

He said the 1980s, which have generally been a period of 
economic growth, low inflation and general prosperity 
throughout the developed world offer an excellent example 
of this important relationship. "Advances in conservation 
and efficiency have allowed greater economic growth with 
less energy use. But, it is no coincidence that this period has 
also seen an unprecedented increase in the use of the 
country's most plentiful fossil resource, coal," he said. 

lEA MINISTERS NOTE NEED FOR DIVERSIFIED 
ENERGY SUPPLY 

In June the governing board of the International Energy 
Agency (TEA) met at the ministerial level in Paris, France. 
The ministers of the 21-country organization along with the 
ministers from France and Finland, who are in the process of 
joining the LEA, reviewed the current energy situation and 
outlook against the backdrop of major events that have oc-
curred since the ministers last met in May 1989. These 
events include: 

The Iraqi invasion of Kuwait 

The increasing importance of the emerging 
democracies of Eastern Europe and the uncertain 
political prospects in the USSR 

Continued rapid growth of energy demand in many 
nonmember countries 

The increasing importance of the relationship be-
tween energy and the environment 

Looking to the end of the century and beyond, and consider-
ing the energy implications of these developments, the minis-
ten attached particular importance to four aspects of the cur-
rent situation: 

Emergency Preparedness: The Gulf crisis tested 
and proved the value of the lEA's emergency 
response mechanisms, as member countries 
demonstrated the political will to take concerted 
action. 

Energy Security Challenge: The ministers recog-
nized that reduced vulnerability will require main-
tenance of diversified energy supplies, both in 
terms of fuels and sources. 

Energy and the Environment: The ministers reaf-
firmed their strong commitment to develop in-
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tegrated policies which further the objectives of 
energy security, environmental protection and sus-
tainable economic growth. 

Nonmember Countries: With half of the world's 
energy consumption now occurring outside the 
OECD (Organization for Economic Cooperation 
and Development) area, the ministers stressed the 
need for the LEA to develop expanded relations 
with these countries. 

Diversified Energy Supply 

In view of the ever greater proportion of imported oil in the 
OECD area, the ministers encouraged member countries to 
exploit all economic and environmentally appropriate oppor-
tunities to minimize declines in their own oil production and 
to promote diversified investments in worldwide production. 
Simultaneously, the ministerial statement noted that the fu-
ture growth in demand for petroleum products will be 
greatest outside the OECD. particularly in the Asia-Pacific 
region. 

The ministers noted that natural gas is a relatively clean fuel 
and that demand for it is expected to grow rapidly in most 
lEA countries, with demand in power generation, including 
combined heat and power systems, being the fastest expand-
ing area. They noted that gas could make a contribution to 
reducing vulnerability in the transport sector where fuel 
diversity is weakest. The ministers welcomed the growth in 
international trade in natural gas, including liquefied natural 
gas. 

The statement recognized that substantial new electricity gen-
erating capacity will be required in many member countries 
to meet expected demand growth, even with significant im-
provements in the efficiency of its production and use. The 
ministers stressed that pollutants from electricity generation 
can be reduced through the use of clean fuels and clean tech-
nologies. While fuel choice will be based on local cir-

cumstances, the ministers agreed that flexible generating 
capacity and diversified fuel sources will be required. 

The ministers observed that ample, low cost, secure sources 
of coal and other solid fuels are available to OECD 
countries, and that coal importers have a wide choice of sup-
pliers. They noted that the major factor that could limit the 
role of coal in achieving adequate energy diversity is the con-
cern about greenhouse gas emissions. They therefore urged 
greater use of clean coal technologies with high conversion 
efficiencies to help mitigate this problem. They underscored 
the importance of research in the clean and efficient extrac-
tion and use of coal to ensure maximum fuel diversity in 
energy supply. 

Also the ministers recognized the substantial contribution 
that nuclear energy makes in a number of member countries, 
and they acknowledged hydropower's contribution to 
electricity production, but recognized the physical limitations 
and environmental constraints on substantial further expan-
sion. The ministers expected other renewable energy 
sources, currently about 1 percent of total OECD electricity 
capacity, to continue increasing their share, but acknow-
ledged that they are unlikely to replace other fuels in a major 
way over the coming years. 

The ministers recognized the need for an assessment of the 
long-term options in an energy technology strategy for future 
decades. Special emphasis should be placed on those tech-
nologies which enhance diversity, efficiency and safety, ex-
tend and improve prospects for utilizing reserves of conven-
tional fossil fuels, and make available new and alternative 
energy sources. The ministers underlined the importance of 
sustained and balanced research and development and 
demonstration funding for energy technology innovation. 
They agreed that increased effort should be undertaken to 
speed the development and diffusion into the market of new 
and improved energy technology options, both within the 
OECD region and in the nonmember country area. 

In, 
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ENERGY POLICY AND FORECASTS 

CERI PRICE PROJECTION PUTS OIL SLIGHTLY 
OVER $25 POST-2000 

The Canadian Energy Research Institute (CERI) has 
released a study that projects world oil prices to the 
year 2006. According to "After the Crisis: World Oil 
Market Projections, 1991-2006," the price of oil will top 
$25 per barrel after 2000. Figure 1 illustrates CERI's world 
oil price projections. 

The study recounts the atmosphere of uncertainty and chaos 
that has dictated world oil prices for the past 2 decades, fol-
lowed by a discussion of the most recent crisis when Iraq in-
vaded Kuwait in August 1990. 

Pre-invasion projections called for a series of real increases 
in crude oil prices through the 1990s. Within 8 months, 
however, the invasion of Kuwait had succeeded in shattering 
these projections. CERI's study attempts to capture the ef-
fects of the world's fourth oil price shock on long-term in-
dustry trends through analysis of a series of six possible 
scenarios (see Table 1). 

In light of OPEC's success at replacing the estimated 
3.75 million barrels per day shortfall of Iraqi and Kuwaiti 
crude oil volumes, there was no "real" reason for the excep-
tionally high level of oil prices resulting from the invasion of 
Kuwait. However, previous price shocks have awakened con-
sumer sensitivity to potentially devastating consequences 
from political upheaval in the Middle East. This has been 
reflected in a number of factors, including the war premium 
on crude oil prices and the abrupt reduction in consumer 
demand. As a result, industry expectations of annual 

FIGURE 1 

WORLD OIL PRICE PROJECTION

demand growth have been reduced from levels of well over 
1.0 percent expected prior to the invasion to a mere 0.8 to 
1.0 percent throughout the forecast period. 

On the supply side, the Gulf crisis issued a clear warning to 
OPEC that the unity of the organization would require a 
well defined and effective means of enforcing discipline 
among the member nations. History has shown that one of 
the most effective means of persuading OPEC members to 
restrict their production levels is through the maintenance of 
a significant surplus capacity margin. This strategy effec-
tively places the future course of OPEC policy in the hands 
of Saudi Arabia, because no other producer has the capacity 
to offset the effects of lower crude oil prices through an in-
creased level of exports for an extended period of time. 
With 315 billion barrels of oil reserves and plans to increase 
its productive capacity to 10 million barrels per day by 1995, 
Saudi Arabia can be expected to continue its long-standing 
high volume, low price market strategy. If consumers can be 
convinced that reasonably priced crude oil supplies will be 
readily available, demand will continue to grow at a healthy 
pace guaranteeing Saudi Arabia a steady income from oil 
production while simultaneously restraining large-scale 
capacity expansions by non-OPEC producing regions. 

The reference case scenario, based on a low price, high 
volume OPEC strategy and sluggish projections of demand 
growth, yields a projection of slow and erratic growth in real 
oil prices over the remainder of the 1990s. According to the 
study, the potential for real price gains is postponed into the 
next decade; prices reach $2335 (1990 US$) per barrel in 
2000, rising to $26.40 per barrel by 2006 (see Figure 1). 
World oil supplies exceed 77 million barrels per day by the 
end of the projection period with OPEC accounting for 
53 percent of world oil production. 

The reference case price projection is somewhat lower than 
previous price projections from CERT. In pan, this reflects 
the lower demand growth and higher OPEC production 
profiles underlying the current study results. It also reflects 
a gradual narrowing over time of the sustainable range for 
crude oil prices, a phenomenon linked to technological ad-
vances in the upstream, multiple fuel flexibility at the burner-
tip, gradual development of competing energy sources (e.g., 
natural gas, electricity), and other factors. 

The reference case price projection represents a base-case 
market development scenario for OPEC, ensuring a robust 
and growing oil market into the next century. 

It is very likely, says CERI, that the next fundamental oil dis-
ruption may not originate in the Persian Gulf, but rather in 
one of the world's oldest producing regions, the Soviet 
Union. Heightened prospects for civil unrest in the produc-
ing regions and a growing gap between technical ability and 
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TABLE 1 

MARKET SCENARIOS 

Scenario Title	 Scenario Description 

Reference Crude Oil	 OPEC production rises from 23.7 
Market Scenario	 MMb/d in 1991 to 37.5 MMb/d in 2006 

reflecting a low price - high volume 
strategy in a well behaved market that 
experiences no unforeseeable supply or 
demand shocks. 

High Resource	 Higher ultimate potential reserves 
Scenario	 estimate (5% probability level) 

assumed for all non-OPEC producing 
levels. 

High Price OPEC OPEC restrains production to achieve a 
Scenario US$21.00 per barrel OPEC basket 

price (US$23.50 per barrel W'fl) over 
the 1991-1995 period, eventually 
allowing the price to gradually increase 
to the level predicted by the reference 
case in 2006. 

Low Price OPEC An absence of OPEC unity results in 
Scenario production at capacity with rapid price 

gains introduced in the latter 1990s in 
response to market growth. 

USSR Drilling Soviet drilling activity is brought to a 
Stoppage Scenario complete halt by civil unrest. 

USSR Stabilized Drilling Soviet drilling activity is stabilized at 
Activity Scenario the present level of 14.13 thousand new 

well completions a year.

the state of the available resource base have greatly in-
creased the risk of political and economic crisis. In extreme 
circumstances, Soviet drilling activity could come to an 
abrupt halt, resulting in production levels as low as 6 million 
barrels per day by 1995. Assuming the reference case OPEC 
production profile, the USSR drilling stoppage scenario envi-
sions world oil prices rising to levels as high as US$30 per 
barrel in 1995. 

Problems related to the security and availability of national 
energy supplies and an increasing awareness of environmen-
tal concerns have sparked a number of initiatives, such as the 
Canadian Green Plan, designed to promote more efficient 
use of existing energy sources. The net effect of these 
programs will be a gradual reduction in the growth rate of 
consumption of crude oil supplies. Assuming an era of politi-
cal stability in the USSR and a continuation of Saudi

dominated low price, high volume OPEC strategy, the world 
oil industry may well see the sustainable range of crude 
prices narrowing significantly over the coming decade to 
US$15 to US$25 per barrel. 

CASE MADE FOR HIGHER OIL DEMAND IN 
THE FUTURE 

Conventional projections of future oil demand are derived 
from extrapolating the historical demand for oil in the in-
dustrial countries since 1974. An alternative projection looks 
into the relationships affecting oil demand all the way back 
to the 1950s. The implication of this approach is that future 
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3.8 percent (Table 1). These two results derive from alterna-
tive assumptions made about the future level of saving that 
countries may achieve through conserving oil and/or sub-
stituting alternative fuels for oil. 

oil demand is influenced by the underlying relationships be-
tween oil and gross domestic product (GDP) which have ex-
isted over the past several decades. - 

Results of a study using this approach were presented by 
D.E. Feldman of the United Nations Institute for Training

	 An average annual growth rate in world oil consumption of 
and Research at the 5th UNITAR International Conference

	 2.8 percent over a 13 year period (1987 to 2000) would mean 
on Heavy Crude and Tar Sands held in Caracas, Venezuela 	 a jump in world consumption of oil products from 
in August.	 53.5 million barrels a day in 1987 to 76.5 million barrels a 

day. This 43 percent increase is based on the assumption 
Prior to 1974, the average annual rate of increase in world

	
that the rate of success of past efforts at oil conservation and 

consumption of oil products was more than 7 percent. For
	 substitution would continue unabated. Should those efforts 

the 37-year period of 1950 to 1987, the average annual rate
	 falter and the conservation success rate experienced from 

of increase was 4.9 percent. However, almost one-half of the
	 1974 to 1987 were to drop by one-half, then world oil con-

countries for which consumption data was available had an- 	 sumption might rise at an average annual rate between 
nual growth rates of oil use that were more than 50 percent

	
1987 and 2000 of 3.8 percent. This would push the level of 

beyond the world average rate of 4.9 percent, reflecting	 world oil consumption from 53.5 million barrels a day in 
highly diverse experiences by individual countries. 	 1987 to no less than 87 million barrels a day in 2000, a 

63 percent increase. 
For the purposes of the study, it was considered preferable 
to get a world oil demand projection on the basis of adding

	 The policies of the industrial countries are central in deter-
up the projections resulting from individual country regres- 	 mining which of these two possible world outcomes would be 
sion analyses, rather than using aggregate data at the world

	 more likely to occur. This is so, not only because of their cur-
level. Analyses were made for 118 individual countries for 	 rent major role in the oil-users market (58 percent in 1987), 
which there were readily available data. These 118 countries

	 but because industrial countries have a greater ability to 
accounted for 93.6 percent of total world oil consumption in	 achieve efficiency and substitution away from oil. However, 
1987.	 says Feldman, it appears that industrial countries are not 

pushing through oil conservation/substitution policies, with 
The projection process involved the testing of three ex- 	 adequate funding, sufficient to maintain the past momentum 
planatory models:
	 in this area. 

- The GDP only model: that a country's oil consump-	 A slackening of conservation/substitution efforts in in-
tion in given years can be explained solely by the

	 dustrial countries will increase their oil consumption at an 
value of its GDP in such years.	 average annual rate of 3.5 percent, rather than at 

1.7 percent, the rate resulting from an assumption of uninter-
- The GDP and oil price model: that a country's oil

	 rupted effort or conservation. 
consumption can be explained by the influences of 
both its GDP and the price of oil.	 For developing countries as a whole, the alternative projec-

tions suggest annual growth rates of oil consumption of 
The GDP and oil conservation and substitution

	 5.2 and 5.5 percent. These rates imply a near doubling of the 
model: that a country's oil consumption can be ex-	 volume of their oil consumption between 1987 and 2000, 
plained by its GDP and by some variable which

	
from 11 million barrels a day to 22 to 23 million barrels a 

measures the efforts that countries may have made
	 day. However, these changes in oil consumption would not 

subsequent to 1974 to conserve oil use or find sub- 	 be uniform among the developing countries. 
stitute energy for oil.

More substantial growth in oil consumption in the develop-
These three explanatory models of past oil consumption

	 ing world will occur among those who are relatively more 
were tested for each country and one was selected for each

	
developed, i.e., the developing countries that are significant 

country for purposes of obtaining the projection of oil con-	 exporters of manufactures. The projections suggest that 
sumption for the year 2000. 	 their average annual rate of increase in oil consumption 

might be close to 8 percent. 
Projection Results

According to the study, further insight into these projected 
The statistical (regression) analysis of data on oil consump- 	 growth rates in oil consumption can be had by theft decom-
tion, GDP, and for some countries a variable related to	 position into growth rates in GDP and growth rates in oil 
achievements at conserving oil and/or substituting away 	 consumption ratios (the ratio of oil consumption per unit of 
from oil suggests an average annual growth rate of world to-	 GDP). 
tal oil consumption between 1987 and 2000 of either 2.8 or
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TABLE 1 

PROJECTED DEMAND FOR OIL PRODUCTS IN 2000

Average Annual Rate of 
Growth in Demand 

for Oil Products 
Million Barrels per Day Between 1987-2000 

2000 2000 2000 2000 
1987 Projected Projected Projected	 Projected 

Region Actual At B2 A B 

Industrial Countries 31.2 48.4 38.7 3.5 1.7 
Developing Countries 113 22.8 21.9 5.5 5.2 

Oil Exporters 5.3 83 83 3.5 3.5 
Oil Importers 6.0 14.5 13.6 7.0 6.5 

Exporters of 
Manufactures 3.1 8.8 7.9 83 7.4 

Least Developed 
Countries 0.2 03 03 3.1 3.1 

Other Oil Importers 2.6 5.4 5.4 5.6 5.6 
Industrial and Developing 
Countries 42.5 71.2 60.7 4.1 2.8 

(Erstwhile) Centrally 
Planned Economies 11.0 15.8 15.8 2.8 2.8 

World 53.5 87.0 76.5 3.8 2.8 

- Compared with the annual rate of conservation/substitution in 1974-1988, the 1988-2000 effort 
will be @1/2 the rate. 
- Compared with the annual rate of conservation/substitution in 1974-1988, the 1988-2000 effort 
will be @ same rate.

The projected growth rates for world oil consumption, of 
2.8 or 3.8 percent, are heavily dependent on the assumptions 
made about the growth of GDP in individual countries. Ag-
gregating the assumptions for individual countries suggests 
that world GDP will increase at an average annual rate of 
3 percent. At the level of various economic country groups, 
it is assumed that GDP will increase by little more than 
1 percent in the centrally planned economies, by somewhat 
under 3 percent in the industrial countries, and by just under 
5 percent in the developing countries. 

Regarding changes in the oil consumption ratio betQeen 
1987 and 2000, if the past (1974 to 1987) growth in 
conservation/substitution achievements is replicated into the 
future (1987 to 2000), there would be a decline in the oil con-
sumption ratio at the world level, but only at the modest rate 
of -0.2 percent per annum. However, if conservation achieve-
ments are slowed, there would be an annual growth in the 
world oil consumption ratio of 0.8 percent.

RISING OIL PRICES PREDICTED BYA.D. LITTLE 
STUDY 

The Gulf War was a "warning shot across the bow" for global 
energy consumers, according to a new study by Arthur 
D. Little (ADL). This study, "The Long-Term Outlook for 
Crude Oil and Petroleum Products," predicts a few years of 
relatively moderate energy prices before the rising oil 
demand in developing countries, coupled with static oil 
production in the non-OPEC countries, will begin to put 
pressure on OPEC capacity, causing prices to rise. 

According to the study, "Although the spare oil-production 
capacity in several OPEC countries was sufficient to cover 
the immediate shortfall caused by the Gulf War, in 5 years 
time, even with the restoration of Kuwaiti and Iraqi produc-
tion, much of the spare capacity in the world will be used by 
developing nations. In addition, this excess production will 
be highly concentrated and vulnerable to political 
disturbance." 

In addition, the ADL study reports refining margins are 
close to the top of their profitability cycle and will decline by 
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the mid-1990s. While the removal of Kuwaiti and Iraqi refin-
ing capacity reduced available product supplies in the Pacific 
Rim, decreased consumption of gasoline in the United States 
enabled suppliers to redirect petroleum products to the 
Middle East and Far East. However, "exceptional refining 
profitability has always been followed by a period of less at-
tractive margins, due to a combination of slowing demand 
and overbuilding," states the report. The next cyclical 
downturn is likely to be exacerbated by the Middle Eastern 
refining capacity coming back onstream. 

The study points out that these oil market projections repre-
sent ADL's "planning case"—the basis for future decision-
making. "However, we do recognize the extreme uncertainty 
inherent in the global oil market and thus create internally 
consistent scenarios of alternative political and economic out- 
comes and the resulting oil price paths." 

The report analyzes the implications 
scenarios in the world oil markets: 

Unrest in the Middle East—fueled by religious dif-
ferences, inequitable distribution of wealth, and 
tribal rivalries—continues to cause crises in oil 
production. 

President Bush's "new world order" and the in-
creased strength of the United Nations bring peace 
to the Middle East, creating rapid economic 
growth and an increase in oil consumption. 

Three major regional groupings—the European 
Community (plus, in time, Eastern Europe and 
Russia), the Americas, and the Far Eastern 
countries—plan their energy policies to limit their 
dependence on Middle Eastern and African oil, 
leaving these latter regions unstable and under-
developed.

would follow in many areas that are now deserts. If energy 
costs were low enough, all kinds of raw materials could be 
mined from the sea. 

On the other hand, if there were to be an absolute shortage 
of energy, then our entire economy would come to a halt. 
Or if energy were available, but only at a very high price, we 
would produce much smaller amounts of most consumer 
goods and services. 

Simon says the analysis of the supply of mineral resources 
identifies four factors as important: the increasing cost of 
extraction as more of the resource is used; the tendency for 
engineers to develop improved methods of extracting the 
resource in response to the rising price of the resource; the 
propensity to discover substitutes for the resource in 
response to the rising price of the resource; and the in-
creased use of recycled material. 

The supply of energy is analogous to the supply of other 
"extracted" raw materials with one exception. Minerals such 
as iron and aluminum can be recycled, whereas coal and oil 
are "burned up." 

All this may seem to make our energy future look grim, says 
Simon, but it is instructive to see how energy shortages have 
frightened analysts for centuries. In 1865, W.S. Jevons wrote 
a careful, comprehensive book predicting England's industry 
would soon grind to a halt due to exhaustion of England's 
coal. Running out of oil has long been a nightmare. In 
1885, the United States Geological Survey saw "little or no 
chance for oil in California," and in 1891 it prophesied the 
same for Kansas and Texas. In 1908, the Geological Survey 
estimated a maximum future supply of oil that has long since 
been exceeded. Since then, similar gloomy official 
prophesies by the Geological Survey, the Bureau of Mines, 
the Interior Department and the State Department have 
regularly been made and subsequently proven false. Of 
course, Simon admits, this does not mean that every gloomy 
forecast about oil must be wrong. 

Professor J. Simon of the University of Maryland recently 
wrote in the National Coal Association's publication, Coal 
Voice, that energy is the master resource because energy 
enables us to convert one material into another. As natural 
scientists continue to learn more about the transformation of 
materials from one form to another with the aid of energy, 
energy will be even more important. Therefore, if the cost of 
usable energy is low enough, all important resources can be 
made plentiful. For example, low energy costs would enable 
people to create enormous quantities of useful land. The 
cost of energy is the prime reason that water desalination is 
too expensive for general use; reduction in energy cost would 
make water desalination feasible, and irrigated farming

According to Simon, a statistical history of energy supplies 
shows that the trend has been toward plenty rather than 
toward scarcity. The relevant measures are the production 
costs of energy as measured in time and money, and the 
price to the consumer. Figure 1 shows these data for coal, 
oil and electricity. The interpretation of these data is that 
they show an unambiguous trend toward less scarcity and a 
greater availability of energy. 

The price history of electricity is particularly revealing, says 
Simon, because the price of electricity is closer to the price 
of the service we get from energy than are the prices of coal 
and oil. The costs of the services we get interest us more 
than the costs of the raw materials themselves. The ratio of 
the price of electricity to the average wage in manufacturing
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shows the quantity of electricity bought with an hour's wages 
has steadily increased. Because each year an hour's work has 
bought more rather than less electricity, this measure sug-
gests energy has become ever less troublesome in the 
economy during the recorded period, no matter what the 
price of energy in current dollars. In short, the trends in 
energy costs and scarcity have been downward during the en-
tire period shown. From these data Simon concludes that 
energy will be less costly and more available in the future 
than in the past. 

The analysis of energy is similar to the analysis of natural 
resources and food, but energy has some special twists of'its 
own that require separate discussion. On the negative side, 
energy cannot easily be recycled. On the positive side, our 
energy supplies are not bounded by the earth. The sun has 
been the ultimate source of all our energy (other than 
nuclear). Therefore, though we cannot recycle energy as we 
can minerals, our supply of energy is clearly not limited by 
the earth's present contents, and therefore it is not "finite" in 
any sense at all.

fl##

EERC WHITE PAPER CALLS FOR INCREASED COAL, 
NATURAL GAS USE 

A comprehensive study of United States energy policy and 
technology by the North Dakota Energy and Environmental 
Research Center (EERC) recommends increased develop-
ment of coal and natural gas resources as a key step in break-
ing United States dependence on foreign oil. 

"This project began as a guidance document for the EERC," 
says EERC director G. Groenewold. "But as it evolved, it 
turned into a resource that we believe has national 
significance." 

Data for the 171-page report was drawn from energy sources 
worldwide, including Europe, the Soviet Union, Australia, 
India, South Africa, and the Americas. It includes a detailed 
chronology of world energy events since 1969, analysis of 
energy-related developments, recommendations for future 
United States policy in the coal, oil, and natural gas in-
dustries, and the status of emerging technologies. 

"We have immense amounts of coal, which can be used in an 
efficient, environmentally acceptable way, and natural gas 
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today appears to be far more abundant than it did 10 years 
ago," says EERC senior research advisor E. Sondreal. "You 
have to look at the resources that are available when design-
ing a strategy to break away from oil. The total coal 
resource estimates of 5.5 trillion tons in Alaska and 
1.7 trillion tons in the lower48 states indicate this country 
has about 7,000 years worth of coal, based on current use. 
Reserves that are recoverable with existing technologies are 
conservatively estimated by the United States Department of 
Energy to be 291 billion tons, which represents a 300-year 
supply, or the energy equivalent of the entire world reserve 
of oil." 

The White Paper recommends continued development of 
highly efficient clean coal technologies to ensure future use 
of United States coal resources. Nuclear and renewable 
energy sources are important but cannot adequately meet 
current and future domestic demands. The study also notes 
that coal can be burned without emitting dangerous amounts 
of sulfur dioxide, nitrogen oxide, and other pollutants, 
making it an environmentally safe source of energy. 

Other White Paper recommendations include: 

- The need for an assessment of the true impact of 
global warming, including a determination of the 
role of fossil fuels

- The need for the federal government to share the 
technical and financial risk of introducing new 
energy technologies into the marketplace 

- Giving top priority to federal funding of clean coal 
technologies 

- Expanding the use of natural gas in generating 
electric power and transportation 

- Imposition of a tax on oil imports to reduce 
demand 

Phasing in more stringent efficiency guidelines for 
new equipment using oil products 

Creating a broad-based domestic energy policy 

Accelerated research and development to capital-
ize on the unique opportunities offered by United 
States low-rank coals 

A key question EERC researchers considered when compil-
ing the White Paper was whether coal would play an impor-
tant role in future energy strategies. The answer is a resound-
ing yes.

tnt 
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TECHNOLOGY 

DIMETHYL ETHER FROM SYNGAS DEMONSTRATED 
AT TEXAS PILOT PLANT 

Research at a government pilot facility has shown the 
feasibility of using coal to make the chemical "building 
blocks" to produce oxygenates that are increasingly being 
used in the United States' gasoline supply. 

Air Products and Chemicals Inc., working under a 3-year test 
program sponsored by the United States Department of 
Energy (DOE), has demonstrated a one-step process to con-
vert coal-derived gas into dimethyl ether, or DME, which 
can be used to make oxygenates. 

The Clean Air Act Amendments of 1990 require that nearly 
25 percent of United States gasoline contain oxygenates by 
1995. While most oxygenates will be made initially from 
natural gas, says DOE, the research shows the technical 
feasibility of ultimately making these additives from the 
nation's abundant coal reserves. 

The research culminated last May in a 20-day test run at 
DOE's Alternative Fuels Development Unit in LaPorte, 
Texas. Air Products engineers reconfigured the LaPorte 
facility to examine the single-step process for making DME 
from coal-derived synthesis gas. 

Previously, making DME required that methanol first be syn-
thesized either from natural gas or coal. The methanol then 
would be dehydrated to form DME.

Air Products chemists developed a one-step approach in 
which all the methanol and DME synthesis steps take place 
in a single vessel. The reactions are carried out in an inert 
liquid slurry. The liquid absorbs heat released as the chemi-
cal changes occur, allowing the reactions to run at higher, 
more efficient rates and protecting the heat-sensitive 
catalysts necessary for the conversion process. 

DOE and industry experts see the potential for future 
methanol/OME production facilities to be built as adjuncts 
to advanced coal gasification-based electric power plants. 
When demand for electricity slacks off, coal-derived gas 
could be diverted to a methanol/DME synthesis plant. The 
methanol/DME mixture could be stored as a turbine fuel for 
peak generating periods or sold to the transportation 
market. 

Such a multi-product plant configuration, DOE believes, 
could produce liquid fuels from coal at prices commercially 
competitive to producing liquid fuels from natural gas or 
biomass, beginning early in the next decade. 

Air Products and Chemicals is now seeking ways to use 
DME, methanol and coal-based synthesis gas as feedstocks 
for making oxygenated fuel additives similar to MME. 

The $17 million test program began in October 1990 and will 
run through the fall of 1993.

fl's 
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INTERNATIONAL 

DOE HOSTS SOVIET FOSSIL ENERGY EXPERTS 

United States and Soviet energy experts met in July at a tech-
nical exchange workshop on oil, gas and coal technologies 
which was sponsored by the United States Department of 
Energy (DOE). 

The workshop was an 8-day series of technical discussions 
and tours of United States energy research and production 
facilities by 21 of the Soviet Union's top energy officials. 
The technical sessions involved more than 
100 representatives of United States government and in-
dustry in detailed technical discussions with the Soviet offi-
cials. 

W.H. Moore, Deputy Secretary of Energy, said "By provid-
ing a forum for United States industry to explore trade op-
portunities with senior Soviet energy officials, we hope to 
begin turning the constructive dialogue that has developed 
between our two countries into even more constructive com-
mercial partnerships." 

In early July, Moore spent 5 days in Moscow taking part in 
an annual meeting on the peaceful uses of nuclear energy.

During his visit, Moore also met with Soviet oil and other 
energy officials. 

"My meetings in the Soviet Union reinforced the point that 
there has never been a better opportunity than now to begin 
a mutually beneficial technical exchange process between 
our two countries," Moore said. "The Soviets need hard cur-
rency to continue their reform movement, and they see the 
modernization of their energy industries as critical to provid-
ing the financial resources necessary to reach that goal." 

According to Moore, Soviet officials have displayed "an un-
mistakable willingness to look to American companies for 
the needed technology and expertise, and this creates un-
precedented opportunities for United States firms." 

The Soviet coal specialists traveled on August 1 to DOE's 
Pittsburgh Energy Technology Center in Pennsylvania, 
where discussions centered on coal-fired power generation 
and synthetic fuels production. 

The Soviet officials then began a 5-day tour of United States 
oil, gas and coal facilities.

nfl 
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ENVIRONMENT 

WHAT IS THE REAL COST OF ENERGY? ASKS UCS	 The Wisconsin Public Service Commission is taking a quan-
titative approach by ranking resource options based on the 

The Union of Concerned Scientists (UCS) says that society	 direct economic cost per kilowatt-hour and giving credits for 
must put a price tag on the environmental costs of energy 	 resources that do not emit pollutants in the air. The direct 
production in order to determine the real cost of energy. 	 economic costs of any nonfossil fuel resource or conservation 

resource will be reduced by 15 percent. 
In a July 1991 briefing packet, UCS says that considering the 
environmental costs of energy production will help utilities 
meet their duty of serving the public interest, which includes 
protecting the environment. In addition, if regulatory com-
missions restructure the utility planning process to consider 
the environmental costs of energy production, utilities will 
give fair consideration to less polluting resources to meet 
society's energy needs. 

In order to look at environmental externalities in resource 
selection, says UCS, utilities must have a framework which 
enables proper consideration of these environmental costs. 
Once a structure is established for considering environmen-
tal costs in resource planning, utilities must adopt methods 
for "pricing" these costs. 

Least Cost Planning 

Over the past decade, a new framework for utility planning 
has emerged that integrates supply-side and demand-side op-
tions and selects the mix that results in reliable electricity at 
the lowest cost. This planning is often referred to as least 
cost planning. 

Pricing Energy 

Least cost planning provides a framework for utilities to con-
sider environmental damages in theft resource planning. By 
incorporating the environmental costs of energy, society can 
begin to take into account the environmental and public 
health damage that today no one (and thus everyone) pays 
for, says UCS. 

Pricing environmental risks and damages is not an easy task, 
but regulatory commissions are adopting promising 
methodologies that will provide starting point values for en-
vironmental damages. So far, 29 states have required 
utilities to consider environmental costs in their planning 
process. State regulators and utilities are using a variety of 
methods, and often a combination of methods, to incor-
porate environmental cogs in their planning. Below are 
several methods that states are currently using to determine 
the real price of energy. 

Some states are using a quantitative approach to assign 
specific values to environmental impacts for each resource in 
the planning process.

New York has begun to value these costs directly by assign-
ing an environmental cost of $001405 per kilowatt-hour to 
the most environmentally disruptive resource. All other 
resources are assigned a fraction of that total depending on 
their environmental point score. Massachusetts has recently 
begun a similar program and values costs by assigning an en-
vironmental cost of $0.04 to $0.05 per kilowatt-hour. 

In addition to quantitative methods, many utilities employ 
qualitative methods in considering environmental damages 
that are not easily priced. This approach is beneficial be-
cause it acknowledges environmental costs associated with 
energy production, but has not led to direct valuation of ex-
ternalities, says UCS. 

Oregon's Public Utility Commission has ordered utilities to 
consider environmental costs, but leaves it up to the utilities 
to provide a method for valuing these costs. For those costs 
where dollar values are not easily assigned, utilities are re-
quired to consider these costs separately from conventional 
accounting costs and assign a range of expected values. 

Some commissions are beginning to encourage utilities to in-
vest in non-polluting resources or demand-side options such 
as energy efficiency and conservation by awarding them an 
increased rate of return for such investments. 

The New England Electric System (NEES) has formed a col-
laborative with the Conservation Law Foundation to draft 
new rules to give profit incentives to utilities for investing in 
energy conservation. Pioneer programs are now being imple-
mented by NEES to retrofit houses, businesses, and factories 
with efficient appliances, lights and insulation. They provide 
financial incentives to assist architects and builders in mini-
mizing electricity requirements of new buildings and to cover 
additional costs of installing energy-efficient equipment. 
Utilities will be rewarded for encouraging energy savings by 
receiving a portion of the savings, while customers will 
benefit from lower energy bills. 

The Need for a Level Playing Field 

"This restructuring of utility planning for the future to incor-
porate environmental costs is crucial, but what about today's 
existing fossil fuel and nuclear power plants that do not in-
clude the costs of environmental risks and damages in their

- 
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prices?" asks UCS. The price of electricity from existing 
plants should reflect the true costs of energy production in 
order to provide fair market competition for cleaner 
resources. 

Because fossil fuel fired plants have a 30 to 40 year life span, 
the fruits from utilities' efforts to consider environmental ex-
ternalities in resource planning will take quite some time to 
be realized. In order to have an impact on environmental 
costing in existing plants, mechanisms other than changes in 
future resource selection mu g be put into action. One sug-
gestion is that an emissions fee be imposed on pollutants 
such as sulfur dioxide, nitrogen oxides, and carbon dioxide, 
to reflect the environmental cost associated with these emis-
sions. 

Environmental dispatching is another method that would aid 
in reflecting the true cost to society of polluting resources. 
Dispatching is the process of bringing additional plants on 
line in order of generating costs as the demand for electricity 
increases. In environmental dispatching the commission or-
ders that environmental costs be considered in resource dis-
patching. This type of dispatching would give environmen-
tally benign resources a fairer playing field with more pollut-
ing resources. This concept not only gives incentives to 
utilities to develop cleaner resources in the future, but it also 
encourages reduced use or closure of existing heavily pollut-
ing plants, says UCS. 

Other Costs of Energy Production 

UCS notes that there are other societal externalities besides 
environmental and health costs resulting from energy produc-
tion.	 Other costs of energy are military expenses to

safeguard imported oil and costs associated with energy use 
in the transportation sector. 

In 1989, the United States Department of Defense spent be-
tween $15 billion and $54 billion to protect oil supplies in the 
Persian Gulf. Early estimates from the Pentagon report a 
$30 billion bill for the war. 

UCS says we must also take a close look at our energy 
choices and uses in the transportation sector. Severe environ-
mental damages have resulted from our transportation in-
frastructure and fuel choices. Currently, 72 percent of the oil 
used in the United States goes to the transportation sector. 
Americans spend 1 billion hours a year stuck in traffic, wast-
ing 2 billion gallons of gasoline and costing the economy 
$73 billion a year in productivity losses. This congestion in-
creases air pollution and emissions of greenhouse gases, 
resulting in smog and increasing the threat of global warm-
ing. Automobile exhausts contribute 66 percent of the 
nation's total carbon monoxide emissions and 43 percent and 
34 percent of its nitrogen oxides and reactive hydrocarbon 
pollutants, respectively. It is estimated that society pays be-
tween $4.4 billion and $93 billion in health costs a year as a 
result of motor vehicle emissions. 
One way to address the severe environmental costs in this 
sector would be through a substantial increase in gas taxes 
with revenues used for environmentally cleaner alternatives. 
Additional measures have been introduced to reduce oil use 
and automobile vehicle miles traveled by increasing fuel 
economy, giving incentives for alternative modes of transpor-
tation such as mass transit, and using cleaner fuels.

- 
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GENERAL PUBLICATIONS/PATENTS 

GENERAL - PATENTS 

"Integrated Coke, Asphalt and Jet Fuel Production Process and Apparatus," Jer Y. Shang - Inventor, United States Department of 
Energy, United States Patent Number 5,008,005, April 16, 1991 A process and apparatus for the production of coke, asphalt and jet 
fuel from a feed of fossil fuels containing volatile carbon compounds therein is disclosed. The process includes the steps of pyrolyzing 
the feed in an entrained bed pyrolyzing means, separating the volatile pyrolysis products from the solid pyrolysis products removing at 
least one coke from the solid pyrolysis products, fractionating the volatile pyrolysis products to produce an overhead stream and a bot-
tom stream which is useful as asphalt for road pavement, condensing the overhead stream to produce a condensed liquid fraction and 
a noncondensable, gaseous fraction, and removing water from the condensed liquid fraction to produce a jet fuel-containing product. 
The disclosed apparatus is useful for practicing the foregoing process. The process provides a useful method of mass producing and 
jet fuels from materials such as coal, oil shale and tar sands. 

"Molecular Restructuring Catalyst," Viswanatha Sankaran - Inventor, United States Patent Number 5,012,025, April 30, 1991. 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 
lubes, and others.
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COMING EVENTS 

1991 

SEPTEMBER 3-5, BUDAPEST, HUNGARY - 1991 American Societ y of Mechanical Engineers Cozen-Turbo 

SEPTEMBER 11-15, BEIJING, CHINA - IN'FERPEC China fl International Conference and Exhibition on Petroleum Refining 
and Petrochemical Processing 

SEPTEMBER 15-17, BANFF NATIONAL PARK, ALBERTA, CANADA - Qj Canadian Conference on Coal 

SEPTEMBER 16-18, PITTSBURGH, PENNSYLVANIA - 14th Annual Q1 Marketing Days	 Selling Coal to Cogenerators 

SEPTEMBER 16-20, NEWCASTLE-UPON-TYNE, UNITED KINGDOM - International Conference on Q1 Science 

SEPTEMBER 23-24, ESSEN, GERMANY - Third Symposium on Biotechnology of Coal and Coal-Derived Substances 

SEPTEMBER 24-27, BERLIN, GERMANY - Power EIRLs 1991 Congress 

SEPTEMBER 24-29, SAN JUAN, PUERTO RICO - Energy '91: Energy for the Americas 

SEPTEMBER 29-October 1, CALGARY, ALBERTA, CANADA - 10th CERI International 211 and Gas Markets Conference 

OCTOBER 6-9, SAN DIEGO, CALIFORNIA - jjj1t Power Generation Conference 

OCTOBER 6-9, VANCOUVER, BRITISH COLUMBIA, CANADA - 41st Canadian Chemical En gineering Conference 

OCTOBER 13-16, WASHINGTON, D.C. - jjjh International Conference on çj Research 

OCTOBER 14-16, WELLINGTON, NEW ZEALAND - Fourth New Zealand Coal Conference 

OCTOBER 14-18, PITTSBURGH, PENNSYLVANIA - Ei ghth International Pittsburgh Coal Conference 

OCTOBER 16-18, SAN FRANCISCO, CALIFORNIA - 10th EPRT Qg 1 Gasification Power E1is Conference 

OCTOBER 20-24, KNOXVILLE, TENNESSEE - Seventh Symposium on Separation Science and Technolo gy for Energy Applica-
tions 

OCTOBER 20-25, BUENOS AIRES, ARGENTINA - Thirteenth World Petroleum Congress 

OCTOBER 24-26, LARAMIE, WYOMING - Western Research Institute Coal Conference 

OCTOBER 28-NOVEMBER 1, SEOUL, REPUBLIC OF KOREA— Ei ghth Korea-U.S. Joint Workshop on Coal Utilization 
Technology 

OCTOBER 29-31, NORFOLK, VIRGINIA - Conference and Exhibition on çjj The World's Security Blanket 

NOVEMBER 4-9, DALLAS, TEXAS - Fourth Enem y and Minerals Forum of the Pacific Economic Cooperation Conference 

NOVEMBER 10-15, JAMBEROO, NSW, AUSTRALIA - Fourth CSIRO Conference on Gas Cleaning 

NOVEMBER 12-15, FIRENZE, ITALY - IX International S ymposium on Alcohol Fuels 

NOVEMBER 13-15, LEXINGTON, KENTUCKY - 1991 Eastern Oil Shale Symposium 

NOVEMBER 17-22, LOS ANGELES, CALIFORNIA -American Institute of Chemical En gineers Annual Meeting 
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NOVEMBER 18-21, SYDNEY, AUSTRALIA - International Conference on Q. the Environment and Development: Tech-
nologic s to Reduce Greenhouse Gas Emissions 

NOVEMBER 19-22, ORLANDO, FLORIDA - Fourth International Conference on Stability and Handling of Liquid Fuels 

NOVEMBER 28, LOUGHBOROUGH, UNITED KINGDOM -Meeting on Characteristics of QQj for the 	 Decade 

DECEMBER 4-6, TAMPA, FLORIDA - Power-Gen '91 

DECEMBER 5-6, BRISBANE, AUSTRALIA - Sixth Australian Workshop on Oil Shale 

DECEMBER 9-11, MIAMI BEACH, FLORIDA -International Conference on Alternative Energy Sources 

DECEMBER 9-11, LONDON, UNITED KINGDOM - Fifth International fluidized Bed Combustion Conference 

DECEMBER 9-12, CHICAGO, ILLINOIS - Fourth International Q. 21k Coal Lnd Environmental Biotechnology Symposium 

DECEMBER 11-13, MIAMI, FLORIDA—Annual Conference of LILe International Association of Hydrogen Energy 

1992 

FEBRUARY 2-4, PARKSVILLE, CANADA - Canadian Coal and Coalbed Conference and Exposition 

MARCH 4-6, AMSTERDAM, THE NETHERLANDS - First International Conference on Carbon Dioxide Removal 

MARCH 29-APRIL 2, NEW ORLEANS, LOUISIANA - American Institute of Chemical En gineers Spring Meeting 

APRIL 20-23, PRAGUE, CZECHOSLOVAKIA - Ener gy and Environment: Transitions in Eastern Europe 

APRIL 21-24, TULSA, OKLAHOMA - Eighth S ymposium on Enhanced Oil Recovery 

APRIL 27-30, CLEARWATER, FLORIDA - 17th International Conference on Qi Utilization Technologies 

MAY 5-8, FUSHUN CITY, CHINA - International Symposium on Heavy Oil and Residue U pgrading and Utilization 

AUGUST 31-SEPTEMBER 4, BISMARCK, NORTH DAKOTA - Symposium on O pportunities in the Synfuels Industry 

OCTOBER 12-16, LENINGRAD, USSR - International Symposium on Unconventional Hydrocarbon Sources 
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PROJECT ACTIVITIES 

NORTHLAKE LEASES UTAH TRACT, PLANS RETORT 
DEVELOPMENT 

Northlalce Industries, Inc. and Uintah Basin Minerals, Inc. 
have signed contracts pledging over $100 million to process 
Uintah Basin, Utah oil shale deposits. 

The Vernal District of the Bureau of Land Management has 
issued a land use permit to Nortlilake allowing access to the 
mine service building and surface oil shale stockpiles at the 
White River Oil Shale Project. The surface stockpiles will be 
used in a pilot plant that will test Northlake's QVR process. 

OVR is an acronym for "quality enhancement and viscosity 
reduction." A modular upgrading unit for this process incor-
porates added temperature and fluid controls into the pilot 
plant allowing for scaleup to production models. Northlake's 
QVR unit has performed over 1,000 hours of upgrading serv-
ice on 8 to 140API gravity heavy crude oil and refinery bot-
toms. The unit will be modified to study oil shale kerogen. 

The QVR process was developed by Northiake 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 130API into oil 
with a 25 to 40°API. 

Stating that the actual chemical process by which the QVR 
Permafrax method extracts and upgrades heavy oil is not 
completely understood, the company made the following ob-
servations about the process: 

- The reaction works best in carbon steel stills. 

- The Permafrax alcohol-based reagent is both a 
catalyst and a hydrogen proton donor. 

The long-chain hydrocarbons which make oil 
"heavy" are "unwound," "broken up," and then 
"double-bonded" to form the shorter-chained 
hydrocarbon molecules which are associated with 
the new light crude oil. 

The oil is permanently altered to its higher-quality 
state and does not revert back to its original heavy 
state when temperatures cool, as happens with 
many other processes.

The chemical process is "organic" and keeps on 
reacting, thus making it possible to use the treated 
oil as a reagent without adding any more QVR Per-
mafrax. 

The temperature used in the process is relatively low and no 
pressurization is required. The QVR process produces light 
gravity oil for less than $10 per barrel, according to 
Northialce. 

The proposed reopening of facilities at the White River 
Shale Oil site for research purposes marks the first non-
government activity at the location since the site's closure in 
1985. According to Northiake's management, the existing 
facility is ideal for the company's research and pilot plant 
testing. 

"Northlake is enthusiastic and optimistic about the advance-
ment being made with its process," said Northlake vice-
president, B.G. Merrell. "We are making a major contribu-
tion to the technology needed to meet the energy demands 
of this country, and, at the same time, feel we will be improv-
ing the industrial and economic picture of our area and 
state." Northlake is considering development at several 
other facilities. Such facilities already have extensive reserve 
and environmental data which will enhance acquisition and 
development efforts. 

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

The pilot testing plant will be located outside of the 
perimeters of the White River Oil Shale Project site. The 
United States Bureau of Land Management permit is a 
short-term permit and does not allow further surface mining. 
The stockpiled oil shale will be transported by truck to the 
pilot plant which will be placed next to Northlake's present 
location in Naples, Utah. 

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

NEW PARAHO CONSIDERS COPROCESSING OIL 
SHALE AND SCRAP TIRES 

The New Paraho Corporation has proposed a 7-month, 
$500,000 commercial evaluation program to determine the 
economic benefits associated with coprocessing used tires 
and oil shale. 

In 1988 Paraho conducted preliminary investigations of the 
feasibility of coprocessing spent, or used, tires with oil shale. 
These preliminary experiments were designed to determine 
whether stable retorting operations could be established and 
maintained on retort feedstocks consisting of shredded used 
tires blended with oil shale rock. The tires used in these ex-
periments had been shredded and screened to a 1-inch 
nominal size. No effort was made to remove the steel belt-
ing from the tires prior to retorting in Paraho's pilot plant 
facilities near Rifle, Colorado. 

Prior to retorting the blended oil shale/spent tire feedstock, 
a standard Fischer Assay test was run on the spent tire 
material. This method of measurement resulted in a liquid 
yield of 100 gallons per ton for the spent tire material com-
pared to 24 gallons per ton for the oil shale rock. A 40-hour 
test run was conducted on feedstocks consisting of 95 weight 
percent shale and 5 weight percent spent tires. During this 
test, 47 tons of material were retorted with a liquid oil yield 
recovery of 98.8 percent of Fischer Assay. 

These initial experiments demonstrated that retort opera-
tions can be sustained with spent tires used for 5 percent of 
the feedstock. A preliminary analysis of the resulting 
products showed that the retort product gas had a higher 
heating value and that the crude oil had a higher percentage 
of naphtha in comparison to the gaseous and liquid products 
produced from 100 percent oil shale. 

Potential Benefits 

The potential benefits of this approach include the high oil 
content of spent tires in comparison to oil shale and the 
higher percentage yield of naphtha.

Whether the use of this coprocessed feedstock will affect the 
properties of shale oil modified asphalt has yet to be deter-
mined. Shale oil modified asphalt, a product being 
developed by Paraho under the brand name "SOMAT," is 
the principal product that would be produced in commercial 
operations planned by Paraho. 

The volume of spent tires that could be disposed of through 
the commercial application of this technique could be a sig-
nificant benefit. As now planned, Paraho's initial commer-
cial plant will require 5,245 tons per stream day of feedstock, 
or 1,723,000 tons per year. At a 5 percent blending rate, this 
size plant would consume approximately 8.6 million tires per 
year. This plant conceivably could consume Colorado's total 
annual used tire generation rate and, within 3.5 to 4 years, 
eliminate the current stockpiles of used tires. 

Proposed Program 

A continued investigation of the commercial feasibility of 
coprocessing spent tires and oil shale will require additional 
retorting operations. These operations will be conducted 
over a range of tire blending rates to obtain heat and 
material balances and other engineering data required to es-
tablish a commercial design basis and cost estimate for the 
commercial plant. In preparation, the pilot plant at Rifle 
will be recommissioned, and shredded spent tires, sufficient 
for 30 days of retorting operations, will be obtained. 

The liquid products from the retorting operations will be con-
verted into light oil and SOMAT; their physical and chemical 
properties will be determined and compared with the same 
products produced from 100 percent oil shale. These inves-
tigations are intended to determine what effect, if any, the 
coprocessing of spent tires has on the properties and market 
value of the final liquid products. 

The final phase of the proposed commercial evaluation will 
consist of an economic analysis, including capital and operat-
ing cost estimates and detailed cash flow projections for a 
5,245 ton per stream day commercial plant. 

#1## 
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GOVERNMENT 

LLNL PROJECTS $50 MILLION TOTAL FOR RETORT 
SCALEUP PROJECT 

According to an oil shale development proposal from the 
Lawrence Livermore National Laboratory (LLNL), a second 
generation technology—hot recycled solid (HI(S) retorting—
promises substantial improvement over present technology. 
The proposal notes that this approach has the potential for 
cost reduction below $30 per barrel of shale oil. However, to 
reach this objective, a long-term program and access to 
facilities in the field are required. 

MRS retorting technology has been developed by various in-
dustrial groups and by LLNL. Some of the advantages of 
this process that will reduce the cost are the greater ef-
ficiency and throughput of the system, increased yield, ability 
to process all the shale that is mined, and improved liquid 
quality. 

A 4 ton per day test unit has been completed and is now in 
operation at LLNL. A consortium of companies with oil 
shale holdings and experience in oil shale technology is being 
assembled to participate with LLNL in the first phase of 
development. 

Research and Development Program 

During Phase 1, the 4 ton test unit will be operated and a 
nominal 100 ton per day field test unit (FTU) will be 
designed. This is scheduled to take 3 years. Phase 2, con-
struction and operation of the FTU, is scheduled to take 3 to 
5 years. Phase 3, construction and operation of a 1,000 to 
3,000 ton per day pilot plant, will take another 3 to 5 years. 
The final step will be construction of a demonstration unit of 
5,000 to 10,000 tons per day. This demonstration unit could 
be built between the years 2002 and 2004. 

LLNL says that as the program progresses, the portion of 
industrial participation compared to government participa-
tion will increase, commensurate with the proprietary ad-
vantage that can be achieved as the technical and economic 
risks are reduced. 

The cost of this program is expected to be modest compared 
to the potential benefit of competitive liquid fuels from this 
huge domestic resource. LLNL estimates the cost of Phase I 
to be about $15 million and the cost of Phase 2 to be about 
$35 million, with about half of the amount for Phase 2 spent 
for field construction and operation. Phase 2 and subse-
quent phases require access to a field site, with a source of 
shale and facilities for handling shale, utilities, and the per-
mits and environmental monitoring required for the opera-
tion. "Access to an existing field site is essential in avoiding

the time delay and cost of providing these essential 
facilities." 

COLORADO GOVERNOR ROMER SUPPORTS OIL 
SHALE FUNDING 

Colorado's Governor Romer is urging Congress to use 
monies already appropriated for the now defunct Occidental 
and Unocal oil shale projects to continue development of 
western oil shale. In a letter dated May 13, 1991 to the chair-
man of the Senate Appropriations Committee, Romer 
presented proposals for oil shale research, development and 
demonstration projects using funds already appropriated and 
facilities already in place. Portions of Romer's letter are 
reproduced below. 

Dear Senator Byrd: 

The recent termination of the Occidental and UNOCAL oil 
shale projects provides a unique opportunity to reassess the 
future of Western oil shale development. I am requesting 
your assistance in this effort. 

Specifically, we are asking that the $8 million a year in 
federal research money currently appropriated for the Oc-
cidental project and about $285 million in federal subsidies 
remaining from the UNOCAL contract with the Synthetic 
Fuels Corporation be redirected to an updated Western oil 
shale research and development effort. 

In light of the decisions by Occidental and UNOCAL to ter-
minate their projects, I believe it is now critically important 
for the federal government, which owns approximately 
90 percent of the Western oil shale resource, to provide 
leadership and support for oil shale research efforts. The tn-
state Oil Shale Action Committee has prepared the attached 
two-part proposal for your consideration. 

The first component of the proposal focuses on a redefini-
tion of the demonstration project funds currently ap-
propriated for the Occidental project. It would establish a 
competitive bid solicitation process with non-federal match-
ing funds that would be similar to the Department of 
Energy's successful Clean Coal Technology Program. 
Projects proposed under this program could include oil shale 
product development, such as asphalt and chemical 
feedstocks, and improved mining and retorting technologies. 

The second component of the proposal relates to the future 
of the UNOCAL facility as an Oil Shale Field Test Center. I 
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understand that discussions are underway related to the pur-
chase of that facility by the federal government for such a 
purpose. This concept has merit. The UNOCAL site would 
be an ideal location for a test center because of its proximity 
to major transportation lines, its upgrade facility to process 
the shale oil, and its extensive infrastructure including the 
mine, laboratory, utilities, and warehouse facilities. 

The site could be operated by DOE for use by several inde-
pendent research efforts or leased to a single operator or, 
perhaps, a combination of these options. A portion of the 
funds remaining under the current UNOCAL contract could 
be used to purchase the facility and develop a plan of opera-
tion. Any surplus funds under the contract could revert to 
the U.S. Treasury Department. 

The concept for a research test center is consistent with a 
1986 DOE report that assessed the feasibility of establishing 
and operating an oil shale test facility. The major issue 
raised in that report was the cost of developing and estab-
lishing such a test center. However, UNOCAL's willingness 
to sell all its facilities for a fraction of their development and 
capital costs would overcome these concerns and could make 
the center a reality. 

I appreciate your continued support for Western oil shale 
development. I am working closely with Senator Tim Wirth 
and our entire congressional delegation in this issue of impor-
tance to the West and the industry. 

Signed, Roy Romer

'In 

BUREAU OF MINES OUTLINES CONCEFUAL 
$113 MILLION R&D EFFORT 

K. Sacks, deputy research director at the Bureau of Mines 
Pittsburgh Research Center, United States Department of 
the Interior, recently outlined the research needs that ad-
dress unresolved problems in the oil shale mining industry. 
In a letter to J. Evans, executive director of the Associated 
Governments of Northwest Colorado, Sacks noted that the 
projects would, for the most part, require an operating 
facility. He stated that the Bureau would entertain a support-
ing role in efforts to plan, organize, coordinate and imple-
ment contracting and monitoring various aspects of the work 
outlined below. The suggested timeframe for this work is 
1991 to 2001. 

Processing Technology 

The development of efficient grinding, size selection, and 
beneficiation technologies for Green River oil shale that 
would enrich its average kerogen content from 25 gallons per

ton to in excess of 100 gallons per ton prior to retorting 
would require 5 years and $10 million in funding. 

Improved methods of pyrolysis and retorting to enhance the 
yield of beneficiated ore would require a 3 year effort and 
$1 million. 

Also needed in this area is the development of a method for 
the direct combustion and utilization of oil shale for the 
production of electricity. Researchers should explore unique 
pollution problems and the use of combined coal steam tur-
bine cycles. These efforts would take about 10 years and 
$50 million in funding, says Sacks. 

Mining Technology 

Improved mechanical excavation of oil shale using combina-
tions of water-jet assisted cutting and polycrystalline 
diamond bits is needed. This effort would require about 
5 years and $4 million. 

An effort toward the development of improved and/or ad-
vanced mining systems considering the mining functions of 
fragmentation, ground control, environmental control and 
material handling would require 5 years and $25 million in 
funding. 

Improved and selective extraction technology that would effi-
ciently mine the richer sedimentary horizons is envisioned in 
5 years at a cost of $5 million. 

Research to evaluate extraction of previous metal byproducts 
via leaching techniques from spent shale would require a 
1 year effort and cost about $1 million. 

Safety and Health 

Research in the area of spontaneous combustion to evaluate 
the self-heating tendencies of various shales and spent shale 
would require 3 to 4 years at a cost of $1 million. 

Another area of concern is firefighting strategy. Research 
should be conducted on ways to improve the current strategy 
for fighting fires in underground and surface facilities. This 
effort would require approximately 3 to 4 years and 
$1 million in funding. 

The industry needs to develop safe explosives and proce-
dures for blasting in the presence of combustible oil shale 
and methane, validation tests in operating mines, charac-
terization of detonation products, improved explosive perfor-
mance, toxic fume minimization, automation of jumbo drills, 
stemming requirements, and nonelective initiation systems. 
This effort would require  years and $10 million. 

Explosibility studies of oil shale dusts designed to isolate the 
intrinsic effect of particle size on dust flammability are 
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needed. Autoignition studies of oil shale dust clouds and the 
kinetics of kerogen pyrolysis are also needed. These efforts 
would encompass a 3 to 4 year period and require $1 million 
in funding. 

Environmental Control 

Research on the atraction of metals from spent shale tail-
ings and subsequent safe disposal or utilization of tailings

from beneficiation and retorting operations would require an 
effort of 3 to 4 years at a cost of $1 million. 

To develop a methodology for stowing and backfilling of 
large underground oil shale mines with tailings from the 
beneficiation, retorting, and combustion operations would 
require 5 years of research and $3 million in funding. 
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ENERGY POLICY AND FORECASTS 

OIL SHALE FUTURE DISCUSSED AT COUNCIL ON 
ALTERNATE FUELS SEMINAR 

In July the Council on Alternate Fuels sponsored a seminar 
in Denver, Colorado, "Taking Stock: Oil Shale in the 1990s. 
Presentations were made by representatives from: 

- Unocal Corporation 
- Rio Blanco Oil Shale Project 
- Occidental Petroleum Corporation 
- LIT Research Institute 
- Sandia National Laboratory 
- Lawrence Livermore National Laboratory 
- Center for Strategic and International Studies 

A. Randle of Unocal discussed the problems Unocal had ex-
perienced with their now shut down Parachute Creek 
project. He noted that the major technical problems encoun-
tered were involved with removing the spent shale from the 
top of the retort and cooling it for waste disposal. The shale 
decrepitated during retorting much more than expected. 
The excessive fines blocked gas flow into the top of the 
retort, the increased angle of repose made the archimedes 
spiral ineffective in removing the shale, and the fines 
prevented cooling water from penetrating the flowing spent 
shale mass after leaving the retort. 

He also noted that literature and vendor data could not suc-
cessfully predict wear rates of equipment in contact with 
shale. 

The project produced a total of 4.5 million barrels of 
syncrude, which was refined into a full range of products in 
conventional refineries. Total expenditures by Unocal 
reached $1.2 billion before the project was shut down. 

Randle said, "The risks associated with the commercial 
development of shale oil retorting technology are more than 
a single company can accept." 

It was noted that the uncertainties associated with shale oil 
development are substantial and include the technical risk of 
scaling-up new technology and the market risk associated 
with roller coaster swings in world oil prices. The exception-
ally high front-end capital costs and long lead times as-
sociated with commercialization of a promising shale oil tech-
nology force project sponsors to bet heavily on the price of 
oil a decade or more ahead, it was pointed out. 

Amoco's E. York summarized experience at the Rio Blanco 
Oil Shale Project. Rio Blanco tested a modified in situ 
retorting approach in which all blast holes were drilled from 
the surface, thus requiring only one working mine level. 
They finally concluded that modified in situ was not the best 
approach for Tract C-a. The company also built two surface

retorting pilot plants, one based on the Lurgi retort and one 
based on an Amoco fluidized bed design. 

The company is continuing to sponsor research on spent 
shale disposal at Colorado State University and the Univer-
sity of Wyoming, but believes that oil shale development will 
not occur until after the year 2010. 

Thus far, the private sector has taken the lead in developing 
oil shale technology, according to R. Zahradnlk of Occiden-
tal Oil Shale. He said that while private corporations have 
spent over $4 billion on shale oil technology development, 
the net contribution of the public sector has been minimal. 
He also said there is now no doubt that oil shale can be 
developed well within the environmental regulations cover-
ing air, water and land, given the unprecedented level of en-
vironmental monitoring to date by state and federal 
regulatory agencies. 

Zahradnik says that modified in situ retorting has been 
proved to be technically viable. He believes the best choice 
for the future is a combination of surface retorting and MIS 
retorting. 

He suggests there will probably never be more than three or 
four large oil shale projects operating at once in the Piceance 
Basin. It should now be possible to produce shale oil for less 
than $30 per barrel, but this is not relevant because most of 
the financial community believes oil will never reach 
$30 again. 

J. Bridges of LIT Research Institute also says that shale oil 
can be produced for less than $30 per barrel, perhaps even 
$20 with continued research and development. Bridges is 
trying to set up a $10 million, 2.5-year project for field 
demonstration of in situ retorting with electromagnetic 
waves. 

A. Lewis of Lawrence Livermore National Laboratory noted 
that the oil shale resource in the Green River Formation of 
Colorado, Utah and Wyoming—over 80 percent owned by 
the federal government—represents an energy endowment of 
enormous strategic value to the United States. When com-
mercially available, this resource will dramatically alter the 
energy security posture of the United States, in effect creat-
ing a second, larger strategic petroleum reserve. 

If next generation shale technology is to be available to com-
pete with $25 to $30 per barrel oil by 2010, the developmen-
tal program must begin now, according to Lewis. Careful 
scale-up from pilot plant to full commercial scale is essential 
to identify problems that may not appear at smaller scale, 
and the orderly evolution of a shale technology can be a 
lengthy process, it was noted. 
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and promising ideas be tested, is one potentially useful way 
in which government could accelerate the day when a com-
mercial shale oil technology is available." 

Overall, it was estimated that the maturation process for a 
new shale oil retorting process may take from 15 to 20 years. 

New laws enacted last year now allow national laboratories 
such as Lawrence Livermore to participate in industry joint 
ventures. Livermore hopes to put together a $20 million 
retorting pilot plant project. 

R. Cattany of the Colorado Department of Natural 
Resources proposed that "acquisition by the government of a 
federal test site facility at which future cooperative shale oil 
retorting and related technology development could occur,

It was noted that the ready availability of a federal shale oil 
test facility would eliminate a major obstacle to the testing of 
alternative retorting and related technologies by eliminating 
the substantial time required and costs associated with 
having to identify, develop and secure a test facility and ob-
tain the necessary permits. 
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ECONOMICS 

PRODUCI' VALUE OF $90 PER BARREL OF SHALE OIL 
HYPOTHESIZED 

The shale oil Native Products Extraction (NFX) technology, 
being developed by James W. Bunger and Associates, Inc. of 
Salt Lake City, Utah, has the potential to yield a product 
slate valued at $90 per barrel of shale oil. 

NPX is a strategy for selective, non-destructive separation of 
shale oil into fractions which possess high market value. The 
process has been validated through laboratory separation of 
raw shale oil. 

A preliminary product slate, targeting more than 90 percent 
of the shale oil barrel for high value markets has been iden-
tified. Table 1 shows the proposed product slate and the 
revenue expected from each. 

A market strategy has been devised which classifies NPX 
products by end use and addresses the approach for market 
penetration. Maximum economic enhancement of a commer-
cial shale oil facility is anticipated because a large percentage 
of the NPX product slate addresses large, well-established 
markets. 

Economic and profitability estimates suggest that NPX 
would be profitable even for raw shale oil costs of up to 
$40 per barrel, according to Bunger and Associates.

Work on the NPX technology was originally initiated under a 
cooperative agreement with the United States Department 
of Energy and Occidental Oil Shale. While industry has 
shown an interest in the developments, more data are 
needed to attract industrial investment and further process 
development is required. 

The company, therefore, has proposed a 3-year process 
development project designed to demonstrate sufficient 
profit potential to attract private capital for a commercial ef-
fort. The work includes a laboratory development phase, fol-
lowed by operation of continuous process units, product 
development, process simulation and optimization. Total 
project costs are estimated at $3 million over the 3-year 
period.

#111 

ROAD TESTS OF SHALE OIL MODIFIED ASPHALT 
YIELD ENCOURAGING RESULTS 

New Paraho Corporation and Marathon Oil Company have 
released some test data on Paraho's shale oil modified as-
phalt product "SOMAT." Marathon has been evaluating 
Paraho's plans for the construction and operation of a 
facility to commercially produce the SOMAT. In addition, 

TABLE 1 

NPX PROPOSED PRODUCF SLATE
(Output = 3,000 Barrels Per Day) 

Market Volume	 Revenue 
Tons/Year	 $/Feed-Bbl 

	

4,575,000	 $11.2 

	

882,000	 6.6 

	

9,526,365	 183 

	

333,900	 16.6 

	

830,000	 8.4 

	

542,000	 17.6 

	

130,000	 7.6 

	

500,000	 2.9 

	

200,000	 0.9
large

$90.90/bbl 

Product 

White Oils 
Waxes 
Aromatics/ 

Lubricating Oils 
Sulfonate Feeds 
Tar Adds and Bases 
Resins 
Functionalized 

Intermediates 
Special Application 

Concentrates 
Pure Compounds 
Fuels and Refinery Feeds 

Total
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Marathon is supporting an expanded field evaluation 
program designed to assess the technical performance charac-
teristics of SOMAT over a broader range of climatic and 
road use conditions. 

Both Marathon and Paraho believe the superior perfor-
mance characteristics of SOMAT will result in a demand and 
premium price for it in preference to conventional asphalt 
and asphalt modifiers. 

This SOMAT superiority contention is supported by recent 
studies funded by the United States Department of Energy. 
One of these studies, performed by J.E. Sinor Consultants 
Inc., involved a thorough marketing analysis for potential 
non-fuel products produced from shale oil. After examining 
a full range of products that could be derived from oil shale, 
the Sinor study concluded that the most promising product 
possibility is to make a premium asphalt blending material 
from shale oil. 

SOMAT is the term used to describe the material that 
results when a shale oil modifier is blended with a conven-
tional asphalt binder. For all asphalt mix designs examined 
to date, SOMAT consists of a blend of 10 to 15 percent shale 
oil material and 85 to 90 percent conventional asphalt binder 
(weight basis). 

"Asphalt mix" or "asphalt concrete mix" are the terms used to 
describe the material that results when SOMAT is combined 
with mineral aggregate. Typically, asphalt mix consists of 5 
to 6 percent SOMAT and 94 to 95 percent aggregate (weight 
basis). Asphalt mix constitutes the final road paving 
material. 

Research and engineering evaluations performed to date 
clearly indicate that SOMAT pavements should be con-
siderably more durable than conventional asphalt pave-
ments. However, laboratory-scale efforts alone are not suffi-
cient to conclude that one pavement system will perform bet-
ter than another under actual road use. 

Accordingly, Marathon and Paraho have undertaken a field 
evaluation program to assess the performance characteristics 
of SOMAT in relation to conventional and modified asphalt 
paving materials. 

Working in cooperation with state, county and municipal 
highway officials in Colorado, Utah and Wyoming, a total of 
eight test strips were constructed during the summers of 
1989 and 1990 at the following locations: 

- US 191, south of Moab, Utah 

- US 40, east of Hayden, Colorado 
- Railroad Avenue, in Rifle, Colorado 

- County Road 1, located northwest of Rangley, 
Colorado

- CO 550, south of Ridgeway, Colorado 

- Interstate 80, west of Rawlins, Wyoming 

New runway extension at the Meeker, Colorado air-
port 

County Road 8, located east of Meeker, Colorado 

Four of the test strips constructed in 1989 (i.e., those located 
at Moab, Rifle and Rawlins) are being monitored and tested 
over a 5 year period. The results from the first annual 
evaluation of these four test strips were reviewed at the 24th 
Annual Oil Shale Symposium in April. 

Pavement ability to avoid cracking at low service tempera-
tures and rutting at high service temperatures is partially 
determined by the theological, or viscoelastic, properties of 
the asphalt binder. Conventional petroleum asphalt binders 
tend to demonstrate relatively poor viscoelastic properties as 
a function of temperature. At low service temperatures they 
behave as hard, brittle materials prone to cracking. At high 
service temperatures they behave as soft, ductile materials 
prone to rutting. Thus, it can be said that conventional as-
phalt binders demonstrate poor temperature susceptibility 
with regard to viscoelastic behavior. 

A commonly used experimental measurement of the vis-
coelastic behavior of an asphalt binder is its Tan Delta. Tan 
Delta is the ratio of the viscous modulus to the elastic 
modulus which varies with temperature and rate of strain. 
The viscous and elastic moduli are obtained experimentally 
on the asphalt binder at road service temperatures. In inter-
preting Tan Delta data, the following relationships are impor-
tant: (1) as the Tan Delta value increases at high tempera-
tures, the pavement becomes increasingly susceptible to rut-
ting, and (2) as the Tan Delta value decreases at low tem-
perature, the pavement becomes increasingly brittle and 
prone to thermal cracking. Hence, asphalts that exhibit 
smaller increases in Tan Delta with increasing temperature 
are better materials. 

A comparison of the Tan Delta properties of a conventional 
asphalt and SOMAT were obtained for the material used in 
the construction of the Hayden, Colorado test strip. For this 
test strip, the conventional asphalt binder was an AC-to vis-
cosity grade material and the SOMAT consisted of a 
10/90 weight blend of shale oil material with this same 
AC-10 asphalt. 

For both the conventional AC-10 and SOMAT materials, 
Tan Delta versus temperature measurements were per-
formed on samples taken at three different points in time: 
prior to mix plant operations, 2 weeks after road construc-
tion, and 1 year after road construction. The 2-week and 
1-year asphalt samples were obtained by extraction from 
road cores.
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As can be seen from the results presented in Figure 1, the 
Tan Delta properties of both the conventional AC-10 and 
SOMAT asphalts changed with the passage of time. 
However, the Tan Delta values for the SOMAT specimens 
are lower than the corresponding values for the conventional 
asphalt specimens. This indicates that this SOMAT should 
provide better resistance to rutting than the conventional as-
phalt. Also, the slopes of the ln(Tan Delta) versus tempera-
ture curves are less for the SOMAT specimens than the cor-
responding slopes for the conventional asphalt. As such, the 
viscoelastic properties of SOMAT are less susceptible to 
variations in temperature. Thus, the Hayden SOMAT pave-
ment should be less susceptible to failure due to thermal ex-
pansion and contraction in comparison to the conventional 
asphalt control section. 

At the end of 1 year of road service, according to the 
Paraho/Marathon information, there is little to distinguish 
visually between the condition of the SOMAT versus the 
AC-to sections at the Hayden test strip. Performance dif-
ferences, however, should become visually apparent with the 
passage of additional time based on the above Tan Delta 
data.

FIGURE 1 

TAN DELTA VALUES FOR HAYDEN 
OVERLAY AFTER 1 YEAR IN SERVICE 
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Based on test results to date with the Hayden and other test 
strips, plus laboratory data, SOMAT is expected to provide 
the advantages shown in Table 1. 

SOMAT Economic Feasibility 

The economic feasibility of producing SOMAT depends on 
the costs associated with its production and the price that 
SOMAT can command in the marketplace. The value of the 
shale oil component could be $100 per barrel if the resulting 
SOMAT yields at least a 10 percent increase in pavement 
life. Based on the results presented, there is reason to 
believe that SOMAT will effect at least a 10 percent improve-
ment in pavement life, if not significantly more. 

An equally important question with regard to market price, 
however, is whether SOMAT can effectively compete with 
other commercial modifiers. While asphalt modifiers have 
been used for over 50 years, they now are coming into more 
prevalent use as more emphasis is being placed on reducing 
life cycle cost versus installed cost in the construction and 

TABLE 1 

EXPECtED SOMAT ADVANTAGES 

Type of Distress	 Comparison 

Stripping SOMAT superior to both 
conventional and polymer 
modified asphalts 

Rutting	 SOMAT superior to 
conventional asphalts and 
comparable to polymer 
modified asphalts 

Thermal Cracking	 SOMAT superior to 
conventional asphalts and 
comparable to polymer 
modified asphalts 

Fatigue Cracking	 SOMAT superior to 
conventional asphalts and 
comparable to polymer 
modified asphalts 

Aging SOMAT superior to both 
conventional and polymer 
modified asphalts 

Rejuvenation of 	 SOMAT superior to both 
Recycled Asphalt 	 conventional and polymer 

modified asphalts 
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maintenance of roadways. Table 2 provides a listing of the TABLE 2 
various classifications of modifiers along with examples of 
each. Of these various commercially available modifiers, syn- CLASSIFICATIONS OF 
thetic latex, block copolymers, time and liquid antistrip addi- ASPHALT MODIFIERS 
tives are the most popular and widely used. 

The use of either lime or one of several commercially avail- Modifier TO Examples 
able liquid antistrip additives generally results in a 5 to 
15 percent increase in the as-laid cost of the final asphalt Mineral Fillers Dust, Lime, Sulfur, Portland 
mix. In comparison, the cost of SOMAT at Si® per barrel Cement, Carbon Black 
for shale oil is expected to result in a 123 percent increase in 
as-laid costs. Extenders Sulfur, Lignin 

In the last few years,	 several new products have been Rubbers Natural Latex, Synthetic 
developed and marketed to address the rutting problem. Vir- Latex (e.g., SBR & SBC), 
tually all of these products employ some form of rubber corn- Reclaimed Rubber 
pound of either natural or synthetic derivation.

Plastics Polyethylene, Polypropylene, 
Based on the technical performance results presented, Polyvinyl Chlorine 
Paraho and Marathon believe that SOMAT can effectively 
compete with polymer modified asphalts, and also effectively Fibers Asbestos, Rock Wool 
compete from a market price point of view. In fact, SOMAT 
should enjoy a significant price advantage over polymer Oxidants Manganese 
modified asphalts.

Antioxidants Carbon Black

Hydrocarbons	 Recycling Oils 

Antistrips	 Amines, Lime 

###1 
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TECHNOLOGY 

FULL SCALE BLASTING TESTS CONDUCItI) FOR 
EMULSION/ANFO BLENDS 

A paper presented at the 24th Annual Oil Shale Symposium 
held in Golden, Colorado in April summarized the most 
recent results obtained by the United States Bureau of 
Mines research program on blasting agents for oil shale min-
ing. The paper details the progress made since 1989 on the 
development and testing of new explosive formulations and 
blasting procedures for safely blasting oil shale in gassy mine 
conditions. Officials from the Mine Safety and Health Ad-
ministration are awaiting the results from this research 
program to finalize blasting regulations for Category 1-A oil 
shale mines (Regulation 30 CFR 57.22601 was stayed pend-
ing the final results). 

Lake Lynn Gallery Tests 

Tests are conducted in the Lake Lynn Cannon Gallery 
(LLCG) to evaluate the incendivity characteristics of 
stemmed and/or unstemmed explosives detonating into flam-
mable methane-air atmospheres or fine dust clouds. The 
results from these tests determine which explosives warrant 
further evaluation during actual full-scale mining operations. 

Various explosives have been tested in the LLCG as possible 
replacements to conventional ANFO (which is composed of 
94 percent ammonium nitrate prills and 6 percent fuel oil). 
ANFO is an inexpensive, effective blasting agent that has 
been used with much success in oil shale and other non-coal 
mining operations. However, ANFO is also a highly incen-
dive product when detonated and has resulted in numerous 
dust ignitions following blasting operations, particularly in 
sulfide ore mines in Alaska and Canada. Also, methane gas 
is present in some deep oil shale formations and blasting 
with ANFO in these mines poses a potential gas ignition 
hazard. For this reason, the Bureau has been studying 
various replacement explosives and safer blasting proce-
dures. The research has focused on emulsion and water gel 
formulations which are pumpable, exhibit good fragmenta-
tion characteristics, and have relatively low incendive levels 
compared to ANFO. 

Previous LLCG results (see Table 1) showed that decreasing 
or increasing the fuel oil content from the 6 percent in stan-
dard ANFO affects the incendivity. In the LLCG tests, the 
emulsion-ANFO blends C, D, H, and I were the least incen-
dive blasting agents tested because they required the least 
amount of stemming to prevent ignition of the methane. 
The less incendive explosives are essentially oxygen-balanced 
and, in the case of the emulsion-ANFO blends, replace the 
ammonium nitrate portion of the base emulsion with other 
substances such as sodium nitrate or calcium nitrate.

TABLE 1 

MINIMUM CELLED WATER
INERT STEMMING WEIGHTS 

TO PREVENT CH4-AIR IGNITIONS 

Stemming Weight (e) 
Product	 Ignition	 Nonignition 

Emulsion Blend A 400 450 
Emulsion Blend C 100 150 
Emulsion Blend D 50 100 
Emulsion Blend G 250 350 
Emulsion Blend H 100 150 
Emulsion Blend 1 100 150 
ANFO 96/4 200 250 
ANFO95/5 300 350 
ANFO94/6 300 350 
ANFO 92/8 350 400 
Water Gel 250 300 
Water Gel B 250 300

A11 of the emulsion blends are 80% emulsion 
and 20% ANFO. 

"Standard formulation. 

Note: The explosive charge for each test was 
500 g. 

In recent months, two water gel based explosives were tested 
in the LLCG. Table 1 lists the amount of inert gelled water 
stemming material required to be tamped in front of the ex-
plosive charge in the cannon bore to prevent ignition of the 
methane gas. Water gel explosives A and B required 
300 grams of the inert stemming to prevent the gas ignition 
compared to 100 to 150 grams for the emulsion-ANFO 
blends C, D, H, and I. Standard ANFO required 350 grams 
of the gelled water material to prevent the gas ignition. The 
water gels show only marginal improvement relative to stan-
dard ANFO in preventing the gas ignitions; whereas the 
emulsion blends are much safer than ANFO. 

Full-Scale Blasting in Oil Shale 

Past research gathered from monitoring full-scale blasts in 
oil shale mines has shown that large amounts of flame are 
associated with typical oil shale blasting operations using un-
stemmed ANFO initiated with detonating cord. Four full-
face oil shale blasts, in the absence of methane, were con-
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ducted at Unocal's Long Ridge Mine in 1989 using the emul-
sion blend D loaded into 76 millimeter diameter boreholes 
(stemmed with 3 chubs of gelled water material to result in a 
1 meter inert plug) and initiated with an all-electrical system. 
No flame was evident outside of the boreholes and fragmen-
tation was equivalent to or better than that of standard 
ANFO loaded in 89 millimeter diameter holes. Also in 1989, 
single hole tests at Exxon's Colony Oil Shale Project were 
conducted in 76 millimeter diameter holes. A full-column 
charge of unstemmed emulsion blend D did not ignite a 
small containment zone of flammable methane-aft; a similar 
hole loaded with standard ANFO did ignite the gas zone. In 
1990 field tests were conducted with larger diameter holes. 
One test was conducted in the presence of a large volume of 
flammable methane gas. Concurrent studies were also con-
ducted on air-cushioning as a preshearing technique. 

A full-face test and a multiple hole spacing test were con-
ducted at Occidental's Logan Wash oil shale mine, located 
northeast of DeBeque, Colorado. The 1990 tests were con-
ducted in a 25 meter long stub drift. 

The drill pattern for the full-face test, as shown in Figure 1, 
consisted of twenty-six 89 millimeter diameter holes drilled 
to an average depth of 3.7 meters. The face along each rib 
line had 5 equally spaced preshear holes. Two pairs of 
angled holes were drilled in the middle of the face to provide 
an expansion relief zone to facilitate the detonation of the 
later holes. The 16 production holes were primed and 
loaded with the emulsion blend D and two stemming chubs 
were tamped into each hole against the charge column. The 
powder factor for the face test was 2.4 kilograms of explosive 
per cubic meter of realized shale. The powder factor was 
substantially greater than the 1.1 kilogram per cubic meter 
powder factor used for the Unocal headings. This high pow-
der factor would present a higher gas ignition risk. The air-
cushioning technique was used for the 10 preshear holes, 
which were loaded at the back of each hole with 
4.5 kilograms of the emulsion blend D. These holes were 
then stemmed at the collar with two chubs of the inert gelled 
water material. 

After loading the explosives, a plastic sheet was attached to 
the wooden framework of the 77 cubic meter gas contain-
ment zone. Methane gas was then injected into the contain-
ment zone and nthced to a concentration of 10 percent CH  
in air, a "worst-case" scenario. 

The cameras and flame sensor observed a large flash of light 
at the start of the round. This indicates with reasonable cer-
tainty that an ignition of the methane-air mixture did occur 
as a result of the detonation of the full-face pattern stemmed 
with two inert gelled water chubs. Assuming an ignition of 
the flammable gas did occur, which appears likely, several 
contributing factors may have enhanced the probability. 
One such factor may have been the high powder factor, 
which was over twice that normally used in typical opera-
tions. Another change from past tests was the use of larger
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diameter holes. It would appear that the 89 millimeter 
diameter holes require at least as much or more stemming 
compared to the 76 millimeter diameter holes in order to 
prevent the hot detonation gases from igniting the methane. 

Multiple hole tests conducted at the Logan Wash mine after 
the full-face test showed that holes on 1.5-meter spacings did 
not detonate properly. Many of the holes in the Logan 
Wash full-face drill pattern were spaced less than 2 meters 
apart. It is possible that the gas ignition at the full-face test 
may have been the result of the improper performance of 
the explosive in some of the holes. Additional spacing tests 
need to be conducted in oil shale to verify these preliminary 
findings. 

Research at the United States Department of Energy (DOE) 
Morgantown Energy Technology Center (METC) has in-
volved a study of oil shale attrition during retorting.



Breakdown of the kerogen during retorting of oil shale and 
combustion of the spent material generally weakens the 
remaining mineral matrix, leaving it substantially more fri-
able. Processing of this material tends to generate fines, 
which can have detrimental environmental and economic 
consequences, due to contamination and separation 
problems. Although in situ processes would seem to circum-
vent most of these attrition related difficulties, they still must 
deal with the rifles which contaminate the product oil. The 
aim of the METC work is to quantify the most significant fac-
tors affecting this attrition process, including shale material 
properties, processing conditions, and the attriting environ-
ment. The ultimate objective is to develop a model capable 
of predicting the extent and nature of attrition in a proposed 
process which requires little or no experimental attrition 
data. 

In a paper presented at the 24th Oil Shale Symposium, 
U. Grimm and C. Swaney discussed their work in which a 
high-temperature, rotating-drum attrition tester was used to 
study the friability of a Mahogany zone, Parachute Creek 
member, Green River formation oil shale. This DOE 
reference shale has a Fischer Assay of 27.5 gallons per ton 
and was obtained from the Exxon Colony mine located near 
Parachute, Colorado. This feed material was screened to 
9.5 to 12.5 millimeters, heated in the drum to the tempera-
ture of interest, and tumbled a desired amount. Testing con-
ditions included nitrogen, air, and carbon dioxide atmos-
phere; temperatures from ambient through 900°C; and tum-
bling amounts of 0 to 2,400 revolutions. 

The breakage function of this shale was found to be fairly 
similar to that of a western shale studied previously by the 
same authors, yielding a product size distribution which is 
typically trimodal or quadrimodal. Attrition levels for air 
atmospheres were somewhat higher than for nitrogen, and 
produced more multimodal distributions under otherwise 
equivalent conditions. The primary loss in particle strength 
occurs in the 300 to 500°C range, and is attributed to 
kerogen decomposition. Maxima in the particle size distribu-
tion at 10 and 80 microns were evident. 

A typical complete product size distribution is shown in 
Figure 1 for 500°C, air, and 600 revolutions. As can be seen, 
the product is multimodal, consisting primarily of eroded 
feed and fines in the range  to 150 microns. These fines are 
divided into two size distribution peaks at around 10 and 
80 microns, sizes which are probably characteristic of specific 
minerals in the shale. 

The results show that the sample shale is very friable after 
kerogen pyrolysis. This would make it difficult to utilize in 
processes with high face velocities of the 
combustion/gasification gases for residual carbon burnout. 

The researchers noted that temperatures above 900°C and a 
CO2 atmosphere may be very advantageous in promoting 
mineral fusion to reduce the formation of fines. Also, there
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are agglomerating, sintering, and other strengthening 
mineral reactions in the range 600 to 900°C that are favored 
by oxidizing atmospheres. 

Breakage kinetics for the feed size of this shale were found 
to be nonlinear, due to the wide variability in individual par-
ticle strengths.
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ASPHALT RESEARCH MAY LEAD TO 
UNDERSTANDING HOW SHALE OIL MODIFIERS 
WORK 

Recent advances in understanding asphalt chemistry could 
make it much easier to build pavement that lasts longer, ac-
cording to an announcement by the National Research 
Council's Strategic Highway Research Program (SHRP). 

"We now have an entirely new understanding of asphalt 
chemistry that has tremendous implications, said SHRP ex-
ecutive director, Di. Kulash. 'This will enable highway en-
gineers to design pavement structures that take full ad-
vantage of asphalt's chemical and physical properties. It also 
will enable refiners and manufacturers to modify asphalt 
materials so they will perform better." 

SHRP is a 5-year, $150 million research program funded by 
the federal government since 1988 to promote high-priority 
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This research should eventually make it possible to under-
stand how and why shale oil seems to produce asphalt with 
superior properties. 

activities that promise to yield savings in excess of research 
costs. Under contract with SHRP, researchers in Wyoming 
and Pennsylvania have generated a new chemical model that 
could help shed new light on the structure of asphalt. 

Asphalt is about 90 percent carbon and hydrogen; the 
remaining 10 percent is sulfur, nitrogen, oxygen, and trace 
metals. These elements attach themselves to the hydrocar-
bon molecules, in side groups referred to as polar functional 
groups. The polar functional groups control performance 
because they determine how the asphalt molecules will "stick 
together and form networks to give the asphalt strength, 
and still allow it to flow like a viscous liquid. 

Using advanced chemical analysis techniques, combined with 
exhaustive examination of asphalt properties, researchers 
have learned about a specific chemical component that is 
very influential in asphalt performance: amphoterics. An 
amphoteric material is one that is both an acid and a base in 
the same molecule. Although these materials constitute only 
10 to 15 percent of asphalt, they appear to exert major con-
trol over the formation of molecular matrices, which in turn 
affects the asphalt's tendency to form pavement cracks, ruts, 
and potholes. 

If the network is not stiff enough, the asphalt will not be suffi-
ciently resistant to flow—it will not "spring back," and thus 
will be prone to rutting. If the network is too stiff, the pave- 
ment will not give, and will be prone to fatigue cracking. 
Moisture sensitivity, which can lead to cracks, potholes, and 
other forms of pavement deterioration, also is a function of 
the network because it is the polar molecules that cause the 
asphalt to adhere to the aggregate; it is this bond that breaks 
down in pavements suffering from moisture-induced 
damage. 

"Once we understand how asphalt works, it is much easier to 
make it do what we want," said researcher R. Robertson of 
Western Research Institute in Laramie, Wyoming, who 
played a leading role in the development of the new chemi-
cal model. "We have never really understood how asphalt 
works before." 

Robertson's colleague D. Anderson of the Pennsylvania 
Transportation Institute at Pennsylvania State University 
adds, "This is a major departure from the chemical model 
that has been accepted by researchers around the world for 
decades, but we have a great deal of evidence to support 
what we are saying." 

SI-IRP is developing new tests that manufacturers can use to 
determine the chemical and physical properties of asphalt 
cement and to modify asphalt to give better performance. 
Another series of tests is being developed for use by highway 
agencies so they can select asphalt cements and aggregates 
that will give the best performance. New performance-based 
specifications for both asphalt binders and mixtures are 
being developed based on these tests.

SIEMENS PATENTS FLUIDIZED BED RETORT 

United States Patent 4,994,174 issued to K. Kunstle, et al., 
and assigned to Siemens Aktiengesellschaft, is entitled 
"Process and System for Low-Temperature Carbonization of 
Oil Shale, Oil Sands or Similar Oil Bearing Solids." The in-
vention consists of low-temperature carbonizing of oil shale 
in a high-pressure fluidized bed reactor in the presence of 
hydrogen or steam at temperatures between 400° and 600°C, 
condensing the low-temperature carbonization gas in at least 
two stages for producing relatively higher boiling and rela-
tively lower boiling oil fractions; peripherally mashing the oil 
shale with the higher boiling oil fraction then returning the 
mixture to the high-pressure fluidized bed reactor. 

Because the low-temperature carbonization gas is condensed 
in at least two stages, it becomes possible to return the 
higher boiling condensate to the high-pressure fluidized bed 
reactor, and to crack it there once again in the hydrogen or 
steam atmosphere. In this way, the proportion of the low 
boiling oil fraction can be increased in a desirable way, at the 
expense of the higher boiling oil fraction. 

Because the oil shale is made into a mash with the higher 
boiling oil fraction before introduction into the high-pressure 
reactor, the resistance to conveyance of the solids in the 
supply or delivery line is lowered to a tolerable amount. 

In accordance with another mode of the invention, oil shale 
mash is fed to the high-pressure fluidized bed reactor 
through a supply or delivery line forming an upright column 
serving as a labyrinth seal with respect to higher pressure in 
the reactor. In this way, expensive valves and pressure gates, 
which are vulnerable to malfunction, can be dispensed with 
for the line conveying the solids. 

Figure 1 is a schematic circuit diagram of the process. 

Figure 2 (page 2-17) is an enlarged sectional view taken 
along the line Ill-Ill of Figure 1, and shows the mashing ves-
sel. 

The cross section in Figure 2 illustrates that the apparatus is 
substantially formed of a tubular housing or cylinder in 
which the piston of the pressure-increasing compressor 
moves as shown in Figure 1. The housing is encompassed by 
two ring lines, to which the pump for the higher boiling oil 
fraction is connected. The ring line communicates with eight 
injection nozzles distributed about the periphery of the hous-
ing. The higher boiling oil fraction is forced in through the 
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injection nozzles and mashes forced-in oil shale solids in a 
peripheral zone along the housing wall. 

In other words, the peripheral regions of the solids become 
saturated with oil. In this process the slidability in the 
vicinity of the circumference of the tube is markedly im-
proved, which reduces the energy required for the pressure-
increasing compressor. 

Due to the improved slidability of the solids, the delivery line 
between the compressor and the reactor can be made long

enough to permit the column of solids located in it to serve 
as a labyrinth seal. In order to enable a return stroke of the 
piston without reverse motion of the column of solids in the 
delivery line, a slide plate (Figure 1) is provided downstream 
of the extreme position of the piston in the conveying direc-
tion. During the return stroke of the piston, the plate 
prevents the column of solids in the delivery line from sliding 
backward.
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INTERNATIONAL 

ESPERANCE MAY DE YE WP AUSTRALIA'S SECOND 
OIL SHALE PROJECT 

According to a report by Coal & Synfuels Technology, a 
project to produce 200,000 tons per year of "asphaltine" for 
bitumen from an Australian oil shale deposit is being 
planned by Esperance Minerals NL and Greenvale 
Mining NL. The two companies believe that they can 
produce bitumen from the Alpha field in Queensland that 
will sell for more than 1US$80 per barrel. 

Australia imports most of its bitumen, but the proposed 
project would meet about 17 percent of the country's 
bitumen demand. The Alpha field contains about 90 million 
barrels of reserves. 

The Alpha torbanite deposit is located in central 
Queensland, about 60 kilometers south of the town of Alpha. 
The deposit is part of the Permian Colinlea Sandstone which 
is part of the Gallilee Basin sequence. The deposit consists 
of an upper cannel coal seam with an average thickness of 
1.12 meters and a lower cannel coal seam, with a torbanite 
lens, with an avenge thickness of 1.9 meters. 

Initial plans to develop the Alpha field assumed that a 
gasoline-based product mix was the best option, but recent 
studies using different technologies have concluded that a 
bitumen-based product mix was more appropriate. 
Esperance's June quarterly report to the Australian Stock 
Exchange says that the oil shale-derived bitumen is at least 
comparable to bitumen derived from petroleum. Byproducts 
from the project might include diesel fuel and aromatics. 

Sn, 

STUART PROJECT(WFS CRITICAL TAX BREAK 

The Australian Government has granted an exemption from 
normal excise taxes on petroleum products derived from 
shale oil from approved demonstration plants. The excise 
exemption, guaranteed until the year 2005, will apply to ap-
proximately 40 percent of Stage 1 output of the proposed 
Stuart Project in Australia. 

As a result, Southern Pacific Petroleum and Central Pacific 
Minerals (SPP/CPM) are now proceeding to final detailed 
engineering and financing plans for the construction of a 
US$110 million commercial oil shale project near Gladstone 
in Queensland, Australia.

In making the announcement, the federal Minister for 
Resources, A. Griffiths, said, '"The government is confident 
that the confirmation of the exemption to 2005 will provide 
the spark to see the Stuart deposits developed at a commer-
cial stage." 

Stage I of the Stuart Project is a demonstration plant 
capable of producing 4,400 barrels of liquid fuels per day 
from 6,000 tons per day of oil shale. The demonstration 
plant is scheduled to be operational in 1994. 

After the plant is up and running for a full year, the two corn-
panics will advance to Stage 2 in which the production rate 
will be tripled. Stage 3 is the full scale commercial develop-
ment of the Stuart Project in which production is expected to 
reach 60,000 barrels of shale oil per day by the year 2000. 

The project will use the Taciuk technique for shale oil extrac-
tion. This technology was developed by the Alberta Oil 
Sands Technology and Research Authority and is owned by 
the Canadian Government. SPP/CPM are being allowed to 
use the technology without paying a license fee to the govern-
ment. 

The excise tax exemption amounts to US$0.2075 per liter 
and will save the plant an estimated US$190 million over a 
10-year period. While the tax exemption is critical to Stage 1 
of the project, Stages 2 and 3 will be substantially more 
economic to operate and will not require excise exemption. 

The government said that the decision to grant the tax ex-
emption was made in recognition of the substantial research 
and development investment made by the oil shale industry. 
The Department of Primary Industries and Energy has con-
firmed that the Stuart Stage 1 Project will meet the criteria 
for an approved plant. 

The exemption will apply only to that portion of the plant's 
output that is dedicated to refined products, or about 
40 percent. The remaining 60 percent of production, which 
consists of low-sulfur fuel oil, is not eligible for the exemp-
tion. 

SPP and CPM have been acquiring oil shale properties in 
Queensland since 1973 and, together, they now control 
reserves estimated to be as large as 27 billion barrels. Theft 
holdings, in addition to the Stuart deposit, include the 
Rundle field, Condor and Yaamba. They are also involved 
in joint ventures on five other deposits. 
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ENVIRONMENT 

REVERSE COMBUSTION TESTED AS MIS CLEANUP 
TECHNIQUE 

Occidental Oil Shale (OOSI) and the United States Depart-
ment of Energy sponsored research at Western Research In-
stitute to evaluate modified in situ (MIS) retort stabilization 
methods. The objective of the bench-scale simulations was 
to evaluate possible post-retorting operating procedures for 
the optimum cleaning of spent retorts. After simulating con-
ditions of modified in situ retorts at the time retorting had 
ended, procedures to accelerate retort cleanup without using 
large volumes of water were investigated. Samples from 
various levels of the retort were used to determine the 
amount of water-soluble constituents in the spent shale and 
the rehydration characteristics of the spent shale. 

One of the environmental concerns surrounding MIS retort-
ing technology is the impact of the process on local 
groundwater. Chemical compounds that will solubilize in 
groundwater are created during MIS retorting. The hot 
spent retorts must be cooled and then cleaned of these 
water-soluble chemical compounds to mitigate the process's 
impact on local groundwater. Spent retorts were cooled and 
cleaned at Occidental's Logan Wash project by circulating 
water through the retorts to remove soluble materials. 
Water produced from the MIS retorts (process water) was 
used in the cooling and initial stages of the cleaning. 
Baseline quality groundwater collected in the mine sumps 
(mine water) was used in the later stages of the cleaning. 
The groundwater quality from most spent retorts at Logan

Wash was restored to near baseline. These experiments 
demonstrated that impact on groundwater quality from MIS 
retorting can be mitigated. However, a commercial-scale 
operation requires careful water management to ensure that 
sufficient water is available to clean all spent retorts created. 

Spent Retort Remediation 

Using a bench-scale retort, several post-retorting operating 
procedures were tested. The quenching and deluge cleaning 
techniques used by OOSI were evaluated with respect to use-
fulness and effect on individual zones of the retort. Reverse 
combustion was examined as a method of organic source 
removal after completing the retorting operation. These 
methods of remediation were compared with retort simula-
tions in which nothing was done after the retorting. 

The experimental tests and conditions are listed in Table 1. 
The amounts of oil removed by retorting conditions are also 
given. The first four tests were stopped when approximately 
60 percent of the shale had been retorted. The remaining 
tests were allowed to continue until about 85 percent of the 
oil present in the shale had been removed. In tests that in-
cluded reverse combustion as a remediation procedure, the 
oil amount recovered during the retorting portion of the ex-
periment was included in the calculation. 

To test reverse combustion, after completing the retorting 
portion of the test, the air flow direction was reversed, and 

TABLE 1

RETORT QUENCHING AND STABILIZATION SIMULATIONS 

Oil Removed, % 
Exp. I Experimental Conditions (Retorting) 

1 No quench, no deluge 58 
2 Reverse combustion, no quench, no deluge 58 
3 Reverse combustion, no quench, deluge 59 
4 No quench, deluge 65 
5 Reverse combustion, no quench, deluge 89 
6 Quench, deluge 90 
7 Reverse combustion, quench, deluge 89 
8 Quench, deluge with recycle 85 
9 No quench, deluge with surfactant 77 

10 Quench at combustion front, deluge 79 
11 No quench, steam injection at combustion front, deluge 73 
12 Simultaneous reverse combustion and quench, deluge 84 
13 Quench, deluge with fly ash slurry 91
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the combustion front was drawn to the bottom of the retort 
countercurrent to the air flow. 

Test Results

results in production of large amounts of oil shale solid 
wastes (OSSW). These solid wastes are often alkaline 
(typical slurry pH may range from 10.0 to 13.0) and may con-
tain elevated levels of toxic elements. 

Reverse combustion was found to be the most effective 
method for removing organic material on the unretorted 
shale at the bottom of the retort. Hot quench and deluge 
after the reverse combustion removed very little additional 
organic material. Visual inspection of the bottom portion of 
the retort showed no evidence of organic components after 
reverse combustion. 

Hot quench was effective in removing most of the organic 
material near the bottom of the retort. Although the deluge 
water analyzed after the hot quench suggested that this 
method was as effective as the reverse combustion, visual ex-
amination of the unretorted zone showed that heavy oil was 
still present. This heavy oil could act as a source of organic 
contaminants if it undergoes chemical changes that increase 
its water solubility. 

Cool deluge was not as effective as reverse combustion or 
quench in removing organic material. Water used as a cool 
deluge removed the least amount of organic material from 
the unretorted portion of the reactor. The addition of a 
biodegradable detergent to the cool deluge water was slightly 
better than using plain water, but it still left a lot of organic 
material on the unretorted shale. 

Reverse combustion reduced water readsorption by spent 
shale. A carbon layer deposited on the spent shale as a 
result of reverse combustion provided a barrier to water and 
reduced the water uptake by the spent shale substantially. A 
hot quench after reverse combustion removed part of the car-
bon deposit. The removal of the carbon layer was a result of 
steam-char reaction taking place during the quench. 

The amount of inorganic material leached from the shale 
was slightly less in the reverse combusted experiments than 
in other tests. This is probably related to the water barrier 
provided by the carbon deposit from the reverse combustion. 

RECARBONATION PROCESS STABILIZES SPENT 
SHALE 

An article in the August issue of Environmental Science 
Technolo2y presents some work done at the University of 
Wyoming by K. Reddy,, J. Drever, and V. Hasfurther on the 
effects of exposing spent shale to carbon dioxide. 

Western oil shale contains mainly kerogen and carbonate 
minerals. Oil is recovered from the oil shale by thermally 
degrading the kerogen at elevated temperatures, which

During the processing of oil shale, high temperatures drive 
off CO  from carbonate minerals resulting in the formation 
of oxide and silicate phases. These phases react rapidly with 
water, and as a result, the pH of aqueous extracts of OSSW 
approach 12.0, and this affects the solubility relationships of 
many elements. The high pH increases the solubility and 
mobility of anionic trace elements, e.g., As, B, F, Mo, and Se. 
Among these trace elements, F and, to some extent, Mo 
have shown considerable mobility in 055W disposal environ-
ments. 

The high pH of 055W decreases slowly as the CO -deficient 
materials absorb CO  from the atmosphere (recaAonation). 
However, natural recarbonation of 055W occurs slowly. 

The objectives of the research were as follows: (1) to inves-
tigate a process for accelerating the recarbonation process by 
reacting moist oil shale wastes under CO2 pressure; (2) to 
examine the effects of CO  pressure treatment on the pH 
and solubilities of major (e.g., Ca and Mg) and trace (e.g., 
F and Mo) elements in aqueous extracts. 

In order to test a method for accelerating the recarbonation 
process, the researchers exposed three moist 055W samples 
to 5 psi CO  pressure for 1 hour. The treated and untreated 
samples were equilibrated with water for 7 days and the 
chemical composition of the aqueous extracts determined. 

Before CO  treatment, the Ca 2+ and Mg 2+ concentrations 
appeared to be controlled by silicate phases present in the 
waste such as wollastonite (CaSIO 3), forsterite (Mg2SiO4), 
and talc (Mg1Si4O (OH) ), which buffered the pH at ap- 
proximately 1.0. •ISie Cd2 treatment lowered the pH from 
12.0 to aproximately 9.0 through the formation of calcite. 
The Ca2 concentrations from CO2-treated samples sug-
gested a close approach to saturation with respect to calcite 
(CaCO ) whereas the Mg2+ concentrations appeared to be 
control?ed by either magnesite (MgCO 3) or possibly a sili-
cate. The CO  treatment generally decreased F and Mo con-
centrations in aqueous extracts. 

The CO  pressure process described in this study involves 
treatment of waste materials in a solid phase containing mois-
ture, not a slurry or an aqueous solution phase, and requires 
only short reaction times (e.g., 1 hour) to effectively lower 
the pH and the solubilities of F and Mo. Because this 
process uses CO2, which can be obtained either from the 
combustion process itself or from other sources, another 
potential benefit is that it may help to minimize emission of 
CO  into the atmosphere.

M's 
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WATER 

OIL SHALE COMPANIES FILE FOR CHANGES IN 
WATER RIGHTS 

The Office of the Water Clerk for Colorado Water Division 
No. S reports that in application 91CW056, Amoco Corpora-
tion, doing business as Rio Blanco Oil Shale Company, Inc., 
has requested permission to change the point of diversion on 
Blair Ditch in Rio Blanco County. The present headgate, at 
a point on the left bank of White River, has experienced 
erosional changes necessitating a new location. The applica-
tion requests a new point of diversion on the left bank of the 
White River in Section 18, T2N, R97W. There will be no 
change in water use for irrigation purposes. 

Under application 91CW057, Amoco requested a similar 
change of the point of diversion of John Delaney Irrigation 
Ditch in Rio Blanco County. Again, because of erosional 
changes in the banks of the White River, the company seeks 
to change the diversion point on the left bank of the White

River to a new location in Section 20, T2N, R97W. The 
water will continue to be used for irrigation purposes. 

Texaco, Inc., under application 91CW102, has requested a 
change in its water rights on the Upper Roan Creek Ditch—
original construction and first, second, and third enlarge-
ments. Texaco has applied for two alternate points of diver-
sion for its water rights totaling 14.25 cubic feet per second. 
Alternate Point No. 1 is the actual historic point of diversion 
for the water rights. Alternate Point No. 2 is the same as the 
point of diversion of the Flume Ditch, which is also owned 
by Texaco. The company is also seeking an alternate place 
of use for the water when it is being diverted at Alternate 
Point No. 2. The alternate place of use would be to irrigate 
the land lying between the Flume Ditch and Roan Creek in 
Sections 27, 28, and 29, T6S, R99W, Garfield County, 
Colorado.

##1# 
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RESOURCE 

MARATHON GETS PATENT TO OIL SHALE CLAIMS 

Following a United States Tenth Circuit Court of Appeals 
decision concerning oil shale mining claims on 980 acres in 
northwestern Colorado, the Department of the Interior's 
Bureau of Land Management (BLM) has reached an agree-
ment to negotiate an exchange affecting these claims. 

The agreement with Marathon Oil Company and several in-
dividuals may help the BLM maintain control of the surface 
lands and interests in lands with respect to the six mining 
claims that the BLM patented into private ownership. "We 
hope to regain federal control of the surface estate and any 
non-oil shale minerals," said BLM director C. Jamison. "In 
addition, BLM hopes to obtain other lands valuable for 
wildlife habitat and riparian values. This all has to go 
through our land use planning process, so there will be 
ample opportunity for thorough analysis and public review." 

Jamison pointed out, "As a result of the court decision, we 
believe we have no viable alternative other than to patent 
the claims. Marathon and the other applicants sued the Inte-
rior Department and BLM—and Marathon won, both in Dis-
trict Court and on appeal. Although we are patenting the 
claims, we are also working with the patentees to get the best 
deal possible for the public." 

Marathon will place the patents with a designated depository 
agent until June 28, 1994. During the intervening 3 years, 
the BLM will complete its ongoing White River Resource 
Management Plan, which will determine whether lands in 
the resource area will be available for sale or exchange. To 
complete an exchange, Marathon could receive additional oil 
shale lands contiguous to the patented acreage in return for

other oil shale lands and wildlife/riparian lands the company 
is offering as part of the exchange. 

In April 1986, Marathon Oil, along with several individual 
applicants filed a mineral patent application for the six 
claims with the BLM's Colorado State Office. 

The Department of the Interior suspended processing of the 
patent applications in order to promulgate rules clarifying 
the discovery standards for oil shale claims. However, in 
1989, Marathon Oil Company and the individual applicants 
filed suit in the United States District Court for the District 
of Colorado seeking a court order directing completion of 
administrative processing of their patent application. The 
District Court ruled against the Interior Department and the 
BLM on June 20, 1990, ordering issuance of the patents by 
July 20, 1990. The Department and the BLM appealed the 
ruling. On June 18, 1991, the United States Tenth Circuit 
Court of Appeals ruled that the Department and the BLM 
had 15 days to reach a decision on whether to patent. The 
court determined that the BLM has sufficient legal standards 
for determining the validity of the claims and no justification 
for continued delay. 

After issuance of the Marathon patents, there will be 27 oil 
shale patent applications still pending with BLM's Colorado 
and Utah State Offices; they cover 189 claims totaling about 
29,300 acres in Colorado and 167 claims totaling about 
12,900 acres in Utah. In addition, in Colorado, Utah, and 
Wyoming there are about 1,200 unpatented claims not cur-
rently under patent application; they cover about 
198,000 acres. 
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SOCIOECONOMIC 

UNOCAL SHUTDOWN HAS SMALL REGIONAL EFFECT 
TO DATE 

One June 1, Unocal Corporation began laying off workers 
from its Parachute Creek Oil Shale Project. A workforce of 
680 will be cut back to a skeleton crew of 12 by sometime in 
October. To date, however, the layoffs have had a relatively 
small impact on the region. 

According to local newspaper accounts, the Unocal shut-
down has had almost no effect on the tight housing market 
in the region. In Glenwood Springs, some 40 miles from 
Parachute, the housing vacancy rate on July 1 was only 
0.5 percent. However, in Rifle which is only 10 miles down 
the road from Parachute, the city manager reports that many 
more homes are for sale now than there were a year ago. 

Unocal's forewarning of the plant's shutdown coupled with a 
generous layoff package have mitigated the impact of the 
closure. Workers being laid off receive 10 weeks' pay, plus 
two week's pay for every year of service, 6 months of in-
surance coverage and career counseling. 

Unocal opened two career counseling centers, one at the oil 
shale plant in Parachute and one in Grand Junction, to help 
laid-off workers rind new jobs. The centers host job-hunting 
workshops, offer job market listings, host employer inter-
views, help workers with research, provide private office

space for telephone calls and help with typing resumes and 
letters. 

Local officials are hoping the federal government might gill 
step in and buy the oil shale plant. Unocal has offered to 
sell it to the government for $60 million, a fraction of what it 
is worth. There is still a balance of $278 million in the fund 
set aside for Unocal price subsidies and officials hope to con-
vince Congress to use the money to buy the plant as an oil 
shale research and demonstration project. 

The impact of the Unocal shutdown is likely to be most ap-
parent in the local school districts where Unocal pays 
65 percent of the district's taxes. About 30 percent of the stu-
dents are children of Unocal workers. Some teachers have 
already been laid off, more layoffs are expected and one of 
the district's three schools could be closed within a year, ac-
cording to school officials. 

In the meantime, the people of Parachute are flying to or-
ganize a project to build a "Kid Curry Train Robbery 
Museum" to attract tourism dollars to the area. They have 
requested $10,000 from Garfield County to help get the 
project started. The county received $100,000 from Unocal 
to help mitigate the impact of the plant's closure. 

#111 
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OIL SHALE PUBLICATIONS/PATENTS 

OIL SHALE - PATENTS 

"Simultaneous Upgrading and Dedusting of Liquid Hydrocarbon Feedstocks," Albert L. Hensley, Jr., Jeffrey T. Miller - Inventors, 
Amoco Corporation, United States Patent Number 5,009,770, April 23, 1991. A process of concurrently dedusting and upgrading par-
ticulate laden raw, whole retort oil is provided which comprises the steps of: retorting solid hydrocarbon-containing material such as 
oil shale to liberate an effluent stream of dust laden hydrocarbons; injecting the dust-laden retort effluent product stream into a 
catalytic hydrotreater; agitating the product stream in the hydrotreater to constantly maintain the particulates in suspension within 
the oil; catalytically hydrotreating the agitated product stream in the presence of a hydroprocessing gas at a pressure of from 500 to 
3,000 psi, a temperature of from 650 to 850°F and a space velocity of from 0.1 to 6.0 hours1, whereby the suspended particulates are 
agglomerated to facilitate solid-liquid separation and substantial amounts of sulfur and nitrogen contaminants are simultaneously 
removed from the resulting ungraded oil; and mechanically separating the agglomerated particulates from the upgraded whole oil. 
The product oil may be further upgraded either by treatment with aqueous sulfuric add or by hydrotreatment. 

"Method of Creating an Underground Batch Retort Complex," Martha Oksuz, Henry J. Woestemeyer - Inventors, United States 
Patent Number 5,024,487, June 18, 1991. Complexes of underground batch retorts, designed to duplicate surface retort prototypes 
proven successful in use, which may extend for miles on branch drifts intersecting central main drifts above and below the retorts, the 
main drifts emerging at surface. The batch retorts are very large, deep, planned mine cavities, with relatively small upper and lower 
openings, remaining after shale oil ore has been extracted by vertical crater retreat stoping and free-fall controlled at the bottom 
opening. Resort openings are sealed after they have served their purposes, which enables the symmetrical progression of the upper 
and lower branch drifts along which the retorts are mined. The drifts provide access to blasting sites, conveyors for removing frag-
mented ore to be crushed and screened, and conveyors for returning processed ore to the retorts. Loading is accomplished through a 
retracting device which deposits processed ore with minimal free-fall, to avoid creating fines in the loading process. Sealing of the 
retorts converts them into conventional batch retorts, infinitely more efficient in product recovery than in situ retorts and providing a 
cleaner product. One-time use of retorts, using protracted retorting periods, enables control of temperature by controlling the 
amount of air-flow through the retorts. Spent shale remains in the sealed retorts following pyrolysis, eliminating the need for disposal 
and supporting the walls of the retort. Ore processing and recovery operations can be situated at surface, or can be advantageously 
housed underground, at sizeable savings in plant and transportation costs. 

"Recovery of Oil From a Shale Containing the Same," Mitchell J. Berndt, Ben A. Christolini, Steven B. Howe, T. Le Kimanh - Inven-
tors, Union Oil Company of California, United States Patent Number 5,013,428, May 7, 1991. Enhanced recovery of oil from an oil-
containing particulate shale sludge is achieved by contacting the sludge with a light hydrocarbon solvent fraction, obtained from the 
processing of oil derived from the shale, in the presence of water to form an oil-solvent liquid phase which is separated from an 
aqueous phase containing oil-depleted shale. The oil-solvent liquid phase when introduced into a slurry of product oil and particulate 
contained within a shale retort provides several advantages, including lowering the viscosity of the product oil and enhanced separa-
tion of the product oil from the particulate shale. 

"Treatment of Concentrated Industrial Wastewaters Originating From Oil Shale and the Like by Electrolysis Polyurethane Foam 
Interaction," Joan B. Tiernan - Inventor, United States Patent Number 5,004,531, April 2, 1991. Highly concentrated and toxic 
petroleum-based and synthetic fuels wastewaters such as oil shale retort water are treated in a unit treatment process by electrolysis 
in a reactor containing oleophilic, ionized, open-celled polyurethane foams and subjected to mixing and laminar flow conditions at an 
average detention time of 6 hours. Both the polyurethane foams and the foam regenerate solution are reused. The treatment is a 
cost-effective process for wastewaters which are not treatable, or are not cost-effectively treatable, by conventional process series. 
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since June 1991) 

ACORN PROJECT - (See Stuart Oil Shale Project) 

CIIA1TL%M CO-COMBUS'flON BOILER - New Brunswick Electric Power Commission (S-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 (SIB) 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 is continuing to develop and protect its conditional water rights for use in future shale oil operations at both its Gear 
Creek and Parachute Creek properties. 

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

COLONY SHALE OIL PROJECT - Exxon Company USA (5-50) 

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 he 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, a 196-mile pipeline to Lisbon, Utah, of minor land exchanges 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 ex-
change was consummated on February 1, 1980. On August 1, 1980, Exxon acquired ARCO's 60 percent interest in the project for 
up to $400 million. The preferred pipeline destination was changed to Casper, Wyoming, and the final EIS supplement was corn-
pletcd. Work on Battlement Mesa community commenced summer 1980. The Colorado Mined Land Reclamation permit was ap-
proved October 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 $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 I louston, Texas office. 

Project Cost: Estimated in excess of $5 - $6 billion 

CONDOR PROJECT - Central Pacific Minerals - SO percent; Southern Pacific Petroleum - SO percent (S-60) 

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. 
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STATUS OF OIL SHALE !R0JW1'S (Underline denotes changes since June 1991) 

COMMERCIAL PROJECTS (Continued) 

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 todesign 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 50 liters per ton on a dry basis. The case study project would utilize only 600 million barrels, 
over a nominal 32 year life. The deposit is amenable to open pit mining by large face shovels, feeding to trucks and in-pit breakers, 
and then by conveyor to surface stockpiles. Spent shale is returned by conveyor initially to surface dumps, and later back into the 
pit. 

Following a survey of available retorting technologies, several proprietary processes were selected for detailed investigation. Pilot 
plant trials enabled detailed engineering schemes to be developed for each process. Pilot plant testing of Condor oil shale indi-
cated promising results from the 'fines" process owned by Lurgi Gmbll of Frankfurt, West Germany. Their proposal envisages 
four retort modules, each processing 50,000 tons per day of shale, to give a total capacity or 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 environmen-
tal 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/CFM 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-70) 

Esoerance Minerals and Greenvale Mining are planning to produce 200,000 tons per year of "asphaltine' for bitumen from the Al-
pha deposit in Queensland. Australia. The two com panies believe they can produce bitumen that will sell for more than US$80 per 
barrel. 

The Ainha field contains about 90 million barrels of reserves. but the shale in this de posit has a high yield of 88 to 132 gallons of oil 
Per ton of shale. 

Recent studies have concluded that usin g new technologies to Produce a bitumen-based oroduct mix would be the most economi-
cally beneficial. Byproducts could include diesel fuel and aromatics.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since June 1991) 

COMMERCIAL PROJECTS (Continued) 

ESTONIA POWER PLANTS - Union of Soviet Socialist Republics (5-80) 

Two oil shale-fueled power plants with an annual output of 1,600 megawatts each are in operation in the Estonia district of the 
USSR. These were the first of their kind to be put into operation. 

About 95 percent of USSR's oil shale output comes from Estonia and Leningrad districts. Half 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. 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. 

FUSHUN COMMERCIAL SHALE OIL PLANT - Fushun Petrochemical Corporation, SINOPEC, Fushun, China (5-90) 

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% 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 53% oil, on average. 

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 Power Plant Project) 

JORDAN OIL SHALE 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 
power plant. 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 KJoeckner 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. 

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 ex El Lajjun 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 - Union of Soviet Socialist Republics (5-120) 

The majority of Baltic oil shale (kukersite) found in Estonia and the Leningrad district in the Soviet Union is used for power 
generation. However, over 4 million tons are retorted to produce shale oil and gas. The Kiviter process, continuous operating ver-
tical retorts with crosscurrent flow of heat carrier gas and traditionally referred to as generators, is predominantly used in commer-
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since June 1991) 

COMMERCIAL PROJECTS (Continued) 

cial operation. The retorts have been automated, and have throughput rates of 200 to 220 tons of shale per day. Retorting is per-
formed 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 lU/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 
generator of this type was constructed at Kohtla-Jarve, Estonian SSR, USSR, and placed in operation in 1981. The new retort 
employs the concept of crosscurrent flow of heat carrier gas through the fuel bed, with additional heat added to the semi-coking 
chamber. A portion of the heat carrier is prepared by burning recycle gas. Raw shale is fed through a charging device into two 
semi-coking chambers arranged in the upper part of the retort. The use of two parallel chambers provides a larger retorting zone 
without increasing the thickness of the bed. Additional heating or gasification occurs in the mid-part of the retort by introducing 
hot gases or an oxidizing agent through side combustion chambers equipped with gas burners and recycle gas inlets to control the 
temperature. Near the bottom of the retort is a cooling zone where the spent shale is cooled by recycle gas and removed from the 
retort. The outside diameter of the retort is 9 meters. 

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-Jam. Alongside these units, a new battery of four 1,500 TPD retorts, with a new cir-
cular chamber design, is planned. Oil yield of 85% of Fischer Assay is expected. Due to tightened regulations for environmental 
protection, the terms of the new battery commissioning have been shifted to 1994-1995. 

Oil from kukersite has a high content of oxygen compounds, mostly phenols. Over SO 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 by-product in the gas generators has a hydrogen sulfide content of 8 to 10 grams per cubic meters. After desulfurization, it is 
utilized as a local fuel for the production of thermal and electric power. 

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

Project Cost: Not disclosed 

MAOMING 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 63% 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 ISO 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 Maoming 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. 

Shale ash is used in making cement and building blocks. 

A 50 megawatt power plant burning oil shale fines in 3 fluidized bed boilers has been planned. 
Detailed compositional studies of the Maoming shale oil have been completed. These studies can be used to improve the utiliza-
tion of shale oil in the chemical industry. 

MOBIL PARACHUTE SHALE OIL PROJECT - Mobil Oil Corporation (5-140) 

Mobil has indefinitely deferred development plans for its itiale property located on 10,000 acres five miles north of Parachute. The 
United States Bureau of Land Management completed an Environmental Impact Statement for the project in 1986. 

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 $43 billion, three phase joint venture contract with Royal Dutch/Shell 
for the development of the Tarfaya deposit including a $4.0 billion, 70,000 barrels per day plant. However, the project faces con-
straints of low oil prices and the relatively low grade of oil shale.
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COMMERCIAL PROJECTS (Continued) 

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 fl 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 et d'Exploitation Petrolieres 
(ONAREP) of Morocco. The 713 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 T3 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 Rabat 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. ONAREP expects the cost of development to be 
around $24-25 a barrel. 

Project Cost: $23 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 SEC announced it had 
signed a letter of intent to provide up to $2.19 billion in loan and price guarantees to the project. However, Congress abolished the 
SFC on December 19, 1985 before any assistance could be awarded to the project. 

Time 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 after the 
death of Oxy chairman, Armand l-Iammmer, 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 43 billion barrels of recoverable oil at the site. Also included in the project were plans for a 33 megawatt oil 
shale fired power plant to be built at the C-b tract. Such a power plant would be the largest of its kind in the world. 

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
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PAMA OIL SHALE-FIRED POWER PLAN!' PROJECT - PAMA (Energy Resources Development) Inc. (5-270) 

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 50 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 firing 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 two year period. During this time, the optimum 
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 lull scale oil shale-fired commercial 
power plant, 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 demo plant 

PARACHUTE CREEK SHALE OIL PROJECT - UNOCAL Corporation (S-mo) 

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, average production in November and December 
reached approximately 7,000 barrels per day. 

At year-end 1990, Unocal had shipped over 43 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. 

In 1990, the United States Department of Treasury found no significant environmental, health or safety 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 effective June 1, 1991 for an 
indefinite period.
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COMMERCIAL PROJECTS (Continued) 

Project Cost: Phase I - Approximately $1.2 billion 

PEFROSIX - Petrobras (Petroleo Brasilciro, 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, 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. 

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. 

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, 18 foot inside diameter, is located near Sao Mateus do Sul, Parana, Brazil. 
The plant has been operated successfully near design capacity in a series of tests since 1972. A United States patent has been ob-
tamed 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, 1989, the plant records were as follows: 

Operations time, his	 112, 
Oil Produced, Bbl	 2,800,000 
Processed Oil Shale, tons 	 7,200, 
Sulfur Produced, tons	 463,000 
High BTU Gas, tons 	 101,000 

A 36-foot inside diameter retort, called the industrial module, is being constructed. Completion of the project was put on hold in 
1990, and then resumed later that year. Total investment when complete is to be US$104 million when the plant becomes opera-
tional in early 1992. The annual operating cost was estimated lobe US$39 million. With the sale of gas to lndustria Ceramica do 
Parana (INCEPA), and anticipated revenue from products, the rate of return on the overall project is estimated to be about 
13 percent. A total of US$75 million has been invested already with another US$17 million expected to come from INCEPA. IN-
CEPA is already using five tons of gas per day produced at the prototype unit. 

When the 36-foot (11-meter) diameter commercial plant commences operations, the daily production of the two plants will be: 

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

Some 35 hectares of the mined area has been rehabilitated since 1977. The schedule for 1989 and 1990 is to rehabilitate 65 hec-
tares. Rehabilitation comprises reforestation, revegetation with local plants and reintegration of wild local animals, bringing back 
the local conditions for fanning 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 Cats: $92 (US) Million 

RAMEX OIL SHALE GASIFICATION PROCESS—Ramex Synfuels International, Inc. and Greenway Corporation (S-180) 

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 ffIlJs per standard cubic foot).
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In November 1986, Ramex announced that Greenway Corporation had become the controlling shareholder in the company. 

On November 24, 1987, Ramex announced the completion of the Rock Springs pilot project. The formation was heated to ap-
proximately 1200 degrees F creating a high-BTUgas with little or no liquid condensate. The welts 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 tire in a 10 foot section of the shale with a product gas of 800 BTU, or higher, per standard cubic root. 

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 Z4,000 cubic feet per day. 

In late July, 1988 a letter agreement was signed between Tri-Gas Technology, Inc., the licensee of the Rama 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 Barnes 
oil shale gasification process, on the leases near I-lenryville, Indiana. Arrangements were made with Midwest Natural Gas to hook 
up the Ramer gas production to the Midwest Pipeline near Ilenryville. 

As of May, 1989 Ramer had been unsuccessful in sustaining long-term burns. They therefore redesigned the burner and built a 
much larger model (600,000 BTU per hour vs 40,0 BTU per hour) for installation at the llenzyville site. In November, 1989 
Ramex completed its field test of the Devonian Shales in Indiana. The test showed a gas analysis of 47% hydrogen, 30% methane 
and little or no sulfur. Ramex contracted with a major research firm to complete the design and material selection of its commer-
cial burners which they say art 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, Raines: also began investigating potential applications in Israel. 

Ramex contracted with the Institute or 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 Ramex 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 or 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. 

RIO BLANCO OIL SHALE PROJECT - 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 leased 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 5 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, I to 5 TPD Lurgi pilot 
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plant at Gull's Research Center in Haniiarville, Pennsylvania until late 1984 when it was shut down. This $29 million represents 
the capital and estimated operating cost for up to 5 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 Cast: 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) (5-200) 

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 l3sso 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. 

Project Cost: US$2.65 billion total estimated 

STUART OIL SHALE PROJECT - Southern Pacific Petroleum NL and Central Pacific Minerals NL (S-b) 

In 1985 Southern Pacific Petroleum NL and Central Pacific Minerals NI. (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 Taciuk 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. 

Engineering is underway to firm up the project definition for a semicommercial demonstration plant. SPP/CPM have 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 AOSTRA Taciuk Processor as the most effective 
retort for Queensland oil shale. 

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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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 SP?, the estimated cost is AS% million for the first stage demonstration plant, including 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. State I of the oroiect will benefit from a recentl y announced tax cx-

the year 2tX)5. 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$90 million 

UT!' - 3000 RETORTING PROCESS - Union of Soviet Socialist Republics (S-230) 

The UTF-3000 process, otherwise known as the Galoter retort, is a rotary kiln type retort which can accept oil shale fines. 
Processing of the Baltic shales in UTI'-3000 retorts makes it possible to build units of large scale, to process shale particle sizes of 
22 millimeters and less including shale dust, to produce liquid fuels for large theme] electric power stations, to improve operating 
conditions at the shale burning 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 LITT-30DO units built at the Estonian ORES with a productivity of 3,000 tons 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 capacity. 

A redesign of particular parts and reconstruction 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 lf1T-30 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 shale oil production for the period 1980-83 was 10,500 tons and approximately the same 
amount was produced only in 1984. The average 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 ORES, 

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

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

LO VGNWII (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 burning 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. 

YAAMBA PROJECT - Yaamba Joint Venture [Beloba Pty. Ltd. (10%), Central Pacific Minerals N.L. (3.3%), Southern Pacific 
Petroleum N.L. (3.3%), Shell Company of Australia Limited (41.66%), and Peabody Australia Pty. Ltd. (41.66%)) (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 within the basin. 
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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 1,0 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 Herbert 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. 

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 Cat: Not disclosed

R&D PROJECTS 

LLNL HOT RECYCLED-SOLIDS (HRS) RETORT - Lawrence Livermore National Laboratory, U. S. Department of Energy (5-300) 

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 (HRS) 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 as 
it enters 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 disposal. 

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 will be studied at this scale by adding a delayed-fall combustor and fluid-bed mixer and replacing the 
rotary feeders with air actuated valves, suitable for scaleup. In April 1991, the first full system run on the 4 tonne per day pilot 
plant was completed. LLNL plans to continue to operate the facility and continue conceptual design of the 100 tonne per day 
pilot-scale test facility. LLNL is seeking industrial sponsors for its current operations and for the future 100 tonne per day project. 

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 

LLNL is in the process of forming a consortium of companies in support of this research. Each company will contribute 
$100,ODO per year over the next 3 years. LLNL expects to sign contracts in 1991 with five industrial partners which will form a 
Project Guidance Committee. 

Proiect Cost:	 Phase I - $15 million 
Phase 11 - $35 million

SYNTHETIC FUELS REPORT, SEPTEMBER 1991 
2-35



STATUS OF OIL SHALE PROJECTS (Underline denotes changes since June 1991) 

R & D PROJECTS (Continued) 

NEW PARAHO 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 963 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. 

Eight test strips have been constructed in Colorado, Utah and Wyoming. The test strips will now be evaluated over a period of 
several years, 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, Texas. Construction is underway 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 Houston, 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 
2,028 barrels would be shale oil modifier (SOM) and 1,352 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 SOMAT can af-
fect at least a 10 percent improvement in pavement life. 

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 Trust 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 coorocessing 
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 carry out farther retortin g experiments. 

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

YUGOSLAVIA COMBINED UNDERGROUND COAL GASIFICATION AND MODIFIED IN SITU OIL SHALE RETORT - 
United Nations (5-335) 

Exceptional geological occurrence of oil shale and brown coal in the Aleksinac basin has allowed an underground coal gasification 
(UCO) 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 - 5-330, 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 UCG 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. 

The objective of the approach is to develop a program to exploit the total Aleksinac energy resources to provide regional power 
and hating 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 seam.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since June 1991) 

R & D PROJECI'S (Continued) 

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

Project Cat:	 USS725,
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COMPLETED AND SUSPENDED PROJECTS 

Project Sponsors Last Appearance in SI'R 

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

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

BX 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 B4 

Duo-Er Solvent Extraction Pilot SoIv-Ex Corporation September 1%9*, 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 242 

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

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

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

Japanese Ministry or International Trade RAPAD Shale Oil Upgrading Project March 1990; page 2-52 
and Industry 

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 

Nahcolite 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 B-3 
American Gas Association 

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

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

Paraho-Ute Shale Oil Paraho Development Corporation December 1986; page 247 
Facility
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Seep Ridge Geokinetica 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 Corporation Tosco Sand Wash Project March 1990; page 2-48 

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 8-3 
Unnamed Fracture Test Talky Energy Systems September 1978; page 84 

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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STATUS OF OIL SHALE PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Oraanizatjon Project Name 

Amoco Corporation Rio fiance Oil Shale Project (C.) 2-32 

Beloba Pty. Ltd. Yaamba Project 2-34 

Central Pacific Minerals Stuart Oil Shale Project 2-33 
Condor Project 2-25 
Rundle Project 2-33 
Yaamba Project 2-34 

Chevron Shale Oil Company Clear Creek Project 2-25 

Conoco Inc. Clear Creek Project 2-25 

Fsperance Minerals NL Esperance Oil Shale Project 2-26 

Esso Exploration and Production Australia Ltd. Rundle Project 2-33 

Exxon Company USA Colony Shale Oil Project 2-25 

Fushun Petrochemical Corporation Fushun Commercial Shale Oil Plant 2-27 

Greenvale Mining ML Esperance Oil Shale Project 2-26 

(Ireenway Corporation RAMEX Oil Shale Gasification Process 2-31 

Jordan Natural Resources Jordan Oil Shale Project 2-27 

Lawrence Livermore National Laboratory LLNL Hot Recycled-Solids (I-IRS) Retort 2-35 

Maoming Petroleum Industrial Corporation Maoming Commercial Shale Oil Plant 2-28 

Marathon Oil Company New Paraho Asphalt From Shale Oil 2-36 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 2-28 

New Brunswick Electric Power Commission Chatham Co-Combustion Boiler 2-25 

New Paraho Corporation New Paraho Asphalt From Shale Oil 2-36 

Occidental Oil Shale, Inc. Occidental MIS Project 2-29 

Office National de Recherche et Morocco Oil Shale Project 2-28 
d'Exploitation Petrolieres 
(0 NA REP) 

PAMA Inc. PAMA Oil Shale-Fired Power Plant Project 2-30 

Peabody Australia Pty. Ltd. Yaamba Project 2-34 

Petrobras Pelrosix 2-31 

Ramex Synfuels International Ramex Oil Shale Gasification Process 2-31 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (C-a) 2-32 

Royal Dutch/Shell Morocco Oil Shale Project 2-28 

SINOPEC Fushun Commercial Shale Oil Plant 2-27 
Maoming Commercial Shale Oil Plant 2-28
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Company or Oinization Project Name 

Southern Pacific Petroleum Stuart Oil Shale Project 2-33 
Condor Project 2-25 
Rundle Project 2-33 
Yaamba Project 2-34 

Unocal Corporation Parachute Creek Shale Oil Program 2-30 

Union of Soviet Socialists Republics Estonia Power Plants 2-27 
Kiviter Process 2-27 
UTr-3000 Retorting Process 2-34 

United Nations Yugoslavia Combined Underground Coal Gasification and 
In Situ Oil Shale Retort 2-36 

Yaamba Joint Venture Yaamba Project 2-34 
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PROJECT ACTIVITIES 

UNDERGROUND TEST FACILITY MOVING TO 
PRE-COMMERCIAL PILOT PHASE 

The underground test facility (U'FF) owned and operated by 
the Alberta Oil Sands Technology and Research Authority 
(AOSTRA) is moving into a pre-comrnercial pilot phase. 
The pilot is expected to cost $65 million by March 1994. At 
that time, a decision will be made on whether or not to 
proceed with a commercial project. 

AOSTRA's development of in situ technology to access the 
1 trillion barrels of bitumen in Alberta, Canada resulted in a 
$71 million proof-of-concept pilot which produced in excess 
of 100,000 barrels of bitumen. The status of this project was 
reported by J.C. O'Rourke, et al., of AOS'FRA at a technical 
conference in Banff, Alberta. 

Two basic concepts have been developed. The first is a 
steam assisted gravity drainage technique consisting of a pair 
of horizontal wells at the base of the reservoir, the upper 
steam injection well being 5 meters above the lower produc-

tion well. The second concept is a shaft and tunnel access 
system which permitted the drilling and control of eight 
horizontal wells from tunnels 15 meters below the oil sands 
and 180 meters below ground. AOSTRA estimates that a 
commercial project could produce bitumen for $11 to 
$13 per barrel, including capital and operating costs. The 
recovery rate for bitumen has been over 60 percent. 

To date seven industry participants (Amoco, Chevron, Con-
oco, Esso, Mobil, Petro-Canada, and Shell) have joined the 
project in order to gain access to the technology developed 
and earn an 8.33 percent interest in AOSTRA's 
20,000 hectare lease at the UTF site. By March 1994 the 
project will have cost $150 million with AOSTRA's share 
being $95 million. 

The UTE Process 

The key features of the UTF facility are shown in Figure 1. 
It consists of two vertical shafts 33 meters in diameter 
penetrating 143 meters of overburden, 20 meters of oil sand 

ujfl,]4;Ie9;I.1uJfl,j*.1l'SSIII1 

IN"  

SYNTHETIC FUELS REPORT, SEPTEMBER 1991 
3-i



and 15 meters of limestone below which are located horizon-
tal tunnels 5 meters wide and 4 meters high. 

Each well pair is designed to produce bitumen independently 
from the other well pairs. The well pairs were 160 meters 
long and 25 meters apart in the first proof-of-concept test 
(Phase A) and are 600 meters long and 70 meters apart in 
the current pre-commercial test (Phase B).

FIGURE 2 

UTF MINE ACCESS
COMMERCIAL PROJECT CONCEPT 

Results of Phase A 

The results of the Phase A test were extrapolated to longer 
well pairs (600 meters total) to estimate commercial scale 
production. These results are shown in Table 1 along with 
estimated results of some existing commercial heavy oil 
projects in Alberta. 

Economics 

The economics of a hypothetical 10,000 barrel per day, 
15-year, UTF type project were estimated. The horizontal 
layout of a full commercial mine and well plan are shown in 
Figure 2. A total of 70 well pairs, each 600 meters long, 
would be drilled over the life of the project. 

The capital and annual operating costs for such a project are 
$155 million and $22 million. The resulting supply cost of 
$10.88 per barrel is calculated with capital and operating 
costs discounted at 10 percent per year, taxes and royalties 
excluded. The UTF economics compare favorably with the 
best heavy oil projects in Alberta, as shown in Table 2. 

Phase B Expansion 

The prime objective of Phase B is to demonstrate that the 
IJTF process is technically and economically feasible with 
commercial sized wells. Specifically the project is to 
demonstrate:

N FUTURE-...-\\' 
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TABLE 1

COMMERCIAL PROJECT RESERVOIR AND PERFORMANCE COMPARISONS 

Net Poro- Max. Oil Re- Well 
Pay sity Penn. Sat Viscosity Gravity Recovery covery CDOR Cum. Life 
rn 7 (dares's') % çp API rn3Lj! SQR fls 

Esso Cold Lake 40 30 3 75 100,000 10 25,000 20 8.6 2.9 8 
Shell Peace River 29 28 1.5 77 200,000 9 24,000 45 63 4.5 10 
B? Wolf Lake 26 313 2 63 150,000 10 14,000 15 5.6 5.6 7 
Aostra U'FF 21 30 12+ 85 5,000,000 8 50,000 60 30 2.8 4.6 
'Prime Athabasca' 42 30 12+ 85 1,000,000 8 100,000 60 40 2.8 6.8
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TABLE 2 

COMMERCIAL CONCEPT IN SITU PROJECTS 
PRODUCTION COST COMPARISONS

(1989S) 

AOSTRA UTF Esso Cold Lake BP Wolf Lake Shell Peace River 
LBJI1 

Surface Plant $1.61 15 $1.72 15 $2.67 12 $2.04 15 
Mining/Drilling 1.81 17 1.71 15 2.84 13 2.82 20 
Additional Wells 1.03 9 2.27 20 6.63 30 1.48 10 
Fuel ($2.50/CU) 2.87 26 2.63 23 5.97 27 4.00 29 
O&M 3.56 33 2.95 27 3.83 18 3.60 26 

$10.88 100 $11.28 100 $21.94 100 $13.86 100

- That pairs of 600 meter wells can be drilled within 
3 to 7 meters of each other and at reasonable cost. 

- That the production rates from the 60 meter effec-
tive length of the Phase A wells can be scaled up to 
the 500 meter effective length of commercial wells. 

The Phase B project consists of 3 horizontal well pairs, 
600 meters long spaced 70 meters apart. The bitumen 
production rate is expected to be 2,000 barrels per day. 

Process Facility 

The Phase B facility consists of surface steam generation and 
fresh water treatment, underground well skid piping for con-
trol of steam injection and fluid production from three 
600 meter long well pairs and production treatment facilities 
for bitumen dehydration, produced water treatment and dis-
posal. The facilities also include an integrated waste heat 
recovery system. 

The new Phase B surface process facilities will include new 
buildings for steam generation and water treatment, produc-
tion treatment, produced water treatment and disposal, and 
fuel gas handling. In addition there will be a number of new 
tanks. 

Potential Applications 

An AOSTRA study shows that 460 billion barrels of the 
Athabasca deposit may be made available by IJTF technol-
ogy. This represents only those areas of the Athabasca 
where there is more than 75 meters of overburden, assuming 
that surface mining would be economic in areas with less 
overburden. It is anticipated that the UTF technology might 
be used in areas with as little as 30 meters of overburden. 
The U'FF accessible deposit is slightly more than half the 
non-conventional oil reserves of the world (890 billion

barrels). At 50 percent recovery this would be enough to 
satisfy world oil consumption for 11 years, North American 
consumption for 35 years, or Canadian consumption for 
315 years, says the study. 
The two major commercial surface mining plants in the 
Athabasca deposits, Syncrude and Suncor, have shown an in-
terest in applying the UTF technology in their quest for 
more bitumen reserves. A joint study between Syncrude and 
AOSTRA is currently taking place to determine the poten-
tial applicability of the UTF technology to Syncrude's lease 
areas. 

The UTF technology should also be applicable to any area 
which uses in situ steam stimulation to produce bitumen or 
heavy oil. It is anticipated that recovery ratios using 17FF 
technology would be significantly better than those currently 
being achieved by commercial projects using steam huff and 
puff operations. 

OIL SANDS PLANTS OPERATING AT HIGH LEVELS 
IN 1991 

After a year of ups and downs in 1990, synthetic crude oil 
production at the Suncor plant has maintained high levels in 
1991. Figure 1 depicts the plant's synthetic crude production 
for 1990 and for the first 5 months of 1991. 

The highest monthly production level was achieved in 
April 1991 when the plant output totaled 336,851.7 cubic 
meters, the equivalent of approximately 2.1 million barrels of 
crude oil. 

Crude oil production from the Syncrude plant has also been 
high in 1991, although April represents its lowest month's 
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FIGURE 1 
SUNCOR SYNTHETIC CRUDE OIL PRODUCTION, 1990-1991 
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production. Figure 2 (next page) shows synthetic crude oil 
production from the Syncrude plant for 1990 and the first 
S months of 1991. Statistics published by the Canadian 
Energy Resources Conservation Board show that production 
in May 1991 reached 841,319 cubic meters, roughly equiv-
alent to 53 million barrels of synthetic crude oil. 

SCEPTRE REPORTS EXPANSION AT TANGLEFLAGS 

In its annual report for 1990, Sceptre Resources Limited 
reports the expansion of the successful horizontal well 
projects at Tangleflags in Saskatchewan, Canada. 

During the year, Sceptre expanded the fluid handling 
capabilities at Tangleflags resulting in increased average 
daily production from the initial horizontal well. 

The strong performance of this project has promoted 
Sceptre to initiate a six-well commercial phase scheduled for 
completion by the end of 1992. For this purpose, a second

horizontal well, with associated steam injector wells, was com-
pleted in November 1990. 

According to the report, the results to date show that the full 
commercial development of the reservoir, a configuration of 
14 wells, should add another 7 million barrels of proven 
crude oil to the company's reserve base. 

Third quarter production at Tangleflags reached nearly 
1,500 barrels per day. Fourth quarter production dropped 
slightly due to downtime for the installation of a higher 
capacity pump. 

HUSKY UPGRADER MAY START UP AHEAD OF 
SCHEDULE NEXT YEAR 

At least part of Husky Oil Ltd.'s upgrader at Lloydminster, 
Saskatchewan, Canada may start up 4 to S months ahead of 
schedule. Half of the process could be ready for startup in 
the summer of 1992, according to the company's president, 
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FIGURE 2 

SYNCRUDE SYNTHETIC CRUDE OIL PRODUCTION, 1990-1991 
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A. Price. The second half would come on stream soon after, 
probably in November which is when the entire plant was 
originally expected to come on line. 

Engineering for the project is nearing completion and well 
over half of the equipment is already on site. Output from 
the C$13 billion upgrader will be 46,000 barrels of oil per 
day. 

Husky Oil's G.B. Barnes and S. Chase presented a status 
report on the project at the 5th UNI'TAR International Con-
ference on Heavy Crude and Tar Sands in Caracas, 
Venezuela in August. 

The economics of the project are driven by the price differen-
tial between the heavy oil feedstock and the synthetic crude 
product. Husky expects the upgrader feedstock to maintain 
an average differential to synthetic crude in the range of C$9 
to C$14 per barrel over the life of the project and estimates 
operating costs, including natural gas, to be between C$6 to 
C$7 per barrel. 

In 1988 a joint venture was formed between the governments 
of Canada, Alberta and Saskatchewan and Husky and its af-

filiate HRI, Inc. in which the joint venturers committed to 
finance the upgrader on a straight equity basis (Table 1). 

Description of the Project 

In addition to daily production of 46,000 barrels of synthetic 
crude oil, the upgrader will also produce 400 tonnes per day 
of coke and 235 tonnes per day of liquid sulfur. A simplified 
block flow diagram is shown in Figure 1. 

TABLE 1

JOINT VENTURE STRUCTURE 

Canadian Government 31.67% 
Husky Oil 24.86% 
Province of Alberta 24.17% 
Province of Saskatchewan 17.50% 
HRI, Inc. 1.80%
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OILUENT

FIGURE 1 

BLOCK DIAGRAM OF THE BI-PROVINCIAL UPGRADER 
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The diluted heavy oil is desalted and naphtha and distillates 
are recovered in the atmospheric fractionator. Most of the 
naphtha is recycled to the producing fields for use as diluent 
for pipeline transportation of heavy crudes; excess naphtha is 
blended into the synthetic crude product. The distillate 
products are hydrotreated in the secondary upgrading plant 
and the atmospheric residue fed to the H-Oil.unit. 

The primary upgrading plant consists of the H-Oil, delayed 
coking and gas recovery units. 

The properties of the H-Oil feed and total liquid product are 
shown in Table 2. 

HANCINGSTONE PROJECt' HAS PROBLEMS WITH 
STEAM CONTROL 

The Hangingstone pilot project, sponsored by the PCEJ 
Group (Petro-Canada, Canadian Occidental, Esso 
Resources, and Japan Canada Oil Sands) has been operating 
three single-well steam stimulation tests in the McMurray for-
mation near Fort McMurray, Alberta, Canada since 1978 
(Figure 1). During this period, operational problems related

TABLE 2

H-OIL FEED AND PRODUCT PROPERTIES 

Feed	 Product 

Gravity°API 7.4 24.2 
Hydrogen Wt% 1039 11.82 
Carbon Wt% 83.4 86.7 
Sulfur Wt% 4.85 0.77 
Nitrogen wppm 5,600 3,270 
Vanadium wppm 206 41 
Nickel wppm 89 24

###1 

to sand production, fluid lifting and produced fluid handling 
have been overcome. Considerable progress was also made 
towards optimizing operating parameters, such as steam slug 
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FIGURE 1 

LOCATION OF
HANGINGSTONE PROJECT 
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size. Performance, measured in terms of calendar day oil 
rate and steam/oil ratio, improved progressively as the 
knowledge gained in operating each well was applied to the 
design and operating parameters for the next well. Sum-
maries of this progress have appeared recently in papers 
presented at the Petroleum Society of CIM and AOS'FRA 
conference in Banff, Alberta in April, and the 5th Unitar In-
ternational Conference on Heavy Crude and Tar Sand in 
Caracas, Venezuela in August. 

In 1988 the group began the design and construction of a 
13-well pilot. Twelve wells were slant drilled from a central 
pad. One well was drilled vertically and will be the 
production/injection (P/I) well. All of the wells are com-
pleted with thermal casing and cement and will operate as 
both injectors and producers. An injection scheduling and 
well spacing strategy has been developed to prevent early

steam breakthrough and maximize the steam coverage of the 
pilot area. 

Pilot operation began in May of 1990 with injection into the 
central well. The first injection cycle was to be completed by 
January 1991. 

The production performance of the first cycle was said to be 
below expectation 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 temperature profile of the observation wells indicated 
that some heat has reached the top of McMurray zone at 
270 meters. The Upper McMurray is very shaley with low 
grade oil sands. The heat rise could be attributed to frac-
tures and a failure zone around the weilbore. 

The results of surface deformation surveys show an uplift of 
35 millimeters at the B-row which indicates that dilation is 
taking place in the reservoir. 

Thus, initial pilot results indicate that the steps taken to keep 
the injected steam low in the formation were not necessarily 
successful. Work is now in progress to design a modified 
operating strategy for future cycles. 

LC-FINING A SUCCESS IN BITUMEN UPGRADING AT 
SYNCRUDE 

Syncrude Canada Limited added a 40,000 barrel per day 
LC-Fining unit at its Mildred Lake, Alberta oil sands mining 
and extraction complex in 1988. A review of the unit's 
operating history was presented at the Canadian Heavy Oil 
Association meeting in Calgary, Alberta, Canada in May. 

The unit was designed to process 40,000 barrels per day of 
partially topped bitumen and has operated at 45,000 barrels 
per day for a 3-month period. An operating test at 
50,000 barrels per day was undertaken for a short period 
prior to the first  shutdown in 1989. The feed to the unit is 
heavier than design; therefore, both conversion of heavy 
material in barrels per day and reduction of coke forming 
material in tons per day exceed design expectations. 

The LC-Fining unit is a hydrocracking process for heavy 
residue type hydrocarbons. The expanded bed reactor is key 
to the process. Figure 1 is a typical schematic of the 
LC-Fining reactor. As shown, the mixed feed (both hydrogen 
and hydrocarbon) enter the reactor at the bottom and travel 
upward through the catalyst bed. A portion of the liquid 
from the top of the reactor flows back to the bottom of the 
reactor through the recycle pan and downcomer where the 
recycle pump returns the recycle liquid back through the 
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FIGURE 1

SCHEMATIC OF LC-FINING REACTOR 
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catalyst bed. This resulting high liquid flow through the 
catalyst bed keeps the suspended catalyst particles in random 
motion, thus producing an isothermal bed. Temperature of 
the catalyst bed is maintained by controlling the temperature 
of the feed entering the reactor at a temperature lower than 
the bed temperature. 

Two parallel reactors (56 feet tangent to tangent) are used in 
the LC-Fining unit. A low pressure unit, 1,700 psig, operat-
ing at a high space velocity was selected. 

The LC-Fining unit was designed to process the typical 
bitumen production seen at the plant in 1985. Over the last 
few years improvements in the extraction process and in the 
feed preparation units have resulted in the production of 
heavier bitumen product. Bitumen feed to the LC-Fining 
unit now is at least 1°API lower than design. The sulfur and 
Conradson carbon residue (CCR) content of the bitumen 
feed to the unit are 5 to 10 percent higher than design. 
Bitumen feed to the LC-Fining unit averages about 
0.9 weight percent solids. The LC-Fining unit ebullated bed 
makes the reactors extremely tolerant of solids in the feed. 

The LC-Finer is currently limited to the design feed rate of 
40,000 barrels per day. This is caused by fouling that results 
in a pressure drop restriction across the hydrogen preheat 
exchanger. A replacement exchanger, that is currently being 
manufactured, is expected to remove this restriction and per-
mit operation at a feed rate of 50,000 barrels per thy.

The unit converts 67 percent of the 23,400 barrels per day of 
975°F plus material in the 40,000 barrels per day feed, to dis-
tillate material that boils below 975°F. Approximately 
42 percent of the 990 tons per day of CCR material in the 
feed is removed. The sulfur removed, 65 percent of that in 
the feed, is recovered as product sulfur. The metals removal 
is lower than design. This is caused by the feed metal levels 
being lower than design. The actual percentage removal is 
equal to design. Chemical hydrogen consumption is lower 
(better) than design. 

As summarized in Figure 2 (next page), most conversion 
parameters exceed the design case. This has been achieved 
even while utilizing heavier feed by employing a higher reac-
tor operating temperature, and by higher catalyst addition 
rates than design. 

HORIZONTAL WELLS STUDIED FOR PEACE RIVER 
PROJECT 

Shell Canada's Peace River In Situ Pilot (PRISP) is entering 
the 12th year of operation. Having matched initial recovery 
efficiency predictions of 55 percent, with expectations of 
reaching 65 percent, operations continue to focus on novel 
methods to enhance thermal efficiency. 

The Peace River Expansion Project (PREP), an expansion 
that encompasses the operations at PRISP and is the first 
commercial scale project in the Peace River oil sands, is in 
the 5th year of operation. 

According to a paper presented by L. Parsons, et al., at the 
5th UN1TAR Conference on Heavy Crude and Tar Sands 
held in Caracas, Venezuela in August, Shell Canada's field 
piloting in the Peace River oil sands began in the early 1960s. 
Early field tests evaluated the response of a single well steam 
soak, a five well in situ combustion test, and various multi-
well steam drive tests. Although the ability to achieve ade-
quate steam injectivity below formation fracturing pressures 
was determined, results indicated a tendency for steam to 
enter and possibly channel through a high permeability, high 
water saturated interval at the base of the oil sand. Ul-
timately a pressure cycle steam drive process tailored to this 
unique reservoir setting was developed. 

Shell's Peace River Complex (PRISP and PREP) is designed 
to produce bitumen at 1,600 cubic meters per day. Both 
projects at the complex have responded favorably to date, 
meeting and in some instances exceeding technical targets 
(Figure 1, next page). However, Shell says that significant 
potential still exists to enhance bitumen recovery and ther-
mal efficiency through improvements to areal and vertical 
steam conformance, through the use of alternative recovery 
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FIGURE 2 

SYNCRUDE LC-FINER PERFORMANCE RELATIVE TO DESIGN 
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processes, or through the implementation of innovative 
technologies. Shell's plans for future expansion projects in 
the Peace River oil sands hinge partly on the potential 
enhancements that could be derived from these improve-
ments. 

PREP consists of 53 seven-spot patterns ranging in size from 
7 to 10 acres per pattern. Wells are developed in four 
clusters of 13 patterns, 40 producers and 13 injectors, with 
most wells directionally drilled from eight drilling pads. 
Operations began in October 1986 with one to three steam 
soak cycles at all wells, beginning with dedicated pattern in-
jectors, and followed by pressure cycle steam drive injection. 
Cumulative bitumen recovery and oil/steam ratio at the end 
of 1990 were 14 percent and 0.16 respectively. 

Through a combination of increased bitumen production and 
reduced energy requirements in the reservoir and at surface, 
the unit bitumen production cost has been reduced to 
30 percent of that averaged during the first full year of opera-
tion.

Future Process Optimization 

Shell says that research for Peace River is currently focused 
on emerging/novel recovery process technologies, specifi-
cally horizontal wells and in situ upgrading. An exhaustive 
review of alternative recovery processes identified these two 
options as having the potential for the greatest impact on fu-
ture development at Peace River. Encouraging research 
results in these programs could lead to field pilot testing. 

Horizontal Wells 

Horizontal wells are considered to represent a significant 
opportunity for potential improvement in both field produc-
tivity and profitability of Peace River operations. Prelimi-
nary scoping work identified the possible application of a 
number of horizontal well configurations and recovery 
processes because of the excellent interwell heat communica-
tion that can be attained through the basal water zone. For 
example, a pattern steam drive achieved through rows of 
horizontal injectors and producers placed in the basal water 
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FIGURE 1 

PEACE RIVER COMPLEX 
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zone or, a steam assisted gravity drainage process, achieved 
through parallel injectors and producers placed in the basal 
water zone. 

In Situ Upgrading 

Research is currently underway 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 pressure 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. 

OSLO WOULD USE EVOLUTIONARY, NOT 
REVOLUTIONARY TECHNOLOGY 

A recent review (Petroleum Society of CIM and AOSTRA, 
Banff, Alberta, Canada in April 1991) of the process design 
for OSLO Alberta Limited's proposed commercial extrac-
tion plant shows that an evolutionary approach was chosen 
to improve on current commercial practice in terms of

recovery, energy efficiency, water consumption and tailings 
disposal practices. 

OSLO conducted several process selection studies over a 
span of 7 years. A spectrum of concepts including retorting, 
solvent-based, and water-based technologies were con-
sidered. During this interval OSLO initiated development of 
a novel water-based extraction process that requires no ther-
mal energy input. This cold water process has been piloted 
at a scale of up to 40 tonnes of oil sand per hour. Despite 
the success of these tests, OSLO says it has never considered 
its cold water technology as a candidate for the commercial 
project because it is not considered to be sufficiently 
developed. 

Process Description 

The plant design is comprised of two parallel trains with the 
exception of the froth cleaner which is common to both 
trains, and the tailings lines of which there are three, one 
being spare. A simplified process flow diagram is shown in 
Figure 1. 

Oil sand is delivered from the mine to the plant via two con-
veying belts. From storage, oil sand is discharged via apron 
feeders to plant feed conveyors which feed material directly 
to the tumblers. The sand is conditioned in each tumbler 
with steam, hot water, and caustic. The tumbler slurry dis-
charge temperature is controlled at 70°C. 

FIGURE 1 

OSLO FROTH PREPARATION 
PROCESS FLOW DIAGRAM 
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Tumbler slurry is discharged through a screen. The oversize 
reject which consists of rock, clay lumps and undigested on 
sand is conveyed by reject belts to a storage silo for eventual 
disposal by truck in mined-out areas. The remaining slurry is 
diluted with make-up water and pumped to the primary ex-
traction vessel. 

Separation Circuit 

There are three novel features in the OSLO separation cir-
cuit when compared to existing commercial practice: about 
40 percent more water is used, the average process tempera-
ture is about 25°C lower, and the routing of process flows is 
different. 

The bulk of the bitumen is recovered in the primary extrac-
tion vessel (PXV). The bitumen floats to the surface of the 
vessel in froth form. Primary froth is delivered to froth han-
dling (Figure 1). Most of the solids in the tumbler slurry 
settle to the base of the PXV where they are pushed to a 
central discharge point by a slowly rotating rake mechanism. 
The balance of the PXV feed stream is withdrawn from the 
vessel as middlings. 

The PXV underfiow, combined with additional water and a 
recycle stream from froth handling, is then introduced to the 
secondary extraction vessel (SXV). This stream is further 
aerated. The SXV functions similarly to the PXV. The un-
derfiow stream contains the coarse solids and is the principal 
mass of extraction tailings. SXV middlings are combined 
with PXV middlings and sent to the froth flotation cells. 
SXV froth and PXV froth are sent to froth handling. 

The combined middlings streams are sent to froth flotation. 
Froth flotation is achieved in conventional mineral flotation 
cells. Notation froth is sent to a froth heating circuit in froth 
handling, flotation tailings are combined with SXV tails for 
transportation to the tailings pond. 

Froth Handling
Tailings

FIGURE 2 

SCHEMATIC OF OSLO TAILINGS 
DISPOSAL CONCEPT 
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technology, a process patented by OSLO, will be used to 
achieve the desired froth quality. 

The froth feedstream is blended with diluent and then 
heated under pressure. Removal of solids and water occurs 
in a two-stage gravity separation at 160°C. HTFF is a sig-
nificant improvement on conventional centrifuge technology 
because it uses simpler equipment, requires staff to be ex-
posed to noxious vapors less frequently, and achieves a bet-
ter quality diluted bitumen product at comparable capital 
cost. 

Primary froth from the PXV is heated in two stages to 90°C 
and pumped to the froth storage tank. 

Secondary froths, comprised of products from the flotation 
cells and the SXV vessels are combined and heated in a 
similar fashion to 90°C. The heated secondary froths are dis-
charged into the froth cleaner. This vessel is of comparable 
design to the PXV and SXV, which contain internal rakes. 
Overflow from the cleaner is an upgraded froth product 
which is pumped to the froth storage tank. 

Froth Treatment 

The bitumen froth from the froth preparation plant is 
enhanced to upgrader specifications in the froth treatment 
plant (Figure 2). High temperature froth treatment (HTFT)

OSLO has devoted considerable effort to the assessment of 
alternative tailings management strategies. 

Processing oil sands on Lease 31 will generate about 
33 million tonnes of tailings solids annually, consisting of 
29 million tonnes of coarse tailings (sand) and 4 million 
tonnes of fine tailings (silts/clays). 

The proposed disposal strategy is summarized in Figure 3. It 
involves the initial construction of a relatively small impound-
ment facility to store process water and fine tailings 
throughout the project's life. The perimeter dikes of the 
facility will be constructed using fines-enriched, coarse tail-
ings. When completed 10 years after plant startup, the im-
poundment facility will be about 40 meters high and will en-
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FIGURE 3 

OSLO HIGH TEMPERATURE 
FROTH TREATMENT PROCESS 
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compass an area of 7 square kilometers. Once construction 
of the impoundment facility has been completed, surplus 
sand will be placed in adjoining sand dumps and in the 
mined-out pit when space becomes available. 

Fine tailings will be stored temporarily in the impoundment 
and will be transferred bath into the pit on an intermittent 
basis. 

KEARL LAKE USES STEAM OVERRIDE TO 
ADVANTAGE 

The location of the Kearl Lake Pilot Project is shown in 
Figure 1. 

In 1979, CDC Oil & Gas Limited (now Husky Oil Opera-
tions Ltd.) and Tenneco Oil began pilot operations aimed at 
developing an in situ recovery process. The Alberta Oil 
Sands Technology and Research Authority (AOSTRA) 
joined the piloting effort in 1983. Esso Resources Canada 
Limited's involvement in the pilot began in March 1989 after 
it purchased Tenneco's interest in the lease. 

A paper given by K. Kisman, et al., at the 5th UNITAR Con-
ference on Heavy Crude and Tar Sands in Caracas, 
Venezuela in August discusses the impact of geology on the
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recovery process, the heat efficiency observed, the produc-
tion performance to the end of July 1990 and the technical 
highlights. The success of the pilot is evidenced by the 
production of well over 1 million barrels. 

The Kearl Lake pilot represents the first major steam-drive 
application in an extremely viscous reservoir in which steam 
override has been used to advantage. The process, depicted 
in Figure 2, relies on the presence of a zone at the top of the 
middle zone where the water phase has significant mobility 
and enables steam override communication between wells. 
The process also requires the injection and production wells 
to be perforated near the base of the formation, and then 
steam stimulated by fracturing through the immobile lower 
pan of the payzone. Once good interwell communication 
has been established, the primary recovery mechanism is 
gravity drainage. 

The Kearl Lake pilot also involves dual zone operation. The 
lower zone does not have a region with high water mobility, 
and interwell communication requires extensive fractures. 
Steam override develops eventually in the lower zone be-
cause of gravity segregation. However, the lower zone is thin-
ner than the middle zone, and the recovery mechanisms in 
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FIGURE 2 

SCHEMATIC OF KEARL LAKE 
PILOT RECOVERY PROCESS 

SOURCE: KISMAN, et al. 

the lower zone are a combination of gravity drainage and 
steam drag. 

In the last 2 years since the process was modified to reduce 
the problem of lack of confinement, the pilot has had very 
good oil recovery rates with a good steam-oil ratio. The 
pilot has provided very good recovery efficiency in the first 
pattern, with recovery totaling more than 100 percent of the 
bitumen in place within the pattern. A significant quantity of 
bitumen was produced from outside this pattern, but the 
recovery efficiency is still high within the drainage radius of 
the wells. Furthermore, the pattern is still producing at high 
rates with no measurable decline rate. 

According to the authors of the conference paper, the steam-
override process has proven to be very robust. Once the 
process was established and well operations optimized, as dis-
cussed above, the process has run continuously with little 
downtime.

###1 

TEXACO WILL TEST ELECTROMAGNETIC HEATING 
AT FROG LAKE 

Near well-bore electromagnetic heating is a relatively new 
process designed to reduce oil viscosity and result in im-
proved well productivity. To date, most of the tests have 
been conducted in widely spaced vertical wells. 

According to a paper presented at the Petroleum Society of 
CIM and AOSTRA meeting held in Banff, Alberta, Canada 
in April, Texaco's Frog Lake Project will test the ap-
plicability of this technology in three closely spaced wells, 
drilled from a central pad, which deviate up to 60 degrees

from the vertical. The test is expected to yield sufficient data 
on production rates and probable ultimate recovery to per-
mit a reliable economic assessment of commercial expansion. 
It is also expected that this test will provide valuable opera-
tional data for the design of electrical heating systems for 
horizontal wells which could further improve production 
rates and ultimate recovery. 

The Frog Lake Lease is located about 50 miles northwest of 
Lloydminster, Alberta in the southeastern portion of the 
Cold Lake Oil Sands deposit (Figure 1). 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. The viscosity problem is exacerbated in the near 
well-bore region as the gas comes out of solution in response 
to the pressure sink near the well. To offset this "visco-skin' 
effect, operators have usually employed steam to reduce the 
oil viscosity in the near well-bore region. 

During the 1960s 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. 

Texaco Canada Petroleum is now preparing to apply 
electromagnetic heating to 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. 

In addition to achieving higher production rates, the 
electromagnetic heating process is expected to provide 
several ancillary benefits which should reduce operating 
costs. With a reduced viscosity there will be less tendency 
for the oil to carry sand into the well-bore. Also, with a less 
viscous fluid and less sand, pump and rod wear will be 
reduced with a commensurate reduction in well downtime. 

The electromagnetic (EM) stimulation process uses low fre-
quency electrical power to heat the reservoir payzone over 
the near well-bore area (3 to 10 meters radial distance). The 
expected effect of EM stimulation on reservoir flow charac-
teristics is schematically represented in Figure 2 (page 3-15). 
The schematic shows the reduced near well-bore pressure 
drop, and sharp reduction in oil viscosities with EM stimula-
tion. EM stimulation on some heavy oil reservoirs has been 
claimed to increase the primary production rate by a factor 
of two to three times. 

Upon completion of the tests in 1993 it is expected there will 
be sufficient data available to develop reliable economics for 
a commercial project. A reservoir simulator will be used to 
history-match test results and make predictions of produc-
tion rates and ultimate recovery for various well patterns and 
spacing.
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FIGURE 1 

LOCATION OF FROG LAKE LEASE AND ELECTROMAGNETIC PROJECT 
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FIGURE 2 

EFFECTS OF 
ELECTROMAGNETIC STIMULATION 
ON RESERVOIR CHARACTERISTICS 
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CORPORATIONS 

SUNCOR OIL SANDS GROUP ACHIEVES SECOND 
QUARTER IMPROVEMENT 

The Suncor Oil Sands Group reports earnings of $12 million 
for the second quarter of 1991, compared with a loss of 
$20 million for the second quarter of 1990. According to 
Suncor's second quarter report to shareholders, the improve-
ment was mainly due to increased synthetic crude oil produc-
tion. 

Earnings for the first 6 months of 1991 were recorded at 
$33 million, up from the $1 million earned for the same 
period in 1990, again due to higher production levels. 

There have been no major maintenance shutdown activities 
undertaken in 1991. In contrast, maintenance shutdowns in 
1990 reduced production and increased expenditures. Capi-
tal expenditures did increase in the first half of 1991, 
primarily in the mining area of the plant. 

Throughout the second quarter, the Oil Sands Group con-
ducted annual maintenance work in the upgrading area, but 
operations remained stable and high levels of production 
were sustained. 

During the first 6 months of 1991, production averaged 
63,000 barrels per day and cash operating expenses were 
$14.50 per barrel, the same level as in 1989.

Leases Operation) consortium testing new processes for ex-
traction of bitumen from mined oil sands. 

A novel sand removal process using a cationic surfactant was 
developed and a patent proposal has been submitted, says 
the report. 

According to ARC, the use of horizontal wells in shallow oil 
sands formations can result in significantly improved rates 
and total recovery of hydrocarbon. In a joint project, spon-
sored by Esso Resources Canada and CANMET, a scaled 
model study to determine optimum placing of horizontal 
wells in a formation was completed. Test results from the 
project will be used to assist in the operation of horizontal 
well combinations in AOSTRA's Underground Test Facility. 

The Alberta Research Council is under contract, through 
G.K. International, to supply research equipment to the 
Research Institute for Petroleum Exploration and Develop-
ment (RIPED), Beijing, China. Two advanced phase be-
havior systems, developed by the Research Council for 
measurement of heavy oil-gas-water mixtures, have been 
fabricated and commissioned at the Oil Sands and Hydrocar-
bon Recovery Department with RIPED personnel. These 
systems have been shipped to China, where the equipment 
will be recommissioned by visiting Research Council staff in 
RIPED laboratories.

##1# 
##fl 

ALBERTA RESEARCH COUNCIL NOTES PROGRESS IN 
OIL SANDS RESEARCH 

Under a 5-year industry research program, supported by the 
Alberta Research Council (ARC) and the Alberta Oil Sands 
Technology and Research Authority (AOSTRA), a number 
of major technical accomplishments have resulted in pilot 
plant trials in the field. They include: steam-foam and 
steam-surfactant processes for enhanced recovery through 
improved conformance control, tested in Alberta reservoirs 
by AOSTRA and individual industrial members; and steam. 
gas additive processes, which yield large economic gain 
through the addition of small amounts of CO  or other 
gases. Techniques for physical and numerical simulation of 
these advanced processes have been used in the design of the 
AOSTRA Underground Test Facility, located at Fort 
McMurray. 

According to ARC's annual report for 1990, laboratory test-
ing, analytical services, engineering design services and opera-
tions personnel were provided to the OSLO (Other Six

SYNCRUDE CUTTING BACK EMPLOYMENT AFTER 
REACHING 500 MILLION BARRELS 

In 12 years of operation, the Syncrude oil sands plant near 
Fort McMurray, Alberta, Canada has produced more than 
500 million barrels of oil. In 1990, production from the 
Syncrude operations accounted for more than 10 percent of 
Canada's total oil requirements. In recognition of these 
achievements, E.P. Newell, president of Syncrude Canada 
Ltd., said that oil sands technology development is "one of 
the 10 most significant engineering achievements of this 
century." 

Now, a 39 percent share of Syncrude is up for sale. In an at-
tempt to attract buyers in a market overloaded with 
Canadian oil properties, Syncrude is cutting back employ-
ment by nearly 10 percent and boosting production to 
62 million barrels per year. Production last year was 
57 million barrels. The plant's 4,600 workers will be cut by 
400 over the next 5 years. 

Three stakeholders in Syncrude Canada are trying to sell 
their respective shares. They are Petro-Canada with a 
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17 percent share, the provincial government of Alberta with 
a 17 percent share, and Amoco Canada Petroleum Company 
Ltd. with a 5 percent share. Syncrude produces about 
20 percent of Canada's light and medium oil supplies. 

The other members of the Syncrude consortium are Esso 
Resources Canada Ltd., PanCanada Petroleum Company 
Ltd., Gulf Canada Resources Ltd., Canadian Occidental 
Petroleum and Alberta Energy. 

CANADIAN COMPANIES INSTITUTE ]LAYOFFS 

Amoco Canada Petroleum Company Ltd. plans to lay off 
40 percent of its 4,000-member workforce and sell many of 
its oil properties as well.

A number of other Canadian energy companies are also 
launching wholesale layoffs and oil property sales in an effort 
to reduce debt and struggle for survival in spite of low oil 
and gas prices. 

Amoco Canada's restructuring efforts will create a number 
of smaller divisions within the company which will be work-
ing with other joint venture partners in Canada. 

Husky Oil Ltd. has announced that it will lay off 250 of its 
staff of 430 workers in its upstream operation. Husky says 
the growing spread between heavy oil and light oil prices 
made the layoffs necessary. 

Other Canadian companies that have announced forthcom-
ing layoffs include Imperial Oil, Ltd., Petro-Canada, Shell 
Canada Ltd. and Gulf Canada Ltd. 

#fl# 
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GOVERNMENT 

ERCB LISTS OIL SANDS ORDERS AND APPROVALS 	 ALBERTA WRITES OFF SYNCRUDE EXPANSION WAN 

A list of recent orders and approvals in the oil sands area by	 In 1986, the Alberta Government made a C$80.9 million 
Alberta's Energy Resources Conservation Board (ERCB) is 	 interest-free loan to Syncrude Canada Ltd. for an expansion 
provided in Table 1.	 study. The loan was to pay for engineering and planning

TABLE 1 

SUMMARY OF OIL SANDS ORDERS AND APPROVALS 

Order Expires/ 
Number Date Description Rescinds 

App 4491D 30 Jul 91 Commercial oil sands schemes 29 Feb 92 
Amoco Canada Petroleum Co. Ltd. 
Lindbergh and St. Paul Sectors 

App 4198C 28 Jun 91 Experimental oil sands schemes 31 Dec 91 
AOSTRA 
Athabasca Area 

App 5715B 13 Jun 91 Experimental oil sands schemes 31 Oct 92 
OSLO 
Fort McMurray Area 

App 5545A 28 Jun 91 Commercial oil sands schemes 31 Dec 2014 
Shell Canada Ltd. 
Cadotte Lake Area 

App 6410 12 Jun 91 Commercial oil sands schemes App 4671 
Murphy Oil Co. Ltd. 31 Dec 2009 
Lindbergh Sector 

App 6328A 21 May 91 Experimental oil sands schemes 30 Sep 93 
Beaverdam Sector 
Koch Exploration Canada Ltd. 

App 6454A 21 May 91 Primary recovery schemes 
Beaverdam Sector 
Amoco Canada Petroleum Co. Ltd. 

App 6512 29 May 91 Primary recovery schemes 
Lindbergh Sector 
PanCanadian Petroleum Ltd. 

App 6454 18 Apr 91 Experimental oil sands schemes App 4548 
Beaverdam Sector 
Amoco Canada Petroleum Co. Ltd. App 5367 

App 6292B 24 Apr 91 Primary recovery schemes 
Norwest Oil & Gas Corp. 
St. Paul and Lindbergh Sector

fl##
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work in preparation for a C$4.5 billion expansion of the 
Syncrude oil sands plant in northeastern Alberta, Canada.

project had proceeded, Syncrude production would have in-
creased from 160,000 barrels per day to 240,000 barrels per 
day by 1993. 

The study was completed, but the expansion has been put on 
hold because of low oil prices. As a result, the Alberta 
Government has begun writing off the loan. If the expansion
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ECONOMICS 

REGIONAL UPCRADER CONCEPT COULD BE 
ECONOMICAL 

An overview of studies carried out by the Alberta Chamber 
of Resources (ACR) Oil Sands Task Force concerning a 
regional heavy oil upgrader was presented by E. Yildirim at 
the Canadian Heavy Oil Association meeting in Calgary, Al-
berta, Canada in May. Yildirim noted that the ACR Oil 
Sands Task Force first proposed the concept of a regional 
upgrader with satellite bitumen/heavy oil production 
facilities in a position paper published in 1986. The position 
paper also outlined a plan of action for carrying out the 
necessary screening studies to verify the advantages of the 
concept postulated by the task force. 

Early in 1987, the task force completed a preliminary study 
showing the regional upgrader and the satellite production 
facilities concept to be competitive with the integrated 
megaproject approach. It also offered a more affordable 
development opportunity. 

Studies for a viable business plan were initiated in July 1989 
with 17 participants from industry and various organizations 
from both the Alberta and federal governments. The 
programs had a budget of $1.2 million and a work schedule 
covering a 1-year period. The business plan studies were 
completed at the end of June 1990. 

The starting point for the work was a 30,000 barrel per day 
bitumen feedstock, stand-alone upgrader, located in Fort Sas-
katchewan near Edmonton. Table 1 presents base financial 
and economic information for this case.

The low return shown in Table 1 is inadequate to bring im-
mediate development, when high capital cost, long lead time 
and price uncertainties are considered. 

Recommended Business Plan: "Diverse Interests" 

A 'Diverse Interests" plan was developed to offer the most 
attractive terms to a diverse group of interested parties. The 
objective is to convince a major oil company to combine its 
plans for an upgrader dedicated to its own production, in the 
neighborhood of 30,000 barrels per day, with a regional 
upgrader capable of producing another 30,000 barrels per 
day, in order to gain economies of scale. Hence, the size is 
double that of a reference case. Results for this case are 
shown in Table 2. The scheme requires no special fiscal ar-
rangements, as government participation is via direct equity 
ownership. 

Recognizing that some form of government support is re-
quired to make this project proceed prior to the year 2000, 
the ACR says governments must take an active role. They 
must decide whether or not they want a regional upgrader, 
and what form they would like their support to take. They 
must then communicate this clearly and directly to interested 
parties. 

The only way a regional upgrader is going to be built in Al-
berth is for specific interested parties to make a proposal to 
governments that embodies concepts attractive to industry 
and government alike. The ACR Task Force suggests that 
one of the major companies with an existing refinery or oil 
sands upgrader should take a lead role in this, because of 

TABLE 1 

REFERENCE CASE ECONOMICS
(30,000 Barrels Per Day) 

Engineering & Construction: 1991-1995 
Start-Up: 1995 
Last Year of Operation: 2023 
Capital Cost (Constant 1990): $827 million 
Before Tax (Unburdened) Return 13.0% nominal1 
After Tax (Developers') Return 11.4% nominal 
After Tax (Developers') NP V10 Cashflow $110 million 
Governments' Return (Tax System Only) 20.5% nominal 
Governments' NPV 10 Cashflow (Fax System) $200 million

1Nominal Return: The discount rate that makes project cashflow 0, 
using inflated dollars, over project life.
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TABLE 2 

DIVERSE INTERESTS CASE
(60,000 Barrels Per Day)

$ Millions 
Costs Category	 (Constant 1990) 

Investment Capital 1,443.1 
Working Capital 
(Recovered, not incl. in total) 25.1 
Sustaining Capital 
(Capitalized maint., repair, replace. costs) 57.7 
Fixed Opcost 1,905.4 
Variable Opcost 
(Excluding energy costs) 227.8 
Natural Gas Cost 1,247.4 
Electrical Cost 4143

Total 
(Excluding working capital) 	 5,295.7 

Per Barrel Operating Cost, 
C$ 1990, Over Life	 $8.09 

Per Barrel Cost, C$ 1990, 
Including 10% real return on capital 
(Supply cost) 	 $12.43 

possible further economies arising from building this project 
as an add-on to an existing facility. 

BYPRODUCTS COULD IMPROVE OIL SANDS 
PROFITABILITY 

Mineable oil sand projects have traditionally focused on 
their prime product—synthetic crude oil. Under a continuous 
struggle for profitability, the potential offered by secondary 
byproducts such as sulfur, gas liquids, sand, clay, heavy 
minerals, petroleum coke and metal derivatives is becoming 
increasingly attractive. 

A paper presented by I.C. Webster of EACR Consulting 
Limited, Calgary, Alberta, Canada at the 5th UNITAR Inter-
national Conference on Heavy Crude and Tar Sands held in 
Caracas, Venezuela in August examines the technology, capi-
tal cost, and markets for commercial exploitation of such 
byproducts. 

Webster analyzed a "typical," mature oil sands operation for 
byproduct potential. Figure 1 illustrates the oil sands opera-

tion, with the secondary byproducts added. Liquid 
petroleum products and asphalt were excluded from the 
analysis. 

Gas Liquids 

Alberta Energy Company has been studying a project to 
recover gas liquids from Syncrude Canada Ltd. streams for 
use in a petrochemical complex. The overall project would 
target output at 500,000 tonnes per year of ethylene and 
135,000 tonnes per year of propylene. The project, including 
derivative plants that would be built by other companies, 
bears a $1 billion price tag. The capital cost of the gas li-
quids portion of the project is estimated to be $300 to 
$400 million. 

All things considered, integration of gas liquids recovery into 
a bitumen upgrader flowsheet appears feasible and relatively 
risk free, says the paper. 

The majority of butanes are normally recovered and con-
stitute part of the synthetic crude pool. Butane may repre-
sent up to 5 percent of a synthetic crude blend. Recently the 
United States Environmental Protection Agency has 
proposed significantly reduced gasoline volatility. Canada is 
expected to follow. Because synthetic crude is a manufac-
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FIGURE 1 

OIL SANDS OPERATION BLOCK DIAGRAM
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tured commodity, producers may be expected to lower 
butane content to ease pressure on their customers. Both 
Syncrude and Suncor could modify their flowsheets to 
separate isobutylene from the other C4 components. The 
isobutylene could then be trucked to Edmonton for conver-
sion into methyl tertiary butyl ether at a $400 million plant 
under construction by Alberta Envirofuels, a joint venture of 
Petro-Canada and Neste Canada Inc. 

Sulfur 

Acid gases are removed from coker, hydrocracker and 
hydrogen treatment unit offgases using an alkanolamine solu-
tion. Thermal regeneration of the amine produces a stream 
containing 90 to 95 percent hydrogen sulfide which is fed to 
the reaction furnaces of Claus type sulfur recovery units. Sul-
fur production in 1989 was 118,500 long tons (LT) at Suncor 
and 354,700 LT by Syncrude. 

The product, molten sulfur, is loaded into 35-ton unheated 
tanker trucks and shipped for pelletizing or directly as mol-
ten to an Alberta fertilizer producer. Pelletized sulfur is cx-
ported through Vancouver.

Sulfur Dioxide 

Suncor, together with Union Carbide Canada Limited, is 
piloting a novel stack gas cleanup technology, CANSOLV, 
on coke-fired boiler flue gas. This technology or a similar 
process would appear applicable to Syncrude fluid coker flue 
gases, or combustion products from burning hydrocracker 
pitch. The CANSOLV process schematic is shown in 
Figure 2. The process recovers sulfur dioxide in a relatively 
pure gaseous state. 

An existing sulfur recovery unit could be modified to process 
sulfur dioxide together with hydrogen sulfide. Supplemental 
heat would be required and flexibility introduced through 
storage. Alternatively some means of fixing surplus sulfur 
dioxide would be needed. 

Direct catalytic reduction of sulfur dioxide to elemental sul-
fur, using natural gas as the reductant, might also be prac-
ticed. 

Conversion of sulfur dioxide to sulfuric acid is carried out at 
many locations in the metal smelting industry when the add 
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FIGURE 2 

CANSOLV PROCESS SCHEMATIC 
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gas concentration is over 10 percent by volume. However, 
transportation economics suggest this is not generally 
feasible more than 500 kilometers from end use. 

Sulfur dioxide can also be used directly as a bleaching agent. 
Alternatively, as sodium sulfite, it would serve to saponify 
and bleach wood chips in chemical mechanical pulping. 

Ammonia 

It is the practice at both Suncor and Syncrude to reduce the 
level of sulfides and ammonia in sour water collected in 
upgrading by stripping with steam liberating hydrogen sul-
fide and ammonia. These gases are presently incinerated in 
a sulfur recovery unit reaction furnace. Syncrude has the 
equipment to recover ammonia applying technology licensed 
from Chevron Research Company. 

However, to handle, store and market the quantity of am-
monia involved as anhydrous appears impractical, says 
Webster. 

An opportunity is presented by the need to balance hydrogen 
sulfide and sulfur dioxide in a modified Claus process case.

Reaction of ammonium hydroxide with sulfur dioxide to 
produce ammonium sulfite—ammonium bisulfate which 
oxidizes readily to ammonium sulfate would allow am-
monium sulfate to be produced. 

The capital cost to recover the ammonia, react, crystallize 
ammonium sulfate, centrifuge, thy, and screen, is estimated 
at $8 million. This relatively small amount of product could 
be marketed through a major fertilizer company or sold 
directly in northern Alberta. 

Carbon Dioxide 

Production of carbon dioxide during steam methane reform-
ing to make hydrogen, amounts to 22 million standard cubic 
feet per day under study conditions. Waste carbon dioxide, 
95 percent pure (dry basis) would be vented to the atmos-
phere at both Suncor and Syncnide. Impurities present are 
hydrogen, oxygen, nitrogen, methane, absorbent and water. 

At Joffre, Alberta Gas Ethylene Company, Ltd. recovers 
2.8 million standard cubic feet per day of wet carbon dioxide 
from an ethylene plant amine regenerator. The carbon 
dioxide is compressed to 145 psig and pipelined a short dis-
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in avoiding secure landfill costs rather than the resultant 
small net back from reclaimers. 

tance to Vikor Resources Limited. Vikor further com-
presses and dehydrates the gas and injects it into a conven-
tional sandstone light oil reservoir. 

At Fort Saskatchewan, Liquid Carbonic produces food-grade 
carbon dioxide from a feed stream similar to Suncor's or 
Syncrude's. PanCanadian Petroleum Ltd. used this source of 
carbon dioxide for inconclusive steam/carbon dioxide tests 
in a heavy oil reservoir at Lindbergh in 1986. 

To collect, meter and compress carbon dioxide represents an 
approximate $1 million investment. The main cost lies in a 
pipeline, drying and recompression of the gas for injection 
and the metallurgy to meet service requirements. 

Petroleum Coke 

The petroleum coke situation, as it relates to an oil sands 
operation, has been covered. High transportation costs to an 
ocean port continue to make oil sands-derived coke uncom-
petitive on world markets. 

An analysis of Suncor petroleum coke shows that the im-
purities affecting end use are nickel, vanadium, sulfur and 
ash. These impurities cannot be removed economically. 
However, recent research indicates calcined coke containing 
450 ppm vanadium reduces current efficiency when used in 
anodes for aluminum production, but that the resulting 
aluminum and some aluminum alloys containing up to 
0.1 percent vanadium have satisfactory end use properties. 

Given development of technology for economic flue gas 
desulfurization and stable oil prices of US$25 to US$30 per 
barrel, a net back of $5 per tonne of coke should be manage-
able with only modest capital expenditure. Steam generation 
for in situ production of bitumen is perceived as a priority 
market because of increasing demand for natural gas as an 
environmentally clean export fuel and the proximity of in situ 
activity. 

Vanadium and Nickel 

Carbovan Inc. built a plant to recover carbon and vanadium 
fly ash at a cost of approximately $16 million. The design 
recovery is 80 to 85 percent vanadium. Nickel is not 
recovered. 

Where upgraders employ a catalytic hydrocracking process 
for bitumen conversion, as practiced by Syncrude, the spent 
catalyst becomes a secondary product containing significant 
quantities of nickel and vanadium. In Syncrude's case the 
spent catalyst would be expected to contain over 20 percent 
weight vanadium. In the case of fixed bed processes, the 
combined nickel and vanadium may equal the weight of the 
original catalyst. Given freight costs to processing facilities 
in the United States, the economic importance appears to He

Heavy Minerals 

The heavy minerals of interest are ilmenite (FeTiO3), rutile 
(Ti02), and zircon (ZrSiO4). At study mining rates, the froth 
treatment plant tailings contain 36,000 tonnes per year of 
titaniferous minerals and 19,000 tonnes per year of zircon. A 
processing scheme to recover these has been proposed which 
consists of first burning off hydrocarbons, followed by 
gravity, high intensity magnetic and high tension separations. 

The overall recovery of titanium-bearing minerals is ex-
pected to be 76 percent and of zircon 70 percent. The 
titanium content of the titanium concentrate would be 
33 percent while zircon content of zircon concentrates would 
be 98.5 percent. 

Ilmenite can be upgraded using chloride chemistry to a syn-
thetic rutile containing 92 to 95 percent titanium dioxide. At 
this titanium dioxide level synthetic rutile can be sold as 
feedstock for production of paint grade pigment. Zircon con-
centrate is comparable to Australian grade material and is 
considered suitable for abrasives or for foundry use. 

Capital for heavy minerals is estimated in the range of 
$20 million. Upgrading of ilmenite to synthetic rutile would 
cost a further $50 to $80 million. 

Sand 

Tailings and is used for dike construction or is overboarded 
into the tailings ponds. 

A suggested process for upgrading the sand consists of: 

- Combustion to remove oil 

- Screening to -28 mesh 

- De-slime with high density scrubbing 

- Cyclone to remove -100 mesh which is mostly 
quartz 

- Flotation to reject a froth waste 

Athabasca sand quality is considered marginal but accept-
able for most premium applications. The uses are for sand 
blasting, foundry sand, fiberglass, oil well fracturing, cement, 
asphalt paving and, until recently, bottles. 

The total Alberta market is under 100,000 tonnes per year. 
With some capital involved for equipment, operating costs of 
about $10 per tonne and a freight handicap, sand is not con-
sidered an investment opportunity. 
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TABLE 1 

SECONDARY PRODUCTS 
CAPITAL ESTIMATE

Millions 

Gas Liquids $13 
Sulfur 0 
Sulfur Dioxide 0 
Ammonium Sulfate 8 
Carbon Dioxide I 
Petroleum Coke I 
Vanadium 0 
Heavy Minerals 20 
Cement 75 
Working Capital 7 
Contingency 10

Cement 

In cleanup of the bottom mining bench it is the practice to 
expose a limestone pit floor. The limestone is flat and varies 
from 27 percent to 48 percent calcium oxide. It is a 
reasonable assumption that a suitable location can be found 
containing sufficient tonnage of greater than 40 percent cal-
cium oxide for a 20-year quarry life on a given operating 
Property. 

Petroleum coke as a fuel is the other key ingredient. Suncor 
coke has been successfully tested at both St. Lawrence Ce-
ment, in Ontario and Lafarge Canada Inc., Exshaw, Alberta. 
The sulfur and metals are absorbed by the portland cement 
without deleterious effect. 

For a 200,000 tonne per year plant the capital cost is on the 
order of $75 million. 

Clay
Capital Employed	 $135 

Tailings sludge forms at the rate of 4 to S cubic feet per 
tonne of oil sands mined, and the clay content of sludge 
averages 30 percent weight in a non-homogeneous fashion. 
The material traditionally referred to as "clay," in oil sands 
terminology, is, in reality, the fraction of less than 2 microns 
which contains various minerals. 

Kaolinite, which constitutes 45 percent of sludge and 
76 percent of the clay in the minus 2 micron fraction, is the 
clay of economic interest. Sludge reserves at Suncor and 
Syncrude contain over 50 million tonnes of kaolinite. 

The market in an Alberta context is the water washed and 
calcined premium grade kaolin used in paper coating and 
paper filler applications. This product must have a white-
ness, or brightness, of 80 units. Iron, at 3 percent to 
5 percent weight could be a problem. 

If a quality product can be achieved, an oil sands based 
project would have distinct freight advantage over traditional 
supplies from Georgia and South Carolina in serving the 
western Canadian market. 

Economic Considerations 

Other than clay and sand, all product segments are included 
in the economic analysis. 

A 3,000 barrel per calendar day turboexpander scheme was 
chosen as the gas liquids case for purposes of economic 
analysis. A Claus unit modification coupled with ammonium 
sulfate is the selected case for enhancing the value of sulfur 
dioxide. 

A summary of the investment requirements to execute a 
secondary products program is shown in Table 1.

The total estimated capital is $135 million. The estimated 
cash flow resulting from these operations is $35 million per 
year before tax. 

If one assumes that the depreciation rate is 20 percent, in-
come tax rate is 40 percent, investments are 100 percent 
equity financed, a sustaining capital level of $10 million per 
year and that the time value of money is ignored at zero infla-
tion, then the after-tax earnings in the 4th year of production 
are $10 million and the average capital less accumulated 
depreciation is $90 million in the same year. 

According to Webster, the single most important step which 
could be taken to improve economic return, and reduce risk, 
in exploiting secondary products lies in lowering the transpor-
tation cost.

#fl# 

HYDROGEN THE KEY TO HEAVY OIL UPGRADING 

Hydrogen is essential for the upgrading of bitumen and 
heavy oil. These heavy crudes are hydrogen deficient and 
require significant modification to theft molecular structure 
and hydrogen to carbon ratio to be useful as refinable crude 
oil or transportation fuels. Somewhere in the processing of 
bitumen, the hydrogen/carbon (H/C) ratio must be raised 
from 1.5 to almost 2.0. This is generally done through com-
binations of processing steps involving hydrogen addition 
and carbon rejection. Because of the yield penalties with car-
bon rejection, this H/C ratio adjustment is best achieved 
through hydrogen addition. 
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A review of the options for hydrogen supply was presented 
by R. Bailey of the Alberta Oil Sands Technology and 
Research Authority and A. Logan of the Hydrogen Industry 
Council at the Canadian Heavy Oil Association meeting held 
in Calgary, Alberta, Canada in May. 

High conversion hydrocracking processes typically consume 
over 2,230 standard cubic feet per barrel or 3.4 weight per-
cent hydrogen. This hydrogen flow is a huge energy vector. 
Although the hydrogen added is only 3.4 weight percent of 
the heavy oil mass flow, it is over 11 percent on an energy 
basis. 

Hydrogen is an essential input for any practical and 
economic process to upgrade bitumen and heavy oil to syn-
thetic crude oil or transportation fuels. Unfortunately 
hydrogen is a major cost in upgrading. Hydrogen addition 
technology involves high pressures, high temperatures and 
catalysts. Hydrogen production itself is expensive and energy 
intensive. 

Hydrogen Production Technology 

Hydrogen can be made from hydrocarbons and/or water by 
a variety of thermal and electrochemical processes. Steam 
methane reforming (SMR) is the usual choice in western 
Canada because of the cost of feedstock, process simplicity 
and energy efficiency. 

According to Bailey and Logan, alternative processes such as 
gasification and electrolysis are being suggested for future 
hydrogen production. One good reason for looking at alter-
natives is the expected increase in relative natural gas prices. 
Current natural gas prices in Alberta (<$1.50 per thousand 
standard cubic feet) are quite low. Gas may become a 
premium fuel in the future as markets expand faster than 
reserves. 

To illustrate the possible choices, a series of hydrogen 
production options were defined and evaluated on a basis of 
energy efficiency, cost and CO  emissions. The base case is 
steam methane reforming as typically practiced in a heavy oil 
upgrader. An alternative case extends and modifies the 
SMR case to utilize the carbon from methane as carbon 
monoxide (CO) in syngas for liquid fuel production through 
methanol or Fischer Tropsch synthesis. 

Gasification through the partial oxidation (PDX) of solid 
hydrocarbons was also considered. In principal this is similar 
to SMR but the heat to drive the endothermic process is sup-
plied by internal oxidation rather than being transferred 
through the furnace tubes from external combustion. 

As well as these thermochemical processes, the electrolysis 
of water was evaluated. Several options for electric power

generation were reviewed including the current commercial 
practice in Alberta, coal fired steam cycle power generation, 
the higher efficiency gas fired combined cycle system, as well 
as nuclear power and hydroelectricity. 

Relative capital investment and hydrogen production costs 
are given in Table 1 and Figure 1. 

Conclusions 

Bailey and Logan conclude that the electrochemical options 
for hydrogen production are significantly more complex, inef-
ficient and expensive than the thermochemical routes. The 
supposed environmental justification for the electrochemical 
routes based on CO2 emissions is also weak. If CO 2 emis-
sions need to be reduced, they say, this can be effectively ac-
complished by scrubbing process vent streams and using the 
CO2 for enhanced oil recovery. 

TABLE 1

HYDROGEN COST COMPARISONS 

	

Capital Cost	 Hydrogen Cost 
Option	 $ Million	 $fMMSCEH 

SMR 152 1.24 
SMR-Methanol 475 na. 
PDX 355 2.00 
Electrolysis 250 3.71 
Thermal 735 Inc. 
Nuclear 1,500 Inc. 

FIGURE 1 
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In Alberta there is a growing and continuing need for	 able future this is best done with thermochemical processes 
hydrogen for synthetic crude oil. For now and the predict- 	 such as reforming and gasification. 
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TECHNOLOGY 

TAR SAND DREDGING SAID VIABLE FOR CANADA 

In evaluating a specific tar sands mine, the feasibility of 
dredging is largely determined by the type of material to be 
removed and the availability of sufficient water to support 
the operation. According to JAI. Waring of Beaver Dredg-
ing Company Ltd. in Calgary, Alberta, Canada, and two cc-
authors, dredging is a viable alternative to normal dry excava-
tion methods not only for the removal of overburden but 
also for the excavation of the product ore. 

Waring et al. presented a paper on this subject at the 
5th UNITAR International Conference on Heavy Crude and 
Tar Sands held in Caracas, Venezuela in August. 

According to the paper, one of the major advantages of 
dredging is the ability to excavate and transport material in a 
cost effective manner and, if so required, directly feed the 
ore to the processing plant at a suitable slurry density. 

Overburden Removal 

Overburden dredging differs from ore dredging only in that 
the dredged material is not pumped into a treatment or ex-
traction plant but directly into disposal areas where the 
material is allowed to settle out prior to dewatering and 
reclamation of these areas. Overburden dredging is con-
sidered to be feasible for various soft to medium-hard soil 
types to weathered bedrock and stiff clays. The limiting fac-
tor becomes the unit cost to excavate and transport the 
material. 

One advantage of overburden dredging is the unlimited dis-
tance over which the material can be transported, provided 
that there is sufficient pumping power to push the flow. In 
general, slurry transport by pumping is far more cost effec-
tive than any truck and shovel operation and permits placing 
the material directly into disposal sites. 

Ore 

Based upon soils information and tests carried out on typical 
tar sands from the Fort McMurray Athabasca formations, 
dredging of tar sands appears to be practical and feasible, 
say the authors. 

One advantage of dredge mining is that the initial excavation 
process, combined with turbulent activity in the dredge 
pump and discharge pipeline, results in a partial separation 
of the bitumen. 

When dredging ore, and hydraulically transporting the 
product to the extraction plant, the feed to the plant will re-
quire a certain material concentration. This feed concentra-

tion will vary and it may prove necessary to introduce a thick-
ener into the system to increase the slurry density and main-
tain production fluctuations within acceptable limits. 

The tailings material (sand) can be disposed into a reclama-
tion area where the free water is removed and recirculated 
to either the dredge pond or the processing plant. Excess 
clean water may be returned to the environment. 

Water Management 

As dredging continues, the initial water volume will need to 
be supplemented to maintain a working water level in the 
dredge pit and to replace carrier fluid that is absorbed in the 
hulking process. Once dredging has been under way for 
some time, and material in the disposal areas has started to 
settle and consolidate, there will be an amount of runoff 
water that can be directly returned to the dredge mine area. 

The quantity and rate of supply of water must be balance 
with the output of the dredge and be sufficient to maintain 
the required working water level. Normally the cut plan is 
developed to maintain as constant an amount of water as pos-
sible in the system. However, as the total amount of water in 
the dredge pit varies between the end of one cut and the 
start of the next layer excavated, there has to be additional 
storage capacity within the system to allow for this. 

An open water system is used when water can be returned 
directly to the supply system; this is usually the simplest and 
most cost effective system to operate. 

A closed water system is of interest where there is either a 
limited supply of suitable water or the nature of the material 
being dredged is such that the quality of runoff water is not 
suitable for returning to the source. 

Equipment Selection 

Various types of dredges are available for dredge mining, 
one of the most common being the bucket ladder dredge, as 
used in the tin mining industry. This is often connected to 
the ore washing or extraction plant by means of a short con-
veyor belt. With this type of system the tailings are normally 
deposited a short distance behind the dredge in the same pit. 

The cutter suction dredge is becoming increasingly popular 
for mining activities because it offers the dual ability of ex-
cavation and hydraulical transport over longer distances. A 
cutter suction dredge is shown in Figure 1. 

The cutter suction dredge excavates soil by the rotating ac-
tion of a cutter head in combination with the hydraulic 
forces of suction flow. The disintegrated material is 
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FIGURE 1 
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entrained in the suction mouth and is brought to the dredge 
pump through the suction line. From there, the mixture is 
usually pumped through a pipeline. 

When selecting the size and type of dredge, the authors say 
emphasis must be placed upon the mine location and the 
availability of support equipment for transport and installa-
tion of the dredge. Many cutter suction dredgers are con-
structed to be demountable, which increases the possibility 
for use in remote locations. 

Selection of Cutting Head 

A suction dredge, equipped with either a crown cutter or a 
bucket wheel, is the most versatile type for tar sand mining. 
These dredges vary in size and power and, depending on the 
dredge selected, may produce as much as 7,200 to 
9,000 tonnes per hour. 

The maximum power needed for cutting tar sand is deter-
mined by analysis of the soil characteristics and this in turn 
will determine the selection of the preferred type of cutting 
head. 

According to the paper, the crown cutter offers more ver-
satility than the bucket wheel and is more capable of han-
dling variances in soil types and conditions. In addition, the 
downtime required for changing out and maintenance on the 
crown cutter is far less than the bucket wheels. 

Winter Dredging 

Excavating ore is likely to involve operating the dredge equip-
ment year round. In many areas of the world, such as 
Canada, winter temperatures can drop below zero degrees 
celsius, requiring special attention be paid to the specific re-
quirements of winter dredging. Several dredging companies

have experienced working through the winter and, with care-
ful preparation and planning, such operations can be success-
fully carried out. In principle, working in ice requires 
removal of the ice from the dredge area or artificial preven-
tion of ice formation. For either method, various techniques 
may be applied, including: mechanical breaking of the ice, 
additional circulation of the pond water, and application of 
heat. 

FLUID ANALYSIS PROVES EFFECTIVE IN 
MONITORING THERMAL PROCESSES 

A study by!. Hutcheon of the University of Calgary reported 
in the Canadian Heavy OR Association Newsletter, con-
cludes that research in the last 5 years has shown that chemi-
cal and isotopic analysis of produced water and gas composi-
tions from in situ steam recovery can provide useful informa-
tion such as: 

Recognition of water sources, between well com-
munication and bottom water invasion 

- Identification of sources of nonhydrocarbon gas, 
including CO  and H25 

- Measurement of in situ temperature in cyclic steam 
projects 

- Recognition of formation alteration 

- Identification of potential scaling and corrosion 
problems 

The power of water as a tracer for processes that accompany 
in situ thermal recovery resides in the difference in chemical 
composition of injected steam and formation water and the 
reaction between high temperature waters and the formation 
itself. For example, Figure 1 shows the concentrations of 
Na, K' and Ca + plotted against Cl -. The data are from a 
Cold Lake steam pilot. The straight line trend between Na 
and Cl' indicates that these two elements are *conservative," 
that is the composition of the water is controlled by mixing 
saline formation water with relatively fresh condensed steam. 
However, the leveling of the C concentration when plotted 
against Cl' shows that there is a reaction affecting the K4 
concentration. Closer examination of the data shows that 
the waters are reacting with potassium bearing silicates in 
the formation. The Ca2 concentration, like the K+ con-
centration is not linear when plotted against Cr. This pilot, 
like many other steam pilots, shows large volumes of CO  
generation. The CO  is being produced primarily from the 
dissolution of calcite and the concentration profile shown in 
Figure 1 reflects this reaction. 
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FIGURE 1 
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Like any other method of measurement, the reliability of 
water and gas compositions as interpretive tools depends on 
the care taken during sampling and analysis. Water composi-
tion, in particular, is sensitive to how the sample was taken 
and treated. The compositions of waters that have been care-
fully sampled and analyzed can give good estimates of tem-
perature. Figure 2 shows a plot of Na/K versus SiO in solu-
tion. The decrease in Na/K ratio as SiO increases is caused 
by increasing temperature. In general, te minerals in rocks 
are more K-rich at high temperatures and the solubility of 
silica is higher at higher temperatures. These two 
phenomena result in the trend shown in Figure 2. The varia-
tion of Na/K with temperature has been calibrated for use in 
geothermal work and is a reasonably reliable method of 
measuring the in situ temperature of waters in thermal 
pilots. 

Hutcheon points out that isotopic data are useful for in situ 
thermal recovery applications. The fractionation of 160 
preferentially into steam causes steam, or water with a sig-
nificant component of condensed steam to have a low ratio 
of 18o to 160 If a hotter well is in communication with a
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cooler one, the isotopic composition of the water will show 
isotopic signatures that indicate the invasion of steam. 
Isotopes of carbon have an additional application. In the 
Cold Lake pilot, the isotopic composition of the produced 
CO; could be compared to the isotopic composition of the 
various carbon sources in the reservoir, including the oil, and 
carbonate minerals. When these data were examined, the 
isotopic composition of the CO 2 was observed to be in equi-
librium with carbonate minerals in the formation, confirming 
that the source of the bulk of the produced CO was from 
dissolution of calcite, not chemical reactions of gitumen or 
bitumen and water. 

The advantage of using water and gas chemical and isotopic 
compositions as process monitors is that long-term records 
can be obtained for the relatively low cost of sampling and 
analysis. When compared to the costs of pressure tests to 
determine between-well communications or bottom water 
invasion, sampling and analysis of water is relatively cheap. 

#111 
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INTERNATIONAL 

NATURAL BITUMEN WILL BE USED FOR ROADS IN 
MONGOLIA 

A lack of bitumen in Mongolia has led to research and 
development of the use of natural bituminous rocks for road 
construction. According to a paper by V.Y. Strelnikova and 
B.V. Kolesnikov of Dortechnika in the Soviet Union, Dor-
technika has developed the necessary technology. Theft 
paper was presented at the 5th UNITAR International Con-
ference on Heavy Crude and Tar Sands held in Caracas, 
Venezuela in August. 

Oil sands deposits in Mongolia include the Zuunbayansky, 
Bayan-Erkhetinsky, and Kharkhorinsky deposits. 

To use bituminous rocks in their natural state, the 
researchers studied the adhesion properties of their car-
bonaceous fraction. The results are given in Table 1.

A comparison of the hydrocarbons studied with the accepted 
standards in the Soviet Union for road pavement bitumens 
shows that the liquid hydrocarbon product of the Zuunbayan 
deposit of oil sands is close to the physico-mechanical indices 
of road pavement bitumens of MGO 70/130 grade. 

Natural bitumens of the Bayan-Erkhetinsky and 
Kharkhorinsky deposits, say the authors, should be inves-
tigated for mixtures of hot asphalt and concrete. 

To find the proper technology to use bituminous rocks to 
make road pavement materials, the mineral resources of 
Mongolia have been carefully examined to study the pos-
sibility of bituminous rocks usage for road pavement mix-
tures. 

The composition of the asphalt-concrete was chosen after 
three changes: 

As can be seen from the table, the initial bitumen coating
	 Mineral materials quantity was determined, quality 

has a high index. According to the paper, such high adhe- 	 and quantity of natural bitumen from the oil sands 
sion ability of natural bitumens recovered from the rocks is 	 and the grain composition of the mineral part of 
due to the large amount of surfactant functional groups	 the oil sands was determined. 
(carboxyl, carbonyl, hydroxyl, ether and others).

- The relation between mineral materials (gravel, 
Natural bitumen group content of the Mongolian deposits is	 sand, mineral powder) was determined. This rela-
shown in Table 2.

TABLE 1 

ADHESION EVALUATION
PERFORMED BY THE DYES METHOD 

Initial Coating	 Adhesion 
Material Tested by Bitumen. %	 Index, % 

Bituminous Rock 
of Zuunbayansky 
Deposit 83.76	 83.18

Artificial Bituminous 
Rock on the Basis of 
Zuunbayansky Bitumen 	 87.97	 86.16 

Artificial Bituminous 
Rock on the Basis of 
Bayan-Erkhetinsky 
Bitumen	 92.06	 78.71 

Bitumen from Oil 
Sands of Zuunbayansky 
Deposit + Volsky Sand	 92.03	 8430 
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TABLE 2 

GROUP CONTENT OF BITUMENS RECOVERED FROM MONGOLIAN DEPOSITS 

Content, % of 
Oil in Bitumen 

Bayan- Bayan-
Components of Erkhetinsky Erkhetinsky Zuunbayansky Kharkhorinsky 
Groun Content Deposit Deposit Deposit Deposit 

Hydrocarbons (oils): 
a) paraffin-naphthene 10.43 14.70 22.44 7.83 
b) light aromatic 2.67 10.01 13.17 2.27 
c) medium aromatic - 3.90 5.66 1.65 
d) heavy aromatic 7.86 18.92 1930 6.73 

Sum of Oils 20.96 47.53 60.57 18.48 
Resin! 8.64 13.81 11.92 13.85 
Resin 11 41.77 34.02 18.73 31.15 
Asphaltenes 28.63 4.64 8.78 36.52

lion provides the optimal density for the mineral 
part of the asphalt-concrete. 

- Optimal bitumen content which provides the best 
physico-mechanical properties of asphalt-concrete 
was determined. 

As a result, the possible applications of the materials were 
defined as follows: 

Porous bituminous rocks of the Zuunbayansky 
deposit are recommended for obtaining cold fine-
grained dense asphalt-concrete. These can be used 
for the top layers of the pavements and the one-
layer coating for highways and for production of 
black gravel mixtures being prepared on site and 
used for the top layers of highways. 

Solid samples (No. 1) of the Bayan-Erkhetinsky 
deposit dissolved by tars are recommended for the 
hot dense and porous asphalt mixtures that are 
used for the top and lower layers of coatings for all 
categories of motor roads. 

Viscous-plastic oil sands (sample No. 2) of the 
Bayan-Erkhetinsky deposit are recommended for 
the hot dense asphalt mixtures that are used for the 
top layers of pavements and for the porous asphalt 
mixtures used for bottom layers and base of motor 
roads. 

Solid oil sands of the Kharkhorinsky deposit are 
recommended to be used as spreading material for 
gravel bases and for mineral powder preparation.

Taking into consideration the data obtained, the authors sug-
gested that Mongolia follow two technological trends provid-
ing usage of bituminous rocks in their natural state for motor 
roads construction: 

Mixing on site 
Plant mixing 

Mixing on site technology is simpler. It provides a quite effi-
cient method of road coatings production, but it requires 
much mobile machinery (road harrows, tractors, graders, 
etc.) and the quality is not stable. It can be used only for 
roads of lower technical categories with low traffic. Dortech-
nika together with Mongolian companies built 3.5 kilometers 
of such road. 

The technology to produce asphalt mixtures with the help of 
specially designed mixers results in high quality materials for 
all categories of motor roads. The problem is that the 
hydrocarbon part of the bituminous rock in high tempera-
ture zones or in open fire is completely burnt. Therefore in 
standard mixers, road bitumens are introduced into the mix-
ture directly in the asphalt mixer after the heating, dosage 
and mineral components screening processes have been com-
pleted. 

If natural bituminous rocks are used, then bitumen films 
should be preheated to working temperatures without aging 
or burning. The next step is mixing with heated white 
mineral material to transfer the organic part of the 
bituminous rock and provide its uniform distribution. 

Dortechnika designed and made a special horizontal mixer 
of a drum type with conveyor feeding materials to prepare 
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the mixtures of oil sands and mineral materials. In addition, 
a special line for bituminous rock preparation before it is fed 
into the mixture has been designed and constructed. 

This equipment provides the following technological opera-
tions: 

- Preparation and dosage of bituminous rocks 

- Dosage of stone materials and mineral powder 

- Feeding the initial components (by conveyor) into 
the drying mixing drum 

- Drying, heating and material mixing 

- Preparation and feeding bitumen into the drying-
mixing drum 

- Material screening and feeding of the prepared 
material into the scrapping conveyor 

- Feeding the prepared mixture by scrapping con-
veyor into the collecting hopper with the following 
truck loading 

- Purification of the outlet gases (gases coming out 
of the drying mixing drum) 

The heart of the equipment is the continuous action drying. 
mixing drum with flow movement of hot gases providing 
simultaneous heating, drying and mixing processes. 

The ready-made mixture from the drum is screened and then 
fed into the collecting hopper. 

This technology provides the necessary heating of the 
bituminous rock without any changes in its hydrocarbon con-
tent while the mixing time guarantees uniform transfer of 
bitumen to the surface of the material added with sufficient 
coating of the surface, says the paper. 

Commercial production of the mixtures will start in the town 
of Nalalkh, Mongolia in 1991. 

TACIUK PROCESS STUDIED FOR APPLICATION IN 
TRINIDAD AND TOBAGO 

An evaluation of the mineable tar sands in Trinidad, West 
Indies was presented by W.T. Rajpaulsingh and 
L.N.S. Kunar of the engineering faculty of the University of 
the West Indies in St. Augustine, Trinidad at the 5th 
UNITAR International Conference on Heavy Crude and 
Tar Sands held in Caracas, Venezuela in August.

An evaluation of the 16 outcropping oil sand deposits occur-
ring in the petroliferous province of the Southern Basin, 
Trinidad for mining feasibility led to the selection of the Par-
rylands deposit as the most favorable. 

Technical assessment of mining characteristics, derived from 
geological, physical/reservoir and chemical properties, has 
established the Pariylands deposit as a viable, mineable 
prospect. The viscosity and density/gravity measurements 
place the Partylands deposit in the category of an extra-
heavy crude. The estimate of the oil in place for this under-
ground extension is approximately equal to 70 to 75 million 
barrels. 

Selection of Mining Recovery Process 

According to the paper, values obtained for the mining 
parameters of the Parrylands deposit are within the acces-
sible range of operational projects in Venezuela, Canada and 
the United States for which the recovery process by a com-
bination of in situ and surface/strip mining was selected. 
The major technical considerations for the selection of this 
mining recovery process are: 

- The viscosity of extracted tar/oil of approximately 
10,000 centipoise at room temperature 

- The presence of minimal dissolved gas in the 
tar/oil as the deposit becomes exposed to the sur-
face 

- The varying degree of interbedding with silt and 
shale leading to vertical and to a lesser extent 
lateral nonuniformity 

The average tar/oil gravity of 9.70AFI 

Furthermore, this mine assisted in situ mining recovery 
process bears the least cost, as shown in Table 1. Using the 
figures in Table 1 and applying the additional and local costs, 
the total cost of recovery of oil per barrel for the Pariylands 
deposit is estimated to be US$19 per barrel. The compara-
tive estimated cost per barrel of oil from surface (strip, open 
pit) mining exclusively is US$41 per barrel. 

Studying Trinidad and Tobago Oil Company 

The Trinidad and Tobago Oil Company (Trintoc) owns the 
oil sands deposit in the Parrylands area (Figure 1). The ex-
ploitation prospects for this deposit were discussed by 
H. Kuarsingh and U.S. Maharaj of Trintoc at the UNITAR 
Conference. 

According to these authors, due to the shallow depth and 
high bitumen viscosity, conventional in situ recovery methods 
are not applicable to exploit this reserve. The feasibility of 
conducting a surface mining/extraction type process is cur-
rently being examined by Trintoc. 
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TABLE 1 

ESTIMATED COSTS OF MINING TAR SAND RESOURCES 
(1982 Dollars)

Production Grade Mining Cost 
State Mining Method Bbls/Day Gal/Ton (Wt%) US 5/Ton US $l3b1 

Alabama Area strip mine 10,000 3.7	 (1.6) $2.18 $26.42 
Missouri Area strip mine I 10,000 4.5	 (2.0) 3.34 33.03 

Area strip mine II 10,000 4.5	 (2.0) 3.03 29.99 
New Mexico Area strip mine! 10,000 12.0	 (5.3) 4.61 16.85 

Area strip mine!! 30,000 12.0	 (5.3) 3.13 11.47 
Room & pillar mine 10,000 12.0	 (53) 5.96 21.76 

Utah Open-pit mine 50,000 23.9	 (10.6) 9.29 17.99 
Room & pillar mine 50,000 23.9	 (10.6) 8.04 15.60 
Mine-assisted in situ 1 10,000 10.27 (4.4-12.0) - 8.28 
Mine-assisted in situ 10,000 10.27 (4.4-12.0) - 8.57

Oil Sand Processability by Retorting 

FIGURE 1 
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An evaluation of retorting to extract the the oil from the oil 
sands was conducted. A medium grade surface sample of 
the oil sand was finely crushed and subjected to flash distilla-
tion in the laboratory using a Bunsen flame. The initial boil-
ing point of the distillation was 135°C and a final heat tem-
perature of 360°C was achieved. The distillate recoveries 
per 100 grams of oil sand were 0.94 milliliters of water and 
6.47 milliliters of 21.5 0API gravity oil. Using these data, the 
projected recoveries of oil and water respectively from this 
grade of rock are 0.41 barrels and 0.06 barrels per ton. In 
order to further probe the retorting process, samples of the 
oil sand and samples of the residue after retorting were sub-
jected to thermogravimetric analysis (TGA) and differential 
scanning calorimetry (DSC). 

The TGAJDSC data are of value in understanding the 
processes that occur as temperatures are ramped from am-
bient to 650°C. The following temperature regions are of 
importance in the interpretation of these analyses: 

- Ambient to 650°C: distillation 

- 220 to 350°C: low temperature oxidation/ ther-
molysis 

- 350 to 500°C: cracking/coke formation/initial com-
bustion 

- 500°C upwards: coke combustion 

Examination of the TGA/DSC curves for the bitumen rock 
shows a gradual weight loss of the sample when heated up to 
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about 400°C, followed by a sudden weight loss at 
around 450°C and no change above 500°C. The DSC curve 
shows the dominance of distillation up to about 200°C by its 
vaporization enthalpy requirements, after which up to 
about 350°C, there are significant contributions of an ex-
othermic reaction-very likely low temperature oxidation 
yielding organic ketones, aldehydes and acids. The curves 
obtained for the residue after distillation indicate that no 
weight loss is obtained up to 450°C. Additional work using 
the TGA/DSC technique to evaluate oil sand processabiity 
and retorting process conditions is being pursued. 

Downhole and surface oil sand samples were subjected to 
modified Fischer Assays for a preliminary assessment of 
their producibility by retorting. Of the surface samples 
studied, the good grade surface sample gave recoveries of 
9.46 percent, the medium grade, 6.72 percent, and the poor 
grade, 2.28 percent. Good grade downhole samples which 
were representative of the best quality oil sand of the cored 
zones, gave recoveries ranging from 8.97 to 13.7 percent with 
an average of 11.5 percent. 

Evaluation of  Commercial Process

Three samples of oil sand taken from the surface of the out-
crop were subjected to batch pyrolysis testing to predict the 
oil recoveries under typical reaction zone conditions of the 
Taciuk processor. The reactor conditions and product yields 
for three oil sand feeds are shown in Table 2. 

All three grades of oil sand yielded recovered 16.8 0API oil; 
however there was a substantially greater percentage of coke 
generated at the expense of other products for low grade 
feed. The recoveries of oil on a weight percentage basis 
were 1035 for good grade, 6.83 for medium grade and 2.23 
for poor grade material. As shown in the table, these values 
correlate very well with the recoveries predicted for these 
samples using the modified Fischer Assay method. The 
authors say that they expect this correlation would be valid 
for downhole oil sand samples which would imply that good 
quality material would have recoveries up to ±13.7 percent 
which is equivalent to 0.81 barrels per ton and an 
average of 11.5 percent which is equivalent to 0.70 barrels 
per ton. 

The Alberta Oil Sands Technology and Research Authority, 
the owners and licensors of the Taciuk Process, have recom- 	 VENEZUELA DEVELOPING ORINOCO RESERVES 
mended the use of this technology for the exploitation of this 
deposit. The process recovers oil from mined oil sand feed 	 Venezuela is actively developing the heavy crude and 
by vaporization and thermal cracking at atmospheric pres- 	 bitumen reserves in the Orinoco Belt, estimated to have over 
sures.	 1.2 trillion barrels of hydrocarbons in place. 

TABLE 2 

BATCH PYROLYSIS RESULTS FOR PROCESSING SURFACE SAMPLES 
AT TYPICAL REACTION ZONE CONDITIONS OF TACIUK PROCESSOR 

Sample 1 2 

Location Near Borehole 2 Near Borehole 7 Near Borehole 11 
8 Feet Deep l Feet Deep 7 Feet Deep 

Grade Good (Type A) Poor (Type B) Medium (Type A) 
Modified Fisher Assay, Wt% Oil 9.46 2.28 6.72 
Initial Shell Temp. °C 565 643 576 
Final Shell Temp. °C 570 626 616 
Feed Water, Cale. Wt% 3.5 12.6 7.8 
Feed Organics, CaIc. Wt% 13.4 4.1 8.8 
Feed Solids, CaIc. Wt% 83.1 8331 83.4 
C3 & Lighter Gas, Wt% HC Product 7.17 14.17 13.1 
C4t, Wt% of MC Product 72.82 44.72 69.1 
Total Coke Make, Wt% of 1-IC Product 20.01 41.11 17.8 
C4 + Oil Gravity, °API 16.7 16.8 16.8 
Total C4 +, litre/US ton on Dry Feed 107.3 23.1 70.8 
Total C4 i-, Barrels US ton on Dry Feed 0.61 0.13 0.41 
Total C4 +, Wt% of Dry Feed 1035 2.23 6.83
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Speaking at the 1991 International Petrochemicals Con-
ference in San Antonio, Texas, A. Sosa Pietri, president of 
Petroleos de Venezuela (PDVSA), said that development 
plans for the area over the next 5 years call for production of 
1 million barrels per day. He said that about 60 percent of 
this production would be made up of Orimulsion, a bitumen 
based boiler fuel. The remainder would be converted to 
light synthetic crude in joint venture operations with foreign 
investors. 

Sosa Pietri estimated that it would take nearly 150 years to 
deplete the recoverable reserves in the Orinoco Belt with a 
daily production of 5 million barrels. The Orinoco Belt is lo-
cated in eastern Venezuela. 

PDVSA is considering a number of joint refining and market-
ing ventures worldwide. However, exploration for conven-
tional crude reserves in new undeveloped areas in Venezuela 
is also an option.

'In 

IRANIAN BITUMENS DESCRIBED 

A description of Iranian bitumen deposits was prepared by 
F. Goodarzi of the Institute of Sedimentary and Petroleum 
Geology in Calgary, Alberta, Canada and presented at the 
5th UNITAR International Conference on Heavy Crude and 
Tar Sands held in Caracas, Venezuela in August. 

Oil seeps, asphalt pools and bitumen deposits are common 
in a large area at the foot of the Zagros Mountains in south-
west Iran, from Deh Luran near the Iraqi border in the 
north to Behbahan in the south on the Persian Gulf 
(Figure 1). 

Goodarzi's paper discusses the nature of Iranian bitumen as 
determined by optical microscopy from the oil seeps, asphalt 
pools and also in the vein, lens and strata-bound forms found 
in sedimentary rocks. 

Classification of Bitumen 

Natural bitumens are divided into three groups (Figure 2) 
based on distinctive optical properties, and on 
microsolubility in immersion oil and CCI. Asphaltic 
bitumen consists of the soluble bitumens gilsonite, glance 
pitch and grahamite, while the heavy paraffinic, ozokerite 
and the naphthene-rich bitumen, wurtzilite and albertite are 
nonsoluble in immersion oil. The reflectance of bitumen in 
all three groups increases with maturity towards epi-
impsonite.

FIGURE 1 
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Samples 

Samples were collected from a group of active and dry as-
phaltic pools near the town of Deh Luran (Figure 1). 
Samples were taken from the center of the pool near upwell-
ing of fresh bitumen, and from the older dried up outer edge 
of the pool. Bitumen samples were also obtained from 
lenses, veins and interbedded deposits occurring in the Posh-
teh Ghear Valley in Mamatain near the town of Behbahan 
and in Graveh, and Imam Hassan near the town of Ghaser 
Shirin (Figure 1). 

Solubilities of bitumen were determined by exhaustive 
Soxhlet extraction with dichioromethane and immersion oil. 
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Results and Discussion 

The Iranian bitumens were studied to determine: 

The petrological characteristics, maturation and 
the degree of weathering and/or biodegradation 

The climate and paleoenvironment at the time of 
bitumen formation 

The external causes of alteration of bitumen (such 
as bush fires) 

Based on their reflectance, fluorescence properties and 
microsolubility, the Iranian bitumens consist of both soluble 
asphaltic (asphalt-gilsonite) and nonsoluble naphthenic types 
(wurtzilite and albertite). The soluble bitumens are mainly 
gilsonitic, and are found in the vicinity of the asphaltic pools 
near Deh Luran and in bitumen deposits from the Poshteh 
Ghear Valley in Behbahan, Graveh and Imam-Hassan near 
Ghaser-Shirin and Mamatain (Figure 1). The maturation 
levels indicate that all these bitumens are immature and are 
formed due to alteration of crude oil.

Bitumens from the Poshteh Ghear Valley near the town of 
Behbahan (Figure 1) are found as vein, lens and stratiform 
deposits in the floor and sides of Poshteh Ghear Valley. 
These bitumens are mainly gilsonitic and are found in the 
heavily-faulted Gachsaran Formation of Miocene age. 

These bitumens are soluble, isotropic, dark gray, soft and of-
ten contain various mineral grains, e.g., gypsum and quartz. 
There is no morphological evidence of oxidation such as 
oxidation rims or cracks under the microscope. The only 
evidence of mild weathering beside the changes in fluores-
cent properties is that the more weathered bitumens are har-
der and more brittle. 

According to the paper, bitumen from tar pits often contains 
trapped organic fragments which indicate the climatic and 
biological environment existing during their activity. 
Materials trapped in a tar pit gradually become impregnated 
by the liquid bitumen and sink to the floor of the tar pit. 
They become slowly bitumenized, preserving their original 
morphology which becomes incorporated into the layer of 
tar. 

Iranian bitumen deposits and asphaltic springs often contain 
plant and/or other fossilized materials which are indicative 
to the climate. A team led by D.M. Lay of the University of 
North Carolina at Chapel Hill during 1976-1978 found fossil 
elephants of probable Pliocene age in a bitumen deposit ap-
proximately 4 meters thick in the Mordeh Fil Mountains, 
near Mamatain in the Zagros Mountain (Figure 1). They 
also discovered rodent and insect fossils of Holocene age in 
the Mamatain area and relatively recent animal remains in 
the Deh Luran asphaltic spring. 

Goodarzi has examined bitumen samples ranging in age be-
tween 1,000 years (Deh Luran) and 20,000 to 200,000 B.P. 
(Mamatain) using reflected light microscopy. Bitumens from 
both deposits contained plant remains which included repre-
sentatives of the maize and fern families. The fern remains 
indicate possible climatic changes from relatively wet during 
deposition of bitumen containing fern remains to the rela-
tively dry conditions of the present time. 

EXTRACTION FEASIBLE FOR INDONESIA BITUMEN 
DEPOSIT 

Natural bitumen on Buton Island in southeast Sulawesi, In-
donesia is commonly known as asbuton, derived from phalt 
deposits on Buton Island. As shown in Figure 1, these 
deposits occur in a roughly linear belt covering a distance of 
approximately 50 kilometers. 

In 1988, the Alberta Research Council was commissioned by 
the Directorate General of Highways of the Government of 

a
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FIGURE 1 

LOCATION OF THE BUTON ISLAND 
ASBUTON DEPOSITS 
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the Republic of Indonesia to assess the development poten-
tial of asbuton deposits. A summary of this work was 
presented by J.W. Krámers and S.K. Chakrabartty of the Al-
berta Research Council at the 5th UNITAR International 
Conference on Heavy Crude and Tar Sands held in Caracas, 
Venezuela in August. This paper was also co-authored by 
S. Supriyadi and I. Darmawan of the Bandung Institute of 
Road Engineering in Indonesia. 

Geology 

The asbuton deposits are primarily found in beds of the 
Pliocene aged Sampolakosa Formation. This formation con-
sists of marly limestones and marls with globigerina, some-
times developed as a chalk. The thickness of the Sam-
polakosa Formation is variable, but in southwest and central 
Buton Island it reaches a maximum of 800 meters.

The Triassic Winto Formation was probably the source for 
the oil from which the asbuton was derived. The Winto For-
mation has a high organic carbon content and high 
recoveries, and thus appears to be an excellent source rock. 
There have been reports of light gravity oil seeps throughout 
Buton Island. Organic geochemistry studies have shown that 
n-alkanes, isoprenoids, and steroidal alkanes are absent in 
the asbuton bitumen. This indicates that biodegradation of 
the asbuton precursor oil was intensive. 

Kabungka Deposits 

The best known of the asbuton deposits are those of the 
Kabungka area, which have been mined since 1926. The 
remaining measured mineable asbuton reserves in the 
Kabungka area are 3,771,944 tonnes. 

Lawele Deposits 

Quoted resource estimates for the Lawele area have varied 
from hundreds of million tonnes to several million tonnes of 
asbuton. A 1988/1989 exploration drilling program carried 
out by the Alberta Research Council consisted of a 66-well 
chip drilling program over an area of 2.75 by 1.5 kilometers. 

Bitumen saturation was determined on 1 meter representa-
tive samples, and the thickness of asbuton in each well was 
determined using a 5 weight percent saturation cutoff. In 
order to calculate mineable resources, two cases were con-
sidered based on the following criteria: 

- Minimum saturation of 10 weight percent and 
15 weight percent to define ore grade 

- Minimum mineable thickness of 3 meters 

- Maximum asbuton to overburden thickness ratio of 
1:1 

Blending of ore and reject material to obtain an 
average plant feed greater than the minimum 
saturation cutoff value (10 weight percent or 
15 weight percent). 

The most restrictive mineable asbuton resources estimate 
(saturation of > 15 weight percent) was determined to be 
62,472,310 tonnes of asbuton (bitumen resources of 
13,593,975 tonnes) with an average saturation of 21.8 weight 
percent, an average thickness of 26 meters, and a maximum 
thickness of 39 meters. 

Other Deposits 

Of the remaining deposits, hard resource data exist only for 
the Galibaba deposit. (Figure 1, deposit 8). Hand auger 
drilling has outlined 727,981 tonnes of asbuton in a deposit 
500 by 100 meters in size with an avenge bitumen saturation 
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of 27 weight percent. 	 Access to this area is difficult, 
however. 

Asbuton Processing Options

trolling the product quality by modifying the original 
bitumen in the feedstock. Two solvent extraction processes, 
differing in the temperature of extraction and in the solids 
separation step, were proposed and batch tested in the 
laboratory. 

The use of native asphalt bitumen for road paving use has 
traditionally involved very little processing of the raw 
material. The focus of the processing studies carded out by 
the Alberta Research Council and the Bandung Institute of 
Road Engineering was to evaluate the technical feasibility of 
various options to deliver products with desired specifica-
tions for road construction. The study concentrated on two 
processing options: bitumen enriched asbuton and bitumen 
extraction from the asbuton. 

For the bitumen enrichment process option, a slurry process 
was designed to produce an asphaltic binder from asbuton 
with the addition of flux and cutters that resulted in a 
product enriched in bitumen and with a uniform mineral con-
tent. The drawback of the slurry option was the sensitivity of 
the process to the feed characteristics. 

Bitumen extraction processes, on the other hand, by virtue of 
solvating and distillation operations, provide a means of con-

The COSEX process extracts pure bitumen from the asbuton 
after separation of solids by centrifuge and solvent recovery 
is by thermal treatment. The AGLOSOL process extracts 
the pure bitumen from the asbuton after the mineral matter 
is separated by simple screening after size enlargement. Sol-
vent recovery is by thermal treatment of both the extract and 
the separated solids. 

The batch laboratory tests have shown the AGLOSOL con-
cept to be technically feasible for producing a uniform 
product from asbuton that could be applied in asphalt mix 
preparation for use in road pavement. Thus an asbuton refin-
ing plant has been proposed to produce 300 tonnes of pure 
bitumen per day by the AGLOSOL process, utilizing 
kerosene as a solvent. 
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RESOURCE 

NEW TENURE OPTION FOR ALBERTA OIL SANDS 
EXPLAINED 

The tenure system under which Alberta's oil sands reserves 
are leased is being amended to ensure that ample reserves of 
oil sands are in the hands of those who are committed to 
developing them. The goal of the new tenure options for 
Alberta oil sands is to increase production of bitumen and 
synthetic crude oil in Alberta. 

Mi. Day, assistant deputy minister of Alberta Energy, 
Mineral Resources Division, described the new tenure op-
tions in a presentation at the 5th UNITAR/UNDP Interna-
tional Conference on Heavy Crude and Tar Sands held in 
Caracas, Venezuela in August. 

Figure 1 shows the current leasing pattern for oil sands in 
Alberta, Canada. Most leases are in their first 21-year term. 
While second term leases account for only 40 percent of all 
the leases, they contain roughly 80 percent of the leased 
recoverable bitumen. It is the second term leases to which 
the new tenure option applies, says Day. 

Most of these second term leases expire between 2000 and 
2003. Under the pre-1991 tenure regulation, these leases 
must be in production in order to be further renewed. Ac-
cording to Day, the cumulative production requirement for 
these leases far exceeds what is likely to be produced. 

FIGURE 1 

GENERALIZED LEASING PATTERN 
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Figure 2 contrasts the cumulative prescribed production to 
projected bitumen production in Alberta. 

Twelve companies hold the leases on approximately 
82 percent of the recoverable reserves. While these com-
panies are large, many of them do not have the financial 
resources to bring appreciable percentages of their oil sands 
on stream, says Day. At present, only two leases are being 
produced at or above their prescribed capacities. 

According to Day, the Alberta Government believes that if 
these lease holders were required to produce at the 
prescribed capacities set out in the lease agreements, many 
of those agreements would have to be forfeited. Many of the 
agreements call for production of 20,000 to 25,000 barrels 
per day. 

Because the objective of the Alberta Oil Sands Tenure Sys-
tem is to place the oil sands rights in the hands of those who 
are committed to developing them, the government has 
decided it is not prepared to relinquish the criterion requir-
ing bitumen production, said Day. The government has 
demonstrated its commitment to research and development 
and is now looking for firm commitments from lessees to 
produce and upgrade bitumen. 

The new option which is now being offered to lessees—for 
them to choose on a lease-by-lease basis if they do not wish 
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to meet the prescribed capacity—is designed to help them ra-
tionalize which of their leases to keep. The option is based 
on the principle of retaining under lease sufficient barrels to 
supply a projected extraction plant for 40 years, or 80 years if 
the bitumen is fully upgraded in Alberta. 

Here is how the calculation works: 

Before the end of the second term the lessee makes 
a commitment to reach, before the end of the third 
term, a sustainable daily production rate of his 
choice. 

- This quantity times 365 times 40 gives him his basic 
recoverable barrels. 

This quantity is doubled if the bitumen is upgraded 
to 30°API or better (A = 1.0) and the producer has 
a contract to supply that bitumen to an upgrader in 
Alberta for 10 years or more. 

Because recovery factors vary widely, the inplace 
barrels retained will depend upon the recovery fac-
tor projected for a particular bitumen recovery 
operation. 

The new option avoids the necessity for each lessee to bring 
each current second term lease into production individually 
prior to its expiration in order to retain it. Figure 3 il-
lustrates the dedication of four leases, held in common or

not in common, by one or several companies, to a single 
development plan and the return to the province of rights 
not included in the plan. 

Development plans are required to include timing commit-
ments for all the key steps leading to actual onstream produc-
tion. Failure to meet any of these steps, such as the com-
mencement of plant construction, would place the lease in 
jeopardy. 

Existing leases that are producing at the prescribed capacity 
or for which a development plan has been approved will be 
granted an extension on the lease of 15 years. Once produc-
tion commences, subsequent 15 year leases will be granted 
until production ceases. 

Day says this plan will still see the return to the province of 
substantial areas presently under lease but not committed to 
development plans. These areas will, upon request, be made 
available for competitive sealed cash bonus bid. 

If poorly explored, the rights on new leases will be granted 
5-year permits. When these permits are adequately explored 
they will be converted to 15-year leases. The portion 
renewed for subsequent terms will be based on the rate at 
which the lease is producing at that time. 

Areas which have been well explored will be granted 10-year 
leases which also have to be in production at term-end in or-
der to be renewed. 

SOURCE: DIM

CANADIAN PETROLEUM ASSOCIATION TABULATES 
DROP IN OIL SANDS RESERVES 

The Canadian Petroleum Association, in its annual update of 
Canada's oil and gas reserves, reports that year-end 1990 es-
timates of developed oil sands reserves has declined. 

As shown in Table 1, reserves of developed synthetic crude 
oil declined as a result of production. The decrease amounts 
to the equivalent of 76.3 million barrels, or about 
3.7 percent. 

Also shown on Table 1 are estimated developed bitumen 
reserves which are reported at a significantly lower level. 
The 20.3 percent decrease in bitumen reserves is largely due 
to a major reporting adjustment for developed reserves 
caused by an indefinite delay in a major project. 

Figure 1 depicts the changing balance of conventional and 
nonconventional crude oil reserves in Canada over the past 
10 years. Nonconventional reserves have steadily increased 
and, in 1990, they made up over 50 percent of Canada's 
crude oil reserves. 

FIGURE 3 

RENEWAL OPTIONS 
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TABLE 1 

DEVELOPED NON-CONVENTIONAL RESERVES IN CANADA
REMAINING ESTABLISHED RESERVES

(Thousand Barrels) 

Remaining Remaining Net Change 
Reserves 1990 Gross 1990 Net Reserves in Reserves 

12-31-1989 Additions Production 12-31-1990 During 1990 
Regions fi) 
Developed Synthetic Crude Oil 
Alberta 2,051,248 0 76,313 1,974,935 -76,313 

Developed synthetic crude oil reserves are calculated on the basis of each plant's develped capacity over the approved period. 

Developed Bitumen 
Alberta 1,377,988 -229,972 49,433 1,098,584 -279,405

Developed bitumen reserves are those recoverable from developed experimental/demonstration and commercial projects 

nfl 

HEAVY OIL DEPOSITh DEFINED IN MIDCONTINENT 
REGION 

The National Institute for Petroleum and Energy Research 
in Bartlesville, Oklahoma is conducting a feasibility study of 
heavy oil recovery in the midcontinent region of the United 
States.

The objectives of this feasibility study are to: 

Investigate from secondary data the known heavy 
oil resources in Oklahoma, Kansas, and Missouri 

Screen this resource for potential thermal recovery 
applications 

Evaluate various economic facets of thermal 
enhanced oil recovery ('FEOR) that may impact 
the expansion of steamflooding in this midcon-
tinent area 

Summary of Technical Progress 

An integrated geological and engineering analysis based on 
published and unpublished reports and theses was continued 
to evaluate the feasibility of recovering heavy oil in the mid-
continent. Data on reservoir characterization were collected 
from geological surveys, state oil and gas boards, universities, 
the United States Department of Energy (DOE), and other 
sources. Three major areas in these states contain heavy oil: 
Cherokee and Forest City Basins, carbonate reservoirs in 
central and western Kansas, and south-central Oklahoma. 

Previous studies of heavy oil deposits in Oklahoma, Kansas, 
and Missouri have concentrated on a few counties in each 
state near or including outcrop areas of Cherokee Group, 
Desmoinesian Stage, Middle Pennsylvanian System heavy 
oil-impregnated sandstones. Accumulations of heavy oil 
have been identified in both producing and nonproducing 
accumulations in reservoir rocks from Cambrian through 
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Pennsylvanian time within several different sedimentary 
basins in the study area.

United States at the 5th UNITAR International Conference 
on Heavy Crude and Tar Sands held in Caracas, Venezuela 
in August. 

The heavy oil resources in carbonate reservoirs in central 
and western Kansas are in rocks of Cambrian-Ordovician 
through Upper Pennsylvanian Age. These reservoirs are out-
side the areas that have traditionally been considered as the 
heavy oil accumulation areas in the midcontinent. Addi-
tional information is being collected to analyze these reser-
voirs. 

Six heavy oil accumulations have been identified in south-
central Oklahoma as part of the sandstones of the Oil Creek 
Formation, Simpson Group, Ordovician System. These ac-
cumulations have an average thickness of 150 feet with an es-
timated in-place heavy oil reserve of 800 million barrels. 
The South Sulphur area accumulation is reported to have 
376 million barrels of heavy oil in place along the outcrop 
and in the subsurface in Murray County, Oklahoma. The Oil 
Creek sandstone has production characteristics similar to the 
producing sands found in California, Canada, Venezuela, 
and Indonesia where cyclic steam and steam drive produce 
significant amounts of heavy oil. 

Proprietary, DOE/industry-funded and DOE-funded pilot 
scale and full field-scale TEOR projects in the study area 
have been analyzed to identify reasons for success or failure 
of the processes and/or projects. Successful application of 
TEOR processes in the midcontinent is found to be contin-
gent upon the geology of the heavy oil reservoir as well as 
the TEOR process (cyclic steam, steamflood). In fluvial-
dominated deltaic sandstones of the Cherokee Group in the 
Cherokee and Forest City Basins, depositional environment, 
facies, and diagenetic changes dictate the feasibility and 
economic application of TEOR processes for heavy oil 
recovery. Elsewhere in the study area, problems in success-
ful application of TEOR processes in sandstone reservoirs 
with heavy oil accumulation may be reasonably compared 
with problems and success of TEOR process projects in 
California, Canada, Venezuela, and Indonesia. 

#191 

ICF FORECASTS U.S. HEAVY OIL PRODUCTION TO 
REACH 700,000 BARRELS PER DAY IN 2000 

Assuming oil prices reach $25 per barrel, heavy oil produc-
tion in the United States could increase to about 
700,000 barrels per day by the year 2000. With aggressive 
research and development and wide-scale application of ther-
mal enhanced oil recovery (TEOR), heavy oil production 
could reach 1 million barrels per day by 2005. 

These forecasts were made by M.L. Godec of ICF Resources 
Incorporated in Fairfax, Virginia. Godec presented the 
results of an ICF study on the potential of heavy oil in the

According to the study, the United States heavy oil resource 
base consists of approximately 100 billion barrels of oil in 
place, 80 billion barrels of which exist in 248 large (greater 
than 20 million barrels in place) reservoirs. About 13 billion 
barrels of this resource have been produced through 1989. 

The three most important factors influencing the potential 
recoverability of United States heavy oil are the size, loca-
tion, and characteristics of the resource. The size of the 
resource base is proportional to the amount of potentially 
recoverable heavy oil, while the geographic location of the 
resource, particularly when it is close to existing crude oil 
production, distribution, and refining facilities, increases its 
economic viability. The reservoir and fluid characteristics 
dictate which of the TEOR technologies are most applicable 
and influence the economic potential as well, says Godec. 

California has the largest concentration of heavy oil, with an 
estimated 42 billion barrels in 139 large reservoirs. More 
than one-half of this heavy oil (22 billion barrels) is in the 
San Joaquin Valley. 

Alaska contains the second largest volume of United States 
heavy oil resources in place, while Wyoming has the third 
largest accumulation of heavy oil in the United States. 
Smaller accumulations of I to 2 billion barrels exist in 
Louisiana, Arkansas, Texas, and Mississippi. Table 1 tabu-
lates the United States heavy oil resource base in large fields 
by state. 

Because the cost and efficiency of TEOR processes are 
strongly dependent on the depth of the reservoir, it is sig-
nificant that a substantial portion, 35 billion barrels in 
131 reservoirs, of the heavy oil resource is at shallow depths 
of less than 3,000 feet, where conventional steam drive 
methods are commercially practiced. However, says the 
report, a somewhat larger amount of oil in place (42 billion 
barrels in 84 reservoirs) is at a depth of 3,000 to 5,000 feet. 
These greater depths will lead to higher wellbore and reser-
voir heat losses and higher drilling costs. Advances in steam 
drive and heat injection technology will be required to effi-
ciently and economically produce most of these deeper heavy 
oil reservoirs. Finally, 3 billion barrels exist in 33 reservoirs 
deeper than 5,000 feet, presenting a major challenge to 
TEOR technology. Figure 1 shows the distribution of 
United States heavy oil resources by depth. 

Thermal EOR technology is not universally applicable to all 
heavy oil reservoirs. The specific characteristics of a heavy 
oil field determine whether it can be feasibly developed with 
conventional TEOR technologies or whether more advanced 
technology and further research are required to unlock its 
potential.
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TABLE I 

US LARGE RESERVOIR HEAVY OIL RESOURCE BASE 
BY STATE AND DISTRICT 

Large Reservoir Resource Base 
Original Oil 

No. of	 In Place 
State/District	 Reservoirs	 (MMBarrels) 

Alabama
	

114 
Alaska
	

24,987 
Arkansas	 12

	
2,000 

California
	

139
	

42,335 
Colorado	 52 
Illinois
	

34 
Kansas	 419 
Louisiana
	

6
	

2,087 
Mississippi
	

13
	

1,126 
Montana	 2

	
98 

New Mexico
	

2
	

73 
Oklahoma
	

6
	

274 
Texas
	

25
	

1,863 
Utah
	

1
	

75 
Wyoming	 28 

Total Large Reservoirs
	

80,102 

FIGURE 1 

DISTRIBUTION OF DOMESTIC
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Economic Recovery Potential of United States Heavy Oil 

According to Godec, the true significance of the United 
States heavy oil resource ultimately depends on how much of 
this resource is economically recoverable and how much can 
ultimately be produced. This, in turn, is a function of avail-
able recovery technologies, costs of production, the price of 
oil, and market and environmental constraints. 

An estimated 7.5 to 21.2 billion barrels of United States 
heavy oil are potentially recoverable currently at oil prices of 
$20 to $50 per barrel. Under advanced technology condi-
tions, an estimated 9 to 27 billion barrels are potentially 
recoverable at prices ranging from $20 to $50 per barrel. At 
prices of $20 to $30 per barrel, from 1.7 to 5.6 billion barrels 
are potentially recoverable from new steam drive applica-
tions, while from 2.5 to 4.4 billion barrels are potentially 
recoverable from new in situ combustion projects. 

The San Joaquin Valley in California will remain the most 
promising region for heavy oil, accounting for over two-
thirds of the future potential, particularly at lower oil prices. 
The Los Angeles and Coastal Basins of California could 
begin to make an important contribution at oil prices of $25 
to $30 per barrel, assuming existing environmental con-
straints to production can be overcome, says the report. 

Environmental Constraints 

Despite its significant potential, expanding United States 
heavy oil production will be constrained by environmental 
concerns at both the local and national level. Air quality 
regulations will impact heavily on the expansion and develop-
ment of TEOR projects in California, particularly in the Los 
Angeles and Coastal Basins. Other environmental considera-
tions, including those associated with solid waste disposal, 
water quality concerns, and impacts on endangered species, 
are also having a considerable effect on new TEOR develop-
ment. 

Over the last several years, many TEOR operators have 
switched to using cleaner gas-fired or dual-fired steam gener-
ation. Presently, over three-fourths of the steam produced 
for TEOR operations in California is fired by natural gas. 
Gas fired steam generators do not require expensive SO 
scrubber units, generally obtain permits more readily, ad 
are generally more energy efficient. 

Forecast of Heavy Oil Production 

Several technology development scenarios were developed to 
bracket the future development potential of United States 
heavy oil. A business-as-usual scenario assumes a modest 
rate of extraction technology development and wide-scale 
implementation by 1997, and advanced technology being 
developed and commencing wide-scale implementation by 
2010. An aggressive research and development scenario was 
also developed which assumes the wide-scale application of 
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implemented extraction technologies beginning in 1994, with 
advanced technologies assumed to be available and begin-
ning wide-scale implementation in 1998. 

For purposes of forecasting the potential future production 
of heavy oil, the following oil prices were assumed: 

1990 - $22.60 per barrel 
1995- $23.00 per barrel 
2000- $26.00 per barrel 
2005 - $29.00 per barrel 
2010- $33.00 per barrel 

FIGURE 2 
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Under the business-as-usual scenario, United States heavy 
oil production from TEOR operations is expected to grow 
from its current level of about 500,000 barrels per day to 
about 580,000 barrels per day by 1995, growing to 
720,000 barrels per day by 2000, and continuing to grow to 
770,000 barrels per day by 2010. This forecast is illustrated 
in Figure 2. 

Under the aggressive research and development scenario, 
United States heavy oil production from TEOR operations is 
predicted to grow to 610,000 barrels per day by 1995, to 
860,000 barrels per day by 2000, and rapidly growing to 
1,200,000 barrels per day by the year 2010. 

However, if production in the Los Angeles and Coastal 
Basins is severely constrained, essentially prohibiting the ap-
plication of TEOR projects beyond where such projects are 
already in place, production will be reduced considerably. 
Under an environmentally constrained scenario, production 
in 1995 is predicted to decline to about 470,000 barrels per 
day, growing to 560,000 barrels per day by 2000 and remain-
ing stable at about that level to the year 2010 (Figure 2). 

Therefore, says Godec, both technology developments and 
environmental constraints playa significant role in the future 
development of United States heavy oil. Heavy oil resources 
represent a significant future source of liquid fuel. 
Moreover, its relatively low costs per barrel make it an attrac-
tive, near-term energy source. 

The potential of this massive oil resource strongly argues for 
continued research and development on TEOR tech-
nologies, particularly research that expands the applicability 
of steam injection technology, improves process efficiencies, 
and leads to lower costs. 

SYNTHETIC FUELS REPORT, SEPTEMBER 1991 
3.45



OIL SANDS PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the 5th UNITAR International Conference on Heavy Crude and Tar Sands, held August 4-9 
in Caracas, Venezuela: 

Day, Mi., "A New Tenure Option for the Alberta Oil Sands" 

Verna, A., et al., "A Process for Oil Sands Lease Ranking and Strategy Development" 

Braun, AR., et al., "Bituminous Sediments of West Kazakhstan as an Alternative Source of Raw Hydrocarbons" 

Goodarzi, F., "Nature of Iranian Bitumen and Heavy Oil" 

Kramers, .J.W., et al., "Asbuton Resources on Buton Island, Indonesia" 

Bashari, A., "Geology and Resource Characteristics of Heavy Oil Fields in the Persian Gulf' 

Godec, M.L., "Characteristics and Potential of U.S. Heavy Oil" 

Bokserman, A., et at, "Application of Thermal Recovery Techniques for Enhancement of Oil Recovery in the USSR: 
State -of-the-Art and Outlook" 

Portillo, F., et al., "Maraven Experience on Steamdrive" 

Chang, H.L., et al., "Steamflood Applications for Marginal Heavy Oil Reservoirs with Underlying Bottom Water 

Frontin, R., "Simple Monitoring Tools Enhance Engineering Decisions in Trintopec's Steamfloods" 

Camacho, F., et al., "Steam Generation Employing High T.D.S. Water Sources: A Field Pilot Test" 

Spencer, H., et al., "Visco-Skin Effect in Heavy Oil Reservoir" 

Carnahan, N., "Supercritical Fluid Phenomena in Heavy Oil Production" 

Abdul-Majeed, G.M., et al., "New Correlation for Estimating the Viscosity of Undersaturated Crude Oils" 

Siu, A., et al., "Simulation Study of Frictional Pressure Drop and Heat-Exchanger Effect in Steam-Assisted Gravity Drainage 
Process" 

Olsen, D.K., et al., "Effects of Elevated Temperatures on Capillary Pressure and Wettability" 

Bartlett, G.W., et al., "Steam Distillation: An Integral Part of Heavy Oil Recovery by Steam Injection" 

Matthews, L., et al., "Methodology of Characterizing and Monitoring Thermal Fronts in Heavy Oil Reservoirs Using Seismic 
Techniques" 

Strickland, T., et al., "Pattern Sweep Efficiencies When Using Horizontal Wells in Displacing Heavy Oil" 

Gumrah, F., et al., "Cyclic Steaming Through Horizontal and Vertical Wells for Heavy Oil Recovery" 

Islam, M.R., et al., "Conventional and Hot Waterflooding of Alaskan Heavy Oil Reservoirs with Horizontal Wells" 

Izquierdo, A., et al., "Characterization of Bitumens, Heavy Crudes and Vacuum Residua" 

Gentzis, T., et al., "A Brief Review of the Optical Characteristics of Some Canadian Natural Bitumens" 
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Mehrotra, AK., "A Mixing Rule for the Viscosity of Cold Lake Bitumen and its Fractions Diluted with Gases and Toluene" 

Kunaar, L.N.S., et al., 'Thermal Properties of Heavy Oil Sands in Trinidad" 

Strausz, OP., et at, "Chemical Characterization of Alberta Oil Sand Bitumen" 

Peng, D.Y., et al., "Effects of Gas Components on Thermodynamic Properties of Alberta Heavy Crudes and Bitumens" 

Shaeng, W., et al., "Calculation of Viscosity of Mixtures Containing Bitumen with an Equation of State" 

Giavarini, C., et al., "Evaluation of Venezuelan Bitumens and Asphalts" 

Yan, Y., et al., "Rheolo' of Bitumen in Water Emulsion with Added Solids0 

Hawes, G., et al., "Development and Application of High Resolution Seismic for Oil Sands Exploration and Development" 

Hosterman, J., et al., "Chemistry and Mineralogy of Selected Heavy Oils, Natural Bitumens and their Reservoir Rocks" 

Santos, A., "Geology of the Experimental Production Project BEP416 (Cerro Negro Area), Orinoco Belt" 

Chalcraft, R., et al., "Geological Studies of the McMurray Formation at the HasDrive Site of the Alberta Oil Sands Technol-
ogy and Research Authority, Underground Test Facility, Northern Alberta" 

Raveloson, E., et al., "Bemolonga and Tsimororo Source Rock and Hydrocarbon Generation" 

Sarioglu, G.S., et at, "Simulation to Assess the Effects of Geology on Cyclic Steam Operations in Athabasca" 

Adagoke, O.S., et at, "The Geology of the Nigerian Tar Sands" 

Morales, J., et al., 'Thermal Secondary Recovery in Costa Bolivar Oil Fields, Steam Generation Plants" 

Yang, Z., "Effectiveness of Steam Stimulation in a Heavy Oil Reservoir with Bottom Water. A Numerical Simulation Study" 

Trebolle, R., et al., "Parametric Study of the Design Factors for Cyclic Steam Injection in Lake Maracaibo Oil Fields" 

Reyes, S., et at, "Alternatives of Steam Injection in the Moloacan Field" 

Vittoratos, E., "Flow Regimes During Cyclic Steam Stimulation" 

Reina, M., "Optimum Cyclic Steam Injection Rates for Heavy Oil Reservoirs" 

Saltuklaroglu, M., "Determination of Fracture Parameters During Cyclic Steaming in Cold Lake Oil Sands" 

Mothadi, M., "Interpreting the Response of Cyclic Steam Stimulation to Propped Fractures in Canadian Oil Sands" 

Reina, M., et al., "Expert System for Cyclic Steam Injection" 

Carnahan, N. "Fundamentals of Asphaltene Precipitation in Heavy Oils and Tar Sands" 

Elrod, L.W., "Application of Asphaltene Pyrolysis to the Characterization of Degraded Crude Oils" 

Golberg, J.S., "Metal Bearing Heavy Oils and Natural Bitumen Distribution Regularities and Prognosis of their Accumulation 
Zones" 

Arthur, J.E., et at., "An Analytical Composite Model for Cyclic Steam Stimulation in Eliptical Flow Geometry" 

Adelu, RD., et al., "Development Prospects for the Bituminous Deposits in Nigeria" 
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Maharaj, U., et al., "Exploration Prospects for Outcrop Deposits in Southern Trinidad" 

Greaves, M., et al., "The Development of In Situ Combustion Projects: Techno-Commercial Aspects and Strategy" 

Villalba, M., et al., 'Thermal Alterations of Reservoir Sands in In Situ Combustion Processes" 

Zamfir, M., et al., "In Situ Combustion Case Histories of Four Romanian Projects" 

Islam, MR., et al., "In Situ Combustion: The Essential Reaction Kinetics" 

Rashidi, F., "Effect of Pressure and Clay Content on Combustion Kinetics of Heavy Oil in Limestone Medium" 

Indrijarso, S., et al., "Use of High Pressure Differential Scanning Calorimetry to Evaluate Oil Sands for In Situ Combustion" 

Greaves, M., et al., "Numerical Simulation of Two Dimensional Compositional Changes Occurring During In Situ Combus-
tion" 

Kosar, K.M., et al., 'The Effects of Geochemical Behavior on In Situ Recovery Processes in Oil Sands Reservoirs' 

Ranjbar, J., et al., "Experimental Studies of Crude Oil Pyrolysis, Fuel Formation and Combustion in Relation to In Situ Com-
bustion" 

Elder, P.W., et al., "Planning a Commercial Scale Heavy Oil Project" 

Wenzel, F. "Comparison of Different Upgrading Schemes with Respect to their Environmental Impact" 

Turner, L.R., "Treatment of Oil Sands and Heavy Oil Production Wastes Using the AOSTRA Taciuk Process" 

Dekkers, C., "Future Environmental Issues and Government Policies in Europe and the Consequences for Heavy Barrel 
Processing Technology" 

Frohling, W., et al., "Transfer of Nuclear Steam Generation Technology for Heavy Oil Recovery and Petrochemical Industry 
in China" 

Skripek, M., et al., "NewGrade Uses Unocal Hyprocessing Technology to Upgrade Heavy Canadian Crudes" 

Solari, R.B., et al., "Upgrading of the Bottom of the Barrel Applying the HDH TM Technology" 

Yen, T.F., et al., " Upgrading of Heavy Oil Via Interfacial Hydrogenation Under Cavitation Conditions" 

Niemann, K., "Status of the VCC Technology—an Update" 

Peries, JP., et al., "The HYVAHL Hydrotreating Processes. The Solution for Maximum Upgrading of Residues and Heavy 
Crude Oils" 

Itoh, T., et at., "Mild Resid Hydrocracking for Heavy Oil Upgrading" 

Acevedo, S., et al., "Reductive Hydrogenation of Asphaltenes and Extra Heavy Oil Residue with Alkaline Metals Sodium and 
Post assium" 

Sayakhov, F.L., et al., "Research Into and Development of Electromagnetic Technology to Extract Bituminous Oil. Basic 
Physics, Mathematical Models, Hardware and Procedure" 

Callaroti, R., "Circuit Modeling for the Numerical Calculation of 'RF Heating of Crude Oil in Pipes and Reservoirs" 

Kalbfleisch, H.L., "Major New Developments in Ultrasonics Provide Functional Systems for Recovery of Petroleum from 
Tar/Oil Sands 'In Situ'"
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Maggard, J.B., et al., "Factors Affecting the Efficiency of Electrical Resistance Heating Patterns" 

Sayakhov, F.L., et at., "Interaction of Highly Stable Water-Oil Emulsion With Radio Frequency Electromagnetic Field" 

Marsden, 5.5., "Microwave Heating of Heavy Oil Reservoirs as a Viable Method of BOW' 

Lame, RE., et at., "Simplified Heavy Oil Heating Production Predictions" 

Baylor, BA., et al., "Improved Calculation of Oil Rates with Electrical Resistance Heating" 

Mutalik, R.N., et al., "A Review of Horizontal Well Technology for Heavy Oil and Tar Sands Recovery" 

McGee, J., "Horizontal Drilling Technology Applied in the Orinoco Belt" 

Masliyah, R.PJ., "Separation of Oil-in-Water Emulsions by a Flotation Column" 

Carnahan, N., "Rheology of Heavy Oil and Heavy Oil Mixtures" 

Va Raalte, C.G., et al., "Dredging of Overburden and Ore Mining for Oil Sand Deposits" 

Rajpaulsingh, W.T., et al., "An Evaluation of the Mineable Tar Sands In Trinidad, West Indies" 

Schulman, B., et at., "Upgrading Heavy Crudes. A Wide Range of Excellent Technologies Now Available" 

Barnes, G.B., et al., 'The Bi-Provincial Upgrader Background and Status" 

Puenteduany, Ri., et al., "Commercial Flexicoking Experience Shows That the Learning Curve Can be Avoided" 

Beckman, R., et al., "Delayed Coker Technology Developments" 

Chakma, A., et at., "Ultrasonic Visbreaking of Athabasca Bitumen" 

Alcaki, H., et al., "Upgrading Heavy Oils by the HSC Process" 

Vogelpohi, A., et al., "Deasphalting and Demetallizing of Heavy Crudes and Distillation Residues with Carbon Dioxide" 

Chakma, A., et al., "Coprocessing of Bitumen and Coal Using Molten ZnCl 2 Catalyst" 

Berger, J., et al., "Counterflow Reactor (CFR) for Upgrading of Heavy Oil and Heavy Oil/Coal Slurries" 

Eastick, R.R., et al., "Phase Behavior of CO2713itumen: The Five Fractions of Cold Lake Bitumen" 

Tabakov, V.P., et al., 'Technology of Thermal Oil Mining is an Effective Oil Recovery Method" 

Stosur, G., "Novel Approaches to the Recovery and Utilization of Heavy Oil and Bitumen from Tar Sands" 

Duerksen, J,H., "SWIPS Process Evaluated for Application to a California Heavy Oil Sand" 

Islam, M.R., et al., "Numerical Simulation of a New Recovery Technique for Heavy Oil Reservoirs with Bottom Water" 

Jiang, 0., et al., "Development Strategies for a Thick Multiple Layered Thick Heavy Oil Reservoir" 

Bunger, J.W., et al., "Extraction and Production of Asphalt from Utah Tar Sands" 

Schwarkopp, F., et al., "Mobility Control for Steam Flooding with High Temperature Resistant Additives" 

Mendez, Z., et al., "The Efficiency of Foaming Agents in Steamflood Processes. Experimental Evaluation" 
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Toth, M., et at., "Injection of Hot fluids, Gas and Foaming Agent in the Dcmjen/ West Field" 

McGee, J., et al., "Field Experience on the Addition of Surfactants, Diluents and Natural Gas in Cyclic Steam Injection" 

Bracho, L.F., et at., "Steam Soak with Additives" 

Hosein, A., et al., "History and Development of the Project III Steamflood" 

Vakhitov, 0., et at., "Current Production Problems of Natural Bitumens and Bituminous Rocks in the Soviet Union" 

Luchsinger, F., et at., "The Bachaquero 02. A Large Heavy Oil Reservoir with Combined Production Mechanisms" 

Wenzhang, L., "A Review of Thermal Recovery Technology in China" 

Andrade, G.M., et al., "Exploitation of Heavy Oil in Portiguar Basin-Brazil" 

Machado, P., "Optimum Techniques for Cementing and Gravel Packing Unconsolidated Tar Oil Bearing Oil Sands" 

Hofling, B., et at., "Laboratory Tests with Ceramic Gravel Pack Materials for Steam Injection Wells" 

Maini, B., et at., "Fines Migration in Oil Sands" 

Yixin, C., et al., "Relieving Plugs for Heavy Crude Wells of Injecting Steam in the Water Sensible Formation" 

Alazard, N., et at., "Heavy Crude Oil and Tar Sands, a Key Factor for a New Oil Market Equilibrium. Future Regional 
Supply and Industrial Outlook" 

Feldman, D.E., 'The Demand for Oil in the Year 2000" 

Padamsey, R., "Impact of Technology on the Economics of Upgrading Tar Sands Bitumen" 

Yildirini, E., "The Regional Upgrader Concept; Studies for a Viable Business Plan" 

Khetil, C., "World Bank Role in Petroleum Resources Development. The Case of Heavy Oil Development" 

Parsons, L., et at., "Current Performance and Future Direction of the Peace River In Situ Pilot and Expansion Projects, Al-
berta, Canada" 

Towson, D.E., et at., 'The PCEJ Steam Stimulation Project" 

Kisman, K.E., et at., "Steamflooding for In Situ Bitumen Recovery at Kearl Lake Pilot in Athabasca Oil Sands" 

Castillo, J., et at., "Ongoing Evaluation of the MFB-53 Compaction and Subsidence Pilot Project" 

Burkill, C.C., et al., "Steam Soak Pilot Project in the Zuata Area of Orinoco Belt, Venezuela" 

McGee, .11, et al., "Final Results and Future Plans for Jobo Steamflood Project" 

Guevara, E., et at., "Core Annular flow. Preliminary Operational Experience and Measurements in a 152 mm x 55 Km 
Pipeline" 

Nunez, GA., et al., "Imulsion, a Continuously Evolving Technology" 

Barbieri, C., et al., "Imulsion Technotogy. Field Experience" 

Strelnikova, V.Y., et al., "Natural Bituminous Rocks for Motor Road Construction in the Republic of Mongolia" 

Swaid, I., et al., "Film Pressure and Surface Shear Viscosity of Asphaltenes and Resins on Aqueous Substrates" 
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Okandan, B., et al., 'Combustion and Characterization of Heavy Crude-Lignite Mixtures0 

China, H.S., et al., "Analytical Steamflood Model for Heavy Oil Reservoirs" 

The following articles appeared in The Journal of Canadian Petroleum Technoloay, July-August 1991: 

Coates, K., et al., "Investigations and Field Observations on the Occurrence of Flashing Phenomena During Sucker-Rod 
Pumping of Hot Fluids from Thermal Processes" 

Wan, R.G., et al., "A Constitutive Model for the Effective Stress-Strain Behaviour of Oil Sands" 

The following articles appeared in ]] Journal of Canadian Petroleum Techno1ov for May-June 1991: 

Green, K., et al., "Laboratory Study of the Use of Foam in Cyclic Steam Injection" 

Erno, B.P., et al., "Depth-Related Oil Viscosity Variation in Canadian Heavy Oil Reservoirs" 

Galas, C.M.F., et al., "fluid and Heat Movements During In Situ Combustion in a Channeled Reservoir' 

The following articles appeared in the AOSTRA Journal of Research, Volume 6, Number 4: 

Sheng, W., et al., "Phase Equilibria and Volumetric Representation of Bitumen-Containing Systems" 

Hall, E.S., et at., "Coking Studies, Part 1; Small Scale Test Systems for Study of Delayed and fluid Coking" 

Hall, E.S., et al., "Coking Studies, Part 2; Effects of Selected Operating Variables on the Qualities of Liquid Products Ob-
tained by Coking of Athabasca Bitumen" 

Hall, E.S., et al., "Coking Studies, Part 3; The Use of Regenerable Iron-Based Sulfur-Acceptor Particles as Bed Material" 

Stroemich, C.P., et al., "Weilbore Power Transmission for In Situ Electrical Heating" 

OIL SANDS - PATENTS 

Treatment of Carbonaceous Materials," Long-Kuan Jang, Jib-Fen Kuo, Kazem Sadeghi, Mohammad-Ali Sadeghi, Teh F. Yen - In-
ventors, Tar Sands Energy Ltd., United States Patent Number 5,017,281, May 21, 1991. Hydrocarbon liquids are recovered from car-
bonaceous materials such as tar sands utilizing a separation reagent formed in situ by reacting polar resin components of tar sands 
with an inorganic base such as sodium silicate in sonicated aqueous solution in absence of an organic solvent to form a surfactant. 
Under the influence of sonication a microemulsion of polar-external micelles forms. The polar groups can associate with anions, espe-
cially polyanions such as silicate and act in a membrane mimetic manner to form vesicles. Cavities can form in the surfactant resin 
molecule that complex with guest cations such as titanium or other metals from the tar sand. When tar sands are added to the soni-
cated separation reagent, the surfactant penetrates the bitumen. Metal ions complex with the polar groups and aid in removing the 
bitumen from the sand particles. The polar organic asphaltene materials are carried into the aqueous phase by the anion and stabi-
lized within the micelle structure. The lighter, non-polar hydrocarbon oil fractions separate from the emulsion and rise to the top and 
are recovered by skimming. The heavier asphaltenes and preasphaltenes complex with the polyvalent metals to form charcoal-like 
agglomerates which settle to the bottom of the treatment tank. The separation reagent can be recovered and used in other processes 
after removal and recovery of the clay. The separation reagent must be substantially diluted after being recycled and reused to 
reduce solvation properties. 

"Method of Preheating a Heavy Oil Zone Through Existing Bottom Water and Then Diverting Steam Into the Oil Zone," J. Michael 
Sanchez, Storm E. Thomas - Inventors, Mobil Corporation, United States Patent Number 5,016,713, May 21, 1991. A method for 
recovering viscous oil from a formation having a bottom water zone below an oil containing zone. Steam is directed into the bottom 
water zone thereby heating this zone and an oil containing zone thereabove. Afterwards, steam injection is ceased and a gellable com-
position is directed into the bottom water zone where it forms a solid gel. Once the solid gel has formed, steam is injected into the 
bottom water zone where the solid gel causes it to flow upwardly into the oil containing zone. Oil, water, and steam are removed via 
a recompleted producer well.
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"Monitoring Surfactant Content to Control Hot Water Process for Tar Sand," Lauder L. Schramm, Russell G. Smith - Inventors, Al-
berta Energy Company Lid; Canada; Canadian Occidental Petroleum Ltd.; Esso Resources Canada Ltd.; Gulf Canada Ltd.; Hbog-
Oil Sands Ltd.; PanCanadian Petroleum Ltd.; Petro-Canada Inc.; HBOG Oil Sands Ltd. Partnership, United States Patent 
Number 5,009,773, April 23, 1991. The present invention is based on the following: (1) that when tar sand is conditioned and diluted 
in the hot water extraction process, there are two classes of anionic surfactants (originating from carboxylate and sulfonate groups) 
present in the process water; (2) that each of these surfactants has the potential to dominantly influence the maximizing of primary 
froth production by the process; (3) that it is possible for a particular extraction circuit to determine the critical free surfactant con-
centration in the process water at which primary froth extraction is maximized for each of the two classes of surfactant; (4) and that it 
is possible to determine which of the two classes of surfactant will first (that is, at lowest NaOH addition) dominate the process when 
a particular tar sand feed is being processed. The present invention therefore involves: determining the critical free surfactant con-
centrations ("CcsO" and "CssO") for the circuit for each of the carboxylate and sulfonate classes of surfactants; monitoring the free 
surfactant concentrations ("Ccs" and "Css") in the process water for an ore being processed; determining which of CcsO and CssO oc-
curs at a lower NaOH addition; and then adjusting NaOH addition to the extraction process to bring the first dominating surfactant 
concentration toward the critical concentration value. 

"Method for Enhancing Heavy Oil Production Using Hydraulic Fracturing," Alfred R. Jennings, Jr., Roger C. Smith - Inventors, 
Mobil Corporation, United States Patent Number 5,005,645, April 9, 1991. A method for controlling the production of formation 
fines during the production of heavy oils from a sandstone formation. Hydraulic fracturing is conducted in an interval of the forma-
tion using a viscous gel fracturing fluid having a proppant therein. The proppant is sized based on the particle size distribution of the 
formation fines so as to restrict formation fines movement into the propped fracture. Thereafter, intermittent steam injection is con-
ducted in the formation's productive interval. Hydrocarbon production from the formation is controlled so as to allow formation 
fines build-up on the fracture face thereby improving the filtration of fines from the heavy oil. After removing a desired amount of 
hydrocarbonaceous fluids from this productive interval, it is mechanically isolated. Thereafter, the steps are repeated in another 
productive interval.
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since June 1991) 

ASPHALT FROM TAR SANDS - James W. Hunger and Associates, Inc. (F-5) 

J. W. Hunger and Associates, Inc. (JWBA) is developing a project for commercialization of Utah Tar Sands. The product of the 
initial venture will be paving and specialty asphalts, The project contemplates a surface mine and water extraction of bitumen fol-
lowed by clean-up and treatment of bitumen to manufacture specification asphaltic products. JWBA has secured rights to patented 
technology developed at the University of Utah for extraction and recovery of bitumen from mined ore. 

In 1988, JWBA completed a feasibility study which examined the technology, markets, resources and economics for asphalt produc-
tion. Results showed a strong potential for profitability at 1988 prices and costs. Results also showed the need for further 
development of technology applicable to the consolidated, oil-wet resources typical of Utah and other domestic deposits. 

In February, 1989, JWBA received an award of M,000 from the United States Department of Energy's Small Business Innovation 
Research program to further develop the technology and to conduct site-specific optimization. Under this funding, a 100-300 
pound per hour PDU has been designed and constructed. The unit has been operated to determine the effect of engineering 
design 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. 

All candidate sites in the Uinta Basin of Utah are currently under consideration including Asphalt Ridge, P.R. Spring, Sunnyside 
and White Rocks. The commercialization plan calls for completion of research in 1991, construction and operation of a field 
demonstration plant by 1993 and commercial operations by 1995. The schedule is both technically realistic and financially feasible, 
says .JWBA. 

Project Cost:	 Research and Development: $1 million 
Demonstration project: $5 million 
Commercial Facility: $60-7 million 

BI-PROVINCIAL UPORADER - Husky Oil Operations Ltd. (T-10) 

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 Lloydminster, Saskatchewan. The facility will be designed to process 46,000 barrels per day of heavy oil and 
bitumen from the Lloydminster and Cold Lake deposits. The primary upgrading technology to be used at the upgrader will be 
H-Oil ebullated bed hydrocracking followed by delayed coking of the hydrocracker residual. The output will be 46,000 barrels per 
day of high quality synthetic crude oil. 

Engineering and design of the plant was initiated in June 1984 under terms of an agreement between Husky Oil Operations Ltd. 
and the governments of Canada, Alberta, and Saskatchewan. 

Phase 1 of the project (design engineering and preparation of control estimate) was completed in March 1987. Detailed engineer-
ing and construction were placed on hold pending negotiation of fiscal arrangements with the governments of Canada, Alberta and 
Saskatchewan. 

In September, 1988, however, Husky and the governments of Canada, Alberta and Saskatchewan, signed a binding joint venture 
agreement to finance and build the Bi-Provincial Upgrader. Project completion is targeted for late 1992. 

In February, 1989 the Bi-Provincial Upgrader Joint Venture announced the award of $120 million in engineering contracts, with 
work to start immediately and be in full swing by April, 1989. 

Site preparation has been completed. The award of major civil contracts began early in 1990. Major mechanical contracts were 
started in the 3rd quarter 1990. The construction management team moved their operations to site offices in March, 1990. The 
construction force was expected to peak at 2,800 persons by the 3rd quarter 1991. 

Encineerinc for the proiect is nearly complete. Well over half of the eq uipment is already on site. Half of the process could be 
ready for early startup in summer 1992. The second half would come on stream soon after. probably in November 1992. 

Project Cost:	 Upgrader Facility estimated at C$1.267 billion 

BITU MOUNT PROJECT - Solv-Ex Corp. (T-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.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1991) 

COMMERCIAL PROJECTS (Continued) 

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. 

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 cat not more than (tOO 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. 

BURN!' LAKE PROJEC'F - Suncor Inc., Alberta Energy Company Ltd. and Canadian Hunter Exploration Ltd. (T.30) 

The Burnt Lake in situ heavy oil plant is located on the Burnt Lake property in the southern portion of the Primrose Range in 
northeast Alberta. Initial production levels will average 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 will involve cyclic steaming, was put on hold in 1986 due to low oil prices, then revived 
in 1987. The project as of early 1989 was again halted. Alternative recovery processes are under evaluation. A pilot is underway to 
test the cold bitumen production technique. Initial results are encouraginz. 

According to initial plans, the project was supposed to be designed after the thermal recovery project Suncor operated nearby at 
Fort Kent. There slant wells were drilled in clusters and cyclic steamed. 

Future stages could double production to 25,000 barrels per day. Burnt Lake is estimated to contain over 300 million barrels of 
recoverable heavy oil. 

CHEVRON HASDRIVE PILOT PROJECT - Chevron Canada Resources (T-40) 

end. 

Proiect Cost:	 $53 million for the pilot plant 

COLD LAKE PROJECT - Esso Resources Canada Limited (F-50) 

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. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1991) 

COMMERCIAL PROJECTS (Continued) 

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 1 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 debottlenecking of the first six phases added 19,000 barrels per day in 1988, at a cost 
of $45 million. Production in 1990 averaged 90,ODO barrels per day. 

The AERCB approved Esso's application to add Phases 7 through 10, which could eventually add another 44,ODD barrels per day. 
A decision was made not to complete the facility in 1989. Phases 9 and 10 have been postponed indefinitely. 

All construction was essentially completed in 1988 on the central processing plant and the field facilities for Phases 7 and 8 at a cost 
of C$220 million. In December 1990, Paso announced plans to put Phases 7 and S 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 
production and build up to 20,000 barrels per day. In February 1991, Paso made a decision to delay the startup of Phases 7 and S. 
If market conditions improve, steaming operations could begin later in the year. 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 (17-60) 

Petro-Canada is studying a tar sands mining/surface extraction project to be located on the Daphne leases 65 kilometers north of 
Fort McMurray, Athena. 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. (F-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 back filling tech-
niques. 

Project Cost:	 Undetermined 

ELECFROMAGNE'IlC WELL STIMULATION PROCESS - Uentech Corporation, A Subsidiary of Electromagnetic Oil Recovery, 
Inc. (F-SO) 

Universal Energy Corporation of Tulsa, Oklahoma changed the company's name to Oil Recovery Systems (ORS) Corporation in 
June 1986. Through its subsidiary, Uentech Corporation, Universal Energy sponsored research and development at the Illinois In-
stitute 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. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since Jun. 1991) 

COMMERCIAL PROJECTS (Continued) 

This well was shut-in after seven months of operation due to high operating costs associated with severe sand production. Two 
other wells utilizing the Technology were completed in the Witdmere Field with encouraging results initially. However, attempts to 
mitigate the sanding problems were not successful and these wells were also shut-in after approximately one year of operations. 

Additional work is being undertaken in Canada. A 12 degree API heavy oil well in Alberta increased production from 20 barrels to 
nearly 80 barrels per day. Another well in Saskatchewan increased from 75 to about 125 barrels per day after application of the 
Technology. Approximately 20 wells are expected to apply the Technology within Canada during 1989. This work is being per-
formed by Electromagnetic Oil Recovery Limited (EOR), a Calgary headquartered affiliate. EOR signed a contract in 1988 with 
Shell to field test the Technology in Europe during 1989. 

ORS Corporation participated in two wells drilled in California in 1986 near Bakersfield. Severe sand production problems and 
low initial well productivity prevented a commercial installation although reservoir temperature was demonstrated to increase in 
excess of 150 degrees Fahrenheit. Another ORS affiliate, Pogue Oil Recovery Technologies, drilled an additional well in 1987 on 
the White Wolf farmout from Tenneco Oil. The wells were eventually shut-in in 1988 due to low productivity, sanding problems, 
and low oil prices. 

A demonstration field test began in Brazil in tale 1987. The test well was initially completed in September 1987. The initial test 
well resulted in increasing production From the initial level of 1.1 barrels per day up to 14 barrels per day. The process was to be 
applied to an additional 4 wells during 1989. Brazil could expand the well stimulation program to potentially several hundred oil 
producing wells in the country. 

Project Cost:	 Not disclosed 

ELK POINT PROJECT - Amoco Canada Petroleum Company, Limited. (T-90) 

The Elk Point Project area is located approximately 165 kilometers east of Edmonton, Alberta. Amoco Canada holds a 100 percent 
working interest in 6,600 hectares of oil sands leases in the area. The Phase 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, Clearwater, 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 1 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 I 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 infill drilling in the entire project area in all zones within the Mannville group. Some limited 
cyclic steaming is planned in future years. 

Project Cost:	 Phase I - $50 Million (Canadian) 

ELK POINT OIL SANDS PROJECT - PanCanadian Petroleum Limited (T-I00) 

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.
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PanCanadian expects Phase I recovery to average 3,000 barrels per day of bitumen, with peak production at 4,000 barrels per day. 
Tentative plans call for Phase II operations starting up in the mid 1990's with production to increase to 6,000 barrels per day. 
Phase Ill would go into operation in the late 1990's, and production would increase to 12,000 barrels per day. 

Thus far, steam stimulation has been applied experimentally in three sections, and the results are being evaluated while a field test 
proceeds on a pilot steam flood process in one of these sections. 

As of March 1991, low prices for heavy crude and lack of economics for expensive enhanced oil recovery methods have caused Pan-
Canadian to delay Phase I plans. Meanwhile the company continues to streamline primary operations and to evaluate steam 
stimulation and experimental steam flood pilot results. 

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. 

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 unreactcd 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. 

Amoco (formerly Dome Petroleum) began a commercial project in the Lindbergh area that would initially cover five sections and 
was planned to be developed at a rate of one section per year for five 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 averaging 6,200 barrels per day. 

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.



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1991) 

COMMERCIAL PROJECTS (Continued) 

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 1,630 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 teases and roads required for the 
project. 

The project was suspended for a year from September 1988 to August 1989 when three welts 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 - NewOrade Energy, Inc., a partnership of Consumers Co-Operative Refineries Ltd. and 
the Saskatchewan Government (T-140) 

Construction and commissioning of the upgrader was completed in October, 1988. The official opening was held November 9, 
1988. In 1989 the hydrogen plant experienced many shut downs and a lire, causing other problems down the line due to fluctua-
tions. The problems with winterization, valves and metering systems were solved, however. 

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 mid bottoms are sent to the new Atmospheric Residual Desulfurization unit which performs 
primary upgrading. From there 12,000 barrels per day is being run through the Distillate Hydrotreater which improves the quality 
of the distillate fuel oil streams by adding hydrogen. 
The 50,	 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 was provided loan guarantees for 
80 percent of the costs as debt. 

NewOrade 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. 

Project Cost:	 $700 million 

OKJMULSION PROJECT -Petroleos de Venezuela SA (PDVSM and Veba Oel AG (-145) 

About 60 percent of this production would be Orimulsion, a bitumen based boiler fuel. The remainder would be converted to li2ht 
synthetic crude oil. 

OSLO PROJECT - Esso Resources (25%), Canadian Occidental (20 01o),, Gulf Canada (20%), Petro-Canada (15%), PanCanadian 
Petroleum (10%), Alberta Oil Sands Equity (10%). (T-150) 

The OSLO joint venture is planning 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 is 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 will represent 
36 percent of the estimated $130 million total cost for the engineering phase. The Canadian federal government will contribute up 
to $453 million, 35 percent of the total, for the engineering phase. The OSLO consortium will fund the rest. The Alberta govern-
ment had already spent $103 million on the OSLO project to 1990. A decision to proceed with the construction of the project will 
be made in the Spring of 1992.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since Jane 1991) 

COMMERCIAL PROJECTS (Continued) 

The engineering phase is scheduled to be completed by the end of 1991. Engineering work has recently focused on the Edmonton-
area upgrader to be linked directly to OSLO's Eon McMurray bitumen production via pipeline. The pipeline is planned to be open 
to other operators to move their product. A second pipeline will return the diluent to the bitumen production facility. OSLO has 
set a $10/barrel target for synthetic crude production for the project. The project could then be profitable with crude oil prices in 
the $18 to $20/barrel range. Current economics assume a 35-year project life. 

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 sand 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 
refineries. OSLO has selected the high-conversion Veba Combi Cracking process for upgrading. 

According to OSLO, the OSLO reseives are of higher quality than most of what remains at Syncrude, and OSLO's layer of over-
burden is thinner; advantages that should make OSLO's estimated production costs slightly lower than those of Syncrude. Lease 31 
contains oil sands with 11.4 percent bitumen by weight. OSLO says the project could be expanded to produce 200,000 barrels of 
synthetic crude oil per day for almost 50 years. 

Project Cat: $43 billion estimated 

PEACE RIVER COMPLEX - Shell Canada Limited (F-lw) 

Shell Canada Limited expanded the original Peace River In Situ Pilot Project to an average 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,ODD barrels per day. PREP II, as it will be called, entails the construction of a stand-alone processing plant, lo-
oted 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. The 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. 

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 enerey requirements, the unit bitumen 
production cost has been reduced to 30 percent of that averaged during the first full year of operation. 

Project Cost:	 $200 million for PREP I 
$570 million for PREP II 

PRIMROSE LAKE COMMERCIAL PROJECT - Amoco Canada Petroleum Company and Alberta Energy Company (T-170) 

Amoco (formerly Dome) proposed a 25,ODO 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.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1991) 

(Continued) 

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 $0.2 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 6,500 barrel per day modules will be used to meet the 25, 	 barrel per day target. 

Due to depressed bitumen prices, the proposed drilling schedule remains postponed. The commercial project will proceed when oil 
prices return to levels which make the project viable. 

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 expects to be testing more 
than 80 wells using various techniques, including a cold technique which employs specialized pumps. 

AEC expects its share of Primrose: heavy oil production to grow to about 10,0DO barrels per day over the next 5 years and double by 
the late 1990s. 

Project Cost:	 $1.2 billion (Canadian) capital cost 
$140 million (Canadian) annual operating cost 

SCOTFORD SYNTHETIC CRUDE REFINERY - Shell Canada Limited (F-ISO) 

The project is the world's first refinery designed to use exclusively synthetic crude oil as feedstock, located northeast of Fort Sas-
katchewan in Stratbcona 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 1984. 

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) ('F-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 conveyors to the extraction unit. Third, 
hot water and steam are used to extract the bitumen from the sand. Fourth, the bitumen goes to upgrading where thermal cracking 
produces coke, and cooled vapors form distillates. The distillates are desulfurized and blended to form high-quality synthetic crude 
oil, most of which is shipped to Edmonton for distribution. 

Current remaining reserves of synthetic crude oil are 298 million barrels. 

A major environmental project, undertaken in 1989, was planning for a pilot plant to recover sulfur dioxide from the utilities' stack 
gases. The pilot, if successful, may lead to the construction of a full-scale plant that will remove most of the sulfur dioxide from the 
plant's emissions. Operations began at the pilot plant in the first quarter of 1991. 

A phased approach to the debottlenecking project will increase plant capacity without the large upfront cash requirements. 

After a maintenance shutdown in the summer of 1990, production was back up to an averaged 60,000 barrels per day. Cash operat-
ing costs during 1990 were $17.25 per barrel, including the shutdown period, and $15.00 per barrel excluding the shutdown. 

In April 1991, the group set an all-time monthly record producing 2.1 million barrels of synthetic crude oil. Cash operating costs 
averaged $14.25 per barrel during the first quarter of 1991. Durin g the first six months of 1991, production averaged 63,000 barrels 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1991) 

COMMERCIAL PROJECTS (Continued) 

After December 31, 1991, the roaytty, will change to be the greater of 5 percent of revenues or 30 percent of revenues less allowed 
operating and capital costs. 

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 (17-210) 

A 240 tons per day (120 barrels per day) tar sands pilot was built by ONC 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 (INC 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. 

(INC 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 lease. 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, (INC requested loan and price guarantees of $452,419,. 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. (INC 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 upgrading to products, with some used equipment, would cost 
$149 million. 

Project Cost:	 $149 million for 7,500 barrels per day facility 

SYNCO SUNNYSIDE PROJECT - Synco Energy Corporation (1-220) 

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 Synco 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 act fuel), diesel fuel, gasoline, other gases, and heavy ends. 

The syngas from the gasifier is separated from the oil product, the sulfur and CO 2 removed and the gas 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. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June *991) 

COMMERCIAL PROJECTS (Continued) 

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 filed 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 fora company to joint venture with on this project. 

Project Cost: $350 million 

SYNCRUDE CANADA, LTD. - Esso Resources Canada (25.0%); Petro-Canada Inc. (17.0%); Alberta Oil Sands Equity (16.74%); Al-
bena Energy Company (10.0%); PanCanadian Petroleum Limited (10.0%); Gulf Canada Resources Ltd. (9.03%); Canadian Occidental 
Petroleum Ltd. (7.23%); 1-1800 - Oil Sands Ltd. Partnership (Amoco Canada Petroleum Company Ltd.) (5.0%) (T-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 ore 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 L-C Fining hydrocracker, additional hydrotreating and sulfur recovery capacity, and auxiliary mine feed systems as well as 
debottlenecking of the original processes. 

In 1990 production averaged over 180,000 barrels per day with operating costs of about C$16 per barrel. The target is C$15 per 
barrel by 1991. 

Syncrude is cuttins back employment by 10 rercent and boostinz production to 62 million barrels per year. Over the next 5 years, 
over 400 workers will be laid off. 

In 1991, Alberta's government agreed to approve contracts between Syncrude and other heavy oil producers to allow Syncrude to 
custom process bitumen from other leases. This has the potential to increase production from the plant by up to 5 million barrels 
per year. 

Project Cast:	 Total cost $3.8 billion 

ThREE STAR OIL MINING PROJECT - Three Star Drilling and Producing Corp. (T-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 32,ODO feet of horizontal borehole*; up to 1,500 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. 

The initial plans call for drilling one to tour levels of horizontal boreholes. The Upper Siggins presently has 34 horizontal wells 
which compose the 32,ODO feet of drilling. 

Sixty percent of the horizontal drilling was completed by late 1990. The original plan to begin production while the rest of the drill-
ing was completed has changed. Production has been put on hold pending an administrative hearing to determine whether the 
mine is to be classified as gaseous or non-gaseous. While awaiting the outcome of the hearing, the company is running production 
tests. 

Project Cost:	 Three Star has budgeted $33 million for the first shaft. 

WOLF LAKE PROJECT - BP Canada Resources Ltd. and Petro-Canada (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 Petit-Canada) was completed and began production in April 1985. Produc-
tion at designed capacity of 7,0D0 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.
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COMMERCIAL PROJECTS (Continued) 

An estimated 720 wells will be needed over the expected 25-year life of the project. Because the site consists mostly of muskeg, the 
wells will be directionally drilled in clusters of 20 from special pads. The bitumen is heavy and viscous (10 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 average 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, UP 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 1990h when it is ex-
pected that higher bitumen prices will support the expanded operation and further development. 

In late 1989 Br Canada attempted to sell its 50 percent interest in the project and later in 1990 withdrew it from the market. In-
stead the company is continuing to operate the facility while seeking a third partner. 

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, white bitumen prices fell to a low of 
C$8.19 per barrel in 1988. BP initiated a program to reduce Wolf Lake costs, which included laying off 120 workers, making im-
provements in process efficiency, and operating the plant at about 50 percent of capacity. These economic measures cut operating 
costs to C$io to 12 per barrel. 

In JJ., Wolf Lake production costs are less than $10 per barrel, and bitumen production has averned 6,954 barrels a day. 

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 

YARECIA MINE-ASSISTED PROJECT - Union of Soviet Socialist Republics (T-670) 

The Yarega oilfield (Soviet Union) is the site of a large mining-assisted heavy oil recovery project. The productir formation of 
this field has 26 meters of quartz sandstone occurring at a depth of 200 meters. Average permeability is 3.17 mKm . 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 11 years did not exceed 13 percent. 

Drainage through welts at very close spacing of 12 to 20 meters was tested with over 92,0 shallow wells. 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 for over ten years. An area of the deposit covering 225 hectares is under thermal stimulation. It 
includes 15 underground slant blocks, where 4,192 production wells and 11,795 steam-injection wells are operated. In two under-
ground slant production blocks, which have been operated for about 8 years, oil recovery of 50 percent has been reached. These 
areas continue to produce oil. A local refinery produces lubricating oils from this crude. 

Project Cost: 	 Not Disclosed
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R & I) PROJECTS 

ATHABASCA IN SITU PILOT PROJECT (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 continuin g to nroduce until the 

In July 1991, all production, iniection and observation wells were abandoned and the central facilities mothballed. 

Project Cost:	 Capital $54 million, operating $73 million 

BATFRUM IN SITU WET COMBUSTION - Mobil Oil Canada, Unocal Canada Limited, Saskoil, Hudson's Bay Oil and Gas (F-280) 

Mobil Oil Canada initiated dry combustion in the Battrum field, near Swift Current, Saskatchewan, in 1965 and convened 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 burns, a workover program and upgrading surface production and air injection 
facilities. There are presently 18 burns in operation. 

All bums 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 EOR scheme. 

BUENAVENTURA COLD PROCESS PILOT - Buenaventura Resource Corp. (T-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 Lust 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. 

CANMET HYDROCRACKING PROCESS - Petro-Canada and Part" Lavalin Inc. (F-aOO) 

A novel hydrocracking process for the upgrading of bitumen, heavy oil and residuum has been developed at the Canada Centre for 
Mineral and Energy Technology (CANME'F). This CANMET Hydrocracking Process is a single-stage, high conversion process ef-
fective for the conversion of 90 weight percent of the pitch in heavy Feedstocks to distillate boiling below 524°C (Pitch is defined as 
material boiling above 524°C) An additive is used which acts as a coke preventer and a mildly active hydrogenator at moderate 
pressures. Hydrogen consumption and gas make are lower compared to other hydrocracking processes. 

In 1979, Petro-Canada acquired an exclusive right to license the process. Petro-Canada formed a working partnership with Partec 
Lavalin Inc., a Canadian engineering company, for the marketing of the technology and the design and construction of a 
5,000 barrels per stream day demonstration plant at the Petro-Canada refinery in Montreal. 
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Construction and commissioning of the extensively instrumented demonstration unit was completed in 1985. Upon startup, the 
unit was operated in the hydrovisbreaking mode. Without additive, 30 weight percent pitch conversion was achieved. In May 1986, 
introduction of additive led to the achievement of 80 weight percent pitch conversion without coking. This test proved the benefi-
cial effect of the additive in achieving high conversions. 

Further testing, in pilot plants, led to the use of a simpler additive. The plant operated from March 1987 until June 1989 using this 
commercial additive. During this time a number of special demonstrations were made including a high conversions (93%) run 
using a blend of vacuum residues from Cold Lake Heavy Oil and Western Canadian Crudes. The results of this work confirmed 
the capability of the process to achieve high conversion in a thermally stable, coke free, single stage reactor. 

The high conversion CANMI3T Hydrocracking Process has been successfully demonstrated and is now available for commercial 
application. Patent protection and process guarantees are provided by the licensees. 

No further demonstration plant tests are planned, but a 1 barrel per stream day pilot plant is still used extensively for client 
feedstock testing. 

Project Cost:	 Not disclosed 

CARIBOU LAKE PILOT PROJECT - Husky Oil Operations Ltd. (60%) and Alberta Energy Co. (40%) (V.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. 

The Pilot will consist of 25 cyclic steam/production wells, 75 MMB1tJ/ 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 oroduced water will be incoroozated. The nilot will likel y snan 3 to 7 years denendinr on the results. The total averape outnut 

Project Cost: Approximately $20 Million 

CELTIC HEAVY OIL PILOT PROJECr - Mobil Oil Canada ([-320) 

Mobil's heavy oil project is located in 1'52 and R23, W3M in the Celtic Field, northeast of Lloydminster. The pilot consists of 25 
wells drilled on five-acre spacing, with twenty producers and 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) 

C-H SYNFUELS DREDGING PROJECT - C-H Synfuels Ltd. ([-330) 

C-H Synfuels Ltd. plans to construct an oil sands dredging project in Section 8, Township 89, Range 9, west of the 41h meridian. 

The scheme would involve dredging of a cutoff meander in the Horse 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. 
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C-H proposes to add lime and a non-toxic polyactytamide 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 (T-340) 

Kirkwood Oil and Gas is fonning 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 (F-MO) 

• A stratigraphic lest 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 dale. 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 21020 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 Isee Iron River Pilot Project (T-440)J. 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 Limited, the Alberta Oil Sands Technology and Research Authority, and 
L'Association pour Is Valorization des Huiles Lourdes (ASVAHL) (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 ASVALLL 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. 

ASVAHL is a joint venture of three French companies—Elf Aquitaine, Total-Compagnie Francaise de RafTinage, and Institul Fran. 
raise du Petrole. The ASVAI-IL 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 

13550 COLD LAKE PILOT PROJECTS - Esso Resources Canada Ltd. (F-380) 

E.sso operates two steam based in situ recovery projects, the May-Ethel and Laming 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. Esso has sold these data to several companies. Esso's Laming 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 Laming 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 16,0 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. 
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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 

EYEHILL 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 Heavy Oil Agreement Fund. The pilot was given the New Oil Reference Price as of April 1, 
1982. 

The pilot has 40 feet of pay with most of the project area pay underlain by water. Reservoir depth is 2,450 feet. Oil gravity is 14.3 
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 maximum recovery were being reviewed as of March 1991. 

Project Cost: 	 $15.2 million 

F1'. 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 Suncor. This 
oil has an average gravity of 12.5 degrees API, and a sulfur content of 3.5 percent. The project utilizes huff and puff, with 
steamdrive as an additional recovery mechanism. The first steamdrive pattern was commenced in 1980, 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 January 1989, it was announced that the project would be indefinitely suspended. 

Project Cost: See Above 

GLISP PROJECT— Amoco Canada Petroleum Company Ltd. (14.29%) and AOSTRA (85.71%) (77420) 

The Gregoire Lake In Situ Steam Pilot (GLISP) Project is an experimental steam pilot located at Section 2486-7-W4M. Petro-
Canada participated in Phase A of the project but has declined participation in Phase B which was initiated in 1990. Other parties 
may participate by reducing AOS'I'RA's ownership. The lease ownership is shared jointly by Amoco (85 percent) and Petro- 
Canada (15 percent). Amoco is the operator. The production pattern consists of a four-spot geometry with an enclosed area of 
0.28 hectacres (0.68 acres). Three observation wells have been drilled. The process has tested the use of steam and steam additives 
in the recovery of highly viscous bitumen (1 x 10 million cP at virgin reservoir temperature). Special fracturing techniques have 
been used and sophisticated seismic methods and other techniques are being used to monitor the in situ process. 
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The project began operation in September 1985. Steaming operations were initiated in October 1986 to heat the production 
welibores. A production cycle was then started in January 1987. Steam Foam flooding began in October 1988. Plans for 1991 catl 
for initiating a steam diversion process using low temperature oxidation. 

Project Cat:	 $22.8 million (Canadian) 

HANGINGS1'ONE 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 pilot wells are now in their second 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 1992. According to Petit-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 cur-
rent project is deemed successful. 

IPIATIK EAST PROJECT - Alberta Energy Company (AEC), Amoco Canada and Demincx Canada (1`435) 

The Ipiatik East pilot is inside the Cold Lake Air Weapons Range, otherwise known as the Primrose Block. AEC is the operator 
and holds a 60 percent interest in the project. Partners are Amoco Canada and German Deminex Canada. The project has tested 
cyclic steam stimulation of bitumen in of the Wabiskaw sands of the Lower Cretaceous Mannville Group. 

AEC lust began experimenting with cyclic steaming in the area in 1984 with seven wells drilled on 3.6 acre spacing. The initial 
strategy was to use the basal zone to promote reservoir heating and gravity drainage, and to minimize steam override. Initial 
steaming using 44,000 barrel slugs provided good performance on the first cycle but production deteriorated in later cycles. The 
wells had been completed with the conventional techniques of installing the production casing set through the formation and ce-
mented to the surface. 

In late 1986, AEC began testing a propped sand fracture completion prior to steam injection. The horizontal fracture provided a 
larger contact area for stimulation and a better chance to contain the fracture above the basal zone. To assist fracture initiation, 
the casing was notched to create a narrow horizontal area which would be exposed to high rate, high pressure fracture fluids. The 
casing was notched in the upper half of the oil sands above several of the tight calcite layers. 

Results of the propped fracturing prior to steam injection were very encouraging. AEC drilled three more wells (Phase B) north-
east of the Phase A pattern in 1987 for further testing. Phase B results were superior to Phase A. The Phase B wells achieved daily 
oil production rates which were 50 percent better than cycle one, 90 percent better than cycle two and 60 percent better than cycle 
three on typical Phase A wells. AEC drilled another four wells in 1988, completing a regular seven-spot pattern on six-acre spacing. 
Those wells have performed better than the 1987 wells over three cycles. 

Due to prevailing low heavy oil prices the project was suspended in 1990 to allow concentration on other areas of Primrose which 
have more immediate commercial potential. Future testing of alternate recovery presses at Ipiatik are being considered. 

Project Cost: Phase A: C$24,000,000 

IRON RIVER PILOT PROJECT - Mobil Oil Canada (T440) 

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. 

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 Husky facility at Tucker Lake. 
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The pilot project has been operating since 1988 and is expected to continue operation until 1992. 

Project Cost: 	 $14 million 

KEARL LAKE PROJECI' - See Athabasca In Situ Pilot Project (T-270) 

KENOCO PROJECT - Kenoco Company (17460) 

The Kenoco Company, the successor to the Kensyntar Company, is developing a heavy oil project in Western Kentucky. The prin-
cipals of Kenoco acquired the interests of Pittston Synfuels, a partner in Kensyntar, in December 1984. A pilot was successfully 
operated from the summer 1981 through 1983 and produced over 6,400 barrels of heavy oil using a modified wet fireflood process. 
The operation was stopped before completion of the burn in 1983 to obtain core data on the test pattern. Sixteen core holes were 
drilled and analyzed. 

Plans were being developed to expand to a 400 to 700 barrels per day multi-pattern operation, and over a period of 5 to 6 years to a 
10,000 barrels per day operation. However, the commercial project has been on hold since early 1990 pending better market condi-
tions.	 - 

Project Cost: 	 Not disclosed 

LINDBERGH STEAM PROJECT - Murphy Oil Company, Ltd. (17470) 

This 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 95,000 Cp at reservoir temperature F. Porosity is 33 percent and permeability is 2500 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 

LINDBERGH THERMAL PROJECT - Amoco Canada Petroleum Company Ltd. (T-480) 

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 10 acre enriched air pattern is opera-
tional. 

Air was injected into one 10 acre pattern to facilitate sufficient burn volume around the wettbore prior to switching over to en-
riched air injection in July 1982. Oxygen breakthrough to the producing wells 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 (CID) by 
reducing enrichment to 80% 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)
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MORGAN COMBINATION THERMAL DRIVE PROJECT - Amoco Canada Petroleum Company Ltd. (F490) 

Amoco (formerly Dome) completed a 46 well drilling program (7 injection wells, 39 production wells) in Section 35-51-4.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 live 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 Cast: $20 million 

PELICAN LAKE PROJECT - CS Resources limited and Devran Petroleum Ltd. (T-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 the mom horizontal wells with horizontal sections of 3,635 feet (a horizontal record) was accomplished in December 
1989 and January 1990. 

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 degrees/ID meters. An intermediate 
casing was run and cemented before horizontal drilling commenced in the sand reservoir. Early production rates averaged 15 to 
20 cubic meters per day, three to six times average vertical well figures. Four wells rapidly produced with a disappointing, and un-
expected high water cut, whereas no bottom water is known to exist in this particular area. This problem is still under review. 

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 (T-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 11 (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 74pot 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 
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 steamilood 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. 

Project Cost:	 Not Specified
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K & D PROJECT'S (Continued) 

PROVOST UPPER MANNVILLE HEAVY OIL STEAM PILOT - AOSTRA, Canadian Occidental, Esso, Murphy Oil, Noreen Energy 
Resources Limited (17-530) 

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 be located approximately 20 kilometers southeast of Provost, Alberta. 

An in situ combustion pilot comprising one 20 acre 5 spot was initiated in 1975. The pilot was expanded in 1982 to encompass 
seven 6 hectare 7 spot patterns. 

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 Watertlood 

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 teases 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 
avenge grade of 7.9 percent by weight bitumen. 

The proprietary oil extraction process to be used in the project was developed by Sotv-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. 

In August 1985 the sponsors requested loan and price guarantees totalling $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 SPC 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)
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R & D PROJECTS (Continued) 

RAPAD BITUMEN UPGRADING PROJECT - Research Association for Petroleum Alternatives Development and Ministry of 
International Trade and Industry (17-550) 

The Research Association for Petroleum Alternatives Development (RAPAD), supported by the Japanese Ministry of Interna-
tional Trade and Industry, adopted bitumen upgrading as one of its major research objectives in 1980. Three approaches were in-
vestigated: thermal cracking-hydrotreating, thermal cracking-solvent deasphalting-hydrotreating, and catalytic hydrotreating. 

A pilot plant of the series of hydroprocessing, i.e., visbreaking-demetallation-csacking, was completed in 1984. Its capacity is 
5 barrels per day, and operation has been used to evaluate catalyst performance and also to obtain engineering data. Hydroconver-
sion catalysts with high activities for middle distillates productivity, coke suppression, and for demetallation have been developed. 
These catalysts made it possible to produce synthetic crude oil of high quality from tar sands bitumen under mild reaction condi-
tion, which results in lower hydrogen consumption. Research with the S barrel per day pilot plant was finished in 1988. A 
10 barrels per day pilot plant with suspended-bed reactor, designed by the M. W. Kellogg Company, was completed in 1985. A new 
type catalyst for the suspended bed process has been developed, and data have been obtained for process scaleup. 

The original RAPAD program was an 8-year program, concluded in March 1988 at a total cost of 23.9 billion yen. Some additional 
research and development has been continued since April 1988. 

The process developed with the aid of the 10 barrel per day pilot plant is called the MRJ-I process (mild mid hydrocracicing 
process). It is a suspended-bed process which hydrocracks, demetallizes and converts heavy oil such as vacuum mid or oil sand 
bitumen to middle distillates at a relatively low pressure (60-80 kilograms per square centimeter). 

Project Cost:	 23.9 billion yen through 1988 

SANDALTA - Gulf Canada Corp., Home Oil Company, Ltd., and Mobil Oil Canada Ltd. (T-580) 

Home Oil Company Limited, in October 1979, announced the farmout of its Athabasca oil sands property to Gulf Canada Corp. 
The property, Oil Sands Lease #0980091 (formerly BSL #30) consists of 15,086 hectares (37,715 acres), situated 43 kilometers 
(26 miles) north of Fort McMurray on the east side of the Athabasca River. Under terms of the farmout agreement, Gulf, through 
expenditures totalling some $42 million, can earn up to an 83.75 percent interest in the lease with Home retaining 10 percent and 
Mobil Canada Ltd. 6.25 percent. An exploratory drilling program was carried out in the 1980 and 1981 drilling seasons, and in 
1985. Engineering studies on commercial feasibility were continuing. 

Little progress has been reported since 1987. 

Project Cost:	 Not Specified 

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 43 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 injection scheme initially called for steaming two wells simultaneously with the project's two 25 MMBTI.J/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. 

Sixteen new wells were planned for mid-1991. Amoco Canada and the government of Alberta have a memorandum of understand-
ing on project royalties and the company plans to proceed with commercial development activities. 

Project Cost: $33 million through 1990

SYNTHETIC FUELS REPORT, SEPTEMBER 1991 
3-72



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1991) 

R & D PROJECTS (Continued) 

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 beat exchange, 
cracking and combustion processes. The processor yields cracked bitumen vapors and dry sand tailings. The pilot plant, which 
processed 5 tons of Athabasca oil sand per hour, has completed testing and demonstration. 

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-
lion 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 hydrotreating has been practiced. The oil product is similar to 
that of a fluid coker, so the process would replace both the extraction and primary upgrading steps of the process (hot water and 
coking) used at existing commercial plants. 

The next stage is a demonstration scale AOSTRA Taciuk Processor (ATP) plant, sized at 100 tons per hour feed 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 ATP Sys-
tern 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 1991 or 1992. (See Stuart Oil 
Shale Project in oil shale status section). 

A third area of application of the technology has been developed in the past live years, which is its use for remediation of oily soils 
and sludges. In this area, the ATP has progressed to commercialization. The first ATP waste treatment was built in 1989 for Soil-



for the use of the technology in waste treatment. This plant is presently treatin g PCB 

In February 1991, AOSTRA commissioned the construction of a  ton per hour portable unit for use in Alberta. It will be available 
in the fall of 1991 and used to demonstrate oil production cleanup of oil y waste sites in Alberta and western Canada. 

Project Cost To Date:	 C$19 million (AOSTRA) 

TANGLEFIAGS NORTH - Sceptre Resources Limited and Murphy Oil Company Ltd. ('T'.620) 

The project, located some 35 kilometers northeast of Ltoydminster, 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 Uoydminster region. 

The Tangleflags 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 steamficod 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 are providing up to $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. 

A second horizontal producer well and an additional vertical iniector well were drilled in the fourth Quarter of 1990. Facilities were 
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Project Cost: $10.2 million by 1990 

TAR SAND TRIANGLE - Kirkwood Oil and Gas (T-630) 

Kirkwood Oil and Gas drilled some 16 coreholes by the end of 1982 to evaluate their leases in the Tar Sand Triangle in south 
central Utah. They are also evaluating pilot testing of inductive heating for recovery of bitumen. A combined hydrocarbon unit, to 
be called the Gunsight Butte unit, is presently being formed to include Kirkwood and surrounding leases within the Tar Sand Di-
angle Special Tar Sand Area (STSA). 

Kirkwood is also active in three other STSAs as follows: 
Raven Ridge-Rimrock—Kirkwood Oil and Gas has received a combined hydrocarbon lease for 640 acres 
in the Raven Ridge-Rim Rock Special Tar Sand Area. 
Hill Creek and San Rafael Swell—Kirkwood Oil and Gas is also in the process of convening 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 

TUCKER LAKE PILOT PROJECT - Husky Oil, Ltd. (17-640) 

Husky began operating a cyclic-steam pilot project at Tucker Lake in February 1984. The location of Husky's 18,000 acre lease is 
approximately three miles southwest of Esso's Cold Lake project. Four welts were initially put into operation and seven wells were 
added during 1985. To determine the most productive area the test welts were widely spaced over a 3,000 acre section of the lease. 

Preliminary estimates indicate that oil in place at the project area exceeds 680 million barrels. Production is from the uncon-
solidated Clearwater sand with a pay zone of 110 feet at a depth of 1,500 feet. Porosity of the formation is 33 percent and permea-
bility is 1,500 rod. Oil gravity is 10 degrees API with a viscosity of 100,000 cp at reservoir temperatures of 60 degrees F. 

Husky has developed a 13 well pad which includes a 50 million BTU per hour steam generator along with other associated facilities. 
The project resumed operation during the third quarter of 1987 following a 12-month shutdown due to inadequate oil prices. 

The project was mothballed again in the fourth quarter of 1988 due to low oil prices. There are currently no plans or schedule for a 
renewal of operations. 

Project Cat:	 Not Disclosed 

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. (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 welts 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 HASDrive 
process. Steaming of both test patterns commenced in December 1987 and continued up to early 1990. HASDrive 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 500 meters and

- 
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70 meter spacing between pairs. Each well pair consists of a producer placed near the base of the pay, and an injector about five 
meters about the producer. All six wells welt successfully drilled in 1990. The rest of Phase B operations are to be completed by 
1994. Phase A oroduced over I30, 	 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. 

AOSFRA states that this new method of bitumen production is startinz to look like a maior technolo2ical breakthrou2b and that 
bitumen may eventually be produced for under C$11 per barrel, which would be less costl y than most current in situ bitumen 
production. 

In 1991, Chevron announced it would construct a $53 million pilot plant using the HASDrive process on a recently acquired oil 
sands lease about 50 kilometers northeast of Eon McMurray, Alberta. 

Project Cost:	 flQ million
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COMPLETED AND SUSPENDED PROJECTS 

Pro ject Sponsor Last Appearance in SFR 

Aberfeldy Project Husky Oil Operations, Ltd. March 1983; page 3-33 

A.D.I. Chemical Extraction Aarian Development, Inc. December 1983; page 3-56 

Alsands Project Shell Canada Resources, Ltd. September 1982; page 3-35 
Pet ro-Ca nada 
Gulf Canada 

Aqueous Recovery Process Globus Resources, Ltd. December 1984; page 3-44 
United-Guardian, Inc. 

Ardmore Thermal Pilot Plant Union Texas of Canada, Ltd. 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 Suncor December 1986; page 343 

BY! 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 342 

Calsyn Project California Synfuels Research Corporation March 1984; page 3-34 
AOSTRA 
Dynalectron Corporation 
Ralph M. Parsons Company 
Tenneco Oil Company 

Canstar Nova March 1987; page 3-29 
Petro-Canada 

Cat Canyon Steamflood 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 

Cbapanvsa Ranch Tar Sand Project Chapartosa Oil Company March 1985; page 3-42 

Charlotte Lake Project Canadian Worldwide Energy Ltd. September 1988; page 3-61 

Chemech Project Chemech December 1985; page 3-51 

Chetopa Project EOR Petroleum Company December 1983; page 3-59 
Tetra Systems 

Cold Lake Pilot Project Gulf Canada Resources December 1979; page 3-31
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Deepsteam Project 

Enpex Syntaro Project 

Falcon Sciences Project 

Fostern N. W. In Situ Wet Combustion 

Groasmont Thermal Recovery Project 

HOP Kern River Commercial 
Development Project 

Ipiatik Lake Project 

Jet Leaching Project 

Kentucky Tar Sands Project 

Lloydminster Fireflood 

Manatokan Project 

Marguerite Lake 'B' Unit 

Meota Steam Drive Project 

Mine-Assisted In Situ Project 

MRL Solvent Process 

Muriel Lake 

North Kinsella Heavy Oil 

Peace River In Situ Pilot 

Porta-Plants Project 

Primrose Project 

Primrose-Kirby Project 

Ras Gharib Thermal Pilot 

Resdeln Project

Sandia Laboratories 
United States Department of Energy 

Enpex Corporation 
Texas Tar Sands Ltd. 
Getty Oil Company 
Superior Oil Company 
M. H. Whittier Corporation 
Ray M. Southworth 

Falcon Sciences, Inc. 

Mobil Oil Canada, Ltd. 

Unocal Canada Ltd. 

Ladd Petroleum Corporation 

Alberta Energy Company and 
Petro-Canada 

BP Resources Canada Ltd. 

Texas Gas Development 

Murphy Oil Company, Ltd. 

Canada Cities Service 
Westcoast Petroleum 

AOS'FRA 
BP Resources Canada 
Petro-Canada 

Conterra Energy Ltd 
Saskatchewan Oil & Gas 
Total Petroleum Canada 

Canada Cities Service 
Esso Resources Canada Ltd. 
Gulf Canada Resources, Inc. 
Husky Oil Corporations, Ltd. 
Pet to-Ca nada 

C & A Companies 
Minerals Research Ltd. 

Canadian Worldwide Energy 

Petro-Canada 

Amoco Canada Petroleum 
AOSTRA 
Shell Canada Limited 
Shell Explorer Limited 

Porta-Plants Inc. 

Japan Oil Sands Company 
Norcen Energy Resources Ltd. 

Petro-Canada 

General Petroleum Company of Egypt 

Gulf Canada Resources Inc.

March 1984; page 3-41 

March 1989 page 3-63 

December 1985; page 3-38 

December 1989 page 3. 

December 1988; page 341 

June 1985; page 3-51 

December 1996; page 3-63 

June 1991; page 3-57 

June 1985; page 3-52 

December 1983; page 3-63 

September 1992; page 343 

December 1988; page 3-72 

June 1987; page 3-60 

December 1993; page 3-64 

March 1983; page 3-41 

June 1987; page 3-61 

June 1985; page 3-58 

June 1987; page 3-61 

September 1986; page 3-50 

September 1984; page T-16 

June 1986; page 3-56 

March 1990 page 3-54 

March 1983; page 3-43 
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It F. Heating Project UT Research Institute March 1983; page 3-43 
Halliburton Services 
United States Department of Energy 

Rio Verde Energy Project Rio Verde Energy Corporation June 1984; page 3-58 

RTR Pilot Project RTR Oil Sands (Alberta) Ltd. March 1991; page 3-53 

Santa Fe Tar Sand Triangle Alter Oil Corporation December 1986; page 3-60 
Santa Fe Energy Company 

Santa Rosa Oil Sands Project SOIV-EX Corporation March 1985; page 3-45 

Sarnia-London Road Mining Assisted Project Dcvran 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 

Ultrasonic Wave Extraction Western Tar Sands 	 - June 1987; page 3-66 

Vaca Tar Sand Project Santa Fe Energy Company March 1982; page 343 

Wabasca Virtflood Project Gulf Canada Resources, Inc. September 1980 page 3-61 

Whiterocks Oil Sand Project Enerror December 1983; page 3-55 
Hinge-tine Overthrust Oil & Gas Corp. 
Rocky Mountain Exploration Company 

Wolf Lake Oxygen Project BP Canada Resources September 1988; page 3-70 
Petro Canada 

200* Sand Steamflood 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 Omnization Project Name Eu! 
Alberta Energy Company Burnt Lake Project 3-54 

Caribou Lake Pilot Project 3-65 
Ipiatik East Project 3-68 
Primrose Lake Commercial Project 3-59 
Syncrude Canada Ltd. 3-62 

Alberta Oil Sands Equity Oslo Project 3-58 
Syncrude Canada Ltd. 3-62 

Alberta Oil Sands Technology Athabasca In Situ Pilot Plant 3-64 
and Research Authority (AOSTRA) Donor Refined Bitumen Process 3-66 

(ILISP Project 
Provost Upper Manriville Heavy Oil Steam Pilot 3-71 
Taciuk Processor Pilot 3-73 
Underground Test Facility Project 3-74 

Amoco Canada Petroleum Company, Ltd. Elk Point 3-56 
OLISP Project 3-67 
Ipiatik East Project 3-68 
Lindbergh Commercial Project 347 
Lindbergh Thermal Project 3-69 
Morgan Combination Thermal Drive Project 3-70 
Primrose Lake Commercial Project 3-59 
Soars Lake Heavy Oil Pilot 3-72 
Underground Test Facility 3-74 

Amoco Production Company Sunnyside Project 3-61 

Buenaventura Resource Corp. Buenaventura Cold Process Pilot 3-64 

BP Canada Resources Ltd. Wolf Lake Project 3-62 

Canada Centre For Mineral & Energy CANMET Hydrocracking Process 3-64 
Technology Underground Test Facility 3-67 

Canadian Hunter Exploration Burnt Lake Project 3-54 

Canadian Occidental Petroleum, Ltd. Eyehill In Situ Combustion Project 3-67 
Hangingstone Project 3-68 
Oslo Project 3-58 
Provost Upper Mannville Heavy Oil Steam Pilot 3-71 
Syncrude Canada Ltd. 3-62 

Canadian Worldwide Energy Corp. Fort Kent Thermal Project 3-67 

CANMET Underground Test Facility 3-74 

C-H Synfuels Ltd. C-H Synfuels Dredging Project 3-65 

Chevron Canada Resources Ltd. Underground Test Facility 3-74 
Chevron HASDrive Pilot Project 3-54 

Conoco Canada Ltd. Underground Test Facility 3-74 

Consumers Cooperative Refineries Ltd. NewOrade Heavy Oil Upgrader 3-58 

CS Resources Eyehill In Situ Combustion Project 3-67 
Pelican-Wabasca Project 3-70 
Pelican Lake Project 3-70 

Deminex Canada Ipiatik East Project 3-68
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Devran Petroleum Ltd. Pelican Lake Project 3-70 

Electromagnetic Oil Recovery Inc. Electromagnetic Well Stimulation Process 3-55 

Enercor PR Spring Project 3-71 

Esso Resources Canada Ltd. Athabasca In Situ Pilot Project 3-64 
Cold Lake Project 3-54 
Esso Cold Lake Pilot Projects 3-66 
Hanging Stone Project 3-68 
Oslo Project 3-58 
Provost Upper Mannvitle Heavy Oil Steam Pilot 3-71 
Syncrude Canada Ltd. 3-62 

(INC Energy Corporation Sunnyside Tar Sands Project 3-61 

Greenwich Oil Corporation Forest Hill Project 

Gull Canada Resources Ltd. Donor Refined Bitumen Process 3-66 
Oslo Project 3-58 
Sandalta 3-72 
Syncrudc Canada Ltd. 3-62 

flOG Oil Sands Partnership Syncrude Canada Ltd. 3-62 

Home Oil Company Sandalta 3-72 

Hudson's Bay Oil and Gas Battnim In Situ Wet Combustion Project 3.64 

Husky Oil Operations, Ltd. Athabasca In Situ Pilot Project 3-64 
Battrum In Situ Wet Combustion Project 3-64 
Bi-Provincial Upgrader 3-53 
Caribou Lake Pilot Project 3-65 
Tucker Lake Pilot Project 3.74 

James W. Bunger and Assoc. Inc. Asphalt From Tar Sands 3-53 

Japanese Ministry of International RAPAD Bitumen Upgrading Project 3-72 
Trade and Industry 

Japan Canadian Oil Sands Ltd. Hangingstone Project 3-68 

Kenoco Corporation Kenoco Project 3-69 

Kirkwood Oil and Gas Company Circle Cliffs Project 3-66 
Tar Sand Triangle 3-74 

Koch Exploration Canada Fort Kent Thermal Project 3.67 

L'Association pour Ia Valorization Donor Refined Bitumen Process 3-66 
des Huiles Lourdes (ASVAHL) 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 3.64. 
Celtic Heavy Oil Pilot Project 345 
Cold Lake Steam Stimulation Program 3-66 
Iron River Pilot Project 3-68 
Sandalta 3-72 
Underground Test Facility 3-74 

Murphy Oil Canada Ltd. Eyehill In Situ Combustion Project 3-67 
Lindbergh Commercial Thermal Recovery Project 3-57 
Lindbergh Steam Project 3-69 
Provost Upper Mannville Heavy Oil Steam Pilot 3-71 
Tangieflags North 3-73 

NewOrade Energy Inc. NewGrade Heavy Oil Upgrader 3-58
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Company or Ornnization Pmiect Name 

Noreen Energy Resources Ltd. Provost Upper Mannville Heavy Oil Steam Pilot Project 3-71 

Ontario Energy Resources Ltd. Suncor, Inc. Oil Sands Group 3-60 

PanCanadian Petroleum Elk Point Oil Sands Project 3-56 
Oslo Project 3-58 
Syncrude Canada Ltd. 3-62 

Part" Lavalin Inc. CANMEF Hydrocracking Process 3-64 

Petro-Canada CANMEF Hydrocracking Process 3-64 
Daphne Project 3-55 
GLISP Project 3-67 
Hangintone Project 3-68 
Oslo Project 3-58 
Syncrude Canada Ltd. 3-62 
Wolf Lake Project 3-62 
Underground Test Facility 3-74 

Petroleos de Venezuela SA Orimulsion Project 3-58 

Research Association for RAPAD Bitumen Upgrading Project 3-72 
Petroleum Alternatives 

Saskatchewan Government NewCirade Heavy Oil Upgrader 3-58 

Saskoil Battrum In Situ Wet Combustion Project 3-64 

Sceptre Resources Ltd. Tangieflags North 3-73 

Shell Canada, Ltd. Peace River Complex 3-59 
Scotford Synthetic Crude Refinery 3-60 
Underground Test Facility 3-74 

Solv-Ex Corporation Bitumount Project 3-53 
PR Spring Project 3-71 

Suncor, Inc. Burnt Lake Project 3-54 
Fort Kent Thermal Project 3-67 
Suncor, Inc. Oil Sands Group 3-60 

Sun Company, Inc. Suncor, Inc. Oil Sands Group 3-60 

Synco Energy Corporation Synco Sunnysidc Project 3-61 

Texaco Inc. Diatomaceous Earth Project 3-55 

Three Star Drilling and Producing Corp. Three Star Oil Mining Project 3-62 

Uentech Corporation Electromagnetic Well Stimulation Process 3-55 

Underwood McLellan & Associates Taciuk Processor Pilot 3-73 
(UMA Group) 

Unocal Canada, Ltd. Battrum In Situ Wet Combustion Project 3-64 

Union of Soviet Socialist Republics Yarega Mine-Assisted Project 3-63 

Veba Oct AG Orimulsion Project 3-58
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PROJECT ACTIVITIES 

CrC EXPANDS PRODUCTION, MARKETING OF COAL 
LIQUIDS 

Coal Technology Corporation (CTC) of Bristol, Virginia 
recently dedicated its 1,000 pound-per-hour mild gasification 
formed-coke pilot unit developed jointly with the United 
States Department of Energy (DOE) over the past 3 years. 
The unit began operating last February. 

Under the name of CLC Associates Inc., CTC, Norfolk 
Southern Corporation and Rapoca Energy Company will 
apply to take the technology to the demonstration stage un-
der Round 4 of DOE's Clean Coal Technology Program. 
The demonstration project would gasify 1,500 tons per day of 
low-sulfur eastern coal and will cost an estimated 
$124.5 million. The proposed project site is Esserville in 
Wise County, Virginia. Daily production would amount to 
about 1,000 tons of formed coke and 1,000 barrels of coal li-
quids. 

Norfolk Southern is the carrier that serves the Rapoca mines 
in southwestern Virginia. The railroad is interested in the 
technology's potential for providing a liquid produced from 
coal that could be blended with diesel fuel. 

Cit already has about 20 outlets for its coal-derived diesel 
fuel in southwest Virginia and in West Virginia. 

The federal government's Office of Surface Mining has 
begun operating two of its inspection cars on coal-derived 
fuel. The cars have standard diesel engines with no modifica-
tions. 

American Electric Power (AEP) of Lancaster, Ohio is initiat-
ing a pilot program to test liquid coal fuel in part of its 
vehicle fleet. AEP has contracted with CTC to provide 
170,000 gallons of a fuel composed of petroleum fuel and 
10 percent liquid coal fuel. The demonstration program will 
be carried out at an AEP subsidiary, Appalachian Power in 
Abingdon, Virginia. 

GREAT PLAINS SELLS CRESYUCS AND SURPLUS 
METHANOL 

Cresyllc Acids 

The Great Plains Synfuels Plant near Beulah, North Dakota 
has signed contracts with three firms to sell all of its output 
of crude cresylic acids. The contracts are with Merichem of 
Houston, Texas, Coalite Chemicals of Derbyshire, England

and Borden Packaging and Industrial Products. Borden will 
use the material at its plants in Missoula, Montana and 
Sheboygan, Wisconsin to make adhesives. 

Great Plains produces a stream rich in cresylic acids from its 
phenol recovery project. The acids—cresols and xylenols—are 
used for a variety of products including resins, pesticides, her-
bicides, plasticizers, antioxidants and solvents. Annual out-
put from the plant amounts to about 35 million pounds. 

Methanol 

Dakota Gasification Company (DGC), the Basin Electric 
subsidiary that owns the synfuels plant, has signed two con- 
tracts to sell surplus methanol from the plant. These sales 
are expected to generate about $250,000 of revenue annually. 
Marcus Oil and Chemical of Houston, Texas and Bulk Trad-
ing and Transport of Cleveland, Ohio have agreed to buy all 
of the plant's surplus methanol for 3 years. The non-
industrial grade methanol will be resold for use in making 
windshield washer fluids and solvents. 

Other Byproducts 

In other byproduct areas, DGC is seeking technology that 
could lower the level of neutral oil in the plant's phenol. 
This oil causes a different odor than that found in phenol 
made from petroleum, causing a marketing problem for that 
byproduct. 

Extra tar oil will be sold also if a market is found. This tar 
oil becomes available when it is not used as boiler fuel. 

Another major byproduct, krypton-xenon gases, are being 
sold on a 15-year contract to Union Carbide Industrial 
Gases. 

Other byproducts being sold at Great Plains include 
anhydrous ammonia, sulfur and liquid nitrogen. 

Two new contracts for liquid nitrogen have been signed. 
The nitrogen is used for the cryogenic storage of livestock 
semen.

#fl# 

DOE DROPS OHIO CLEAN FUELS 

The United States Department of Energy (DOE) has 
decided not to continue cofunding for a planned $225 million 
clean coal technology project to convert high-sulfur coal into 
a clean-burning liquid fuel. 
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DOE said it will grant no more time for the project's private 
sponsor, Ohio Clean Fuels Inc. of Warren, Ohio, to secure 
its share of the necessary financing or to acquire a site for 
the proposed project. 

DOE has given Ohio Clean Fuels a series of extensions since 
July 1989 to permit the company to find a replacement site 
for the original location in Warren and to obtain firm com-
mitments for the nearly $180 million in financing it had 
pledged when the government selected the project. 

The project was chosen in 1986 as one of the original 
projects in the DOE's Clean Coal Technology Program. 

Ohio Clean Fuels envisioned a prototype plant that would 
mix coal with heavy made oil and process the slurry through 
an upgrading process. The product would be a high quality, 
clean liquid fuel that could be burned as fuel or upgraded to 
the same type of premium fuels produced by a conventional 
oil refinery. Small scale tests of the coprocessing concept in 
1989 confirmed that the process performed as expected. 

Although Ohio Clean Fuels Inc. completed a preliminary 
design of the process, it encountered substantial difficulties 
in arranging financing and finding a buyer for the liquid fuel. 
In June 1990, DOE froze the government's share of funding 
at $5.4 million but gave the company additional time to relo-
cate the project and attract a cost-sharing partner. 

In December 1990, DOE said it was committed to make a 
final decision on whether or not to go ahead with the project 
in June 1991. 

In recent months, Ohio Clean Fuels had proposed a restruc-
turing of the project under a three-company consortium. 
This plan would have shifted the site to an existing refinery 
in St. Marys, West Virginia. Ohio Clean Fuels determined 
that linking the process to an existing refinery would be more 
economical than constructing a stand-alone plant. The 
parties, however, could not complete the required financing 
package before DOE's deadline. 

The decision frees approximately $39.6 million in unspent 
federal funds previously allocated for the project. For its 
$5.4 million in expenditures, the government has received 
the data produced in the project to date. This information is 
publicly available as a series of reports through the National 
Technical Information Service. These reports describe the 
preliminary process design, results from the smaller-scale 
testing program, and the environmental compliance efforts 
completed under this project. 

nfl

SIERRA PACIFIC POWER PROPOSAL WOULD USE 
KRW GASIFIER 

Sierra Pacific PowerCompany has submitted a proposal un-
der Round 4 of the United States Department of Energy's 
(DOE) Clean Coal Technology Program to build an 80-
megawatt power plant featuring the KRW gasification 
process, developed by The M.W. Kellogg Company. 

The proposal seeks DOE funds to match construction and 
some operating expenses to demonstrate and operate a 
power plant using integrated coal gasification combined 
cycle technology. Sierra estimates the plant will cost about 
$160 million. If the proposal is accepted, engineering for the 
plant would be done by Kellogg and Foster Wheeler USA 
Corporation. 

The KRW gasification technology was developed at a pilot 
plant in Waltz Mill, Pennsylvania. Bituminous, sub-
bituminous and lignitic coals from the United States and 
several other parts of the world have been successfully 
gasified using the process. The technology features an air 
blown gasifier that uses limestone and hot gas cleanup to 
produce clean, low-BTU gas for use in a gas turbine genera-
tor. 

The project, called the Pinon Pine Power Project, is tenta-
tively slated to be built at Sierra's Tracy Power Plant near 
Reno, Nevada. This site would give the demonstration 
project three fuel capabilities: coal gas, natural gas or diesel 
fuel. 

The Sierra proposal is one of 33 competing for nearly 
$570 million under Round 4. If the Sierra proposal is 
selected, the combustion-turbine portion of the plant could 
be on-line as early as 1994, with the balance completed in 
1996-1997. 

IGT MILD GASIFICATION TEAM WINS DOE FUNDING 
FOR PILOT 

The Institute of Gas Technology (IGT) has announced plans 
for an $18 million project to design, construct, and operate 
an experimental facility for its advanced mild gasification con-
cept to produce a variety of high-value products from coal. 
The facility will use the IGT mild gasification process to 
produce a slate of solid and liquid products for various uses 
and markets. The char will be used to make formcoke for 
the metallurgical industry and char for use as a boiler fuel. 
The liquid products will be used to produce chemicals, includ-
ing pitch, and liquid fuels. 
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electrode binders, and various chemicals. The liquids could 
also be upgraded to form gasoline and diesel fuel. 

nfl 

In the mild gasification process coal is heated at moderate 
temperatures and pressures. The process incorporates a com-
bined fluidized-bed/entrained-bed reactor designed to 
handle all types of eastern caking and western noncaking 
coals. Coals from Illinois, Wyoming and West Virginia will 
be tested at the facility during the 3-year project. 

Construction of the 24 ton per day facility at the Illinois Coal 
Development Park near Carterville, Illinois is expected to 
begin within a year. The 3-year program will provide data 
for scaleup, production of coproducts for industrial evalua-
tion, preparation of a detailed design for a larger demonstra-
tion unit, and the development of commercialization plans. 

The United States Department of Energy (DOE) said that, 
if upcoming negotiations are successful, it intends to provide 
up to $15 million to a four-member team to carry out the 
project. The federal funding will be supplemented by 
$3 million from the Illinois Department of Energy and 
Natural Resources' Coal Development Board. Another 
$700,000 will be provided by project participants. 

The project team is headed by Kerr-McGee Coal Corpora-
tion, which will provide the coal and oversee the project. As 
the prime subcontractor to Kerr-McGee, lOT will supply the 
technology expertise and coordinate activities of the team 
members. Bechtel Corporation will design and construct the 
process development unit, and Southern Illinois University 
at Carbondale will operate the facility under lOT guidelines 
and test the char's suitability for fluidized-bed combustion 
systems in power plants. 

General Motors Corporation and Pellet Technology Corpora-
tion will evaluate the formcoke for foundry use. LTV Steel 
Company and Armco Inc. will evaluate the forincoke for 
steel production. Reilly Industries, Inc. will evaluate the liq-
uid products for use as chemical feedstocks, and GM's Al-
lison Gas Turbine Division and Auto Research will evaluate 
the liquids as turbine and transportation fuels. 

The technology to be tested will produce a solid char that 
can be further processed into fist-sized briquettes of 
formcoke, which can be used in blast furnaces as a substitute 
for traditional coke in steelmaking. With blast furnace coke 
selling for prices in the range of $90 to $150 per ton, com-
pared to $20 to $40 per ton for the raw coal, formcoke offers 
the type of value-added incentive that could justify commer-
cial scaleup of this type of coal processing technology, says 
DOE. 

Liquids produced by the process are expected to be 
marketable with minimal processing to companies that 
manufacture such materials as roofing and road binders,

COAL TO METHANE PROJECT MOVES TO COOL 
WATER SITE 

The sponsors of the proposed liquid phase methanol project 
have moved the project site to Cool Water, the integrated 
gasification combined cycle (IGCC) plant in Daggett, Califor-
nia. Selected in Round 3 of the United States Department 
of Energy's (DOE) Clean Coal Technology Program, the 
project's original site was the Dakota Gasification 
Company's Great Plains Synfuels Plant near Beulah, North 
Dakota. 

Because of the project site change, DOE will allow more 
time to negotiate a cooperative agreement with the project 
sponsors. 

Texaco Syngas Inc., one of the project sponsors, is nego-
tiating to buy the Cool Water plant, which would be 
modified to allow gasification of coal and sewage sludge. 
The plant would produce 90 to 100 megawatts of electricity 
which could be sold to Southern California Edison Com- 
pany, Cool Water's current owner. 

The Texaco gasification process uses three parts coal and 
one part municipal sludge with a 20 to 25 percent solids con-
tent as the feedstock. The slurry is dried to 95 percent solids 
and then gasified into a medium BTU syngas. Byproducts 
from the process include elemental sulfur and liquid carbon 
dioxide. 

Using gasification and indirect liquefaction, methanol would 
be produced through a liquid phase process developed by 
Air Products and Chemicals, Inc. The process suspends a 
catalyst as a slurry in an inert liquid which distributes heat 
throughout the reactor. 

The methanol project would store energy until it is needed 
to generate electricity during periods of peak power demand. 
Methanol would also be a backup fuel for baseload genera-
tion. 

While Dakota Gasification will no longer house the project, 
it says it will continue to help with project development at 
the Cool Water site. Additional funding for the project has 
been provided by the Electric Power Research Institute. 
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CORPORATIONS 

KELLOGG TO BUILD GENERIC LIQUEFACTION 
FACILITIES FOR DOE 

The M.W. Kellogg Company of Houston, Texas will design 
engineer, install and test generic coal conversion facilities for 
the United States Department of Energy (DOE) at the Pitts-
burgh Energy Technology Center in Pennsylvania. 

The facilities will include direct and indirect coal liquefaction 
process development units and a refuting unit to upgrade the 
products from the liquefaction unit. Work on the project is 
under way and is scheduled to be completed by May 1993. 

The coal conversion process development units will be used 
by DOE for continued research to reduce processing costs 
for producing synthetic liquid fuels from coal. According to 
The Oil fljJy, DOE hopes to reduce the subsidized research 
cost of making synthetic crude oil to $30 per barrel from the 
current cost of $38 per barrel. 

NORTH DAKOTA LIGNITE TO MOTOR FUELS WILL BE 
STUDIED 

The Dakota Gasification Company (DGC) has received fund-
ing to do a preliminary study on combining two methods of 
converting lignite to transportation fuels at the Great Plains 
Synfuels Plant near Beulah, North Dakota. 

The DCC board of directors approved $60,000 to fund half 
of the study. The other half will be funded by coal severance 
tax monies approved by the North Dakota Industrial Com-
mission. 

The 6-month study will use computer data analysis to deter-
mine how much the prices of oil, gasoline and diesel fuel 
would have to rise to make conversion to transportation 
fuels profitable. The study will optimize a combination of 
two technologies at Great Plains. 

One technology would take raw gas produced at the plant 
and convert it to synthetic transportation fuels instead of syn-
thetic natural gas. The same process is used by SASOL at its 
plants in South Africa. The other technology would convert 
lignite directly into transportation fuels. 

Converting the plant to liquid fuels would not affect the 
byproducts now produced there. The cost to convert the 
plant would be substantial, on the order of $750 million.

The study is being conducted by Mitre Corporation in 
Washington, D.C.

##00 

Sc! REACHING COMMERCIALIZATION OF 
[IC PROCESS 

SGI International of La Jolla, California says it is now in a 
position to accelerate worldwide commercialization of its Li-
quids from Coal (LFC) process. 

SC! expects to see increasing revenues from LFC Plant 
Development Programs and royalty revenues from licensing. 
Licensing of the LFC process is through TEK-KOL, SGI's 
worldwide licensing partnership with Shell Mining Company. 

Under its LFC Plant Development Program, SC! has 
developed joint venture programs for coal owners and users. 
For large-scale LFC plants processing from 10,000 to 
100,000 tons of coal per day, SC! is providing project-related 
services in a four-phase development program: 

Coal tests and plant site evaluation 

Production of LFC coal and liquid samples 

Technical services, including proprietary process 
controls 

Project packaging for LFC plant financing 

SCI recently announced the opening of its new Development 
Center in Perrysburg, near Toledo, Ohio. The facility serves 
SGI's worldwide marketing programs. Based on the results 
of work at the center, SC! will select the most profitable 
projects for development. The center is operated for SGI by 
Maumee Research and Engineering, Inc. 

ENCOAL Corporation of Houston, Texas expects to com-
plete construction of its 1,000 ton per day mild coal gasifica-
tion plant in early 1992, with full plant operation planned for 
September 1992. The plant, located near Gillette, Wyoming, 
will demonstrate the LFC process with 50 percent funding 
from Round 3 of the United States Department of Energy's 
(DOE) Clean Coal Technology Program. If ENCOAL's 
project is successful, a full scale commercial plant, about 
10 to 20 times the size of the demonstration plant, could be 
built and operating as soon as the mid-1990s. 
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Global Marketing Program 

SGI has met with the United Nations Industrial Develop-
ment Organization (UNDO) in Vienna, Austria to intro-
duce the LFC process. As a result, the process is now avail-
able to the United Nation's Systems-Wide, Medium-Term 
Environmental Program. SOl will participate in a UNDO 
conference in Copenhagen, Denmark in October 1991 on 
Ecologically Sustainable Industrial Development. 

High level officials representing the Government of Poland 
have expressed an interest in using LFC coal refineries and 
501 has met with experts from the Polish Central Coal In-
stitute in Katowice, Poland. 501 has started a program to 
evaluate Polish coals. 

At the invitation of the Anchorage Economic Development 
Corporation, SOT met with local coal executives to discuss 
upgrading Alaskan coals. Alaska's coal resources constitute 
over one-third of total United States coal resources. 

501 is also negotiating with DOE to provide clean fuel 
samples for government testing programs. Coals from 
several regions will be processed at the 501 Development 
Center with the express purpose of facilitating the rapid com-
mercialization of the LFC process. 

fl## 

FREETOWN ENERGY PARK APPLIES FOR ROUND 4 
FUNDS 

The Freetown Energy Park intends to construct, own and 
operate a 440 megawatt electrical generating facility in 
Freetown, Massachusetts. The project is a joint effort by 
Texaco Syngas Inc., General Electric Company, and Com-
monwealth Energy System. 

A 600-acre site located on the Taunton River is intended to 
be developed as a multi-use energy park which will include 
the 440 megawatt facility. The plant will be an integrated 
gasification combined cycle (IGCC) design, consisting of a 
gas turbine fueled by syngas derived from coal gasification. 

Freetown Energy Park has submitted a proposal for 
$150 million in funding from Round 4 of the United States 
Department of Energy's Clean Coal Technology Program. 
The total estimated cost of the 8-year project is $845 million. 

Using Texaco's coal gasification process, the plant will gasify 
4,000 tons of high sulfur coal per day. The facility will 
operate at a heat rate below 9,400 BTU per kilowatt-hour. 

The proposal notes that coal gasification has been used sue-
cessfully for power generation, most notably at the Cool 
Water Project in California. Cool Water was designed to

show that the technology could work. In contrast, it says that 
Freetown is being designed to show that the technology can 
be used commercially. The project will be developed as an 
operating blueprint which others can copy when building fu-
ture coal based facilities. Preliminary engineering and per-
mit preparation has already begun. 

#111 

CARBONTEC SYNCOAL PROCESS WOULD BE 
DEMONSTRATED AT CORDERO MINE 

Cordero Mining Company, a subsidiary of Sun Company, 
Inc., is seeking United States Department of Energy (DOE) 
funding under Round 4 of the Clean Coal Technology 
Program to build a coal upgrading facility to demonstrate 
Carbontec's Syncoal Process. 

This process, developed by Carbontec and licensee Carbon-
tec Wyoming, Inc., uses moderate temperatures to remove 
the moisture, volatiles, sulfur, and sodium from sub-
bituminous coals or lignite. At atmospheric pressure, the 
coal from the process is converted to a high BTU, low sulfur 
fuel suitable for use in midwestern and eastern power plants 
which are designed to burn higher BTU coals but need to 
reduce SO2 emissions. 

As a first step towards commercialization of the process, Cor-
dero plans to build a 1,200 ton per day demonstration plant 
to be located at the Cordero Mine site in Gillette, Wyoming. 
The estimated cost of the project is $343 million, of which 
Cordero has requested 50 percent in DOE funding. 

The plant will include a feedstock diversion and storage 
facility, followed by a screening system which will segregate 
the coal into three fractions. A portion of the fines will be 
used to fuel a direct-fired heater and the balance of the fines 
will be combined with the product before the second stage of 
drying. After screening, the coal will be partially dried in the 
first stage processing unit which uses a heated mixture of 
fuel oil. This process drives the moisture and volatiles out of 
the coal, removes some sulfur and sodium, and provides a 
barrier on the coal to prevent moisture reabsorption and 
spontaneous combustion. The process also hardens the coal, 
making it less susceptible to size degradation during shipping 
and handling. 

The second stage processing unit uses hot gas to complete 
the upgrading process and to control the moisture content of 
the final product. The hot product is then cooled and stored 
until it is shipped in open-topped rail cars or trucks to the 
user. 

Major pieces of equipment for the demonstration plant in-
clude a pulverized coal direct-fired tube heater, first stage 
processing units, conveyors to move the material through the 

-

SYNTHETIC FUELS REPORT, SEPTEMBER 1991 
4.5



plant, a second stage dryer/cooler, a finned tube condenser, 
a baghouse to remove particulate from the exhaust, feed and 
product storage silos, miscellaneous pumps and fans to move 
the liquid and gases through the process, and equipment to 
properly treat and dispose of waste materials. 

The project team which Cordero has assembled includes Car-
bontec Wyoming, Inc. of Bismarck, North Dakota, Stone and 
Webster Engineering Corporation of Denver, Colorado, and 
Dairyland Power Cooperative of La Crosse, Wisconsin. 

FRONTIER ENERGY PROPOSES 
PLANT IN OHIO 

Frontier Energy Corporation is proposing to build a 
$440 million plant to demonstrate the technology for simul-
taneous conversion of high sulfur coal and heavy oil to low 
sulfur, clean burning, liquid hydrocarbon fuels. In addition, 
the unconverted fraction of the feedstock can be used to gen-
erate electricity for in-plant use as well as for sale to local 
utility systems. 

In the proposed technology, contaminants in coal such as 
pyritic and organic sulfur, and nitrogen, are removed chemi-
cally prior to combustion. The majority of these potential 
pollutants are recovered as commercially salable byproducts, 
such as elemental sulfur and anhydrous ammonia. 

The two main liquid hydrocarbon products produced from 
this technology are: a naphtha fraction which can be used as 
a high value petrochemical feedstock, or can be further 
processed into a high octane motor fuel; and a low sulfur 
fuel oil. 

The demonstration project will process 1,200 tons per day of 
Ohio No. 6 coal and 20,000 barrels per thy of Alberta heavy 
oil. 

The demonstration project will produce: 

- 10,360 barrels per day of petrochemical naphtha 

- 13,730 barrels per thy of low sulfur fuel oil 
(0.1 weight percent sulfur) 

- 12 megawatts of cogenerated electricity 

- 1,350 barrels per day of commercial grade 
propane/butane 

- 123 tons per day of elemental sulfur 

- 25 tons per day of anhydrous ammonia

In addition to Frontier Energy, the project is supported by 
Canadian Energy Developments, Inc. in Edmonton, Alberta, 
Canada and Kilborn Engineering, Inc. in Atlanta, Georgia. 
The State of Ohio has provided a preliminary commitment 
of a $5 million grant. 

Frontier Energy has applied for project funding under 
Round 4 of the United States Department of Energy's Clean 
Coal Technology Program. The proposal requests 
$100 million in federal funds. 

The project will utilize the CCLC Coprocessing technology, 
developed by Canadian Energy Developments, Inc. in as-
sociation with the Alberta Office of Coal Research and Tech-
nology and Gesellschaft fur Kohleverflussigung of 
Saarbruken, West Germany. This technology has over 
8,000 hours of pilot plant operations with subbituminous, 
high volatile, high sulfur coals. 

fin 

MTCI PULSE COMBUSTION GASIFIER PROPOSED AT 
PAPER COMPANY PLANT 

ThermoChem, Inc. of Columbia, Maryland proposes to 
demonstrate the MTCI Pulse Combustion process to 
produce a medium-BTU fuel gas from subbituminous coal at 
Weyerhaeuser Paper Company's Containerboard Division 
mill in Springfield, Oregon. The fuel gas and byproduct 
steam produced in the demonstration facility will be con-
sumed by the mill to partially offset the current use of hog-
fuel boilers and to eventually replace each of the five hog-
fuel boilers presently in use. 

A subbituminous coal, Wyodak coal, supplied by the Amax 
Coal Sales Company will be used in the demonstration. The 
coal will be supplied from the Belle Ayr mine or the Eagle 
Butte mine located in Gillette, Wyoming. 

The Manufacturing and Technology Conversion Interna-
tional (MTCI) fluidized bed gasifier incorporates an indirect 
heating process for thermochemical steam gasification of 
coal to produce hydrogen-rich, medium-BTU fuel gas 
without the need for an oxygen plant. Indirect heat transfer 
is provided by the MitT multiple resonance tube pulse com-
bustor technology with the resonance tubes comprising the 
heat exchanger immersed in the fluidized bed reactor. High 
heat transfer coefficients permit the use of this approach for 
minimizing the amount of required heat transfer surface. 
This results in higher throughput and/or lower capital equip-
ment cost. 

The proposal notes that the demonstration has been limited 
to the unit operations absolutely required for the demonstra-
tion project. For a major commercial application, char com-
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bustion and heat recovery operations would be included to 
enhance the overall plant efficiency. 

A comparison of the reductions in effluents achieved by the 
replacement of the hog-fuel boiler by the gasifier is 
presented in Table 1. 

Thermochem has applied to the United States Department 
of Energy (DOE) for funding under Round 4 of its Clean 
Coal Technology Program. DOE is being asked to provide 
50 percent of the project's estimated cost of $373 million. 

Project team members include Weyerhaeuser Paper Com-
pany, Manufacturing and Technology Conversion Interna-
tional, Inc., and Engineering Services Inc. in Martinez, 
California.

414 tons of methanol per day and 80 megawatts of electricity. 
The process utilizes pyrolysis, char gasification, and in-
tegrated regenerative hot gas cleanup technologies. The hot 
gas cleanup system directly yields elemental sulfur. 

Calderon proposes to site the project in Bowling Green at an 
estimated cost of $271.5 million. The United States Depart-
ment of Energy has been requested to provide approximately 
$118 million toward project costs under Round 4 of its Clean 
Coal Technology Program. Team members named in the 
proposal are the City of Bowling Green, Ohio, Wood 
County, Ohio, and Ohio Valley Coal Company in Pepper-
pike, Ohio. 

According to the proposal, SO 1 emissions are reduced by 
99 percent by virtue of the integrated hot gas cleanup. NO1 

TABLE 1 

SPRINGFIELD MILL POWER HOUSE WASTE GENERATION 
(Tons Per Year)

Proposed Coal 
Existing	 Gasifier and 

Stack Emissions	 Hog Boiler	 Power Boiler 

CO 600 0 
NO 310 26 

so: 400 12 
VOC 60 0 
Suspended Particulate Matter 1,174 0 

Solid Wastes 

Ash and Char Fines 22,720 7,776 
Coarse Char 520 0 
Steam Output 864,000 778,464 
Feed Input, Dry 200,000 108,000 
io9 BTU/hr 3,600 Z592 
Overall Efficiency, % 57.6 69.2

CALDERON PROPOSES COAL/CORN/FIRE FEED FOR 
COPRODUCTION PROCESS 

Calderon Energy Company in Bowling Green, Ohio is 
proposing to use coal, corn and tires as the feedstock for the 
coproduction of syngas and low-BTU fuel gas. The syngas 
would then be converted to methanol while the fuel gas 
would be used to generate electrical power. 

The proposed project would use Calderon's proprietary tech-
nology to convert 984 tons per day of Pittsburgh No. 8 coal, 
188 tons per day of corn and 84 tons per day of tires into

emissions are kept at levels under 0.02 pounds per million 
BTU of fuel feed when the low-BTU gas is combusted in a 
boiler or gas turbine. 

Calderon says the process is adaptable for repowering exist-
ing pulverized coal fired boilers and in some locations gas 
fired or oil fired boilers. The coproduction of methanol pays 
for repowering and also yields positive cash flows. Thus pol-
lution controls are provided at no cost to either the utility or 
the rate payers.

nfl 
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FUNDING SOUGHT FOR FULL SCALE K-FUEL 
FACILITY 

Heartland Fuels Corporation in Madison, Wisconsin plans a 
commercial scale demonstration of the production process 
for K-Fuel, an upgraded clean coal product. 

Heartland Fuels, along with seven other team members, has 
submitted a proposal for funding under Round 4 of the 
United States Department of Energy's (DOE) Clean Coal 
Technology Program. DOE has been requested to fund 
50 percent of the estimated project cost of $88.4 million. 
The other team members are: 

- WPL Holdings, Inc., Madison, Wisconsin 

- Heartland Development Corporation, Madison, 
Wisconsin

- Enserv, Inc., Madison, Wisconsin 

- RMT Inc., Greenville, South Carolina 

- FRU-CON Construction Corporation/FRU-CON 
Engineering Inc., Ballwin, Missouri 

- K-Fuel Partnership, Denver, Colorado 

- State of Wyoming, Cheyenne, Wyoming 

The K-Fuel process is a technology that physically and chemi-
cally transforms low rank coal or lignite which is high mois-
ture and low energy per pound into a low-moisture, low-
nitrogen, low-sulfur, high-energy, clean-burning, solid fuel. 
This transformation occurs through the use of heat and pres-
sure in specially designed pressure vessels. Figure 1 is a 
schematic of the K-Fuel process. 

FIGURE 1

K-FUEL PROCESS SCHEMATIC

SOURCE: HEARTLAND FUELS CO'ORAflOti
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The K-Fuel process is an application of temperature and 
pressure that quickly duplicates the natural process of con-
vening subbituminous coal into anthracite coal. As coal 
feedstock is heated under pressure, water is displaced from 
the coal without allowing for its evaporation. Removal of 
the water and continued heating of the coal causes oxygen to 
be displaced, forming carbon dioxide, carbon monoxide, and 
additional water. The removal of the oxygen-bearing groups 
from the coal changes surface chemistry so that it becomes 
hydrophobic, or water repelling. During the heating, a mild 
pyrolysis takes place resulting in a gaseous product contain-
ing some of the sulfur in the coal and coal liquefaction 
products of tars and solid bitumen. The bitumen coats the 
K-Fuel, which contributes to its water repelling properties 
and aids in pelletizing, shipment and storage. The sulfur in 
the gaseous product is reduced into elemental sulfur and 
may be marketed. The water removed in the process will be 
treated and injected into deep wells. 

On an energy per volume basis, K-Fuel is competitive to 
most high-BTU coals. To burn K-Fuel in utility or industrial 
power generation systems requires no retrofit and only mini-
mum operating capital investments to existing power genera-
tion facilities. 

When burned, K-Fuel has emissions of less than 0.88 pounds 
502 per million BTU which is two-thirds the amount allowed 
for compliance with the Clean Air Act Amendments of 1990 
in the year 2000.

###1 

COREX PROCESS DEMONSTRATION PROPOSED AT 
GENEVA STEEL

high temperatures in the melter gasifier cause cracking of 
the hydrocarbons formed during coal devolatilization with 
the result that the tars and air toxics associated with conven-
tional cokemaking are essentially eliminated. Emissions are 
further reduced by enclosing the coal and iron ore feeds in 
the COREX unit. 

The performance of the COREX process in the pilot plant 
and in the South African pioneer plant convinced Geneva 
Steel that the process is sufficiently mature to justify its 
demonstration in a scaled-up facility. The proposed plant 
will be designed for long-term continuous operation to estab-
lish the ability of the process: 

To achieve significant emission reductions in iron-
making 

To utilize United States coals and iron ores 

To operate using a broader selection of coals for 
ironmaking 

To reduce ironmaking costs 

The proposed project has an estimated cost of 
$467.5 million, of which the United States Department of 
Energy is being asked to fund 25.7 percent under Round 4 of 
its Clean Coal Technology Program. If selected, federal 
funding would amount to over $120 million. 

Joining Geneva Steel in supporting the proposed 5-year 
project are Bechtel Corporation in San Francisco, California 
and Deutsche Voest-Alpine Industrieanlagenbau in Dussel-
dorf, Germany.

run 
Geneva Steel, based in Provo, Utah, proposes to 
demonstrate the COREX ironmaking process developed by 
Deutsche Voest-Alpine Industrieanlagenbau GmbH. The 
process has been tested at a 66,000 ton per year pilot plant in 
West Germany and in 2 years of operations of a 385,000 ton 
per year pioneer plant at ISCOR Pretoria Works, South 
Africa. Geneva will demonstrate the viability of the process 
in a 770,000 ton per year commercial scale demonstration 
plant capable of producing hot metal from a wide range of 
United States iron ores and coals. The demonstration plant 
will be located at Geneva's plant site 45 miles south of Salt 
Lake City, Utah. 

The COREX process consists of a countercurrent hot-gas 
flow, moving bed, direct reduction shaft furnace connected 
to a lower oxygen-blown melter gasifier. Sponge iron and a 
medium BTU gas are produced in the upper reactor from 
iron bearing materials charged into the reactor and from a 
reducing gas produced in the lower melter gasifier. The 
sponge iron produced in the reduction shaft is melted in the 
melter gasifier and is tapped as a hot, flowing metal. The

CHAR-FUELS APPLIES FOR ROUND 4 FUNDING 

Char-Fuels Associates, Englewood, Colorado, plans to build 
a 150 ton per day coal refining demonstration project at 
Glenrock, Wyoming. A proposal submitted to the United 
States Department of Energy requests approximately 
$12.3 million in federal funds for the project under Round 4 
of the Clean Coal Technology Program. The total project 
cost is estimated at $24.6 million. 

Project team members include Babcock & Wilcox of Al-
liance, Ohio, Stone & Webster Engineering Corporation of 
Denver, Colorado, the Tennessee Valley Authority in Chat-
tanooga, Tennessee and Radian Corporation of Austin, 
Texas. 

The Charfuel process is a thermal fluidized hydrocracking 
process which uses internally generated hydrogen. Coal and 
air are the only process feedstocks. Pulverized coal is rapidly 
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devolatilized in a reducing atmosphere to produce char and 
a slate of hydrocarbon liquids. Gas production is minimized 
to conserve native hydrogen, leading to high thermal ef-
ficiency (about 80 percent), low CO  production, and cost ef-
fectiveness. 

Char and low viscosity, high-BTU hydrocarbon liquids 
derived from coal by the Charfuel process are blended to 
yield a non-aqueous, slurry-type, pumpable fuel. This 
manufactured material is a compliance, 13,000+ BTU per 
pound fuel. This fuel can be handled or stored using oil type 
facilities, including crude oil pipelines. In addition, a fully 
integrated facility yields the following coproducts: elemental 
sulfur, ammonia, BTX (benzene, toluene, xylene), methanol, 
methyl tertiary butyl ether, and industrial grade carbon 
dioxide. 

The Charfuel project will be located at the Dave Johnston 
Power Plant owned and operated by Pacific Power & Light 
in Glenrock, Wyoming. The scope of the 3 year project is to 
design, construct, and operate a demonstration scale Char-
fuel facility to optimize process parameters, to verify removal 
of precursors of acid rain and air toxics, and to conduct com-
bustion and theological demonstrations of the fuel products 
on a variety of coals. The project will first use a low-sulfur, 
subbituminous coal and then eastern, high-sulfur, bituminous 
coals. The performance and economics of utilizing the new 
fuel form will be compared with data on commercially avail-
able SO2 and NO emission control technologies. 

Figure 1 is a block flow diagram of the Charfuel process 
Many of the necessary preliminary design, permitting 
(including an air permit), and licensing tasks have already 
been completed. 

The primary proposer is Char-Fuels Associates, Ltd., a 
Wyoming limited partnership managed by Wyoming Coal 
Refining Systems, Inc. The State of Wyoming has provided 
financial support and Pacific Power & Light has signed a con-
tract for use of the host site, coal, water, and a 100 megawatt 
boiler for the project. 

PSI AND DESTEC PROPOSE WABASH RIVER COAL 
GASIFICATION PROJECT' 

The Wabash River Coal Gasification Repowering Project, a 
joint venture of Destec Energy, Inc. of Houston, Texas and 
PSI Energy, Inc. of Plainfield, Indiana, will develop, design, 
construct, and operate an integrated gasification combined 
cycle (IGCC) power plant. Coal gasification technology, 
originally developed by Dow Chemical Company and owned 
by Destec, will be used to repower one of six units at PSI's 
Wabash River generating station in West Terre Haute, In-
diana.

FIGURE 1 

CHARFUEL COAL REFINING FACILITY 
BLOCK FLOW DIAGRAM 
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SOURCE: CHAR—FUELS ASSOCIAIES 

In the repowered configuration, the 10CC power plant will 
produce 265 net megawatts of electricity, using locally mined, 
high sulfur coal. 

Briefly, the technology works as follows. Coal is ground with 
water to form a slurry, which is pumped into a gasification 
vessel where oxygen is added to form a hot, raw gas through 
partial combustion. Most of the noncarbon material in the 
coal melts and flows out the bottom of the vessel forming 
slag—a black, glassy, nonleaching, sand-like material. The 
hot, raw gas is then cooled in a heat exchanger to generate 
high pressure steam. Particulates, sulfur and other im-
purities are removed from the gas before combustion. 

The synthetic fuel gas (syngas) is piped to a combustion tur-
bine generator which produces approximately 198 megawatts 
of electricity. A heat recovery steam generator recovers gas 
turbine exhaust heat to produce high pressure steam. This 
steam and the steam generated in the gasification process 
supply an existing steam turbine generator to produce an ad-
ditional 104 megawatts of electricity. Plant auxiliaries in the 
power generation and coal gasification areas consume ap-
proximately 37 megawatts, for a nominal net power genera-
tion export of 265 megawatts. 

The net plant heat rate for the entire unit is 8,740 BTU per 
kilowatt-hour, representing a 21 percent improvement over 
the existing unit. For a comparison, the average heat rate 
for a new coal fired unit with a scrubber is about 10,500 BTU 
per kilowatt-hour. 
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The plant, designed to out-perform the standards established 
in the Clean Air Act for the year 2000, will remove 
98 percent of the sulfur in the coal. SO emissions will be 
less than 0.12 pounds per million BTU of fuel. 

The gasification process byproducts, sulfur and slag, are 
recyclable. Sulfur is removed as 99.7 percent pure elemental 
sulfur and can be sold as a raw material to make agricultural 
fertilizer. The slag has been used as aggregate in asphalt 
roads and as structural fill in various types of construction 
applications. 

The demonstration period for the project will be 3 years, but 
it is anticipated that the project will be in commercial opera-
tion for approximately 17 years after completion of the 
demonstration period. 

PSI and Destec have applied for federal funding under 
Round 4 of the United States Department of Energy's 
(DOE) Clean Coal Technology Program. The total es-
timated project cost is $592 million of which DOE is being 
asked to provide 41 percent, or about $242.7 million. 

fin 
GASIFIER BASED ON CAT CRACKING TECHNOLOGY 
PROPOSED BY LEAS 

Leas Industrial Associates (LIA) is proposing to build a 
gasifier based on cat cracking technology that simultaneously 
processes coal and limestone to produce a synthetic coal free 
of sulfur and heavy metals, as well as gypsum, and purified 
lime. 

LIA has submitted a proposal to fund this demonstration 
project to the United States Department of Energy (DOE) 
under Round 4 of its Clean Coal Technology Program. LIA 
has requested DOE to fund 50 percent of the estimated 
project cost of $30 million. 

Figure 1 is a simplified block flow diagram of the proposed 
LIA process. 

The recycle reagent is an intermediate density fluidized 
stable solid to eliminate coal tar liquids, to decompose the 
organic heavy metals, sulfur and halogens via air and steam 
gasification, and to fractionate the products by differential 
specific gravity. The heavy metals, recycle reagent, and syn-
coal are fractionated within the first connecting partition and 
then the addition of in-process time converts the produced 
hydrogen sulfide to a lighter CaS. Within the second parti-
tion, excess lime is withdrawn; then the clean, low-BTU gas 
is vented to the external limestone calciner.

FIGURE 1

hA PROCESS FLOW 
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Within the elevated alpha-leg of the SS shaped gasifier, the 
blended dry-pulverized coal and recycle reagent provide for 
head system pressure, the beta-leg provides for air gasifica-
tion, and the gamma-leg provides for medium-BTU gas via 
steam gasification. The clean, medium-BTU gas is vented to 
the lime purifier to separate by fluidization the heavy metals, 
the purified lime, and the vent gas for process use. 

Within the limestone calciner the low-BTU gas provides the 
heat for the lime fluidized bed. The predried pulverized 
limestone is gravity pressured via the elevated alpha-leg into 
the calciner beta-leg. The stack-gas and limestone CO  
vents to the top vapor line to drive the gas expander which in 
turn supports the process drivers. The exhaust gas heat from 
the gas expander is used to predry the pulverized raw coat, 
raw limestone, and feed the CO 2_N2separator. 

To improve total plant process efficiency, indirect heat ex-
changers are used to generate process steam. A small 
amount of syncoal is used in the ash decarbonizer to preheat 
the air feed to the beta-leg gasifier. 

Because the coal ash has been purified by removing the 
heavy metals, CaSO4 can be used as a binder to con-
glomerate the ash to be used as an agricultural soil erosion 
preventative along with the ammonium sulfate fertilizer. 

fin 
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TAMCO PARTNERS COMBINE FOR IGCC PLANT IN
	

isting plant fueled by coal, oil, or natural gas and for adding 
VIRGINIA
	 new capacity. Commercial applications are expected in the 

late 1990s. 
TAMCO Power Partners proposes to build the Toms Creek 
integrated gasification combined cycle demonstration plant 
at a site near Coeburn in Wise County, Virginia and has re-
quested United States Department of Energy (DOE) fund-
ing support under Round 4 of the Clean Coal Technology 
Program. TAMCO estimates the total cost of the project 
will be $219.1 million. DOE has been asked to provide 
$109 million toward this total. 

The power plant will utilize air-blown, fluidized bed gasifica-
tion technology, developed by the Institute of Gas Technol-
ogy, in combination with a General Electric MS 6001 gas tur-
bine modified for use with either low-Bill gas or natural 
gas, and a conventional steam bottoming cycle. The plant 
will demonstrate improved coal to power efficiencies, while 
significantly reducing SO  and NO emissions. 

TAMCO Power Partners is comprised of Tampella Power 
Corporation of Williamsport, Pennsylvania, who will provide 
the coal gasification plant for the project and will commer-
cially develop the demonstrated technology, and Coastal 
Power Production Company of Roanoke, Virginia, who will 
provide the fuel and operate the power plant. Members of 
the project team include Stone & Webster Engineering Cor-
poration of Boston, Massachusetts and the Institute of Gas 
Technology in Chicago, Illinois. 

The project will be located at the Toms Creek mine, owned 
by ANR Coal (a subsidiary of Coastal Corporation) in south-
west Virginia and will use 430 tons per day of bituminous 
coal to produce 55 megawatts of electric power. To meet the 
requirements of a viable power sales contract, an additional 
MS 6001 gas turbine and a heat recovery steam generator 
are also to be located at the same site. The total output 
from the combined plant will be 107 megawatts of electric 
power and approximately 20,000 pounds per hour of steam 
for use in a nearby coal preparation plant. 

The gasification technology to be used in the project is the 
U-Gas Process which uses air and coal in a fluidized bed 
reactor to produce a low-BTU gas. Dolomite is injected into 
the gasifier to accomplish up to 90 percent sulfur removal 
from the gas produced, which is then passed through a zinc 
titanite regenerable sulfur removal system and a ceramic 
candle filter system for fine particulate removal. The spent 
dolomite is contacted with air before discharge so that the 
gasifier residue, including the coal ash, becomes a glassified 
and nonleachable product. 

According to the proposal, improvements in plant heat rate, 
compared with conventional commercial systems, should 
reduce carbon dioxide emissions by 10 to 15 percent, depend-
ing on plant size and gas turbine design, while providing 
state-of-the-art control of SO 2' NO , and particulate emis-
sions. The technology is suitable botli for repowering an a-

COAL TECHNOLOGY CORPORATION APPLIES FOR 
FUNDING FOR MILD GASIFICATION PLANT 

Under the name CLC Associates, Inc., a team comprised of 
Coal Technology Corporation (CTC), Norfolk Southern Cor-
poration, and Rapoca Energy Company has applied for fund-
ing from the United States Department of Energy (DOE) 
under Round 4 of its Clean Coal Technology Program to 
build a plant to demonstrate the coal liquid and coke (CLC) 
mild gasification process. DOE is being asked to fund 
50 percent of the estimated project cost of $124.5 million. 

The CLC mild gasification technology to be demonstrated in 
this project involves the production of two marketable 
products from bituminous caking type coals: coal liquids for 
further refining into transportation fuels, and formed coke 
for foundry and blast furnace application in the steel in-
dustry. The CLC process continuously produces blast fur-
nace quality coke within a 2-hour period in a completely 
enclosed system. The coal liquids are suitable for further 
refining into transportation fuel blend stock. 

The process involves feeding 1,000 tons per day of coal into 
three of Cit's proprietary mild gasification retort reactors 
operating at about 1,000°F to extract the high quality liquids 
from the coal and produce a devolatilized char. The hot 
char is fed directly into a hot briquette system along with an 
additional 500 tons per day of coking coal to form what is 
called "green" briquettes. The green briquettes are directly 
fed into the rotary hearth continuous coking process for final 
calcining at 2,000°F to produce high quality 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 1,500 tons of coal 
per day will be used in the demonstration phase of the 
project. 

Figure 1 shows a process flow chart for the proposed project. 

Wise County Industrial Park in southwestern Virginia was 
selected as the primary site for the demonstration project. 
The site was selected for the following reasons: 

- The 32 acre site is adjacent to massive high quality 
coal reserves. 

- The Norfolk Southern rail system now extends to 
the site. 
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FIGURE 1 

GENERALIZED PROCESS FLOW CHART FOR DEMONSTRATION PROJECT 
------------------------------------------------------- ---------------------------
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Wise County has agreed to donate the already 
prepared and leveled site as an incentive for the 
location of this plant in theft county. 

The Virginia Coalfield Economic Development 
Authority has agreed to provide various financial 
incentives to locate the plant in this economically 
depressed area of Virginia. 

SIERRA PACIFIC SUBMITS PROPOSAL FOR 16CC 
PLANT IN NEVADA 

In response to the solicitation for Round 4 of the Depart-
ment of Energy's (DOE) Clean Coal Technology Program, 
Sierra Pacific Power Company (SPPC) has submitted a 
proposal to design, build, and operate an integrated coal 
gasification combined cycle (1(1CC) facility at its Tracy Sta-
tion near Reno, Nevada. SPPC estimates the proposed 
project will cost about $348.7 million and has requested that 
DOE provide 50 percent of the funding.

To build the new facility, SPPC will enter into a management 
contract with Foster Wheeler USA Corporation of Per-
ryville, New Jersey for the entire project. The MW Kellogg 
Company of Houston, Texas will be the subcontractor to 
design the KRW fluidized bed gasification process. 

In this application, one KRW gasifier, operating in the air 
blown mode with in-bed desulfurization and hot gas cleanup 
technology, will convert approximately 800 tons per day of 
bituminous coal into a low-BTU fuel gas for use in a combus-
tion turbine generator. The exhaust gases from the turbine 
will generate steam in a heat recovery steam generator which 
will drive a steam turbine generator. 

The gas leaves the gasifier at a temperature of about 1,700°F 
and is cooled to 1,050°F before entering the hot gas cleanup 
section of the plant. Here traces of sulfur are removed to a 
96 percent plus efficiency in a bed of absorbent such as zinc 
ferrite. A ceramic candle filter removes essentially all the 
remaining particulate material prior to the clean gas entering 
the combustion turbine. The hot gas sulfur removal absorb-
ent can be regenerated with steam and air with the 
regenerator gas stream being sent to the sulfator where the 
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sulfur reacts with limestone and air, and then exits the sys-
tern as calcium sulfate. 

The combustion turbine is coupled to an electric generator 
designed to produce approximately 56 megawatts of 
electricity. The turbine is designed to accommodate the low-
ETU gas which can reach as low as 90 BTU per standard 
cubic foot. 

The heat in the combustion turbine exhaust gases is used to 
generate steam in a heat recovery steam generator (HRSG). 
Due to the relatively low operating temperature of the 
gasifier, and as a result of the injection of steam into the com-
bustion turbine, the NO 1 content of the exhaust gases is a 
fraction of the limits set down in the New Source Perfor-
mance Standards, according to SPPC. The steam for the 
HRSG drives a condensing steam turbine generator set 
designed to produce approximately 30 megawatts of 
electricity.

I'M 

TVA ASKS FUNDING FOR COMBINED 1(3CC AND 
FERTILIZER PLANT 

In response to the United States Department of Energy's 
(DOE) solicitation for proposals for Round 4 of the Clean 
Coal Technology Program, the Tennessee Valley Authority 
(TVA) is proposing to develop and commercially 
demonstrate optimized integrated gasification combined 
cycle (IGCC) technology and the coproduction of electric 
power and fertilizer. This would be done in an integrated 
gasification combined cycle/fertilizer (10CC/F) facility. 

WA estimates the project will cost $686 million and has re-
quested DOE to fund 26 percent of the cost, or about 
$180 million. 

The results of the demonstration will provide electric utilities 
with an option to utilize the concept of power generation 
from coal for chemical production. The coproduction of 
urea and sulfuric acid or sulfur as salable products enhances 
the economic advantages of using coal. 

WA says that the demonstration of optimized 1(3CC and 
10CC/F will significantly reduce both 502 and NO, emis-
sions and solid waste disposal requirements compared with 
conventional control technologies for pulverized coal fired 
boilers. Optimized 10CC will provide these environmental 
benefits at a higher plant efficiency and lower revenue re-
quirement. CO  emissions will also be reduced. 

An evaluation cofunded by WA and the Electric Power 
Research Institute is under way to select the process units 
best suited for the coproduction of electricity and fertilizer.

To meet WA's projected base and peak load power require-
ments early in the next century, electric power from 10CC 
and 10CC/F needs to be commercially demonstrated by the 
late 1990s to be a viable option. 

A TVA marketing analysis shows the potential to sell 
1,000 tons per day of urea and about 300 tons per day of sul-
furic acid in the area. These are the amounts of fertilizer 
coproducts projected from the 250-megawatt power plant 
where about 35 percent of the synthesis gas is used to 
produce ammonia and then urea. The demonstration plant 
will use 2,300 tons of coal per day. 

Future expansions might dictate production of elemental sul-
fur rather than sulfuric acid. WA plans to expand the 
10CC/F capacity to 750 to 1,000 megawatts of electric 
capacity after proving the technical and economic aspects of 
the technology demonstrated. 

According to TVA, the coproduction of electricity and fer-
tilizer is an opportunity to continuously operate the gasifica-
tion related units at 100 percent capacity while being able to 
vary the amount of electricity produced from about 
60 or 70 percent to 100 percent of rated capacity. 

The proposed site for this facility is Saltillo, Tennessee on 
land purchased as a future power generating capacity site. 

'In 

MANITOWOC PROJECT WOULD DEMONSTRATE COM-
BINED CARBONIZER-PFBC SYSTEM 

Manitowoc Public Utility (MPU) in Manitowoc, Wisconsin 
plans to demonstrate a coal fired advanced pressurized fluid 
bed combustion system. Foster Wheeler Development Cor-
poration, under a contract from the United States Depart-
ment of Energy (DOE), is developing a second-generation 
pressurized fluidized bed combustion (PFBC) system 
capable of achieving a net plant efficiency of 45 percent. 
The system, if proven successful, will reduce the cost of 
electricity by more than 20 percent and reduce air pollutants 
substantially. 

MPU has applied for funding from DOE under Round 4 of 
the Clean Coal Technology Program. Project costs are es-
timated at about $250 million and DOE is being asked to 
provide a 50 percent share. 

The proposed project, led by MPU, utilizes the second-
generation PFBC system. Foster Wheeler USA (Clinton, 
New Jersey) will provide architectural and engineering sew- 
ices, system integration, and boiler island components and 
will coordinate the project. The functions of the other team 
members will be as follows:

- 
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- Westinghouse Power Generation Business Unit, 
Orlando, Florida: Gas and steam turbines and gas 
turbine controls 

- Foster Wheeler Development Corporation, 
Livingston, New Jersey: Process engineering and 
testing 

- Westinghouse Science and Technology Center, Pit-
tsburgh, Pennsylvania: Particulate filtration system 
and alkali removers 

- Foster Wheeler Energy Corporation, Clinton, New 
Jersey: Fluidized bed heat exchanger and waste 
heat boiler 

- Foster Wheeler Constructors, Inc., Clinton, New 
Jersey: Plant erection and commissioning 

A simplified block diagram of the proposed system is shown 
in Figure 1. Run-of-mine coal (710 tons per day) and 
dolomite are the feedstocks used to generate power and con-
trol sulfur dioxide emissions. A portion of the coal and all of 
the dolomite are fed into the carbonizer, which produces 
low-BTU gas. The char from the carbonizer and the balance 
of the coal are fed into a circulating pressurized fluidized 
bed combustor (CPFBC), where they are burned using most 
of the compressor discharge air. Gaseous streams, from

both the carbonizer and the CPFBC, are then cleaned of par-
ticulate matter before their admission to the gas turbine com-
bustor. In the gas turbine combustor, the flue gas from the 
CPFBC is reheated with the low-BTU gas from the car-
bonizer to a higher temperature and then expanded through 
the gas turbine, generating power to drive the air compressor 
and an electric generator. 

The remaining thermal energy in the gas stream leaving the 
gas turbine is recovered in a waste heat boiler to generate 
steam. This steam, together with the steam generated in the 
fluidized bed heat exchanger, drives a steam turbine and 
electric generator. A portion of the steam is extracted from 
the steam turbine for industrial use. The plant, thus 
operates in a combined-cycle/cogeneration mode. 

The plant will generate approximately 60 net megawatts of 
electricity and will provide 200,000 pounds per hour of ex-
tracted steam for processing. It will be located in the City of 
Manitowoc, Wisconsin, on a site owned by MPU. 

Without the steam extraction, the plant will generate 
68.5 net megawatts of electricity, which converts to a net 
plant efficiency of 36.5 percent. 

The duration of the demonstration is 90 months. MPU in-
tends to operate this plant beyond its demonstration period 
and anticipates a plant life exceeding 30 years. 

##1# 
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COMBINED CARBONIZER-PCFB REPOWERING 
PROPOSED AT IOWA POWER 

Iowa Power Inc. has submitted a proposal to the United 
States Department of Energy (DOE) in response to the 
Round 4 solicitation for the Clean Coal Technology 
Program. Iowa Power's proposal is for repowering with an 
advanced pressurized circulating fluidized bed (PCFB) 
process. 

The process will combine the benefits of using a PCFB 
boiler, a PCFB synthetic gas carbonizer, and a topping com-
bustor. The proposed project will be known as the Des 
Moines Energy Center (DMEC) Advanced Pressurized Cir-
culating Fluidized Bed Demonstration Project. The com-
bined plant will be referred to as the DMEC-2 Project, 
which will be a successor project to a first generation PCFB 
demonstration project under Round 3 of the Clean Coal 
Technology Program (CC17-3). 

The project includes repowering an existing reheat steam tur-
bine, and adding a new gas turbine, carbonizer, and topping 
combustor. The advanced PCFB system is shown schemati-
cally in Figure 1. 
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FIGURE 1 

DES MOINES ENERGY CENTER--ADVANCED PCFB SCHEMATIC 
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The estimated capability of the repowered units will be 
160 megawatts. 

The PCFB and carbonizer will be designed and furnished by 
Pyropower Corporation of San Diego, California. Westin-
ghouse Electric, as a subcontractor to Pyropower, is expected 
to provide the gas turbine and topping combustor. The 
balance-of-plant design and engineering services will be 
provided by Black & Veatch of Kansas City, Missouri. 

The proposed project site is in Polk County, Iowa, southeast 
of Des Moines. DMEC is currently inactive; its first unit 
was installed in 1924, and its seventh and last unit was com-
missioned in 1964. The DMEC-2 Project will use some of 
the major equipment at the station. 

The DMEC-2 Project will advance PCFB technology b) 
demonstrating increased plant capacity-160 megawatts com-

pared to 70 megawatts in the CCT-3 project—and introduc-
ing a commercial scale pressurized circulating fluidized bed 
carbonizer. 

Some of the objectives which the project expects to achieve 
are to demonstrate that advanced PCFB repowering of units 
offers improved operating efficiency, and to demonstrate 
that airborne pollutants per kilowatt-hour generated, includ-
ing SO, NO, particulates, and CO,, will be lower than alter- 
native, more conventional cycles. Project sponsors also plan 
to develop data that will demonstrate that future advanced 
PCFB plants offer the opportunity of heat rates below 
8,000 BTU per kilowatt-hour. 

The pressure vessel to contain the PCFB boiler will be ap-
proximately 160 feet high with a 33-foot inside diameter. 
Because the unit operates under pressure, heat transfer rates 
will be higher and the overall size of the unit will be smaller 
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than an equivalent capacity conventional boiler or a nonpres-
surized fluidized bed combustor.

tion of the CCT-3 PCFB demonstration. Operation of the 
Des Moines Advanced PCFB Demonstration Project is 
scheduled to begin in 1999. 

If the project is selected by DOE for financial assistance, con-
struction could begin in early 1997, following a year of opera-

#fl# 
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GOVERNMENT 

METC WILL FUND COOPERATIVE GASIFIER 
DEVEWPMENT FACILITY 

The United States Department of Energy's Morgantown 
Energy Technology Center (METC) in West Virginia has 
signed a technology transfer agreement with Monongahela 
Power Company of Fairmont, West Virginia, kicking off a 
project to build a coal gasification "product improvement 
facility" where companies will be able to test advanced 
hardware for making electricity from coal. 

METC and Monongahela Power have signed a Cooperative 
Research and Development Agreement that clears the way 
for siting the $22 million facility at the Fort Martin Power 
Station's Unit 2 located about 4 miles from the federal tech-
nology center. 

A Cooperative Research and Development Agreement 
(CRADA) is a relatively new government-private sector ar-
rangement created specifically to speed the transfer of tech-
nology from federal laboratories to private companies where 
it can be further developed for commercial use. 

Industrial firms will be able to use the facility to test in-
tegrated gasification combined cycle technology. Among its 
advantages are its clean environmental performance and 
high levels of power generating efficiency. 

According to DOE, superior environmental performance is 
due to the fact that gas made from coal can be cleaned to ex-
tremely pure levels before being burned. More than 
99 percent of the sulfur in high-sulfur coal, such as that 
found in parts of West Virginia, can be removed. 

The high power generating efficiency is achieved because the 
gas can be fired in a high-efficiency gas turbine. The hot ex-
haust from the gas turbine then can be used to boil water for 
a steam turbine-generator, providing a second source of 
electricity and further boosting power plant performance. 

The CRADA provides initial approvals for access to the Fort 
Martin site and support services from Monongahela Power. 
DOE is currently evaluating proposals from industrial firms 
to design and build a 5-foot diameter coat gasifier adjacent 
to the power station. The gasifier will process about 6 tons 
of coal per hour and will be about one-sixth the size of a full-
scale commercial gasifier. 

The initial stage of the project will be to improve the gasifica-
tion technology itself. New approaches will be integrated 
into the gasifier to improve its handling of fines and to 
reduce the amount of tars and other waste products 
produced by the process. Initial operations of the gasifier 
are expected to begin in fiscal year 1994.

Once the gasifier is in place, an option could be to install a 
hot gas cleanup system, says DOE. Later, another option 
calls for installing a fuel gas combustion turbine to test com-
bustion characteristics, advanced turbine features, and other 
conditions typical of future gasification power plant opera-
tions. 

DOE says it will fund up to 80 percent of the gasifier, 
cleanup system and turbine. The contractor selected will be 
expected to provide a minimum of 20 percent of the funding. 
The CRADA with Monongahela Power extends through the 
year 2003. 

DOE ANNOUNCES ACADEMIC COAL RESEARCH 
GRANTS 

A new series of federal grants will help more than 
50 students earn advanced technical degrees at Unites States 
colleges and universities while studying improved ways to use 
coal cleanly and efficiently. 

The United States Department of Energy (DOE) has an-
nounced the selection of 31 new projects for funding under 
DOE's annual University Coal Research competition. The 
student-teacher research projects are valued at a total of 
nearly $5.7 million. The winning projects were selected from 
253 proposals submitted earlier this year and will involve 
studies at 25 schools in 19 states. This marks the 12th year of 
the coal research program. 

Each of the 31 research teams will be led by a professor and 
at least one student. The projects range in value between 
$90,000 and $200,000 and will last from 2 to 3 years. In addi-
tion to the federal funds, 16 projects will be supplemented 
with private funds totaling $930,000. 

A key goal of the National Energy Strategy's "Fortifying 
Foundations" section is to ensure a reliable supply of skilled 
scientists, engineers and technicians in energy-related fields. 
The strategy also seeks to expand the role that science and 
technology can play in achieving energy security, economic 
growth and enhanced environmental quality. 

"With its dual emphasis on training a new generation of 
skilled scientific professionals while expanding fundamental 
knowledge of coal science, the University Coal Research 
Program helps achieve both of those goals," said Secretary of 
Energy J.D. Watkins. 

Since its inception in 1979, the University Coal Research 
Program has provided more than $60 million to colleges and 
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universities for fundamental studies of coal and coal	 Table 1 is a partial list of the projects being funded and the 
processes. Funds have assisted more than 500 students work- 	 dollar amounts being provided by DOE. 
Mg toward degrees in science and engineering. 

DOE's Pittsburgh Energy Technology Center oversees the 
university grant program.

TABLE 1

PROPOSALS SELECTED 

Funding 

	

DOE	 Grantee Project Title 

	

$200,000	 $50,000 "Low Severity Coal Liquefaction 
Promoted by Cyclic Olefins" 

	

198,227	 47,685	 "Configurational Diffusion of 
Asphaltenes in Fresh and Deactivated 
Catalyst Extrudates" 

	

110,930	 13,958 'The Role of Catalyst Precursor 
Anions in Coal Gasification" 

199,977 0 "High Temperature Electrochemical 
Separation of H,S from Coal Gasifi- 
cation Process Sireams" 

	

200,000	 128,435 "Mechanism of Hydrogen Incorporation 
in Coal Liquefaction" 

Grantee 

Christine W. Curtis 
Auburn University 

James A. Gum 
Auburn University 

Godfried M. K. Abotsi 
Clark Atlanta University 

Jack Winnick 
Georgia Tech Research Corp. 

Robert D. Guthrie 
University of Kentucky Research Found.

Adel F. Sarofun 199,982 0 'The Role of Pore Structure on Char 
Massachusetts Institute of Technology Reactivity" 

Shigeo T. Oyaina 200,000 83,690 "New Catalysts for Coal Processing: 
Clarkson University Metal Carbides & Nitrides" 

Vinayak N. Kabadi 160,000 0 'Thermodynamic and Rheological 
North Carolina A&T State Univeristy Properties of Solid-Liquid Systems 

in Coal Processing" 

Mary J0 Hill 200,000 0 "Ethanol Synthesis and Water Gas Shift 
Lehigh University over Bifunctional Sulfide Catalysts" 

Irving Wender 199,981 61,354 "Low Severity Upgrading of F-T Waxes 
University of Pittsburgh with Solid Superacids" 

Jean Vorhaben 199,983 0 "Coal Combustion: Effect of Process 
Rice University Conditions on Char Reactivity" 

Jesse J. Brown 199,980 35,111 "Alkali Corrosion of Ceramics at High 
Virginia Polytechnic Institute Temperature in Coal Gas Environ-
and State University ments"

fl##

SYNTHETIC FUELS REPORT, SEPTEMBER 1991 
4-19 



ENERGY POLICY AND FORECASTS 

ELk SEES U.S. COAL PRODUCTION AT 13 BILLION 
TONS IN 2010 

United States coal production, which broke the 1 billion ton 
mark in 1990, is expected to reach 1.5 billion short tons by 
the year 2010. Coal production in the United States is 
projected to increase by 45 percent over the next 20 years, 
driven by increases in demand for electricity and increased 
exports. 

These are the latest projections from the Energy Information 
Administration (EtA), outlined in Annual Outlook for 
U.S. QS 1221. The report discusses coal projections for 
three scenarios: the reference case, the high economic 
growth case, and the high oil price case. 

Reference Case 

The reference case assumes that the gross national product 
(GNP) will grow at an average rate of 2.1 percent per year 
and that world oil prices will rise from $22 per barrel in 1990 
to $34 per barrel in 2010. In this economic environment, 
coal production is projected to increase at an avenge annual 
rate of 1.9 percent, compared with a 2.6 percent average an-
nual rate over the previous 20-year period. (See Figure 1.) 

Appalachian coal production is projected to increase substan-
tially, as central Appalachia meets the demand of eastern 
electric utilities for low-sulfur coal. Even coal production 
from northern Appalachia, which contains relatively high-
sulfur coal reserves, is expected to rebound after 2000 be-
cause of the construction of many new power plants

FIGURE 1 
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equipped with stack gas scrubbers or using advanced clean 
coal technologies. 

Electricity sector coal demand accounts for essentially all of 
the growth in domestic coal consumption, which is projected 
to rise by 1.6 percent per year on average. The electricity sec-
tor accounts for 90 percent of domestic coal consumption in 
2010, up from 86 percent in 1990. Electricity sector coal con-
sumption is projected to grow at an average annual rate of 
1.4 percent through the year 2000. After, 2000, however, 
electricity sector coal consumption increases by 2.4 percent 
per year, as additional baseload capacity is needed and many 
new coal fired units come on line. 

Except for cogeneration, other industrial consumption of 
coal is expected to decline, as the major coal using industries 
become more efficient energy consumers. Demand for 
domestic coking coal is also expected to decline as a result of 
slow growth in domestic steel production, continued ef-
ficiency improvements in the use of coal in the production 
process, and loss of coke oven capacity due to more stringent 
environmental regulations. 

The EtA forecasts a major expansion in world coal trade 
over the next 2 decades. Total United States coal exports 
are projected to increase by 36 percent between 1989 and 
2000. Between 2000 and 2010, United States exports rise by 
82 percent, as economic reforms in Europe (primarily the 
elimination of coal production subsidies) increase the 
demand for United States steam coal. The United States is 
expected to capture nearly one-third of the total world coal 
trade in 2010, compared with about one-fourth in 1989 and 
2000. 

The average price of coal at the mine is projected to rise at 
an average annual rate of 1.6 percent, from $23 per ton in 
1989 to $32 per ton in 2010. Prices are expected to rise more 
in central Appalachia, because there will be strong demand 
for its limited supply of low-sulfur, high-BTU coal. In the 
West, prices will rise less, because of the abundance of coal 
reserves that can be produced at low cost. 

High Oil Price Case 

The high oil price case assumes higher future oil prices, an 
intensified commitment to energy conservation, and the life-
extension of many nuclear power plants. As a result, by 2010. 
electricity sector coal consumption is projected to be 
10 percent lower than in the reference case. All other domes-
tic coal consumption, coal exports, and average coal prices at 
the mine are virtually unaffected. United States coal produc-
tion in 2010 is 8 percent lower than in the reference case. 
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High Economic Growth Case 

The high economic growth case assumes relatively low world 
oil prices, combined with high economic growth, which spurs 
the demand for electricity. By 2010, electricity sector coal 
consumption is 7 percent greater than in the reference case. 
Because of the higher worldwide demand for coal, par-
ticularly in northern Europe, United States coal exports are 
projected to be 12 percent greater than in the reference case. 
Due to the higher exports and electricity sector coal demand, 
United States coal production in 2010 is 8 percent greater, 
and the average minemouth price of coal is 6 percent higher 
than in the reference case.

The evaluation criteria for Round 4 emphasize commer-
cialization and environmental performance, particularly com-
pliance with the requirements of the Clean Air Act. Specifi-
cally, the evaluation criteria assess the technology's capacity 
to reduce emissions of SO  and nitrogen oxides at existing 
facilities, with additional consideration for reduction of 
greenhouse gases and air toxics. Other evaluation criteria 
include improved thermal efficiency, the cost-effectiveness 
compared to existing technologies, the reduction in volume 
and/or toxicity of wastes, and the extent to which the technol-
ogy addresses future energy needs. 

nfl 
Recent Developments 

ER says the most significant event for the coal industry in 
the past year was the passage of the Clean Air Act Amend-
ments of 1990. This major change in legislation is reflected 
in this year's long-term forecast. Additionally, the review 
process of the Clean Coal Technology Program has been 
streamlined and the emphasis refocused in an attempt to 
help meet the requirements of the Clean Air Act. 

The goal of Title IV (Acid Deposition Control) of the new 
Clean Air Act is a 10-million-ton reduction in sulfur dioxide 
(SO2) emissions from 1980 levels and an emissions cap at 
8.9 million tons after 2000. Annual allowances, each permit-
ting the emission of 1 ton of SO , will be allocated by the 
United States Environmental ?rotection Agency (EPA) 
based on unit size, primary fuel, on-line year, 1985 emissions 
rate, and past energy use. By January 1, 1995, the 
110 highest polluting power plants will hold enough al-
lowances to emit an average 2.5 pounds of SO, per 
million BTU. By January 1, 2000, affected plants will hold 
enough allowances to emit on average less than 1.2 pounds 
of 502 per million BTU. EPA will also set emissions limits 
for nitrogen oxides.

37.7 percent in 2000. 

TEA SAYS COAL DEMAND TO RISE 13 PERCENT 
BY 2000 

The International Energy Agency (LEA) predicts that total 
coal demand will increase 13 percent between 1990 and 2000 
from 1,224 million metric tons to 1,379 million metric tons. 
For members of the Organization for Economic Coopera-
tion and Development (OECD), coal demand is expected to 
grow by 1.2 percent per year over the decade. 

These are the most recent data in international coal trends 
compiled by TEA in its annual publication, Coal Information 
1991. 

Total primary energy supply (TPES) is forecast to grow 
1.4 percent per year during the same period, with coal's 
share of TPES remaining relatively stable at about 
21 percent, says TEA. 

While electricity production in the OECD is forecast to grow 
2.1 percent per year, the share of coal in electricity produc- 
tion is forecast to fall from 40.1 percent in 1990 to 

Utilities may choose to reduce emissions by redispatching, by 
switching to a lower-sulfur coal or another fuel, or by install-
ing scrubbers or other control technologies. However, each 
source must hold enough allowances to cover its annual emis-
sions or it will be subject to an excess emissions fee and must 
offset the excess in the following year. Utilities may also 
trade allowances within their systems and/or buy or sell al-
lowances to and from other affected sources. 

The Department of Energy's Clean Coal Technology 
Demonstration Program is designed to promote innovative 
technologies for energy-efficient and environmentally sound 
use of coal. In a directive from the Secretary of Energy, the 
process to negotiate and approve projects was streamlined. 
The new process includes deadlines for completing nego-
tiations and the establishment of an executive board to as-
sess the pre-award process.

Qj Information 1991 includes information on coal prices, 
demand, trade, production, productive capacity, coal ports, 
coal-fired power stations and coal data for non-OECD 
countries. 

Some highlights of 1990 coal activity were as follows: 

Coal demand continued to increase in the OECD 
countries in 1990 largely due to increased economic 
growth. While TPES in the OECD countries grew 
by 03 percent in 1990, primary supply of coal grew 
by 0.6 percent. Coal's share of TPES remained 
stable at 21.4 percent. 

The contribution of natural gas to total energy 
supply also remained stable at 19.4 percent. 

SYWTLIETIC FUELS REPORT, SEPTEMBER 1991 
4-21



Nuclear electricity increased from 10.2 percent in 
1989 to 10.5 percent in 1990, while oil's share of 
OECD total energy supply declined slightly from 
433 percent to 42.8 percent. 

Electricity generation which accounts for the 
largest share (73 percent) of coat consumption rose 
2.0 percent. Coal fired electricity generation was 
up 1.5 percent, while generation from nuclear 
power rose 3.8 percent and generation from natural 
gas rose 3.3 percent. Generation from hydropower 
was higher by 2.9 percent while oil fired generation 
fell by 33 percent. 

World hard coal trade continued to increase in 
1990, reaching 399 million metric tons, for a gain of 
about 4 percent over 1989. Of this, seaborne coal 
trade accounted for 342 million metric tons, an in-
crease of 19 million metric tons from the 
1989 level. Worldwide total steam coal exports 
were 17 million metric tons higher in 1990 than in 
1989, a growth of about 8 percent. Australia and 
South Africa remained the largest exporters, with 
about 23 percent and 21 percent of the total 
market, respectively.

centrated with the four largest exporters—Australia, 
United States, Canada and the USSR—accounting 
for about 88 percent of coking coal exports. 

While world coal production rose by a modest 
0.5 percent to 3,575 million metric tons, OECD 
hard coal production rose by 3.9 percent in 1990 to 
1,270 million metric tons as North American and 
Pacific regions recorded substantial increases of 5.6 
and 7.0 percent, respectively. European hard coal 
production declined by 5.4 percent to 201 million 
metric tons. 

Australia, the world's largest coal exporter, in-
creased its hard coal production by 93 percent to 
162 million metric tons. Production in the United 
States increased 6.0 percent to 859 million metric 
tons. Export trade also increased 5 percent to 
96 million metric tons and accounted for 11 percent 
of total hard coal production. Hard coal produc-
tion in the European Economic Community con-
tinued to decline. Outside of the OECD area, coal 
production rose in China because of strong 
demand but fell in the USSR and the non-OECD 
European countries because of major social, 
economic and political changes. 

Coking coal exports were stable at 183 million 
metric tons. While Australian coking coal exports	 Table 1 is lEA's list of the coal gasification combined-cycle 
rose, United States coking coal exports fell by 	 plants that are either under study or planned in OECD 
about 3 percent largely because of smaller exports	 countries. 
to Canada. Coking coal trade remained con-

TABLE 1 

COAL-GASIFICATION COMBINED CYCLE (CGCC) PLANTS PROPOSED OR UNDER STUDY 
BY PUBLIC POWER PRODUCERS IN OECD COUNTRIES

(As of May 1991)

Country, Nominal 
Location or Station, Capability Gasifier Year in 
(Utility) (MWe) Desizn Service Status and Comments 

Canada 
Alberta 
('TransAlta & Others) 150 to 250 na <2000 Studies for three possible 

demonstration units have been 
completed. 

Grand Lake, NB 
(New Brunswick EPC) 250 na <2000 Under study. 

Denmark 
Stignaes (ELKRAFT) 90 na 1995 Feasibility study completed. 
Ensted 9 (ELSAM) 150 to 200 na 1994 Feasibility study completed.
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TABLE 1 (Continued)

Country, Nominal 
Location or Station, Capability Gasifier Year in 
(Utility) (MWe) Desian Service Status and Comments 

Finland 
Undecided 50 IGT 1993 Seeking partners for 150 MW 

demonstration. 
Undecided (Imatran Voima) 250 na <2000 Under study. 

Germany (FRG) 
Berlin (Bewag) 180 Lurgi 1994 Under consideration. 
Goldenberg-Werk 
(RWE & RB) 2x 135 HT Winkler 1995 To use lignite. 
Gersteinwerk (yEW) 200 Lurgi >1993 Partial gasification with 

combustion of char in CFB boiler 

Italy 
Sulcis (ENEL) 300 na <2000 Feasibility study underway. 

The Netherlands 
Buggenum 7 (SEP) 250 Shell 1993 Under construction. 
Borssele (SEP) 600 na 1999 Planned. 

Spain 
Lath 2 (ENDESA) 250 na <2000 Under study. 

Sweden 
Barseback 3 20 na - Planning permission denied. 
Barseback 5 600 na - Contingent on smaller Barseback 

unit. 

United Kingdom 
Proposed Concept	 300	 BG/Lurgi	 <2000 Design study underway 

United States 
Plaquemine, LA
(Dow Corp.) 160	 Dow/Destec 1987 In operation. 
Cool Water, CA 
(Texaco for SCE) 100 Texaco 1992 To be modified to run on mix of 

coal and sewage sludge. 
Freetown, MA 
(C. Energy) 440 to 1320 Texaco 1995 Planning permits being sought. 
Delaware City, DE 
(Delmarva P&L) 263 Texaco 1995 Would use petroleum coke as fuel. 
Martin, FL (FP&L) 2 x 385 na 1994 Repowered natural gas units to 

run first on natural gas. 
Martin, FL (FP&L) 2 x 384 na 2000 Obtaining planning permission. 
Bergen, NJ 
(Pub. Service E&G) 440 Texaco 1996 Would use coal and sewage sludge 

as fuels. 
Lakeland, IL 
(Springfield LW&P) 65 C-B <2000 Proposal to US DOE. 
Tallahassee, FL 
(CRSS/TECO) 120	 Lurgi/GE <2000 Proposal to US DOE.

fin
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INTERNATIONAL 

CHINESE TRIGENERATION PROJECT MOVES AHEAD 

The Shanghai Coking and Chemical Plant (5CC?) is moving 
ahead with Phase I of the world's first trigeneration project 
designed to produce fuel gas from coal, thermoelectricity 
and chemicals. 

The entire project will require a total investment of 2 billion 
yuan and is expected to produce 2 million cubic meters of 
gas per day, 70,000 kilowatt-hours of electricity per year, and 
185,000 tons of chemicals per year. 

The project began in 1986 when Bechtel Petroleum Corpora-
tion conducted a technical and economic feasibility study. 
The study was paid for through a $600,000 grant to SCCP 
from the United States International Development Coopera-
tion Agency. The project is divided into three phases and 
will take 10 years to complete.

The first phase, scheduled for startup in the first half of 1994, 
will cost 545 million yuan, according to a report in China 
Q1h• Phase I will use American technology and French 
equipment to produce 1 million cubic meters of gas per day 
and 20,000 tons of formic add per year. 

The plant will be located in Wujing, a suburb south of Shan-
ghai. The trigeneration project will allow the plant to make 
comprehensive use of coal. Once the first phase of the 
project is completed, the plant will consume 500,000 tons of 
coal a year. The second phase is scheduled to begin in 1995. 

When all phases have been completed, the project will 
produce fuel gas, thermoelectricity, steam, chemical grade 
methanol, acetic anhydride and cellulose acetate. 
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ENVIRONMENTAL EXTERNALITIES MUST BE 
CONSIDERED FOR GASIFICATION PROJECTS 

Until recently, utility commissions have required regulated 
utilities to use a standard approach to determine the mini-
mum cost of providing electricity when considering the addi-
tion of new generating capacity. Historically, technologies 
for new capacity have been selected because they were the 
"economically preferred technology." That is, projected ex-
penses based on capital investment, allowed rates of return, 
fuel qualities and prices, and operating and maintenance 
costs for a particular technology were the basis for selection. 

Now, however, many commissions have directed the utilities 
in their states to amend this procedure to include additional 
factors which can be termed "environmental externalities." 
According to the Electric Power Research Institute (EPRI), 
these factors include the costs to society that result from 
emissions of pollutants from power plants. 

Fox example, additional costs must be added to a given tech-
nology based on the amount of SO, and NO emitted by a 
power plant. These amounts are tfien multip'lied by a cost 
factor in dollars per pound of each pollutant emitted. Using 
this approach, the additional cost factor for a natural gas 
fired combined cycle plant would be lower than that for a 
coal fired IGCC (integrated gasification combined cycle)

plant. Likewise, a coal fired 10CC plant would have a lower 
environmental cost factor than a coal fired plant with a scrub-
ber. 

EPRI says that some states are putting a premium value on 
higher efficiency operation by assigning cost factors to CO  
emissions. This also encourages the use of more expensive 
fuels which have a higher hydrogen-to-carbon ratio, such as 
natural gas. Cost factors for other specific air toxics may 
evolve from studies currently being conducted in this area by 
the United States Environmental Protection Agency. 

Implementation of the Clean Air Act Amendments of 1990 
could result in an emissions trading program among utilities. 
This would provide additional benefits for reducing emis-
sions and planners would be challenged to find optimum 
technologies for new power plants. 

Where the environmental costs are an added consideration, 
the relative economic attractiveness of various technologies 
will be significantly altered. This new approach will require 
utilities to take a much closer look at new technologies which 
have the potential for higher efficiency and lower emissions. 
Planning studies will also encompass the use of upgraded 
fuels.

fin 
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COAL PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the American Institute of Chemical Engineers 1991 Summer National Meeting held in Pitts-
burgh, Pennsylvania in August: 

Diwekar, U., et al., "Synthesizing Optimal Process Flowsheets: Applications to 10CC System Environmental Controls" 

Shimada, T., "10CC Development in Japan" 

Casper-Gavin, L.D., "Zeolite Supported Copper Sorbent for Hot Gas Desulfurization" 

Grindley, t, et al., "Effect of Chloride on Hot Gas Desulfurization Sorbents" 

Wilson, W.G., et al., "Cerium Oxide Desulfurization of Fuel Gases from Chemically Efficient Gasifiers' 

Kimura, S.C., et al., "High Temperature Removal of Coal Gas Contaminants" 

Ayala. R.E., et al., "Development of Durable Sorbents for the GE Moving-Bed Hot Gas Desulfurization Process" 

Jam, S.C., et al., "Sorbent Development for Coal Gas Desulfurization in a Fluid-Bed Reactor" 

Sotirchos, S.V., et al., "Effects of Pore Structure on the Performance of Coal Gas Desulfurization Sorbents" 

Frey, H.E., et al., "Integration of Coal Utilization and Environmental Control in IGCC Systems" 

Yunker, SB., "Bioremediation of Coal Tar Wastes--A Composing Approach" 

Narita, IL, "The Present Status of R&D on Co-Processing in Japan" 

Shaw, J.M., "Mechanisms for Coal Particle Disintegration in Model Co-Processing Systems" 

Curtis, C.W., et al., "The Effect and Importance of Hydrogen Donation in Coprocessing" 

Parker, Ri., et al., "Coprocessing of Deashed Alberta Subbituminous Coals—Bench Unit Tests" 

Duddy, J.E., et al., "HIll Coprocessing Process" 

Akash, BA., et al., "Coprocessing of Liquid and Coal Under Mild Liquefaction Conditions" 

Srivastava, R.D., et at, 'The Economics of Coprocessing Retrofit Into a Refinery" 

Schindler, H., et at, "Research Opportunities in Direct Coal Liquefaction" 

Schroeder, K., et at, "Competitive Reactions for the Study of Catalytic Liquefaction" 

Haynes, H., et al., "A New Ebullated Bed Microreactor for Coal Liquefaction Studies" 

Corser, M., et at, "Recent Developments in Direct Coal Liquefaction at the R&D Facility in Wilsonville, Alabama" 

Commoli, A., et al., "A Two-Stage Coal Liquefaction Evaluation of a Pre-Dispersed, Iron Oxide, Hydroxide, Catalyst" 

Pradhan, V., et al., "Catalysis by Sulfated Iron Oxides in Coal Liquefaction" 

Lalvani, S.B., et at, "Electrolytic Pretreatment of Coal for Enhanced Liquefaction" 

SYNTHETIC FUELS REPORT, SEPTEMBER 1991 
4-26



The following papers were presented at the American Chemical Society meeting held in New York City, New York in August: 

Vorres, KS., et al., "Moisture Removal From and Liquefaction of Beulah-Zap Lignite" 

Owens, R.M., et al., "Hydrogen Transfer From Naphthenes to Coal During Coprocessing" 

Timpe, R.C., et al., "Catalytic Effect on the Gasification of a Bituminous Argonne Premium Coal Sample Using Wood Ash or 
Taconite as Additive" 

Kapteijn, F., et al., "A Transient Kinetic Study of the Gasification of Carbon in CO2" 

Cab, J.M., et al., "The Role of Activated Diffusion in the Gasification of Porous Carbons/Chars" 

Calemma, V., et al., "Influence of Macera! Composition of Raw Coal on Potassium Activity in Steam Gasification of Char? 

Leon, CA., et al., "Effect of Thermal and Chemical Pretreatments on the Copper-Catalyzed Gasification of Carbon in Air" 

CazorlaAmorosA D., et al., "Further Evidence on the Mechanism of the CO  Carbon Gasification Catalyzed by Calcium: 
TPD After 1 CO  Chemisorption" 

Bartholomew, C.H., et al., "Catalysis of Char Gasification in 02 by CaO and CaCO3" 

Kapteijn, F., et al., "Potassium-Catalyzed Carbon Gasification in CO2 Studied by Transient Techniques" 

Steinberg, M., "Carbon Black From Coal by the Hydrocarb Process" 

Walker, D.G., "Coal and Carbon in the Post-Petroleum World" 

Sharma, Dii, etal., "Mechanism of Successive Solvolytic Extraction of Coal" 

Kamo, T., a al., "Hydrogen Transfer During Coal Liquefaction Determined by 2H/1 H Measurement" 

Lancet, M.S., et al., "Stable Carbon Isotope Analysis of Coprocessing Materials" 

Spears, DR., et al., "An Investigation of the Chemistry of the Pore Structure of Coal in the Presence of a Swelling Solvent 
Using a Novel EPR Technique" 

Arnett, E.M., et al., "Acid-Base Properties of Coals and Coal Liquids" 

Brandes, S.D., et al., "The Application of Advanced Analytical Techniques to Direct Coal Liquefaction" 

Choudhiy, V., et al., "Utilization of Coal Gasification Slag: An Overview" 

Najjar, M.S., et al., Phase Characterization of Unmodified Petroleum Coke and Coal Gasification Slags" 

Fu, Y.C., et al., "Coal/Oil Coprocessing Using Syngas" 

Hager, G.T., et al., "Ultrafine Iron Carbide as Liquefaction Catalyst Precursor" 

Xu, L., et al., "Catalytic Hydrotreatment of Coal-Derived Naphtha" 

Lee, i.M., et al., "Distillate Selectivity and Quality of Bituminous Coals in the Catalytic Two-Stage Liquefaction Process" 

Skodras, G., et al., "Two Stage Gasification: Effect of Hydropyrolysis Conditions" 
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The following papers were presented at the Eleventh Annual Gasification and Gas Stream Cleanup Systems Contractors Review 
Meeting, held at Morgantown Energy Technology Center, Morgantown, West Virginia in August: 

Zahradnick, R.L., "Industry and User Perspectives on Commercialization of Coal Gasification Systems" 

Hester, J.C., "Air-Blown Integrated Gasification Combined Cycle Project" 

Andrus, WE., Jr., "Combustion Engineering IGCC Repowering Project" 

Frederick, J.P., "Current Status of Design and Construction of ENCOAL Mild Gasification Plant" 

Holt, N., "Synergistic Opportunities for Gasification Power Plants" 

Cook, C.S., "Integrated Operation of a Pressurized Fixed-Bed Gasifier and Hot Gas Desulfurization System" 

Leininger, T.F., "Integration and Testing of Hot Desulfurization and Entrained Flow Gasification for Power Generation Sys-
tems" 

Rubin, ES., "Characterizing Uncertainties in IGCC System Performance and Cost" 

Sears, RE., "Hot Gas Cleanup Test Facility for Gasification and Pressurized Combustion" 

Allen, R.P., "Heavy Duty Gas Turbine Combustion Tests With Simulated Low BTU Coal Gas" 

Wolfe, RA., "Development of an Advanced, Continuous Mild Gasification Process for the Production of Co-Products" 

Ness, R.O., Jr., "Development of an Advanced, Continuous Mild Gasification Process for the Production of Co-Products" 

Merriam, N.W., "Development of an Advanced, Continuous Mild Gasification Process" 

Carts', R.H., "Development of an Advanced Continuous Mild Gasification Process for the Production of Co-Products" 

Battista, J.J., et al., "Integrated Mild Gasification Process at a Utility Site 

Steinfeld, G., "Design of Gasifiers to Optimize Fuel Cell Systems" 

Solomon, P.R., 'Measurement and Modeling of Advanced Coal Conversion Process" 

O'Brien, TJ., "A Validation Study of the Moving-Bed Coal Gasification Model MGAS" 

Coulthard, EJ., nVortaTh fluidized Bed Technology Applied to Gasification" 

Durai-Swamy, K., "Production of Low-Cost Hydrogen (Progress Report)" 

Lippert, T.E., "Subplot-Scale Gasifier Evaluation of Ceramic Cross Flow Filters" 

Gavalas, G.R., "Hydrogen Separation by Ceramic Membranes in Coal Gasification" 

Damle, A.S., "Catalytic Carbon Membranes for Hydrogen Production" 

Kush, A.K., "Novel Hydrogen Separation Device Development for Coal Gasification" 

Pellegrino, Li., "Gas Separation Using Ion Exchange Membranes for Producing H 2 From Synthesis Gas" 
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COAL- PATENTS 

'Coal Hydroconversion Process Comprising Solvent Extraction (OP-3472)7 Claude C. Culross, Steve D. Reynolds, Gordon F. Stuntz 
- Inventors, Exxon Research and Engineering Company, United States Patent Number 5,026,475, June 25, 1991. An improved 
process for the hydroconversion of coal comprising pretreating coal in an aqueous carbon monoxide-containing environment, fol-
lowed by extracting a soluble 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 converted to valuable 
liquid products in high yield. The residue from the extraction stage is relatively hydrogen deficient material which can be gasified to 
produce hydrogen and carbon monoxide for the hydroconversion and pretreatment stages, respectively. 

"Method of Refining Coal by Short Residence Time Partial Liquefaction to Produce Petroleum Substitutes and Chemical 
Feedstocks," Gerald F. Cavaliere, Lee G. Meyer - Inventors, Carbon Fuels Corporation, United States Patent Number 5,021,148, 
June 4, 1991. This invention generally relates to short residence time decomposition and volatilization of coal to produce liquid 
coproducts, including petroleum substitutes and chemical feedstocks, 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 partial coal liquefaction process for economically producing petroleum substitutes and chemical feedstocks from coal by a 
refining process employing short residence time vaporization and hydrogen conservation. 

"Single-Step Coal Liquefaction Process," Alberto Delbianco, Ermanno Girardi - Inventors, Eniricerche S.p.A., Italy, United States 
Patent Number 5,017,282, May 21, 1991. A process for the single-step coal liquefaction is disclosed, which comprises reacting coal in 
an aqueous suspension with carbon monoxide in the presence of a CO-conversion catalyst selected from the group consisting of an 
alkaline hydroxide and a carbonate, and in the presence of a hydrogenation catalyst selected from the group consisting of transition 
metals and compounds thereof, by operating at temperatures within the range of from 300° to 450°C for a reaction time within the 
range of from 30 to 80 minutes. 

"Method for Enhancing Energy Recovery from a High Temperature, High Pressure Synthesis Gas Stream," Thomas S. Dewitz - In-
ventor, Shell Oil Company, United States Patent Number 5,017,196, May 21, 1991. A process for the partial combustion of finely 
divided coal at high temperature and pressures to make synthesis gas having entrained particles of fly ash which are separated from 
the gas at high pressure. The fly ash and a minor amount of entrained gas are handled in a batchwise manner to isolate a batch in a 
lockhopper, depressurize the batch, strip the synthesis gas from the fly ash and cool the fly ash prior to disposal. During the depres-
surizing steps, the kinetic energy represented by fluids flowing from the pressurized lockhopper is utilized to provide power to a pres-
sure recovery means and do additional work. The additional work is used to aid in the pressurization of a second lockhopper. In an 
alternate embodiment the additional work may be used to aid in fluidizing the particulate coal flow to the burners of the gasifier. 

"Oil Composition Containing Hydrogenated 011," Junichi Kubo, Nobuo Yokoyama - Inventors, Nippon Oil Company, Ltd., Japan, 
United States Patent Number 5,015,404, May 14, 1991. An oil composition contains 100 parts by weight of a base oil selected from 
the group consisting of mineral base oil, synthetic base oil and mixtures thereof, and 0.1 to 20 parts by weight of a hydrogenated oil 
obtained by hydrogenating an oil selected from the group consisting of coal type tar, oil produced by fractionating coal type tar, a 
hydrocarbon obtained by thermally cracking petroleum and having a boiling point of not lower than 200°C, a hydrocarbon obtained 
by catalytically cracking petroleum and having a boiling point of not lower than 200°C, a hydrocarbon obtained by catalytically reform- 
ing petroleum and having a boiling point of not lower than 200°C, and mixtures thereof, whereby the hydrogenated oil has the 
hydrogen-donating properties of not lower than 3 times the hydrogen-donating properties of the base oil at temperatures of not lower 
than 350°C. 

"Process and Apparatus for Coal Hydrogenation," John A. Ruether, Theodore B. Simpson - Inventors, United States Department of 
Energy, United States Patent Number 5,015,366, May 14, 1991. In a coal liquefaction process an aqueous slurry of coal is prepared 
containing a dissolved liquefaction catalyst. A small quantity of oil is added to the slurry and then coal-oil agglomerates are prepared 
by agitation of the slurry at atmospheric pressure. The resulting mixture is drained of excess water and dried at atmospheric pressure 
leaving catalyst deposited on the agglomerates. The agglomerates then are fed to an extrusion device where they are formed into a 
continuous ribbon of extrudate and fed into a hydrogenation reactor at elevated pressure and temperature. The catalytic hydrogena-
tion converts the extrudate primarily to liquid hydrocarbons in the reactor. The liquid drained in recovering the agglomerates is 
recycled. 

"Catalytic Conversion of NO Over Carbonaceous Particles," Arthur A. Chin - Inventor, Mobil Corporation, United States Patent 
Number 5,015,362, May 14, 1991. Oxides of nitrogen (NC)) emissions are catalytically reduced by contacting a flue gas containing 
NO with a carbonaceous substance, preferably sponge coke or coal, in the presence of a catalyst effective for promoting the reduc- 
tion of NO, in the presence of such carbonaceous substances.
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"flushing Liquor Decanter Drag Modification," Frederick L. Maddalena - Inventor, USX Corporation, United States Patent 
Number 5,013,440, May 7, 1991. An improvement in apparatus for removing solids from coke oven tar in a flushing liquor decanter. 
The improvement comprises at least one screen member in the form of a planar metal plate on an endless travel device for passing 
through tar in the decanter. The screen member serves to remove floating agglomerates from the tar and permit uniform outflow of 
tar exiting the decanter. 

"System and Method for Efficiently Generating Power in a Solid Fuel Gas Turbine," Richard V. Garland - Inventor, Westinghouse 
Electric Corporation, United States Patent Number 5,010,726, April 30, 1991. A system and method for generating power in a solid 
fuel gas turbine utilizing a pressurized fluidized bed combustor is provided. High efficiency is obtained by evaporation cooling and 
regenerative heating of the compressor discharge air, thus eliminating the need to recover heat from the turbine exhaust gas by a 
costly and complex steam bottoming system.
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STATUS OF COAL PROJECTS 

COMMERCIAL AND R&D PROJECTS (Underline denotes changes since June 1991) 

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 
Power Plant located in Sheridan, Wyoming. 

The AMC facility is a 12 megawatt coal-fired steam plant, which has been idle since 1977 when it was shut down in anticipation of a 
new nuclear power generating plant. 

APAC has Conned Acme Power Company, a wholly-owned subsidiary, which will bring the AMC 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 modest capacity of the plant and its modular design will provide 
for a long term commercial demonstration of the desulfurizing coal gasification process which APAC has optioned. 

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 or power generation, depending 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. Kerr-McGee Critical Solvent Deashing was identified as a replacement for filtration 
which was utilized initially in the plant and a Kerr-McGee owned unit was installed in 1979. The technology development at 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 Kerr-McGee's Critical Solvent Deashing unit before they can foul the catalyst. 

ML 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 MAP 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 ptrccnt 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. 
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STATUS OF COAL PROJECTS (Underline denotes changes since June 1991) 

COMMERCIAL AND R&D PROJECTS (Continued) 

The improved dcashing configuration also resulted in additional product recovety attributable to recycling ashy bottoms. For 
bituminous coal, conversion of the incremental product was achieved by adding another catalyst (cobalt-based Amocat 1-A) to the 
first stage reactor, resulting in a 70 percent MAP distillate yield. For subbituminous coal, more thermal volume was used, resulting 
in a 61 percent MAP distillate yield. Use of the first stage catalyst also reduced the deactivation of the more active second stage 
catalyst. 

Later results showed that nickel-based bimodal catalysts can be used in both reactions, thereby allowing the aged catalyst from one 
stage to be cascaded to the other. This can increase operating flexibility and reduce overall catalyst cost. 

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. 

Current work using Amocat catalyst indicated the need to improve first stage reactor design. This led to modification of the L/D 
criteria which resulted in increased productivity corresponding to improved mixing. This improvement was also demonstrated with 
low-rank (Powder River Basin) coal. Additional efforts regarding reactor optimization are required. 

Project Cost: Construction and operating costs (through calendar 1990):$139 million 

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 10's low pres-
suit process, has been running since 1976. The plant is operating very satisfactorily at full capacity. 

A fluidized bed combustion system has been commissioned at the plant to overcome problems of ash disposal. The proposed sys-
tem generates additional steam, and has reduced requirements For land for ash disposal. 

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. "DIESANOV 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 has been suspended. 

Project Cost: Not disclosed 

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 coat. 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.
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STATUS OF COAL PROJECTS (Underline denotes changes since June 1991) 

COMMERCIAL AND R&D PROJECTS (Continued) 

BEWAG 0CC PROJECT - BI3WAG AG, EAB Ener2ie-Anlaeen Berlin GmbH. Ruhrkohle Gel tind Gas GmbH, and Lurgi GmbH 
(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  pressurized circulating fluidized bed (CFB) combined cycle power 
plant, 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 
CE!) gasification with atmospheric (YB 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, is being carried out by a working group made up of BEWAG/EAB (Berlin), Ruhrkohle Oct and Gas GmbH (Bottrop), 
and Lurgi GmbH (Frankfurt), under the project leadership of EAB Energie-Anlagen Berlin GmbH. 

BEtEL 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 capacity pilot scale process and equipment develop-
ment unit (PEDU) has been built. 

BEtEL 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. 

BEtEL'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 II 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 

BEtEL COMBINED CYCLE DEMONSTRATION PLANT - Bharat Heavy Electricals Limited (India) (C-SO) 

Bharat Heavy Electricals Limited (BEtEL) 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 BEtEL 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.
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STATUS OF COAL PROJECTS (Underline denotes changes since June 1991) 

COMMERCIAL AND R&D PROJECTS (Continued) 

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 Cat: Not disclosed 

BO1TROP DIRECT COAL LIQUEFACTION PILOT PLANT PROJECT - Ruhrkohle AG, Veba Gel AG, Minister of 
Economics, Small Business and Technology of the State of North-Rhine Westphalia, and Federal Minister of Research and Technology of 
the Federal Republic 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 1I,00D 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-Holten 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 165, 
tons of heavy oil have been processed. A conversion rate over 90% and an oil yield of 85% have been confirmed. 

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) 

BR1CC COAL LIQUEFACTION PROGRAM - Beijing Research Institute of Coal Chemistry - BRICC (C-68) 

In the early 1980s, China renewed study on direct liquefaction with emphasis on convening coal into clean liquid fuel by direct 
hydrogenation. Two continuous process units (CPU) were set up at the Beijing Research Institute of Coal Chemistry. The 0.1 ton 
per day continuous liquefaction unit, set up jointly by China and NEDO (New Energy Development Organization) of Japan, had 
been operating for more than 1,000 hours as of 1990. A five kilogram per hour CPU using 'New German Technology' was intro-
duced from the Federal Republic of Germany. To study various coal liquefaction processes and operation conditions, a 1.8 
kilogram per hour slurry continuous liquefaction unit from Xytel Company of the United States was also installed. 

A 24 tons per day coal throughput gasifier was to be put in operation in late 1990. A demonstration plant will then follow in the 
next rive years. 

At present, research is being carried out in the following areas: (1) evaluation of coal liquefaction characteristics; (2) suitability of 
coal for small-scale continuous liquefaction units; (3) selection and evaluation of catalysts, and (4) upgrading of coal liquefaction 
products. Tests have shown that some Chinese lignite and high-sulfur coal are ideal feedstocks for liquefaction. The high sulfur 
bituminous coal from Tengxian and Beisu of Shandong province have very good liquefaction behavior and the oil yield can reach 
50 percent. The liquefaction behavior of lignite from Inner Mongolia and Yunan is also good. A NiMo catalyst, natural iron ore 
powder, ferrous disulfide, red mud from several aluminum factories and some compounds containing iron have been tested success-
fully. 

Research on indirect liquefaction, i.e., modification of the Fischer-Tropsch synthesis process is also being carried out by the Shanxi 
Research Institute of Coal Chemistry of the China Academy of Science. Based on laboratory study and tests in a single tube of 50 
millimeter diameter, a pilot test with an output of 100 kilograms per day of synthetic oil underwent tests in a chemical fertilizer 
plant in 1990. 

BRITISH COAL LIQUID SOLVENT EXTRACTION PROJECT - British Coal, British Department of Energy, European Economic 
Community, Ruhrkohle AG, Amoco (C-70) 

British Coal has built 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 hydrogenation to 
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COMMERCIAL AND R&D PROJECTS (Continued) 

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 liq-
uefy 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. 

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 18 million British pounds (1989 prices) operating costs. 

BROKEN HILL PROJECT - The Broken Hill Proprietary Company Ltd. (C-SO) 

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 
primary liquefaction reactor has a throughput of 3 kg slurry per hour, with a coal to oil ratio of 40:60, and employs a H pressure of 
25 MPa, and a temperature of 450 degrees C. 	 2 

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% and 55% 
(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 (SI-IDI) has been 
developed and has proven to be a valuable toot 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 tergperature (50010750 degrees C), coal particle residence time (10 seconds 
to 50 minutes), heatup rate (50 degrees C/second to IG degrees C/second) coat 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. 8 bituminous coal, a Mississippi lignite and a 
Wyodak subbituminous. Generally the yields of oils from bituminous coats range between 20-25 percent (MA y), and about 
15 percent for subbituminous coal.
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COMMERCIAL AND R&D PROJECTS (Continued) 

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 HYDROCARE 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 

CALDERON ENERGY GASIFICATION PROJECT - 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 press development unit (PDU) was 
completed in 1990. Test operation began in October 1990 and ran at 50 percent capacity during the early stages. 

The PDU will demonstrate the Calderon gasification process. In the process, run-of-mine high sulfur coal is first pyrolyxed 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 H mix) suitable for further conversion (e.g., to 
methanol). The lean gas is suitable to fuel the combustion turbine of a combi4d cycle power generation plant. The PDU 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 $13 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 
but Calderon plans to reapply under Round 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	 million, PDU	 million 

CAN DO PROJECT - Continental Energy Associates (C-100) 

Greater Hazleton Community Area New Development Organization, Inc. (CAN DO, Incorporated) built a facility in Hazie 
Township, Pennsylvania to produce low BTU gas from anthracite. Under the third general solicitation, CAN DO requested price 
and loan guarantees from the United States Synthetic Fuels Corporation (SFC) to enhance the facility. However, the SFC 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 100 megawatt 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. The electricity will be purchased by the Pennsyl-
vania Power & Light Company over a 20-year period. Steam is also produced which is available to industries within Humboldt In-
dustrial 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. 

The new facility is owned by Continental Energy Associates. 

Project Cost: over $100 million 

CHARFUEL PROJECT - Wyoming Coal Refining Systems, Inc., a subsidiary of Carbon Fuels Corporation (C-ho) 

Wyoming Coal Refining Systems, Inc. (WCRS), formerly Char-Fuels of Wyoming, has secured about half the financing required for 
a 150 ton per day Charfuel project at the Dave Johnston Power Plant 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 $83 million in assistance, contingent 
on WCRS raising a certain amount of private capital. WCRS has secured over $4 million in capital and contributions. 
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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 is 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. Addi-
tional products manufactured during the refining process would include ammonia, sulfur, methanol, MTBE, BTX, and aromatic 
naphtha. The char can also be used as a feedstock for integrated combined cycle gasification (10CC). 

WCRS is just completing two preliminary phases of the project to optimize reactor operating conditions and to verify the design of 
the injector/mixer system. This work was cofunded by the Department of Energy and conducted at the Western Research institute 
in Laramie, Wyoming. 

Project Cat: $243 million 

CHEMICALS FROM COAL - Tennessee Eastman Co. (C-120) 

Tennessee Eastman Company, a manufacturing unit of the Eastman Chemical Company, continues to operate its chemicals from 
coal complex at Kingsport, Tennessee at the design rate of 900 short tons per day. The Texaco coal gasification process is used to 
produce the synthesis gas for manufacture of 500 million pounds per year of acetic anhydride. Methyl alcohol and methyl acetate 
are produced as intermediate chemicals, and sulfur is recovered and sold. 

The facility has averaged 97% onstream availability since 1987. By 1990, two million tons of coal had been gasified. 

In January, 1989, Eastman announced plans for a $150-million expansion of the chemicals-from-coal facility to be completed by the 
end of 1991. The project will more than double Eastman's output of acetyl chemicals from coal and increase its flexibility in sourc-
ing these products and in making their cellulosic derivatives. 

The expansion program will include construction of two new chemicals plants and modification of the coal gasification facilities. 
An acetic anhydride plant will be built, with capacity of 600 million pounds per year of anhydride and 180 million pounds of acetic 
acid. A new methyl acetate unit will produce 490 million pounds per year. 

The existing coal gasification facility will be able to handle the new anhydride demand with some debottlenecking, because the coal 
gas unit was built with some spare capacity. 

Project Cost: Unavailable 

CHINA ASH AGGLOMERATING GASIFIER PROJECT - The institute of Coal Chemistry, China (C-US) 

The institute of Coal Chemistry (ICC) 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—CIE&FEC (C-iSO) 

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. 
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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 mac-
tor. • In 1978 a feasibility study was completed for the utilization of gas generated as industrial fuel. Next the rust 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 1992 and in 1994 the basic project for the demonstration 
unit will be started. The demonstration unit is planned to be operational in 1998. 

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 ((>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 10,0)0 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 coats 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. 

Two different coals have been processed in the plant. The results obtained with Leao coal are significantly better than these for 
Candiota coal, the differences being mostly due to the relative contents of ash and moisture in the feedstock. 

CIENFEC 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 CIEWFEC researchers, the fluidized-bed distributor and the bottom char withdrawal system have been their main 
concerns, and much progress has been made. 

CLEAN POWER COGENERATION 16CC PLANT (TALLAHASSEE) - Clean Power Cogeneration Inc. (C-135) 

A 120 MW(e) coal-gas based combustion turbine combined cycle power generating system is planned for Tallahassee, Florida. The 
plant will include an air blown coal gasification system providing fuel to a conventional combustion turbine combined cycle base 
load unit. The system is to be built such that natural gas is initially used and coal gas is introduced a couple of months later. 
Natural gas will then be used as the backup fuel. In this way, the system will simulate (in sequence if not in actual time) the phased 
construction of today's combined cycle plants designed for long-term compatibility with coal gas conversions. 

The project, as proposed, will be built on a site outside Tallahassee, Florida near the existing Arvah B. Hopkins Power Station. 
The power plant will burn 1,270 tons per day of 13 to 33 percent sulfur eastern coal. In addition, the project will provide steam to 
a commercial facility to be built adjacent to the property. 

The air blown integrated gasification combined cycle (IGCC) project is being developed by Clean Power Cogeneration Inc., a 50/50 
joint venture between CR55 Capital, Inc., a leading independent power producer, and TECO Power Services (TPS), a subsidiary of 
a major southeastern electric utility. CRSS/TPS will develop the project under commercial terms and conditions using a United 
States Department of Energy program subsidy to reduce financial risks associated with the coal gasification phase of the plant. 

A coal gasification system is added in which coal is first gasified under pressure using steam and air to produce a low BTIJ fuel gas. 
The low BTU coal gas produced in the fixed-bed gasifier then goes to a hot gas cleanup (HGCU) subsystem where the removal of 
sulfur compounds is accomplished in a solid sorbent bed. Because the sulfur that was present in the coat is removed prior to com-
bustion, scrubber equipment size and costs are potentially reduced. The cleaned gas is then delivered to a conventional gas tur-
bine modified to include a set of low BTU gas nozzles.
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The gasifier will employ the Lurgi 'fixed bed' design. Questions to be addressed by the Florida project include how much the 
$/kW level increases for the 10CC on an installed basis as compared to a conventional combined cycle and what is the S/kWh cost 
of operation (including fuel, maintenance, spares, etc.) when utilizing coal as compared to natural gas. Since the total cost of a 
120 MW natural gas based combined cycle system planned today is approximately $600/kW, a price of 5600-700/kW (plus heat rate 
premium) is targeted for the coal gasification plant if the 10CC is to compete favorably with pulverized coal based systems with 
scrubbers. 

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 five processes include calcium carbide manufacture from coal and calcium oxide; acetylene production from calcium carbide 
and water, brine electrolysis to make chlorine, hydrogen, and caustic conversion of acetylene and hydrogen chloride to vinyl 
chloride; and vinyl chloride polymerization to PVC Of the five plants, the carbide, acetylene, and VCM plants represent the main 
differences between coal-based and conventional PVC technology. 

Project Cost: Not disclosed 

COGA-1 PROJECT - Coal Gasification, Inc. (C-ISO) 

The COGA-1 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 area per year. It will use a high-
temperature, high-pressure slagging gasification technology. When completed, the COGA-1 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 R 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-lw) 

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 Antioquia 
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 urea if financing is found. 

Project Cat: $20 million initial 
$200 million eventual 

COOL WATER COAL/MSW GASIFICATION PROGRAM - Texaco Syngas Inc. (C-170) 

Original Cool Water participants built a 1,000-1200 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. The California Energy Commission ap- 
proved the state environmental permit in December 1979 and construction began in December 1981. Plant construction which took 
only 23 years, was completed on April 30, 1984, a month ahead of schedule and well under the projected $300 million budget. A 
five-year demonstration period was completed in January 1989. 

Texaco and Southern California Edison (SCE), which have contributed equity capital of $45 million and $25 million respectively to 
the effort, signed the joint participation agreement on July 31, 1979. The Electric Power Research Institute (EPRI) executed an 
agreement to participate in the Project in February 1980 and their contribution was $69 million. Bechtel Power Corporation was 
selected as the prime engineering and construction contractor and also executed a participation agreement in September 1980 and 
have contributed $30 million to the project. General Electric signed a participation agreement in September 1980. In addition to 
contributing $30 million to the Project, GE supplied the combined cycle equipment. The JCWP Partnership, comprised of the 
Tokyo Electric Power Company, Central Research Institute of the Electric Power Industry, Toshiba COP Corporation and IHI 
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Coal Gasification Project Corp. signed a participation agreement on February 24, 1982 to commit $30 million to the Project. 
ESEERCO and Sohio Alternate Energy Development Company were non-equity contributors to the project, having signed con-
tributor agreements on January 20,198Z and April 10, 1984, respectively committing $5 million each to the Project. A $24 million 
project loan with a $6 million in-kind contribution by SCE of facilities at SCE's existing generating station in Daggett, California 
completes the $263 million funding. 

A supply agreement was executed with Airco, Inc. on February 24, 1981 for Airco to provide "over-the-fence" oxygen and nitrogen 
from a new on-site facility, thus reducing capital requirements of the Project. 

The Project applied to the United States Synthetic Fuels Corporation (SFC) for financial assistance in the form of a price 
guarantee in response to the SFC's first solicitation for proposals. This was designed to reduce the risks of the existing Participants 
during the initial demonstration period. The Project was not accepted by the SEC because it did not pass the credit elsewhere' 
test (the SEC believed sufficient private funding was available without government assistance). However, the sponsors reapplied 
for a price support under the SEC's second solicitation which ended June 1, 1982. On September 17, 1982, the SFC announced that 
the project had passed the six-point project strength test and had been advanced into Phase If negotiations for financial assistance. 
On April 13, 1983 the sponsors received a letter of intent from the SEC to provide a maximum of $120 million in price supports for 
the project. On July 28, 1983 the Board of Directors of the SEC voted to approve the final contract awarding the price guarantees 
to the project. 

A spare quench gasifier, which has been added to the original facility to enhance the plant capacity factor, was successfully commis-
sioned in April 1985. 

A Utah bituminous coal was utilized as "the Program" coal was burned at all times that the facility was not burning an alternate test 
coal. The Program could test up to 8 different coal feedstocks on behalf of its Participant companies. 

A 3ZODO ton Illinois No. 6 coal (nominal 3.1 percent weight sulfur) test, a 21,000 ton Pittsburgh No. 8 coal (nominal 2.9 percent 
weight sulfur) test, and a 20,000 ton Australian Lemington high-ash-fusion-temperature coal (nominal 05 percent weight sulfur) 
test were completed. Energy conversion rates and environmental characteristics while running the alternate coals are essentially 
the same as those observed while burning the low sulfur Utah bituminous. 

The gasifier was started up on May 7, 1984. On May 20, 1984 syngas was successfully fed to the gas turbine and the first combined 
cycle system operation was accomplished on May 31, 1984. On June 23, 1984 the ten continuous day SEC acceptance test was suc-
cessfully completed and the Program was declared to be in commercial production on June 24, 1984. 

At the completion of the demonstration program in January 1989 the gasifier had been on-line for more than 27,116 hours, and 
gasified over 1,132,000 tons of coal (dry basis). Approximately 2.8 billion grosskWh of electricity was produced. 

In September, 1989 Texaco Inc. announced that Texaco Syngas Inc., its wholly owned subsidiary, had been awarded the rights to 
negotiate with Southern California Edison for the purchase and operation of the Cool Water plant. 

Texaco intends to utilize a new application of Texaco's technology which will permit Cool Water to convert sewage sludge to useful 
energy by mixing it with the coal feedstock. Sewage sludge has been disposed of for many years in landfills and by ocean dumping, 
methods that are now becoming unacceptable for either overcapacity or environmental reasons. Texaco has demonstrated in pilot 
studies that sludge can be mixed with coal and, under high temperatures and pressures, gasified to produce a clean synthesis gas. 
Texaco officials emphasize that its gasification process results in no harmful by-products. 

Acquisition of the plant is conditioned upon finalizing the terms of the purchase agreement and the completion of negotiations with 
SCE for the sale of electricity to be produced at Cool Water. 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 Cool Water plant for modifications 
aimed at reopening the facility in late 1992. 

Project Cost: $263 million 

CRE 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 (CRE). A pilot plant has been built with a coal throughput of 12 tonnes per day. 

This project has been sponsored by the European Economic Community (EEC) under two separate demonstration grants. Results 
to date have established the basis of a simple yet flexible process for making a gaseous fuel low in sulfur, tar and dust. 
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The CRE 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 83 have been 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 effilencies on the order of 90 percent 
(mass basis) to be attained, and allowed gases to be produced with caloric values up to 73 Mum (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. The aim was to develop a range of commercial gasifiers with a coal throughput typi-
cally of 24 to 100 tonnes per day. 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 Coal are ac-
tively promoting the use of the technology in the United Kingdom process industries. 

Although OSC has yet to build the first commercial unit, they say interest has been shown from a large number of potential clients 
worldwide. 

The application of the process for power generation is also being investigated. Various cycles incorporating a pressurized version 
of the spouted bed technology have been studied and power station efficiencies up to 45 percent are predicted. A contract with the 
EEC to develop a pressurized version was initiated in January 1989. The proposal is to link the gasifier to a char combustor to 
form what is known at the British Coal topping cycle. 

CRIEPI ENTRAINED FLOW GASIFIER PROJECT - Central Research Institute of Electric Power Industry (Japan) (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 has been determined to be employed as the prototype of the na-
tional 200 ton per day pilot plant. As of late 1989, the gasifier had been operated for 1,652 hours, and tested on 17 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. 

Basic design and engineering of the pilot plant was started in 1986, and manufacturing and construction started in 1988 at the 
t4akoso Coal Gasification Power Generation Pilot Plant site. Tests will be beginning in 1991 for the air-blown pressurized 
entrained-flow gasifier connected with the hot gas cleanup system and a high temperature gas turbine of 1,260°C combustor outlet 
temperature. 

Project Cost: 53 billion yen 

DANISH GASIFICATION COMBINED CYCLE PROJECT - Elkraft (C-205) 

The Danish Utility, Elkraft, in response to government directives to lower pollution by using more natural gas, says that it will in-
crease the use of natural gas to generate electricity. However, the utility says that it also plans for two power plants based on in-
tegrated coal gasification combined cycle (10CC). The first will be a 50-megawatt demonstration unit at Masnedoe, at the site of 
an existing power plant that will be retired. 

The Danish energy minister was expected to decide by 1990 whether to approve this scheme. 
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lithe Masnedoe demonstration is successful, Elkraft intends to move on to construct a full-scale 300-megawatt 10CC unit at 
Stitsnaes, for service in 1997. 

It is not known which 10CC design Elkiaft favors for the Masnedoe demonstration. 

Potential bidders could include Shell, Dow, Texaco and Krupp-Koppers. 

DANISH GASIFICATION COMBINED CYCLE PROJECT - Elsam (C-206) 

Elsatn, 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) power plant. The utility proposes a 3-year test period under the Thennie 
program of the European Communities. 

The 10CC plant would be built as a joint project of the German Utility PreussenElektra and the Danish utility Sondeijytlands 
Hojspaendingsvaerk. 

Commissioning is planned for 1995. 

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 (10CC) 
electrical generating facility. The project calls for the expansion of an existing power plant adjacent to the Star Enterprise refinery 

re in Delawa 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 of 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 power plant would be upgraded and expanded and would continue to operate as a cogeneration facility 

Project Cat:	 $250- 300 million (1989 dollars) 

DOW SYNGAS PROJECT - Louisiana Gasification Technology, Inc. a subsidiary of Destec Energy, Inc. (C-210) 

The Dow Syngas Project, located in Plaquemine, Louisiana, began commercial operations in April, 1987, operating at rates upto 
105 percent of capacity. As of July 1991 the project has completed 18,718 hours on coal. It has produced 20.355 billion BTU of 
on-spec syngas and has reached 1524,712 tons of coal processed. A 90-da y consecutive production record of 71.2 nercent capacity 
was reached in October 1990. A 30-da y consecutive production record of 94.3 percent was reached in the third quarter of 1991. 

At full capacity, the plant consumes 2,400 tons of coal per day providing 30 billion BTU 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-I acid gas removal system and Unocal's Selectox sulfur conversion unit are also used at the Plaquemine, Louisiana, 
plant. 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 130-200 megawatt combustion turbines. Therefore, if more than 150-200 megawatt capacity is needed, the plant can 
be built in phases as demand requires reducing the overall interest cost during the construction period versus building all of the 
capacity at the onset. The project is owned and operated by Louisiana Gasification Technology Incorporated, a wholly owned sub-
sidiary of Houston-based Destec Energy, Inc., a subsidiary of The Dow Chemical Company. 

In this application, the Dow Gasification Process and the associated process units have been optimized for the production of syn-
thetic gas for use as a combustion gas turbine fuel. The project received a price guarantee from the United States Synthetic Fuels 
Corporation (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 Cat: $72.8 million
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DUNN NOKOTA METHANOL PROJECT - The Nokota Company (C-220) 

The Nokota Company is the sponsor of the Dunn-Nolcota 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. The Federal Water Service Contract was to be approved in 1990. Operation of Phase I of the project is 
scheduled to begin in 1996. 

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 
leaden, 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 per day from 40,000 tons of lignite 
(Beulah-Zap bed). 

Additional market studies will determine if methanol production will be reduced and gasoline or substitute natural gas coproduced. 

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 calls for phased construction and operation, with initial construction (site preparation) beginning 
in 1992 and mechanical construction beginning in 1993 on a facility producing at one-half the full capacity. Commercial operation 
of this phase of the project is scheduled for 1996. Construction of the remainder of the facility is scheduled to begin in 1995 and to 
be in commercial operation in 1998. This schedule is subject to receipt of all permits, approvals, and certifications required from 
federal, state, and local authorities and upon appropriate market conditions for methanol and other products from the proposed 
facility. 

Project Cost:	 $2.2 billion (Phase I and II) 
$0.2 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
$0.3 billion (mine) 

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 SC! International. 

The demonstration plant will be put in service in the first quarter of 1992. The plant is designed to be operated as a small commer-
cial 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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(hound 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. The principal machinery is beinc received and erected, all 
major subcontracts have been awarded and the contractors arc on site. The plant will process 1,0DO 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 art being provided by the M.W. Kellogg Company. SQl International will fur-
nish technical services. 

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 power plants with emissions levels of particulates, SO and NO sig- 
nificantly less than conventional coal plants and below state and federal emissions standards. 	 S 

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. 
This combination of equipment is able to produce electricity in a highly efficient manner. 

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-an 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 power 
plants. 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 Kohleverflussigung 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. 

Canadian Energy and 01K 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.
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The demonstration project will process 1,128 tons per day of Ohio No. 6 coal and 2D,000 barrels per day of Alberta heavy oil. 

GFK DIRECT LIQUEFACTION PROJECT - West German Federal Ministry for Research and Technology, Saarbergwerke AG, and 
CIX Gesellschaft fur Kohleverfiussigung MbH (C-no) 

For the hydrogenation of heavy oils, mixtures of heavy oil and coal (Co-processing) and coals with low ash contents, Oft 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 1999, 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 Chemieanlagenbau Leipzig-Grimma where an existing hydrogenation pilot-plant is presently being modified to the new 
concept. Operation will begin by mid-1991. 

Project Cost: Not disclosed 

GREAT PLAINS SYNPUELS PLANT - Dakota Gasification Company (C-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 250 million cubic feet per day plant to be constructed by late 1981. However, problems in financing the plant delayed the 
project and in 1976 the plant size was reduced to 125 million cubic feet per day. A partnership named Great Plains Gasification 
Associates was formed by affiliates of American Natural Resources, Peoples Gas (now MidCon Corporation) Tenneco Inc., 
Transco Companies Inc. (now Transco Energy Company) and Columbia Gas Systems, Inc. Under the terms of the partnership 
agreement, Great Plains would own the facilities, ANG would act as project administrator, and the pipeline affiliates of the 
partners would purchase the gas. 

In January 1980, FERC issued an order approving the project. However, the United States Court of Appeals overturned the FERC 
decision. In January 1981, the project was restructured as a non-jurisdictional project with the synthetic natural gas (SNG) sold on 
an unregulated basis. In April 1981, an agreement was reached whereby the gas would be sold under a formula that would escalate 
quarterly according to increases in the Producer Price Index with a cap equal to the energy-equivalent price of No. 2 Fuel Oil. 
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; 73 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-
ned 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 
1373 million cubic foot per day design capacity) of high BTU pipeline quality synthetic natural gas, 93 tons per day of ammonia, 88 
tons per day of sulfur, 200 million cubic feet per day of carbon dioxide, potentially for enhanced oil recovery, and other miscel-
laneous by-products including tar oil, phenols, and naphtha to be used as fuels. Approximately 16,ODO tons per day of North 
Dakota lignite were expected 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 cats. The gas 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 (DO)) 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 that state law was not applicable and that plaintiffs (DOE/DO)) were entitled to a sum-
mary 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.
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The North Dakota District Court also held that the defendant pipeline companies were liable to the plaintiffs (D013/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 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 produced gas at over 108 percent of 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 si gned contracts with three firms to sell all of 

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. 

DGC has also signed two contracts to sell surplus methanol from the plant. These sates are expected to generate about S250, 	 of 
revenue annually. Other byproducts being sold from the plant include anhydrous ammonia, sulfur and li quid nitrogen. 

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 syngas. At the 
same time, these four pipeline companies filed separate arbitration proceedings. The issues in all of these proceedings involve: the 
extent of the pipeline finns' obligations to take and provide transportation for syngas; whether the sales price of syngas has been 
understated; and whether there should have been a 1987 adjustment to the rate the plant charges the pipeline companies to 
transport their syngas to a point of interconnection on the Northern Border Pipeline system. 

Project Cost: $2.1 billion overall 

GSP PILOT PLANT PROJECT - German Democratic Republic (C.250) 

Since 1983 a 30 tonne per day gasification complex has been in operation at Gaskombinat Schwarze Pumpe (GSP) in East Ger-
many. It produces more than 50,000 cubic meters of law gas per hour. Practical results and experience gained during operation of 
this system are planned to be applied to the construction of a large-scale gas works, 5 to 10 times larger, with an annual output of 
2 to 4 billion cubic meters raw gas. 

The environmental compatibility of the 6SF coal gasification process is said to meet the highest requirements even if coal that is 
rich in ash and sulfur and contains salt is used. The GSP process involves the gasification of pulverized coal under pressure, using 
the brown coal of the German Democratic Republic. Its mode of operation, however, is widely independent from the fuel, so that 
brown coal, hard coal, coke, high-ash coal, and so-called salt coal as well as waste products can be processed. 

A combined cycle demonstration with an output of 150 megawatts is being considered at Geiseltal. The Geiseltal power plant 
burns high-salt brown coal characterized by a high Na 0 and K 20 content in the ash of more than 20 percent. Brown coal with 
such high salt contents cannot be fired in conventional 2power plants, because the low softening point of the ash results in severe 
contamination of the heating surfaces. 	 - 

Project Cost: Not disclosed 

HOT GAS CLEANUP PROCESS - Southern Company Services, Inc. and United States Department of Energy (C-257) 

Southern Company Services, Inc. of Birmingham, Alabama in 1990 began a live-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-an 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.

- 
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The new test facility at Wilsonville will move the hot cleanup techniques from laboratory research to integrated engineering tests. 
Actual gases from coal gasification or combustion will be used. 

A vessel will be built to create coal gases for the tests, consuming up to 2 tons a day of coal to create particulate-laden hot gases in 
an amount similar to what would be produced from a 2 to 3 megawatt power plant. Gases typical of both high pressurized combus-
tion and different methods of coal gasification will be produced. 

Researchers will be able to evaluate the performance of the cleanup devices while varying gas temperatures, gas pressures, particu-
late levels, particulate sizes and types of coal. 

Design and construction of the test facility will take three years. 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 

1-IYCOL HYDROGEN FROM COAL PILOT PLANT - 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. 

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 is scheduled 
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 pejday 
- Pressure 30 kg/cm g 
- Temperature about 1,800°C 
- Oxidant Oxygen 
- Coal Feed Dry 
- Slag Discharge Slag Lock Hopper 
- Refractory Lining Water-cooled slag coating 
- Dimensions Outer Pressure Vessel 2 Meters Diameter, 13.5 Meters Height 
- Carbon Conversion 98 Percent 
- Cold Gas Efficiency 78 Percent 
- 1,	 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 researches are 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
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Tokyo Gas Co., Ltd. 
Toho Gas Co., Ltd. 
Nippon Mining Company 
The Japan Steel Works, Ltd. 
Hitachi, Ltd. 
Mitsui SRC Development Co., Ltd. 

lOT MILD GASIFICATION PROJECT - Institute of Gas Technoloev (IGfl Kerr-McGee Coal Cor poration, Illinois Coal Develop-
ment Board (C-272) 

IMIIEX MOLTEN CARBONATE FUEL CELL DEMONSTRATION - 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 power plant with 
coal gas-fueled IMIIEX molten carbonate fuel cells (MCFC). The proposed coal gasification/MCFC system can be used to fully or 
partially repower existing power plants 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 SO  and NO, says M-C Power. 

The IMHEX configuration is a novel advanced molten carbonate fuel cell designed to eliminate many of the pumping problems ex-
perienced by previous molten carbonate fuel cell concepts. 

The demonstration facility would be located at the Institute of On Technology's (101) Energy Development Center in Chicago, Il-
linois. The demonstration will use 161's existing U-GAS coal gasifier and will produce 500 kilowatts of electricity. 

The demonstration project will begin April 1, 1991 and will be completed September 30, 1994. Total estimated cost of the project is 
$22,700,000. 

ISCOR MaTER-GASIFIER PROCESS - ISCOR, Voest-Alpine !ndustrieanlagenbau (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-Alpinc lndustrieanlagenbau GmbH (Linz, Austria), the plant converts iron ore and coal directly into 300,ODO 
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 lower than conventional method costs. 

Startup of the plant was in November 1989. Two separate streams of materials an gravity fed into the melter-gasifier. 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 
I-I,) from the melter-gasifier. This step reduces the one to 95 percent metal sponge iron. The metallization degree of the sponge 
in  where it comes into contact with the 850-900 degree C hot reducing gas produced in the reduction furnace, is 95% on average. 
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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 Cat 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 
4,725,3% 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 0613). 

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% design capacity. 

KANSIC-ACHINSK BASIN COAL LIQUEFACTION PILOT PLANTS - Union of Soviet Socialist Republics (C-280) 

The Soviet Union is building a large coal-based project referred to as the Kansk-Achinsk Fuel and Energy Complex (KATEK). 
The project consists of a very large open pit mine (the Berezovskiy-1 mine), a 6,400 megawatt power plant, and a coal liquefaction 
facility. Additionally, the small town of Sharypovo is being converted into a city with new schools, stores, housing, and transporta-
tion. 

A pilot plant referred to as an ST-75 installation is being built at KATEK to test a catalytic hydrogenation process. Construction of 
the unit began in 1982. Start up of the unit was originally planned for 1984, however, the plant has still not been completed. 
Preliminary tests indicate that five tons of Kansk-Achinsk brown coal can produce one ton of liquid products at a cost that is 25 to 
30 percent less than products that are refined from crude oil from remote Siberian regions. 
Additionally, a second unit referred to as the ETKh-175 is being built at a power station in Krasnoyarsk to test rapid pyrolysis of 
brown coal from the Borodinskoye deposit and is said to be nearing completion. The test unit will have a capacity of 175 tons of 
coal per hour. The plant is designed to crush the Kansk-Achinsk run of mine coal with 40 percent moisture in hammer mills and 
simultaneously dry the resulting coal dust with the flue gas from a special-type self-contained furnace. In the thermal reaction 
(pyrolysis) chamber, the dried coal dust heats up quickly to 550-700 degrees C as it mixes with a solid transfer agent (pulverized 
coke) circulating in the system and preheated to 850-950 degrees C in a process furnace. As the two mix during pyrolysis, the coal 
forms coke breeze and a mixture of combustible gas, resinous and pyrogenous water vapors. Upon dedusting in cyclone separators, 
the mixture is subjected to fast cooling whereupon it is fed to the gas cleaning and condensation plant. 

The excess coke breeze formed during pyrolysis is cooled down to 75-80 degrees C and is used as a commercial product. 

The E'flth-175 energy efficiency is said to be about 85 percent, with account for the energy losses and auxiliary power. The plant 
will be supplemented with facilities for obtaining liquid tar resins, motor fuel and coal tar, various chemical products and for 
making coke breeze briquettes from a mixture of brown coal and coal tar. 

A third experimental coal liquefaction unit, S1'-5, is located at the Belkovskaya mine of the Novomoskovsk Coal Association. The 
unit is intended to demonstrate a relatively low pressure hydrogenation process that operates at approximately 1,500 psig and 400 
degrees C A catalyst is used in the process to enhance the hydrogenation of coal into high octane gasoline. The liquid and solid 
are separated, and the solids are combusted to recover the catalyst. 

Project Cat: Not disclosed 

K-FUEL COMMERCIAL FACILITY - K-Fuel Partnershi p (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 (KY?) was formed to commercialize the process. KY? owns the worldwide patents and international 
licensing rights to the process in the United States and 37 forei gn 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,, and by-product water and fuel gas. K-Fuel pellets 
contain 60 percent more energy (approximately 27 million BTU per ton) and 40 percent less sulfur than the raw coal. The fuel gas 
from the process is utilized on site to provide the needed heat for the process. K-Fuel was tested at Wisconsin Power and Light's 
(WPL) Rock River generating station near Beloit in south-central Wisconsin. The test was successful and Wisconsin Power has 
agreed to buy up to one million tons per year.
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Wisconsin Power and Light Plans to use K-Fuel at several of its facilities to meet new state and federal emission control re quire-
The upgraded coal is also less expensive to ship and store due to its improved heating value. 

WIt, through its wholl y-owned subsidiary called ENSERV Inc., has purchased an interest in the K-Fuel 

A new company, Smith Powerfuels, a partnership of K-Fuel Partnership and Energy America, has been established to develop an 
international market for K-Fuel. 

Project Cost: $62 Million 

KOBRA HIGH TEMPERATURE WINKLER 10CC DEMONSTRATION PLANT - RWE Energie AG (C-294) 

RWE Energie AG, a sister company of Rheinbraun AG, has decided to build a combined-cycle power station with integrated 
gasification based on the High Temperature Winkler (I-ITW) 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 1,800 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/Lur23 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. The permit procedure will be initiated in late 1991. 

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 WTA process will be employed (WI'A 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 1991 for testing 
purposet 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. 

KRW ENERGY SYSTEMS INC. ADVANCED COAL GASIFICATION SYSTEM FOR ELECTRIC POWER GENERA-
TION - The M.W. Kellogg Co., United States Department of Energy, and Westinghouse Electric (C-310) 

In April 1984 Westinghouse sold its coal gasification technology to Kellogg Rust and the new organization was named KRW Energy 
Systems Inc., owned 20% by Westinghouse and 80% by the M.W. Kellogg Company. The major activities of KRW Energy Systems 
has been to complete development of a fluidized bed coal gasification technology and to develop a commercial demonstration 
project. 

The major development facility for KRW is a coal gasification pilot plant located at the Waltz Mill site near Pittsburgh, Pennsyl-
vania. This facility started operation in 1975 and accumulated more than 12,000 hours of hot operation utilizing a broad range of 
coals. new coals include high caking Eastern bituminous, Western bituminous, and lignites with high and low ash contents and 
high and low moisture contents. A number of German brown coals have also been successfully gasified. The pilot plant program 
was completed in September 1988, and the facility has been decommissioned.
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The pilot plant utilized a single stage fluidized bed gasifier with ash agglomeration and hot fines recycle. The pilot gasifier is 
operated at temperatures between 1,550 degrees F and 1,950 degrees F and pressures between 130 psig and 230 psig, with air feed 
to produce low-BTU gas and oxygen feed to produce medium-BTU gas. Pilot plant coal capacity ranged between 20 and 25 tons 
per day, depending on coal type. 

The Department of Energy hot gas cleanup program that was initiated in late 1984 was also completed in fiscal year 1988. The 
results from this development program have provided significant cost and efficiency improvements for the KRW gasification tech-
nology as applied to gasification combined cycle electric power generation. Operations at the Waltz Mill pilot plant with an air 
blown gasifier using a high sulfur (243%) and highly caking Eastern bituminous coal, have achieved the following significant 
demonstrations: 

A simplified process to deliver a hot and clean low BTU fuel gas to a combustion turbine. 
Gasifier in-bed desulfurization to meet NSPS requirements by removing over 90% of feed sulfur utilizing limestone or 
dolomite sorbents. 
Utilization of a regenerable zinc ferrite sorbent in a sulfur polishing mode to reduce fuel gas sulfur levels to less than 20 
ppm. 
Demonstrated use of sintered silicon carbide candle filters at 1,100-1, 	 degrees F and 16 arm pressure to reduce fuel gas 
solid particulates to less than 10 ppm. 
Delivery of final product fuel gas at high temperature and pressure containing less than I ppm combined alkali and heavy 
metals. 

Commercial scale process performance systems studies show the KRW hot gas combined cycle power system to have net heat rates 
less than 8,000 BTU/kWh and capital costs less than 1,250$/kWh for 300400 MW sized plants. A significant feature of these sys-
tems is the modularity of design which provides much planning and construction flexibility. 

Kellogg is interested in applying the KRW gasification technology to a commercial size demonstration plant of about 60 MWe 
capacity. 

Project Cost: Not disclosed 

LAKESIDE REPOWERJNG GASIFICATION PR0.mcr - 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 (l-IRSG). Steam from the gasification process and the I-IRSG 
will be used to power an existing steam turbine (25 MWe). 

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 five 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 power plant began in November 1990. Gasifier 9oundbreakin g is scheduled for September 
j, with initial coal-fired operation scheduled for mid-1995. 

DOE is providing $129.4 million, or 48 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 Cat:	 $270.7 million 

L&PORTE LIQUID PHASE METHANOL SYNTHESIS - Air Products & Chemicals, Chem Systems Inc., Electric Power Research 
Institute, and United States Department of Energy (DOE) (C-330) 

Air Products is testing a  ton per day process development unit (PDU) located near LaPorte, Texas. The unit is being run as part 
of a program sponsored by DOE and will be used to evaluate the liquid phase methanol synthesis technology developed by Chem 
Systems. In the process, synthesis gas is injected in the bottom of a reactor filled with light oil in which a methanol synthesis 
catalyst is suspended. The oil acts as a large heat sink, thus improving temperature control and allowing the use of more active 
catalysts and/or a more concentrated synthesis gas.
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Additionally, a wider range of synthesis gas compositions can be used, thereby allowing the use of low hydrogen/carbon ratio gases 
without the need for synthesis gas shift to produce more hydrogen. The technology is particularly suitable to syngas derived from 
coal in modem, efficient coal gasifiers which produce a high CO content syngas. 

In spring 1985, the liquid phase methanol PDU was started, with the initial objective of a 40 day continuous run. During the run, 
the unit was operated under steady-state conditions using carbon monoxide-rich gas representative of that produced by advanced 
coal gasifiers. During the run, the plant achieved a production rate of up to $ tons per day with a total production of ap-
proximately 165 tons of methanol (50,000 gallons). The plant, including the slurry pump and a specially designed pump seal system, 
apparently operated very reliably during the run. 

In a four-month test lasting from September 1, 1988 to January 8, 1989, the unit produced methanol from simulated coal gas at a 
rate morn than twice the original design rate of the test facility. 

The LaPorte run lasted 124 days and was interrupted only briefly when Hurricane Gilbert threatened the Gull Coast early in the 
test program. During the marathon operation, the experimental facility produced just over 8,000 barrels of fuel-grade methanol. 
Production rates averaged 60 to 70 barrels per day - roughly twice the facility's original 35-barrel per day design rate. Methanol 
from the test run was of high enough quality to be used directly as a motor fuel without further upgrading. 

The 124-day run also demonstrated the effectiveness of improvements in the facility's reaction vessel which had been modified ear-
lier to incorporate an internal heat exchanger and vapor/liquid separation process. Synthesis gas was provided by Air Products 
from its adjacent HyCO production plant. Operation of the PDU was again successfully tested from September 1989 through 
March 1990. The PDU was said to have operated extremely well with excellent productivity. 

The 48-month, $10.2 million project was completed in March 1991. 

Project Cost:	 DOE $26.4 million 
Private participants: $3.8 million 

LIQUID PHASE METHANOL DEMONSTRATION PLANT— Texaco Svn gas, Inc., Air Products and Chemicals, Dakota Gasification 
Company, Electric Power Reseach Institute (C-345) 

Air Products and Chemicals, Inc. and Dakota Gasification Company (DGC) were, selected by the United States Department of 
Energy (DOE) to negotiate for an estimated $93 million from the federal government to help underwrite the costs of a 
500 ton-per-day liquid phase methanol unit the two companies jointly planned to construct at DGCs Great Plains Synfuels Plant in 
Beulah, North Dakota. The novel project, which is designed to lower power costs and reduce acid rain emissions, was one of 
13 selected by the DOE under the third round of the nation's Clean Coal Technology Demonstration Program. 

Coal Gasification Combined Cycle (CGCC) is the cleanest technology for generating electric power from coal. The liquid phase 
methanol technology that was originally planned to be demonstrated at the Great Plains facility has been developed specifically to 
lower the cost of electricity produced in CGCC power plants by efficiently storing energy in the form of methanol for use during 
periods of peak power demand. These types of facilities could also sell any excess quantities of the clean-burning fuel for other ap- 
plications. CGCC can effectively repower coal-fired facilities and meet stringent environmental limits for sulfur dioxide and 
nitrogen oxide emissions. Thus, on a commercial scale, the liquid phase methanol technology could reduce electric power costs by 
allowing utilities to rely less on imported liquid fuels or natural gas and still meet the nation's clean air requirements. 

The project originally called for about 10 percent of the synthesis gas produced at the Great Plains plant to be converted to make 
500 tans per day of methanol, while the remaining synthesis gas would be used in making substitute natural gas. However, it has 
been announced that the project will be located elsewhere. DCG said that a major reason for not being able to locate the project 
at Great Plains is the company could not get permission from its gas buyers to divert 10 percent of its synthetic natural gas to 
methanol production. 

Texaco Svngas, Inc. is neaotiatinE to buy the Cool Water plant in Dnrett. California to house the yroiect. Because of the proiect 
site change. DOE will allow morn time to nezotiate a coonerative aereement. 

Project Cost: $213 million estimated 

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 
gasification project in the People's Republic of China. Bechtel will provide assistance in process design, design engineering, 
detailed engineering, procurement, construction, startup, and operatortraining 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. When completed in mid to late 
1991, the Lu Nan modification will replace an obsolete coal gasification facility with the more efficient Texaco process. 

SYNTHETIC FUELS REPORT. SEPTh(EBR 1991 
4-52



STATUS OF COAL PROJECTS (Underline denotes changes since June 1991) 

COMMERCIAL AND R&D PROJECTS (Continued) 

Project Cost: Not Disclosed 

MILD GASIFICATION PROCESS DEMONSTRATION UNIT - Coal Technology Corporation and United States Department of 
Energy (DOE) (C-SiC) 

Since the mid-1980s, Coal Technology Corporation (C1'C), 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 CC cost shared a $3,3®, 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 be gan operating in 
February 1991. 

In the CFC 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°0 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 formed 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 coal 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 CrC'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 2,6°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. 

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 initiatin g a pilot program at its subsidiary, Appalachain Power in Abinaton. Vir-
thnia. to test liouid coal fuel in Dart of its vehicle fleet. The program will test petroleum fuel with 10 percent liquid coal fuel added. 

Project Cost: $1243 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 free-
lion 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 
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.
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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 CTC 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 HYDROLIQIJEFACTION 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 carton 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 Ih Je League (Prefecture) authorities have made a comprehensive development plan including a 1.1 billion yuan complex which 
will use coal 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 HYDROGENATOR 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 fines, 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 Hydrogenator (GRJ-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. 

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.
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COMMERCIAL AND R&D PROJECTS (Continued) 

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 

NEDOL BITUMINOUS COAL LIQUEFACTION PROCESS - New Energy Development Organization (NEDO) (C-MO) 

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 must be developed for each to achieve optimal utilization. 
Therefore, NEDO has also been developing a process to liquefy sub-bituminous and low grade bituminous coals. NEDO had been 
operating three process development units (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 catalysts. 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 arm 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 1988,5 different coals were processed in the bench scale unit with encouraging results. 

Project Cat: 100 billion yen, not including the three existing PDU 

OULU AMMONIA FROM PEAT PROJECT - Kemira Oy (C-450) 

ICemira of Finland is building a pressurized fluidized bed peat gasification system for producing synthesis gas. The gas will be used 
for ammonia and other chemicals. Ammonia production is to be 80,000 tons per year. 

Currently Kemira operates in Oulu a minor ammonia plant based on the gasification of heavy fuel oil. However, peat is the only 
realistic domestic raw material for synthesis gas in Finland. Therefore, a research program aiming at the gasification of peat was 
started in the middle of the 1970s. 

The gasification plant includes as integrated individual processes: peat transfer, screening, crushing, drying, pressurized I-TrW 
fluidized bed gasification, soot removal, raw gas compression and three-stage gas purification. The existing P'roflow boiler plant 
serves for energy supply and a waste incinerator. The gasification plant was placed in operation in June 1988. It has a capacity of 
150 megawatts, thermal. 

Project Cat: Investment costs are expected to be F1M225 million. 

P-CR) PROCESS - Interproject Service AB, Sweden and Nippon Steel Corporation, Japan (C-455) 

The Pressurized-Coal Iron Gasification process (P-CR)) 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 
1M with the nonpressurized GO 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-CR) 
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-CO 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 rwe tons of flux and injected 
together with 9,000 cubic meters of oxygen gas. 

ADVANCED POWER GENERATION SYSTEM - British Coal Corporation, United Kingdom Department of Energy, European Com-
mission, PowerGen, (C465) 

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 (10 tonne/hr) which will be built at British Coal's Grimethorpe site in South Yorkshire. 

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 driving off calcium sulfate and 
other volatiles, and to avoid sintering of the ash. This comparatively low temperature limits efficiency. 

To overcome this, British Coal engineers proposed a topping gycle. It entails burning a Fuel gas in the hot PFBC combustion gas in 
the gas turbine combustor, raising the temperature to 1,260 C or more. In the current Grimethorpe experiment the fuel gas is 
propane. In due course it will be provided by the 10 tonne per hour gasifier. 

The gas turbine operation is funded by British Coal, United Kingdom Department of Energy, PowerGen, and EPRI. The gasifier 
work is funded by British Coal and the European Community. 

POLISH DIRECT LIQUEFACTION PROCESS - Coal Conversion Institute, Poland (C460) 

In 1975, Polish research on efficient coal liquefaction technology was advanced to a rank of Government Program PR-i '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 coat 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 ton nes of coal 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. 

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 1(0 tons of coal processed in steady-state parameters. 

The results from the operation of the PDU will be used in the design of a pilot plant with a capacity of 200 tonnes coal per day 
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PRI3NFLO GASIFICATION PILOT PLANT - Krupp Koppers GmbH (1(K) (C-470) 

Krupp Koppers (1(X) of Essen, West Germany (in United States known under the name of GKT Gesellschaft fuer Kohle-
Technologie) are presently operating a 48 cons per day demonstration plant and designing a 1,0 tons per day demonstration 
module for the PRENF'LO (pressurized entrained flow) process. The PRENFLO process is KK's pressurized version of the 
Koppers-Totzelc (KT) flow gasifier. 

In 1973, XX started experiments using a pilot 1(1' 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 KT 
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 convened to more than 98 percent, and in the case of fly 
ash recycled to more than 99.5 percent. 

Knipp Koppers and Siemens, KWU Group, are planning a demonstration 10CC plant based on the PRENFLO process. This 
demonstration plant will have a capacity of 160 megawatts, based on one PRENFLOW module with 1,200 tonnes per day coal 
throughput and two Siemens V64 gas turbines. The detailed engineering was to be finished in 1989, so that a contract can be 
awarded in the second half of that year. The startup of the plant is planned for 1992. 

Project Cost: Not disclosed 

PRESSURIZED FLUID BED COMBUSTION ADVANCED CONCEPTS - M. W. Kellogg Company (C473) 

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. 

The gasifier converts pan of the coal to a low-BTU gas that is filtered and sent to the gas turbine. The remaining char is corn-
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, in late 1990, awarded a contract to Southern Company Services, Inc. for addition of a Hot 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 (C-257)]. 

has built a bench scale test unit to verify the kinetic data for the transport reactor system and 

RHELNBRAUN HIGH-TEMPERATURE WINKLER PROJECT - Rheinische Braunkohlenwerke AG, Uhde GmbH, Lurgi 
GmbH, German Federal Ministry for Research & Technology (C480) 

Rheinbraun 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, 
Rbeinische Braunkohlenwerke AG (Rheinbraun) in the 1960s decided to develop pressurized fluidized bed gasification, the High-
Temperature Winkler (1-ITW) process. The engineering contractor for this process is Uhde GmbH. 
The development was started at the 'Institul fur Eisenhuttenkunde' of Aachen Technical University in an ambient pressure process 
development unit (PDU) of about 50 kilograms per hour coal throughput.
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Based on the results of pie-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 13 tons per hour dry lignite. By end of 
June 1985 the test program was finished and the plant was shut down. From 1978 until June 1985 about 21,000 tonnes of dried 
brown coal were processed in about 38,000 hours of operation. The specific synthesis gas yield reached 1,580 standard cubic meters 
per tonne of brown coal (MAP) corresponding to 96 percent of the thermodynamically calculated value. At feed rates of about 
1,800 kilograms per hour coal, the synthesis gas output of more than 7,700 standard cubic meters per hour per square meter of 
gasifier area was more than threefold the values of atmospheric Winkler gasifiers. 

After gasification tests with Finnish peat in the l-ITW pilot plant in the spring of 1984 the Kemira Qy 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 alter-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 R.heinbraun's 
Vitle/Berrenralh briquetting plant was pipelined to DEA-Union Ksaftstoff for methanol production testing periods. From startup 
in January 1986 until the end of March 1991 about 660,000 tonnes of dried brown coal, especially high ash containing steam coal, 
were processed in about 28,000 hours of operation. During this time about 870 million cubic meters of synthesis gas were 
produced. 

A new pilot plant for pressures up to 25 bar and throughputs up to 63 tonnes 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 now of almost 100 MW per square meter. In mid-1990, the 
25 bar I-fl'W plant was modified to permit tests using air as the gasifying agent. Until the end of the first quarter of 1991 the plant 
was operated for much more than 3,000 hours at pressures of up to 25 bar, with air being used as the gasification agent. Under all 
test and operating conditions gasification was uniform and trouble free. 

Typical results obtained are: 92 percent coal conversion, 70 percent cold-gas efficiency and 43 MW specific fuel gas flow per 
square meter.	 lb 

This work is performed in close co-ordination with Rheinbraun's parent company, the Rheinisch-Westfalisches Elektrizilatswerk 
(RWE), which operates a power station 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 power plants. Based on the results of these tests and on the operating experience gained with the l-ITW synthesis 
gas plant, a demonstration plant for integrated I-ITW gasification combined cycle (HTW.IGCC) power generation is planned which 
will go on stream in 1995 and will have a capacity of 300MW of electric power. See KOBRA 1-1TW-IGCC Project (C-294). 

Project Cat: Not disclosed 

SASOL - Sasol Limited (C-490) 

Sasol Limited is the holding company of the multi divisional Sasol Group of Companies. Sasol is a world leader in the commercial 
production of coal based synthetic fuels. The Symbol oil-from-coal process was developed by Sasol 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 Sasol Two and Three plants, at Secunda-
situated on the Eastern llighveld of Transvaal, came on-stream in 1980 and 1982, respectively. 

The two Secunda plants are virtually identical and both are much larger than Saw] 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, 
tons, of oxygen, 26,000 tons; and of water, 160 megaliters. Sasol's facilities at Secunda 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 Saw] developed Symbol 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 Sasol at Secunda are probably among the most environ-
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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 Sasol. 
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. 

Sasol 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. 

The company's total wax producing capacity will be doubled from its current level of 64, 	 tons per year to 123,0) tons per year. 

The 70,000 ton per year Sasol One ammonia plant is to be replaced by a 240,0 ton per year plant, which is expected to supply 
South Africa's current ammonia supply shortfall. 

A new facility is to be built as Sasol One to manufacture paraffinic products for detergents. The other three newly approved 
projects, which will be located at Sasol's Secunda facilities, are: 

-	 An n-butanol plant to recover acetaldehyde from the Secunda facilities and to produce 17,500 tons per year of n-butanol is to 
be built. 

- Sasol will construct a delayed coker to produce green coke, and a calciner to calcinate the green coke to anode and needle 
coke. The anode coke produced is suitable for use in the aluminum smelting industry. They are scheduled to be in produc-
tion by March 1993. 

-	 Sasol will increase its production of ethylene by 60,000 tons per year, from its current level of 345,ODO tons per year, by ex-
panding its ethylene recovery plant at Secunda. The plant is expected to come onstream by July 1991. 

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 Cosr: SASOL Two $2.9 Billion 
SASOL Three $3.8 Billion 

At exchange rates ruling at construction 

SCO'IlA COAL SYNFUELS PROJECF - DEVCO; Alastair Gillespie & Associates Limited; Gulf Canada Products Company; 
NOVA; Nova Scotia Resources Limited; and Petro-Canada (C-500) 

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.
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Discussions on project financing are continuing in 1991. 

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. 

Scotia Synfuels 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 expected to be completed by June, 1990. 

Project Cost: 	 Approximately $23 million for the feasibility study 
Approximately C$500 million for the plant 

SEP GASIFICATION POWER PLANT - SEP (C-520) 

Samenwerkende Elektriciteits-Productiebedrijvn (SEP), the Central Dutch electricity generating company, has submitted to the 
government a plan to build a 253 megawatt integrated gasification combined cycle (10CC) power plant, 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 
gasification/combined cycle demonstration station will be Buenum, in the province of Limburg. 

The Siemens/KWU V94.2 Turbine was chosen and tested to satisfaction using coalgas of the same composition as that from the 
Shell process. 

Alter three years of demonstration, the plant will be handed over to the Electricity Generating Company of South Netherlands 
(N.V. EPZ). 

Project Cost: DFI,700 million 

SILANGI-Lkl CHEMICALS FROM COAL PLANT - 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, 	 tons per year of methanol and 15,000 tons per year of acetate fiber. Completion is due in 
1991 

SHOUGANG COAL GASIFICATION PROJECT - People's Republic of China (C.523) 

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 (BGC) 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,ODD tons of British and American (Pittsburgh No. Band 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. 
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In addition to the current 500 ton per day gasifier, an experiniental gasifier designed to operate in the fixed bed stagger 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 

SOUTH 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, 

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 GmbH to test coal from the Bowmans deposit in the Rheinbraun I-ITW gasifier and per-
form a detailed design and feasibility study for a 600 MW gasification combined cycle power station. Ten tonnes of Bowmans 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 Rbeinbraun pilot plant at Frechen-Wachtberg, FRG 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 Cost: DM 73 million 

SYN11-1ESEGASANLAGE RUHR (SAR) - Ruhrkohle Oct 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 
Oberhausen-Holten. 

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 Ruhrvhemie's oxosynthesis plants. As of 1989 the gasification plant was to be modified to allo,' 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 Germany. The Minister of Economics, Small Business and Technology of the State of North-Rbinc Westphalia par-
ticipates in the coal costs. 

Project Costs: DM220 million (Investment) 

TAMPELL4L KEELER IGCC PROCESS DEMONSTRATION - Tampella Keeler (C-565) 

After having obtained the rights to the Institute of Gas Technology's fluidized bed gasification technology in 1989, Tampelta Keeler 
began to design and initiate construction of a 10 MW thermal pilot plant at their research facilities in Finland. The pilot plant is 
considered essential for determining operating parameters for specific coats 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, Tampelta 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 papennill 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. 

Tampella with the assistance of Stone & Webster Engineering Corporation is in the process of identifying a utility project in the 
United States to be the basis of an application for funding to the United States Department of Energy's Clean Coal Program. Thus 
far, the team has evaluated four different options which include a stand alone IGCC plant and repowering scenarios. Capitol costs 
for these four options ranged from $141 million to $173 million.
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STATUS OF COAL PROJECTS (Underline denotes changes since June 1991) 

COMMERCIAL AND R&D PROJECTS (Continued) 

TEXACO MONTEBELLO RESEARCH LABORATORY STUDIES - Texaco Inc. ((>571) 

Texaco has a number of on-going 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. 

While a major purpose for MRL is carrying out the research and pilot plant testing needed in the development of the Texaco 
Gasification Process (TOP), the pilot units are used also to obtain data required for the design and environmental permitting of 
commercial plants. Currently a major focus at Montebello is a rwe year cooperative agreement with the United States Department 
of Energy to develop and demonstrate the integration of hot gas cleanup with TCIP .based coal gasification-electric power genera-
tion. The program calls for investigating, both technically and economically, in-situ and external hot gas desulfurization. The most 
promising of these will be demonstrated, along with other hot gas cleanup steps, in an integrated pilot unit. 

The program consists of five phases and will continue Phase 11 in 1991. These include: Phase I - Preliminary Desulfurization 
Research, Phase II - Process Optimization, Phase III - Integrated Pilot Demonstration Unit (PDU) Design, Phase IV - Integrated 
System Commissioning, and Phase V - Integrated PDU Tests. 

Phase II work completed as of year end 1990 includes the evaluation of in situ soibents using air-blown gasification instead of 
oxygen-blown gasification, the evaluation of a number of mixed metal oxide sorbents using external fixed beds, and the evaluation 
of slurries of calcium-based soibents. 

UBE AMMONIA-FROM-COAL PLANT - Ube Industries, Ltd. (C-590) 

Ube Industries, Ltd., of Tokyo completed the world's fiat large scale ammonia plant based on the Texaco coal gasification process 
(TCGP) 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 2,000 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 

VEW GASIFICATION PROCESS - Vereinigle Elektrizitatswerke Westfalen AG, Dortmund (C-600) 

A gasification process being specially developed for application in power plants is the VEW Coal Conversion Process of Vereinigte 
Elektrizitatswerke 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- 
wry to use oxygen. A prototype 10 tons coal per hour plant has been operated in Gersteinwerk near Dortmund since 1985. Super-
hated 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: 

- Wet gas cleaning to remove chlorine and fluorine by forming ammonia salts; dry salts are 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 power plant 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
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STATUS OF COAL PROJECTS (Underline denotes changes since June 1991) 

COMMERCIAL AND R&D PROJECTS (Continued) 

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 lithe Steel, Mitsubishi ICasei Corporation, Nissho lwai, Idemitsu Koran, and Cosmo Oil. 

The project is being run as an inter-governmental cooperative project, involving the Federal Government of Australia, the Slate 
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 BCLV 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 fly. 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 BCL Process which had been developed since 1971 by the consortium. 

Work at the BCLV 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 

VIRGINIA IRON COREX PROJECT - Virginia Iron Industries Corp. (C-613) 

In 1990, Virginia Iron announced it would be the first United States industry to use the COREX coal gasification technology, a 
German steel manufacturing process integrated with power generation. The plant will be very similar to the ISCOR plant installed 
in 1989 in Pretoria, South Africa, but will be located in Hampton Roads, Virginia. 

The plant will produce a total of 340 megawatts, of which 130 megawatts will be used in the plant's gasification process and 
210 megawatts will be sold to Virginia Power. The $800 million project is scheduled to come on line in 1994 with full operation 
beginning in 1995. 

WESTERN CANADA IGCC DEMONSTRA'IlON PLANT - Coal Association of Canada, Canadian Federal Government, the Provin-
cial Governments of Alberta, Saskatchewan, Ontario and British Columbia (C-615) 

A C$1 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. When complete in mid 1991, the 
feasibility study will also identify the plant site and operator. 

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. 

Operation of the facility could begin as early as 1996.
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STATUS OF COAL PROJECTS (UIIdSrIIIIe denotes changes since June 1991) 

COMMERCIAL AND R&D PROJECTS (Continued) 

WESTERN ENERGY ADVANCED COAL CONVERSION PROCESS DEMONSTRATION - Rosebud SynCoal Partnership, West-
ern Energy Company, United States Department or 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 coats. 
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,ODO 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,ODO BTU per pound. The process also reduces sulfur content of the coals, which can be as high as 13 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. 

The ACCP demonstration facility is under construction and is currently scheduled to be gin startup during the last Quarter of 1991. 
Initial product test burns are scheduled durin g the lint quarter of 1992. The DOE a greement calls for a 3-year operation 
demonstrating the ability to produce a clean, high quality, upgraded product and testin g the product in utility and industrial an-
plicat ions, 

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 

WUJING ThIGENERATION 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 & million cubic meters per day of 3,800 Kcal per cubic 
meter of town gas; 70.000 kilowatt-hours of electricity per yew tOO metric tons per hour of low pressure steam; and 300,000 metric 
tons per year of 99,85 percent purity chemical grade methanol, 100, metric tons per year of acetic anhydride, and 50,000 metric 
tons per year of cellulose acetate. The project will be constructed in three stages. 

The study was completed and evaluated. Bechtel was paid from a $600,000 grant to SCCP from the United States trade and 
development program, International Development Cooperation Agency. 

The Phase I design has been revised to produce one million cubic meters of town gas per day and 20, tons of formic acid per 
year. Its feasibility study was submitted by Shanghai Municipality in December of 1990 to the Chinese National Planning Commis-
sion for approval. Its early stage work will begin in 1991. The original Phase I design which was approved by the Chinese National 
Planning Board in 1989 called for the production of 100,000 tons of methanol and 15,000 tons of cellulose acetate per year. 

Phase I is scheduled for startup in the first half of 1994 and will cost 545 million Yuan. In Phase I. the plant will consume 
500.000 tons of coal per sear. 

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 1.5 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 1950k, 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. 
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COMPLETED AND SUSPENDED PROJECTS 

Proiect 

A-C Valley Corporation Project 

Acurex-Aerotherm Low-BTU Gasifier 
for Commercial Use 

ADL Extractive Coking Process 
Development 

Advanced flash Hydropyrolysis 

Agglomerating Burner Project 

Air Products Slagging Gasifier 
Project 

Alabama Synthetic Fuels Project 

Amax Coal Gasification Plant 

Appalachian Project 

Aqua Black Coal-Water Fuel 

Arkansas lignite Conversion 
Project 

Australian SRC Project 

Beach-Wibaux Project 

Beacon Process 

Bell High Mass Flux Gasifier 

Deluge Methanol Project 

HI-GAS Project 

Breckinridge Project 

Dunham Coal Gasification 
Project 

Byrne Creek Underground Coal 
Gasification 

Calderon Fixed-Bed Stagging Project 

Car-Mox Low-BTU Gasification 
Project

Sponsors 

A-C Valley Corporation 

Acurex-Aerotherm Corporation 
Glen-Geiy Corporation 
United States Department of Energy 

Arthur D. Little, Inc. 
Foster-Wheeler 
United States Department of Energy 

Rockwell International 
U.S. Department of Energy 

Battelle Memorial Institute 
United States Department of Energy 

Air Products and Chemicals, Inc 

AMTAR Inc. 
Applied Energetics Inc. 

AMAX, Inc. 

M. W. Kellogg Co. 
United States Department of Energy 

Gallagher Asphalt Company, 
Standard Havens, Inc. 

Dow Chemical Company, 
Electec Inc. 
International Paper Company 

CSR Ltd. 
Mitsui Coal Development Pty, Ltd. 

See Tenneco SNG from Coal 

Standard Oil Company (Ohio) 
TRW, Inc. 

Bell Aerospace Textron 
Gas Research Institute 
United States Department of Energy 

Cook Inlet Region, Inc. 
Placer U. S. Inc. 

United States Department of Energy 

Bechtel Petroleum, Inc. 

El Paso Natural Gas Company 

Dra-vo Constructors 
World Energy Inc. 

Calderon Energy Company 

Fike Chemicals, Inc.

Last Anearance in SFR 

June 1984; page 4-59 

September 1981; page 4-52 

March 1978; page 8-23 

June 1987; page 447 

September 1978; page 8-22 

September 1985; page 4-61 

June 1984; page 4-60 

March 1983; page 4-85 

September 1989; page 4-53 

December 1986; page 4-35 

December 1984; page 4-64 

September 1985; page 4-62 

March 1983; page 4-62 

December 1981; page 4-72 

December 1983; page 4-77 

March 1985; page 4-63 

December 1983; page 4-78 

September 1983; page 4-62 

March 1987; page 4-90 

December 1985; page 4-73 

March 1980; page 4-53 
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Project Sponsors Last Appearance in SFR 

Catalytic Coal liquefaction Gull Research and Development December 1978; page B-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 (tour 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 11-24 
United States Department of Energy 

Cherokee Clean Fuels Project Bechtel Corporation September 1981; page 4-55 
Mono Power Company 
Pacific Gas & Electric Company 
Rocky Mountain Energy 

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 11-26 
U.S. Steel 
USS Engineers and Consultants, Inc. 

Coalcon Project Union Carbide Corporation December 1978; page B-26 

Coalex Process Development Coalex Energy December 1978; page B-26 

COGAS Process Development COGAS Development Company, a joint December 1982; page 4-86 
venture of: 
Consolidated Gas Supply Corporation 
FMC Corporation 
Panhandle Eastern Pipeline Company 
Tennessee Gas Pipeline Company 

Colstrip Cogeneration Project Bechtel Development Company December 1990; page 4-59 
Colstrip Energy limited Partnership 
Pacific Gas and Electric Company 
Rosebud Energy Corporation 

Columbia Coal Gasification Columbia Gas System, Inc. September 1982; page 4-72 
Project
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Combined Cycle Coal Gasification Consumer Energy Corporation December 1982; page 4-86 
Energy Centers 

Composite Gasifier Project British Gas Corporation September 1981; page 4-56 
British Department of Energy 

Conoco Pipeline Gas Demonstra- Conoco Coal Development Company September 1981; page 4-57 
lion Plant Project Consolidated Gas Supply Company 

Electric Power Research Institute 
Gulf Mineral Resources Company 
Natural Gas Pipeline Co. of America 
Panhandle Eastern Pipeline Company 
Sun Gas Company 
Tennessee Gas Pipeline Company 
Texas Eastern Corporation 
Transcontinental On Pipeline Corporation 
United States Department of Energy 

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 Crow Indian Tribe December 1983; page 4-84 
Project United States Department of Energy 

Crow Indian Coal-to-Gasoline Crow Indian Tribe September 1984; page C-S 
Project TransWortd Resources 

DeSota County, Mississippi Mississippi Power and Light September 1981; page 4-58 
Coal Project Mississippi, State of 

Ralph M. Parsons Company 

Dow Coal Liquefaction Process Dow Chemical Company December 1984; page 4-70 
Development 

Dow Gasification Process Development Dow Chemical Company June;1987 page 4-53 

EDS Process Anaconda Minerals Company June 1985; page 4-63 
EM 
Electric Power Research Institute 
Exxon Company USA 
Japan Coal Liquefaction Development Co. 
Phillips Coal Company 
Ruhrkohle A.G. 
United States Department of Energy 

Elmwood Coal-Water-Fuel Project Foster 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 Oaklands Limited March 1991; page 4-81
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Exxon Catalytic Gasification Exxon Company USA December 1984; 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 

flat/Ansaldo Project Ansaldo March 1985; page 4-66 
Fiat 'ITO 
KRW Energy Systems, Inc. 

Flash Pyrolysis Coal Occidental Research Corporation December 1982; page 4-91 
Conversion United States Department of Energy 

Flash 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 Foster-Wheeler Energy Corporation September 1980; page 4-68 
Program United States Department of Energy 

Fulaiji Low-BTU Gasifier M.W. Kellogg Company December 1988; page 4-59 
People's 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 

Grelco Low-BTU Project General Refractories Company December 1983; page 4-91 
United States Department of Energy 

Gulf States Utilities Project KRW Energy Systems March 1985, page 4-74 
Gulf States Utilities 

Hampshire Gasoline Project Kaneb Services December 1983; page 4-91 
Koppers Company 
Metropolitan Life Insurance Company 
Northwestern Mutual Life Insurance 

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 
Conoco Coal Development Company 
Electric Power Research Institute 
Hydrocarbon Research Inc. 
Kentucky Energy Cabinet 
Mobil Oil Corporation 
Ruhrkohle AG 
Standard Oil Company (Indiana) 
United States Department of Energy 

Hillsborough Bay Coal-Water ARC-Coal Inc. September 1985; page 4-69 
Fuel Project Bechtel Power Corporation 

COMCO of America, Inc. 

Howniet Aluminum Howmet Aluminum Corporation March 1985, page 4-74 

H-R International Syngas Project H-R International, Inc. December 1985, page 4-80 
The Slagging Gasification Consortium
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Huenxe COT Coal Gasification Pilot Plant Carbon Gas Technology (COD Ombil March 1991; page 4-85 
Hydrogen from Coal Air Products and Chemicals, Inc. December 1978; page B-31 

United States Department of Energy 

HYGAS Pilot Plant Project Gas Research Institute December 1980 page 4-86 
Institute of Gas Technology 
United States Department of Energy 

ICGG Pipeline Gas Demonstra- Illinois Coal Gasification Group September 1981; page 4-66 
tion Plant Project United States Department of Energy 

Integrated Two-Stage Liquefaction Cities SeMce/Lummus September 1986; page 4-69 
ITT Coal to Gasoline Plant International Telephone & Telegraph December 1981; page 4-93 

J. W. Miller 
United States Department of Energy 

Kaiparowits Project Arizona Public Service March 1978; page B-iS 
San Diego Gas and Electric 
Southern California Edison 

Kennedy Space Center Polygeneration National Aeronautics & Space June 1986; page 4-85 
Project Administration 

Ken-Tex Project Texas Gas Transmission Corporation December 1983; page 4-95 

Ketone Project The Signal Companies September 1986; page 4-71 

King-Wilkinson/Hoffman Project E. J. Hoffman March 1985; page 4-80 
King-Wilkinson, Inc. 

KILnGAS Project Allis-Chalmers December 1988; page 4-65 
State of Illinois 
United States Department of Energy 
Central Illinois Light Company 
Electric Power Research Institute 
Illinois Power Company 
Ohio Edison Company 

Kiockner Coal Gasifier Klockner Koblegas March 1987; page 4-74 
CRA (Australia) 

Kohie Iron Reduction Process Weirton Steel Corp December 1987; page 4-75 
U.S. Department of Energy 

Lake DeSmet SNO from Coal Texaco Inc. December 1982; page 4-98 
Project Transwestern Coal Gasification Company 

Latrobe Valley Coal L4que- 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 Com- Irvin Industrial Development, Inc. June 1979 page 4-89 
mercial Use-Irvin Industries Kentucky, Commonwealth of 
Project United States Department of Energy
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Project	 -	 Sponsors	 Last Appearance in SFR 

Low/Medium-BTU Gas for Multi-
Company Steel Complex 

Low-Rank Coal Liquefaction 
Project 

Lulea Molten Iron Gasification Pilot Plant 

Lummus Coal Liquefaction 
Development 

Mapco Coal-to-Methanol Project 
Mazingarbe Coal Gasification Project

Bethlehem Steel Company 
United States Department of Energy 
Inland Steel Company 
Jones & Laughlin Steel Company 
National Steel Company 
Northern Indiana Public Service Company 
Union Carbide Corporation 

United States Department of Energy 
University or North Dakota 

lU-iD Humbolt Wedag AG and 
Sumitomo Metal Industries, Ltd. 

Lummus Company 
United States Department of Energy 

Mapco Synfuels 
Cerchar (France) 
European Economic Community 
Gas Development Corporation 
Institute of Gas Technology

December 1983; page 4-98 

March 1984; page 449 

March 1991; page 4-90 

June 1981; page 4-74 

December 1983; page 4-98 
September 1985, page 4-73 

Medium-BTU Gas Project
	

Columbia Coal Gasification	 September 1979; page 4-107 

Medium-ifrU Gasification Project 

Memphis Industrial Fuel Gas 
Project 

Methanol from Coal 

Methanol from Coal 

Midrex Electrothermal Direct 
Reduction Process 

Millmerran Coal Liquefaction 

Mining and Industrial Fuel Gas 
Group Gasifier

Houston Natural Gas Corporation 
Texaco Inc. 
CBI Industries Inc. 
Ch'es Corporation 
Foster Wheeler Corporation 
Great Lakes International 
Houston Natural Gas Corporation 
Ingersoll-Rand Company 
Memphis Light, Gas & Water Division 

UGI Corporation 

Wentworth Brothers, Inc. 
(19 utility and industrial sponsors) 

Georgetown Texas Steel Corporation 
Midrex Corporation 

Australian Coal Corporation 

American Natural Service Co. 
Amerigas 
Bechtel 
Black, SinUs & 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 of Energy 
U.S. Steel Corporation 
Western Energy Co.

December 1983; page 4-99 

June 1984; page 4-79 

March 1978; page B-fl 

March 1980 page 4-58 

September 1982; page 4-87 

March 1985; page 4-82 

March 1987; page 4-78 
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Project	 -	 Sponsors	 Last Annearance in SFR 

Minnegasco High-Bill Gas 
from Peat 

Minnegasco Peat Biogasification 
Project 

Minnegasco Peat Gasification 
Project 

Minnesota Power ELFUEL Project 

Mobil-M Project 

Molten Salt Process Development 

Mountain Fuel Coal Gasification Process 

Mulberry Coal-Water Fuel Project 

NASA Lewis Research Center Coal-to-



Gas Polygeneration Power Plant 

National Synfuels Project 

New England Energy Park 

New Jersey Coal-Water Fuel 
Project 

New Mexico Coal Pyrolysis Project 

Nices Project 

North Alabama Coal to Methanol 
Project 

North Dakota Synthetic Fuels 
Project

Weyerhaeuser 

Minnesota Gas Company 
United States Department of Energy 

Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy 

Gas Research Institute 
Institute of Gas Technology 
Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy 

Minnesota Power & Light 
BNI Coal 
Institute of Gas Technology 
Electric Power Research Institute 
Bechtel Corporation 

Mobil Oil Company 

Rockwell International 
United States Department of Energy 

Mountain Fuel Resources 
Ford Bacon & Davis 

CoaLiquid, Inc. 

NASA Lewis Research Center 

Elgin Butler Brick Company 
National Synfuels Inc. 

Bechtel Power Corporation 
Brooklyn Union Gas Company 
Eastern Gas & Fuel Associates 
EG&G 
Westinghouse Corporation 
United States Department of Energy 

Ashland Oil, Inc. 
Babcock & Wilcox Company 
Sluriytech, Inc. 

Energy Transition Corporation 

Northwest Pipeline Corporation 

Air Products & Chemicals Company 
Raymond International Inc. 
Tennessee Valley Authority 

lnterNorth 
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

March 1983; page 4-108 

December 1981; page 4-88 

December 1993; page 4-101 

June 1991; page 4-82 

September 1982; page 4-88 

December 1983; page 4-101 

September 1988; page 4-67 

March 1985; page 4-85 

December 1983; page 4-102 

September 1988; page 4067 

December 1983; page 4-104 

March 1985; page 4-86 

September 1988; page 4-67 

December 1983; page 4-104 

March 1985; page 4-86 

December 1983; page 4-106 
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Project	 Sponsors	 Last Appearance in SFR 

NYNAS Energy Chemicals Complex 

Oberhausen Coal Gasification 
Project 

Ohio I Coal Conversion 

Ohio! Coal Conversion Project 

Ohio Coal/Oil Coprocessing Project 

Ohio Valley Synthetic Fuels 
Project 

Ott Ilydrogeneration Process 
Project 

Peal-by-Wire Project 

Peat Methanol Associates Project 

Fcnn/Sharon/Klockner Project 

Philadelphia Gas Works Synthesis 
Gas Plant 

Phillips Coal Gasification 
Project 

Pike County Low-RTU Gasifier 
for Commercial Use 

Plasma Arc Torch 
Corporation 

Port Sutton Coal-Water Fuel Project 

Powerton Project 

Purged Carbons Project 

Pyrolysis Demonstration Plant

Ottertail Power Company 
Wisconsin Power & Light 

AGA 
A. Johnson & Company 
Swedish Investment Bank 
Ruhrthemie AG 
Ruhrkohle Oel & Gas GmbH 

Alberta Gas Chemicals, Inc. 
North American Coal Corporation 
Wentworth Brothers 

Energy Adaptors Corporation 

Ohio Clean Fuels, Inc. 
Stone and Webster Engineering Corp. 
I-lRl Inc. 
Ohio Coal Development Office 
United States Department of Energy 

Consolidated Natural Gas System 
Standard Oil Company of Ohio 

Carl A. Ott Engineering Company 

PBW Corporation 

E1'CO Methanol Inc. 
J. B. Sunderland 
Peat Methanol Associates 
Transco Peat Methanol Company 

Kiockner Kohlegas GmbH 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Philadelphia Gas Works 
United Slates Department of Energy 

Phillips Coal Company 

Appalachian Regional Commission 
Kentucky, Commonwealth of 
United Stales Department of Energy 
Swindell-Dresser Company 
Technology Application Service 

ARC-Coal, Inc. 
COMCO of America, Inc. 

Commonwealth Edison 
Electric Power Research Institute 
Fluor Engineers and Constructors 
Illinois, State of 
United States Department of Energy 

Integrated Carbons Corporation 

Kentucky, Commonwealth of

December 1990 page 4-76 

September 1986; page 4-79 

March 1985; page 4-88 

March 1990 page 4-65 

June 1991; page 4-84 

March 1982; page 4-68 

December 1983; page 4-107 

March 1985; page 4-89 

June 1984; page 4-85 

March 1985; page 4-72 

December 1983; page 4-108 

September 1984; page C-28 

June 1981; page 4-78 

December 1978; page B-33 

December 1995; page 4-86 

March 1979 page 4-86 

December 1983; page 4-108 

December 1978; page B-34 
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Proiect Sponsors Last Appearance in SFR 

Occidental Research Corporation 
Tennessee Valley Authority 

Pyrolysis of Alberta Thermal Coals, Alberta/Canada Energy Resource March 1985; page 4-90 
Canada Research Fund 

Alberta Research Council 

Riser Cracking of Coal Institute of Gas Technology December 1981; page 4-93 
United Sates Department of Energy 

RUHR100 Project RuhrgasAG September 1984; page c-n 
Rubrkohle AG 
SteagAG 
West German Ministry of Research 

and Technology 

Rheinbraun Hydrogasification of Coal Reinische Braunkohlenwerke December 1987; page 4-80 
Lurgi GmbH 
Ministry of Research & Technology 

Saarbergwerke-Onto Gasification Saarbergwerkc AG June 1984; page 4-86 
Process Dr. C. Otto & Company 

Savannah Coal-Water Fuel Projects Foster Wheeler Corporation September 1985; page 4-77 

Scrubgrass Project Scrubgrass Associates March 1990; page 4-69 

Sesco Project Solid Energy Systems Corporation December 1983; page 4-110 

Sharon Steel Klockner Koblegas GmbH March 1985; page 4-92 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Shell Coal Gasification Project Shell Oil Company June 1991; page 4-89 
Royal Dutch/Shell Group 

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 8-31 
Process Development Stone & Webster Engineering Company 

Southern California Synthetic C. F. Braun March 1981; page 4-99 
Fuels Energy System Pacific Lighting Corporation 

Southern California Edison Company 
Texaco Inc. 

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-Fnje Inc.
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Project Sponsors Last Appearance in SFR 

Steam-Iron Project Gas Research Institute December 1978; page 11-35 
Institute of Gas Technology 

- United States Department of Energy 

Synthane Project United States Department of Energy December 1978; page B-35 

Synthoil Project Foster Wheeler Energy Corporation December 1978; page B-36 
United States Department of Energy 

Sweeny Coal-to-Fuel Gas Project The Signal Companies, Inc. March 1985; page 4-94 

Tenneco SNG From Coal Tenneco Coal Company March 1987; page 4-85 
Tennessee Synfuels Associates Koppers Company, Inc. December 1983; page 4-112 

Mobil-M Plant 

Toscoal Process Development TOSCO Corporation September 1988; page 4-72 

Transco Coal Gas Plant Transco Energy Company December 1983; page 4-113 
United States Department of Energy 

Tri-State Project Kentucky Department of Energy December 1983; page 4-113 
Texas Eastern Corporation 
Texas Gas Transmission Corporation 
United States Department of Energy 

TRW Coal Gasification Process TRW, Inc. December 1983; page 4-114 
TVA Ammonia From Coal Project Tennessee Valley Authority September 1999; page 4-77 

Two-Stage Entrained Gasification Combustion Engineering Inc. June 1984; page 4-91 
System Electric Power Research Institute 

United States Department of Energy 

Underground Bituminous Coal Morgantown Energy Technology Center March 1987; page 4-93 
Gasification 

Underground Coal Gasification United States Department of Energy June 1985; page 4-75 
University of Texas 

Underground Coal Gasification, Energy International March 1990; page 4-76 
Ammonia/Urea Project 

Underground Gasification of Anthracite, Spruce Creek Energy Company March 1990; page 4-76 
Spruce Creek 

Underground Coal Gasification, Joint Government of Belgium March 1990; page 4-74 
Belgo-German Project 

UCG Brazil Compannia Auxiliar de Empresas Electricas Brasileriras September 1988; Page 4-75 

UCG Brazil Companhia Auxiliar de Empresas Electricas Brasileiras December 1988; page 4-25 
U.S. DOE 

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
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Project	 Sponsors	 Last Appearance in SFR 

Underground Coal Gasification, Leigh Creek Government of South Australia 

Underground Coal Gasification 	 Lawrence Livermore National Laboratory 
Hoe Creek Project	 United States Department of Energy 

Underground Coal Gasification LLNL	 lswrence Livermore National Laboratory 
Studies 

Underground Coal Gasification 	 Mitchell Energy

September 1989; page 4-81 

December 1983; page 4-119 

December 1990; page 4-84 

March 1985; page 4-98 

Underground Coal Gasification 
Rocky Hill Project 

Underground Coal Gasification, Rocky 
Mountain I Test 

Underground Gasification of Deep Seams 

Underground Gasification of 
Texas Lignite, Tennessee 
Colony Project 

Underground Gasification of 
Texas Lignite 

Underground Coal Gasification, India 

Underground Coal Gasification, 
Thunderbird 11 Project 

Underground Coal Gasification, 
Washington State 

Underground Gasification of 
Texas Lignite, Lee County Project 

Union Carbide Coal Conversion 
Project 

University of Minnesota 
Low-BFU Gasifier for Commer-
cial Use 

Utah Methanol Project 

Verdigris 

Virginia Power Combined Cycle Project 

Watkins Project 

Westinghouse Advanced Coal 
Gasification System for 
Electric Power Generation 

Whitethorne Coal Gasification 

Wyoming Coal Conversion Project

Republic or Texas Coal Company 

ARCO 

Amoco Production Company 

Groupe d'Etudes de Is Gazeification Souterraine 
Charbonnages de France 
Gaz dc France 
Institut Francais du Petrole 

Basic Resources, Inc. 

Texas A & M University 

Oil and Natural Gas Commission 

In Situ Technology 
Wold-Jenkins 

Sandia National Laboratories 

Basic Resources, Inc. 

Union Carbide/Linde Division 
United States Department of Energy 

University of Minnesota 
United States Department of Energy 

Questar Synfuels Corporation 

Agrico Chemical Company 

Consolidation Coal 
Electric Power Research Institute 
Slaving Gasification Consortium 
Virginia Electric and Power Company 

Cameron Engineers, Inc 

KRW Energy Systems Inc. 

United Synfuels Inc. 

WyCoalGas, Inc. (a Panhandle Eastern 
Company)

December 1983; page 4-120 

March 1990 page 4-76 

December 1987; page 4-86 

December 1983; page 4-121 

December 1983; page 4-121 

March 1991; page 4-104 

March 1985; page 4-102 

March 1983; page 4-124 

March 1985; page 4-101 

June 1984; page 4-92 

March 1983; page 4-119 

December 1985; page 4-90 

September 1984; page C-35 

December 1985; page 4-90 

March 1978; page 8-22 

September 1985; page 4-80 

September 1984; page C-36 

December 1982; page 4-112 
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Sponsors
	 Last Appearance in SFR 

Zinc Halide Hydrocracking
	

Conoco Coal Development Company
	

June 1981; page 4-86 
Process Development
	

Shell Development Company
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STATUS OF COAL PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Ornnization Proiect Name ins 

ACME Power Company ACME Coal Gasification Desulfurizing Process 4-31 

AECI Ltd. AECI Ammonia/Methanol Operations 4-32 
Coalplex Project 4-39 

Air Products and Chemicals, Inc. Laporte Liquid Phase Methanol Synthesis 4-51 
Liquid Phase Methanol Demonstration Project 4-52 

Alastair Gillespie & Associates Ltd. Scotia Synfuels Project 4-59 

AMAX AMAX/EMRC Mild Gasification Demonstration 4-32 
Mild Gasification of Western Coal Demonstration 4-53 

Amoco British Solvent Liquid Extraction Project 4-34 

Australia, Federal Government of Victorian Brown Coal Liquefaction Project 4-63 

Basin Electric Cooperative Great Plains Synfuels Plant 445 

Beijing Research Institute of Coal Chemistry BR1CC Coal Liquefaction Program 4-34 
China Ash Agglomerating Gasifier Project 4-37 

BEWAG AG BEWAG GCC Project 4-33 

Bharat Heavy Electricals Ltd. BHEL Coal Gasification Project 4-33 
BHEL Combined Cycle Demonstration 4-33 

1W United Kingdom, Ltd. Monash Hydroliquefaction Project 4-54 

British Coal Corporation British Coal Liquid Solvent Extraction Project 4-34 
CRE Spouted Bed Gasifier 4-40 
Advanced Power Generation System 4-56 

British Department of Energy British Coal Liquid Solvent Extraction Project 4-34 
CRE Spouted Bed Gasifier 4-40 

British Gas Corporation MRS Coal Hydrogenator Process Project 4-54 
Slagging Gasifier Project 4-60 

Broken Hill Pty. Co. Ltd. Broken Hill Project 	 - 4-35 

Brookhaven National Laboratory Brookhaven Mild Gasification of Coal 4-35 

Brown Coal Liquefaction Pty. Ltd. Victorian Brown Coal Liquefaction Project 4-63 

Calderon Energy Company Calderon Energy Gasification Project 4-36 

Canadian Energy Developments Frontier Energy Coprocessing Project 4-44 

Canadian Federal Government Western Canada IGCC Demonstration Plant 4-63 

Carbocol Colombia Gasification Project 4-39 

Carbon Fuels Corp. Char Fuels Project 4-36 

Central Research Institute of Electric Power Industry CRIEP! Entrained Flow Gasifier 441 

Char Fuels of Wyoming Char Fuels Project 4-36 

Chem Systems, Inc. Laporte Liquid Phase Methanol Synthesis	 - 4-51
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Company or Oaanization	 Project Name

China National Technical Import 
Corporation 

Clean Power Cogeneration Inc. 

Coal Association of Canada 

Coal Conversion Institute 

Coal Corporation of Victoria 

Coal Gasification, Inc. 

Coal Technology Corporation 

Combustion Engineering 

Commonwealth Energy 

Continental Energy Associates 

Cosmo Oil 

Dakota Gasification Company 

Delmarva Power & Light 

Destee Energy, Inc. 

DEVCO 

Dow Chemical 

EAB Energie-Anlagen Berlin GmbH 

Electric Power Research Institute 

Elkraft 

Elsam 

Encoal Corporation 

European Economic Community 

Fundacao de Ciencia a Technologia (CIENFEC) 

General Electric Company 

German Democratic Republic 

GFK Gesetlschaft fur Kohleverfiussigung 

Gulf Canada Products Company 

HOECHST AG 

ldemitsu Kosan 

Institute of Gas Technology 

Interproject Service AB

Lu Nan Ammonia-from-Coal Project 

Clean Power Cogeneration 10CC Plant 

Western Canada 10CC Demonstration Plant 

Polish Direct Liquefaction Process 

Monash Hydroliquefaction Project 

COCA-i Project 

Mild Gasification Process Demonstration Unit 

Lakeside Repowering Gasification Project 
IMHEX Molten Carbonate Fuel Cell Demonstration 

Freetown 10CC Project 

Can-Do Project 

Victorian Brown Coal Liquefaction Project 

Great Plains Synfuets Plant 
Liquid Phase Methanol Demonstration Project 

Delaware Clean Energy Project 

Dow Syngas Project 

Scotia Coal Synfuels Project 

Dow Syngas Project 

BEWAG GCC Project 

Advanced Coal Liquefaction Pilot Plant 
Laporte Liquid lliase Methanol Synthesis 

Danish Gasification Combined Cycle Project 

Danish Gasification Combined Cycle Project 

Encoal LIt Demonstration Plant 

British Coat Liquid Solvent Extraction Project 

CIVOGAS Atmospheric Gasification Pilot Plant 
CIGAS Gasification Process Project 

Freetown LGCC Project 

(iSP Pilot Plant Project 

GFK Direct Liquefaction Project 

Scotia Coal Synfuels Project 

Synthesegasanlage Ruth 

Victorian Brown Coal Liquefaction Project 

LMHEX Molten Carbonate Fuel Cell Demonstration 
LOT Mild Gasification Project 

P-UG Process

4-52 

4-38 

4-63 

4-56 

4-54 

4-39 

4-53 

4-51 
4-48 

4-44 

4-36 

4-63 

4-45 
4-52 

4-42 

4-42 

4-59 

4-42 

4-33 

4-31 
4-51 

4-41 

4-42 

4-43 

4-34 

4-38 
4-37 

4-44 

4-46 

4-45 

4-59 

4-61 

4-63 

4-48 
4-48 

4-55 
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Comvany or Ornnization	 Project Name 

ISCOR 

Japan, Government of 

K-Fuel Partners 

Kellogg Company, The M.W. 

Kemira Oy 

Kilboni International 

Kobe Steel 

Krupp Koppers GmbH 

Louisiana Gasification Technology, Inc. 

Lurgi GmbH 

M-C Power Corporation 

Minister of Economics, Small Business and 
Technology of the State of North-Rhine, 
Westphalia 

Mission Energy 

Mitsubishi Chemical Industries 

Monash University 

New Energy Development Organization 

Nippon Brown Coal Liquefaction Co. 

Nippon Steel Corporation 

Nissho lwai 

Nokota Company 

North-Rhine Westphalia, State of 

NOVA 

Nova Scotia Resources Limited 

Osaka Gas Company 

Otto-Simon Carves 

People's Republic of China 

Petro-Canada 

PowerGen

ISCOR Melter-Gasifier Process 

Victorian Brown Coal Liquefaction Project 

K-Fuel Commercial Facility 

KRW Energy Systems Inc. Advanced Coal Gasification 
System for Electric Power Generation 

Pressurized Fluid Bed Combustion Advanced Concepts 

Oulu Ammonia From Peat Project 

Frontier Energy Coprocessing Project 

Victorian Brown Coal Liquefaction Project 

PRENFLO Gasification Pilot Plant 

Dow Syngas Project 

BEWAG GCC Project 
Rheinbraun High-Temperature Winkler Project 

IMHEX Molten Carbonate Fuel Cell Demonstration 

Bottrop Direct Coal Liquefaction Pilot Plant 

Delaware Clean Energy Project 

Victorian Brown Coal Liquefaction Project 

Monash Hydroliqueiaction Project 

CRIEPI Entrained Flow Gasifier 
HYCOL Hydrogen From Coal Pilot Plant 
Nedol Bituminous Coal Liquefaction Project 

Victorian Brown Coal Liquefaction Project 

P-CIG Process 

Victorian Brown Coal Liquefaction Project 

Dunn Nokota Methanol Project 

Bottrop Direct Coal Liquefaction Pilot Plant 
Synthesegasanlage Ruhr (SAR) 

Scotia Coal Synfuels Project 

Scotia Coal Synfuels Project 

MRS Coal Hydrogenator Process Project 

CRE Spouted Bed Gasifier 

Mongolian Energy Center 
Shanghai Chemicals from Coal Plant 
Shougang Coal Gasification Project 

Scotia Coal Synfuels Project 

Advanced Power Generation System

445 

4-63 

4-49 

4-50 

4-57 

4-55 

4-44 

4-63 

4-57 

4-42 

4-33 
4-57 

448 

4-34 

4-42 

4-63 

4-54 

4-41 
4-47 
4-55 

443 

4-55 

463 

4-43 

4-34 
4-61 

4-59 

4-59 

4-54 

4-40 

4-54 
4-60 
4-60 

4-59 

4-56 
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Company or Ortanization Project Name Lu! 

Research Ass'n For Hydrogen From Coal Process Hycol Hydrogen From Coal Pilot Plant 447 
Development, Japan 

Rheinische Braunkohiwerke AG Rheinbraun High-Temperature Winkler Project 4-57 

Rosebud SynCoal Partnership Western Energy Advanced Coal Conversion Process Demonstration 4-64 

Ruhrkohle AG Bottrop Direct Coal Liquefaction Pilot Plant Project 4-34 
British Coal Liquid Solvent Extinction Project 4-34 
Synthesegasanlage Ruhr (SAR) 4-61 

Ruhrkohle OcI und Gas GmbH BEWAG 6CC Project 4-33 

RWB Energie AG KoBra High-Temperature Winkler IGCC Demonstration Plant 4-50 

Saabergwerke AG CRC Direct Liquefaction Project 445 

Sasol limited Sasol 4-58 

SEP SEP Gasification Power Plant 4 

Shanghai Coking & Chemical Corporation Wujing Trigeneration Project 4-64 

South Australia, Government of South Australian Coal Gasification Project 4-61 

Southern Company Services, Inc. Hot Gas Cleanup Process 4-46 

Star Enterprise Delaware Clean Energy Project 442 

Tampella Keeler Tampella Keeler IGCC Process Demonstration 4-61 

Tennessee Eastman Company Chemicals From Coal 4-37 

Texaco Inc. Cool Water Coal/MSW Gasification Project 4-39 
Delaware Clean Energy Project 442 
Texaco Montebello Research Laboratory Studies 4-62 

Texaco Syngas Inc. Cool Water Coal/MSW Gasification Program 4-39 
Delaware Clean Energy Project 442 
Freetown IGCC Project 4-44 
Liquid Phase Methanol Demonstration Project 4-52 

Ube Industries, Ltd. Ube Ammonia-From-Coal Plant 4-62 

Uhde GmbH Rheinbraun High-Temperature Winkler Project 4-57 

Union of Soviet Socialist Republics Kansk-Achinsk Basin Coal Liquefaction Pilot Plants 449 

United Kingdom Department of Energy Advanced Power Generation System 4-56 

United States Department of Energy Advanced Coal Liquefaction Pilot Plant 4-31 
Brookhaven Mild Gasification of Coal 4-35 
Calderon Energy Gasification Project 4-36 
Encoal LFC Demonstration Plant 443 
Hot Gas Clean Up Process 4-46 
KRW Advanced Coal Gasification System for 4-50 

Electric Power Generation 
Lakeside Repowering Gasification Project 4-51 
Laporte liquid Phase Methanol Synthesis 4-51 
Mild Gasification Process Demonstration Unit 4-53 
Western Energy Advanced Coal Conversion Process Demonstration 4-64 

University of North Dakota Energy Minerals 
Research Center AMAX/EMRC Mild Gasification Demonstration 4-32 

Veba Del GmbH Bottrop Direct Coal Liquefaction Pilot Plant Project 4-34
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Vereinigte Eiektrizitatswerke Westfalen AG YEW Gasification Process 4-62 

Victoria, State Government of Victorian Brown Coal Liquefaction Project 4-63 

Virginia Iron Industries Corp. Virginia Iron Corex Project 4-63 

Voest-Alpine Industrieanlagenbau ISCOR Metter Gasifier Process 4-48 

German Federal Ministry of Bottrop Direct Coal Liquefaction Pilot Plant Project 4-34 
Research & TEchnology GFK Direct liquefaction Project 4-45 

Rlieinbraun High Temperature Winkler Project 4-57 

Western Energy Company Western Energy Advanced Coal Conversion Process Demonstration 4-64 

Western Research Institute Mild Gasification of Western Coal Demonstration 4-53 

Westinghouse Electric IUtW Advanced Coal Gasification System for Electric 4-50 
Power Generation 

Yunnan Province, China Yunnan Lurgi Chemical Fertilizer Plant 4-64
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PROJECT ACTIVITIES 

RECORD METHANOL PRODUCTION RATE ACHIEVED 
AT NEW ZEALAND SYNFUELS PLANT 

A record methanol production rate was achieved by the New 
Zealand Synfuels natural gas to gasoline plant in New 
Zealand following a recent turnaround. The plant produced 
2,550 metric tons per day from a single process unit, 
13 percent more than design capacity and 5 percent more 
than the preturnaround rate.

The plant's owner, Fletcher Challenge Ltd., has switched 
much of the plant's output to the more profitable methanol 
instead of gasoline. 

Fletcher Challenge is now the world's largest methanol 
producer, after recently buying Cape Horn Methanol in 
Chile.
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ENERGY POLICY AND FORECASTS 

CONVENTIONAL EXPECTATION OF NATURAL GAS 
PRICE INCREASES DOUBTED 

"The U.S. Natural Gas Market in the 1990s" by G. Pollio, an 
Occasional Paper published by the International Research 
Center for Energy and Economic Development at the 
University of Colorado, observes that the United States 
natural gas market is currently in the midst of consolidating 
the sweeping changes that have been occurring since im-
plementation of the Federal Energy Regulatory Commission 
Order 436 and its successors. The industry has become in-
creasingly competitive, in both upstream and downstream 
markets, as the concurrent monopoly and monopsony roles 
of pipeline companies have been largely, entirely in some in-
stances, eliminated. Under current open access rules, end 
users arc free to negotiate directly with producers, with trans-
mission companies providing transportation only. The 
proportion of gas moving under open access transportation 
is probably as high as 80 percent. 

There is, however, basic disagreement about the mechanisms 
to be used to value gas. Producers and brokers insist that 
long-term gas prices should be related to fluctuations in 
other energy prices, while consumers would prefer to lock-in 
a real gas cost—linking price escalation with the rate of in-
crease in the consumer price index, for example. Ironically, 
says Pollio, the formula proposed by consumers would have 
yielded higher revenues for producers in recent years than 
would the producers' preferred option. 

The current lack of interest in long-term supply agreements 
again reflects basic divergences in the attitudes of producers 
and consumers. For producers, there is the conviction that 
the current high level of deliverability, is more in the nature 
of a temporary phenomenon than a structural fact. Con-
sumers take just the opposite view, that is, excess 
deliverability is likely to remain a feature of the market for 
some time to come. Both, therefore, and for totally different 
reasons, find long-term contracts unacceptable. 

Pollio points out that a number of oil-industry projections 
assume that inflation-adjusted crude oil prices will rise at an 
average annual rate of 2 percent through the year 2000 and 
that gas prices are forecast to increase even more rapidly.

Energy forecasts based upon this sort of price profile imply 
annual increases in gas demand of around only 1.5 percent, 
no faster—quite possibly slower—than the projected growth of 
total energy consumption, with no increase in the share of 
gas in the nation's overall fuel mix. 

The appropriateness of such forecasting ultimately depends 
upon the relationship between natural gas and oil prices, be-
cause all current projections use crude prices to predict gas 
prices through a thermal parity calculation. Yet, says Pollio, 
the sensitivity of natural gas to residual fuel oil prices is not 
at all clear, as the evidence since August 1990 demonstrates. 
Most commentators tend to focus on wellhead or wholesale 
prices, not on delivered energy costs at the burner tip. The 
ratio of wellhead gas prices to wholesale residual fuel oil 
prices has averaged around 60 percent over the 1987 to 
1990 span. 

In contrast, if we compare the ratio of gas to residual fuel 
prices delivered to electric utilities, the ratio rises to around 
85 to 90 percent. Moreover, the data show that the premium 
of residual fuel oil over gas prices declined sharply and per-
manently after 1986. These comparisons, it should be noted, 
are based upon prices paid for interruptible supplies, the 
lowest cost source in the market. Once account is taken of 
differential sourcing risks, it is arguable whether any dis-
count exists at all. Competitive relationships between the 
fuels are critical because the ultimate rate of market growth 
depends mainly upon how successful the industry is at sub-
stituting gas for other fossil fuels. 

If Pollio's analysis is correct, there is little scope for any 
widespread substitution to occur. This means that market 
growth will depend mainly on economic and demographic 
trends, making it doubtful whether gas consumption will 
grow any more rapidly than total energy demand. 

Finally, the analysis suggests that most conventional 
forecasts that look for gas prices over the near and medium 
term to increase more rapidly than competing energy costs 
are wrong. Pressures in the marketplace will tend to depress 
wellhead values. 
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TECHNOLOGY 

METHANE CAN BE OXIDIZED TO SYNTHESIS GAS 
USING CARBON DIOXIDE 

A recent article in Nature by A.T. Ashcroft, et al., shows that 
carbon dioxide can be used in combination with oxygen in 
the partial oxidation of methane to form synthesis gas. 

The authors note that increasing concern about world de-
pendence on oil has generated interest in the more efficient 
use of natural gas. The conversion of methane to synthesis 
gas (carbon monoxide and hydrogen) by steam reforming is 
already well established. Also yields of synthesis gas in ex-
cess of 90 percent can be obtained at moderate temperatures 
and ambient pressure by partial oxidation, with air or 
oxygen, over supported transition-metal catalysts. The use of 
carbon dioxide as an oxidant for conversion of natural gas to 
synthesis gas is well established in steam reforming, and is 
also known in CO, reforming, in which the use of excess 
CO  yields mainly Co. 

In the Nature article the authors describe an alternative 
catalytic strategy for CO2 reforming which gives excellent 
yields (90 percent) from a stoichiometric (1:1) feed of CO 
and CH4. Carbon deposition (coking), which is a hazard of 
CO -reforming routes, is suppressed here by the use of 
catJtysts based on platinum-group metals. The exothermic 
partial oxidation of CH 4 and the endothermic CO2 -
reforming reaction was earned out simultaneously, thus intro-
ducing the possibility of tuning the thermodynamics of the 
process. 

Under conditions of stoichiometric CO  reforming, ther-
modynamic conditions predict carbon deposition by the 
Boudouard reaction;

2C0 =C+ CO2 

In previous studies, it has proved impossible to avoid carbon 
formation under low CO2 /CH 4 ratios using nickel catalysts. 
Sulfur passivation, blocking some of the active sites to inhibit 
carbon formation, has been commercialized in steam reform-
ing as the SPARG process. The passivation process works to 
a certain extent, but at the expense of catalytic activity. The 
authors used highly dispersed noble metal catalysts, which 
retain sufficient activity to reform the methane and carbon 
dioxide efficiently, while suppressing carbon deposition. The 
thermodynamic driving force towards carbon is so strong 
that even palladium, generally a good catalyst for carbon-
free reforming, cokes after only a few hours. Only iridium 
and rhodium were found to retain their activity for 200 hours 
in a silica reactor. 

With the iridium catalyst, no carbon was deposited under any 
of the conditions examined. With a stoichiometric 
(1:1) feed, nearly 90 percent of the CO  and CH  are con.

verted to synthesis gas, a finding that may have important 
environmental implications, as two greenhouse gases are con-
verted into a valuable feedstock. 

Noting that both the partial oxidation and CO 2 reforming 
reactions will proceed with high yields over supported 
iridium, the authors then examined the combined reaction 
with a variety of feedstocks. The results of these successful 
experiments show synthesis gas yields of up to 90 percent. In 
this manner, therefore, the exothermic partial oxidation reac-
tion and the endothermic CO2-reforming reaction can be 
combined to achieve a thermally neutral reaction which may 
be advantageous from an engineering viewpoint. 

##u# 

ONE-STEP CONVERSION OF SYNTHESIS GAS TO 
GASOLINE STUDIED 

Research carried out at the University of Western Ontario, 
London, Ontario, Canada, has simulated a cocurrent fixed. 
bed reactor for the one-step conversion of synthesis gas to 
gasoline. This was reported in a paper by F. Simard, et al., 
at an American Institute of Chemical Engineers meeting. 

The basis of the study was a series of runs performed in a 
2-meter long, 0.75-inch inside diameter fixed-bed catalyst 
tube. A great deal of effort has been carried out for improv-
ing the economics of the Mobil methanol to gasoline (MTG) 
process. One interesting approach is the integration of the 
methanol synthesis and the methanol conversion steps in a 
single reactor using a composite catalyst. This approach has 
been studied either for the production of gasoline or the 
production of liquefied petroleum gas. 

Studies were carried out by Simard, et al., with a methanol 
synthesis catalyst (ZnO-05O3) mixed mechanically with 
zeolite ZSM-5. Different factors concerning the composite 
catalyst performance were studied; effect of Zn/Cr ratio, 
method of preparation of the ZnCr catalyst and operating 
conditions (time on stream, H2/CO ratio, temperature, 
pressure). The optimum catalyst formulation was found to 
be: 

- 63 percent ZnO-Cr203, Zn/Cr 1/15 atomic ratio, 
calcined at 350°C 

- 27 percent H-ZSM-5 zeolite 

- 10 percent Al203 binder 

The problem of reactor selection for carrying out this very 
exothermic reaction has not been treated yet. 
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A comparison between experimental and simulation results 
for a pseudoadiabatic catalytic reactor is presented in the 
paper. Both one- and two-dimensional models were used for 
the simulation.

fin 
NEW METHANOL SYNTHESIS CATALYST REPORTED 

A dramatic 100 percent improvement in performance for con-
veiling natural gas to methanol is claimed for a new copper-

zinc-alumina catalyst developed by researchers at the Univer-
sity of New South Wales, Australia. 

The new catalyst is said to be the result of more than 
12 years of research by a three-man team from the 
university's school of chemical engineering and industrial 
chemistry. 

According to the team, the last breakthrough in the develop-
ment of methanol synthesis catalysis was made by ICI in 
1972. The new catalyst is currently under test by a chemical 
engineering concern in Germany. 

##fl 
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STATUS OF NATURAL GAS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since June 1991) 

FUELCO SYNHYI'ECH 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 230 barrel per day production rate for about 20 years. 

Project Cost:	 $16 million 

MOSSGAS SYNFUELS PLANT - South African Central Energy Fund (50%), Gencor (3001o), and Industrial Development Corpora-
tion (IDC) (0-20) 

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 scheduled to be 
completed in 1991. 

Detailed engineering of the onshore plant is completed and construction is scheduled for completion in mid-1991. The complex is 
expected to be in full production by mid-1992. The product slate will be liquefied petroleum gas, 93 and 97 octane gasoline, 
kerosene and diesel. 

Assuming Moasgas is given the same incentives as Sasot, the breakeven point for the project will be reached with crude oil prices of 
$20 per barrel. 

Project Cost:	 $3.1 billion 

NEW ZEALAND SYNFUELS PLANT - Petrocorp, Mobil Oil of New Zealand Ltd. (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. 

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 1989 the plant produced about 4,100 tonnes 
of methanol per day to be converted into about 12,700 gallons of gasoline per day. 

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. 

In early 1990 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 (Petrocorp) entered an agreement with the New Zealand government later 
that year to assume its 75 percent interest in the corporation. The New Zealand government had been carrying a debt of ap-
proximately $700 million on the plant up to that point. 

Much of the plant's output has been switched from zasoline to more profitable methanol. The plant recently nroduced 2,550 metric 
tons per day from a sintle process unit, which is 13 percent more than design capacity. 
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SHELL MALAYSIA MIDDLE DISTIUATES SYNTHESIS PL&RF - Shell MDS (60%), Mitsubishi (20%), Petronas (10%), Sarawak 
State Government (0-50) 

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 5,000 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 JOC 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. 

Project Cost:	 $660 million
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