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HIGHLIGHTS 

Capsule Summaries of the More Significant Articles in this Issue 

New Zealand Synfuels Plant May Sell Methanol 

The New Zealand government is considering diverting part of the plant's crude 
methanol stream to produce commercial grade methanol. The approximate dou-
bling of world methanol prices has apparently made methanol more attractive. 
Please see page 1-1. 

Alternative Motor Fuels Act of 1988 Becomes Law 

The Alternative Motor Fuels Act of 1988, summarized on page 1-2, is now law. 
The bill provides $18 million, beginning in fiscal year 1990, for a demonstration 
program to encourage production and use of trucks and buses capable of run-
ning on alternative fuels. 

GAO Report Acknowledges Potential Role of Synthetic Fuels 

In a report issued to Congress titled "Energy Security--An Overview of Changes 
in the World OH Market," the General Accounting Office notes that United 
States oil production has declined and imports have increased in the past two 
years, raising concern about another oil crisis. The report assesses current 
United States energy security and recommends policy action (page 1-4). 

API Energy Smutty Paper Calls for Drastic Change 

The American Petroleum Institute presented its "Energy Security White Paper: 
U.S. Decisions and Global Trends" to President-Elect Bush and the 101st Con-
gress in November. The API says present demand and production trends are 
setting the United States up for another severe oil price shock. A summary 
of the report and its recommendations may be found on page 1-6. 

Energy Economists Debate Energy Effects and Futures 

A selection of papers presented at the Tenth Annual International Conference 
of the International Association of Energy Economists provides a model of cur-
rent thinking on energy economics and the future (page 1-13). 

Advances in Methane Conversion Technology Said Possible 

A report prepared for the United States Department of Energy suggests that 
appreciable improvements in methane-to-liquids technology are feasible. Results 
of the screening study may be found on page 1-19. Emphasis was placed on 
direct conversion processes, avoiding the use of synthesis gas. 
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Options Study Outlines Cause of Canadian Energy 

"Energy Options--A Canadian Dialogue" was announced by Canada's Minister of 
Energy, Mines and Resources. The report, produced by a 23-member advisory 
committee, gives a framework of principles which the Energy Options Advisory 
Committee recommends the Canadian Government adopt. These principles are 
outlined on page 1-22. 

Adaptation to Carbon Dioxide Effect Said Likely 

In a presentation to the advisory committee to the Bureau of Oceans and In-
ternational Environmental and Scientific Affairs of the United States Department 
of State, W.A. Nierenberg discussed the basic elements of the carbon dioxide 
effect and their implications to global climate and society. He concluded that 
climate change will probably be slow enough to allow cultural adaptation. An 
abstract of this paper begins on page 1-27. 

Water-Jet-Assist Medianical Mining Program Outlined for Oil Shale 

The United States Department of Energy, Alpine Equipment Corporation and 
ASTRO International Corporation have initiated a $1.5 million Cooperative 
Agreement to evaluate water-jet-assist (WJA) mechanical cutting of oil shale 
(see page 2-1). The contractor will design a commercial-sized WJA mining 
machine and test the machine at Exxon's Colony pilot mine. 

Petrosix Continues Emphasis on Gas Production 

Brazil's Petrosix is planning to emphasize shale gas as a product from the in-
dustry now under construction. As reported on page 2-4, priority was 
originally given to oil production but world wide expansion of natural gas use 
and technologies has convinced Brazil to concentrate on gas production. 

New Paraho Lays Out Development Plan for Shale Oil Asphalt 

Lab tests indicate asphalt derived from shale oil may resist moisture damage 
and aging better than conventional asphalt. Paraho is set to field test shale 
oil asphalt in the summer of 1989. More details about Paraho's development 
plant may be found on page 2-5. 

Synfuels Engineering and Ecoaire to Reactivate TOSCO Retort 

The United Stated Department of Energy has awarded an $815,000 contract to 
Synfuels Engineering and Development, Inc. and Ecocure to retort eastern oil 
shale. The contract, described on page 2-8, involves retorting Kentucky New 
Albany shale at the idle TOSCO fl pilot plant in Golden, Colorado. 

DOE and Indiana Embark on Shale OR Asphalt Program 

Under a new Department of Energy grant, the State of Indiana will explore 
shale oil as a source of stronger, more durable road paving material. The 
project described on page 2-9 is a jointly funded state/federal effort that 
could total $3.5 million by completion.
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Technology of Oil Shale Cement Reviewed 

Oil shale cement has been a well developed technology for 50 years, says a 
report prepared for the United States Department of Energy by the Idaho Na-
tional Engineering Laboratory. This report reviews the technology history of 
oil shale cement and is summarized on page 2-10. 

Unocal Patents Shale Cooler 

A United States patent assigned to Unocal reveals a spent shale cooling system 
for the Parachute Creek Shale Oil Project (page 2-14). Spent shale overflows 
from the upflow retort to a mechanically agitated spent shale mixer and 
cooler. After cooling, the spent shale drops through a shaft to a conveyor 
and is carried away for disposal. 

Addition of Olefin and Catalyst Improves Shale Oil Yield 

According to tests carried out at the Lawrence Livermore National Laboratory, 
a demonstrated increase in oil production has been accomplished by the intro-
duction of an olefin sweep gas during pyrolysis in the presence of the catalyst 
(see page 2-16). Net improvements in yield may be up to 10 percent in west-
em shale and 40 percent in eastern shale. 

German Study Shows Jordan Oil Shale Economical at $15 Per Barrel 

A German team of Lurgi and Klockner Industrie-Anlagen recently completed a 
study for the National Resources Authority of Jordan on a proposed 
50,000 barrel per day shale oil plant operating on El Lajjun oil shale. The 
team conducted several pilot plant tests at Lurgi's LIt pilot plant in Frankfurt, 
Germany. Results of the study are given on page 2-19. 

New Upgrading Scheme Proposed for Fushun Shale Oil 

Because	 Fushun shale	 oil is	 currently	 being used only	 as	 boiler	 fuel, a new 
upgrading	 system	 is	 desirable.	 The proposed scheme	 (experimental results 
described on page 2-20) would treat the shale	 oil by exhaustive delayed coking 
to make	 light fractions which are then treated with alkali and sulfuric acid to 
recover	 the	 nonhydrocarbon	 components as	 fine chemicals.	 The	 remaining 
hydrocarbons	 can	 then	 be hydrotreated to	 obtain naphtha,	 jet	 fuel	 and	 light 
diesel fuel.

Geokinetics, Magic Circle Win Utah Shale Leases 

Geokinetic, Inc. and Magic Circle Energy Corporation won a total of 13 mineral 
leases in Utah's Uintah County by largely uncontested bidding. See page 2-27 
for a list of lease acreages and submitted bids. 
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Bi-Provincial Upgrader Project Breaks Ground 

Husky Oil and the Canadian, Saskatchewan and Alberta governments are finally 
kicking off the BlProvinclal Upgrader project after several years of delays. 
Construction of the upgrading facility Is to start this year and production is 
scheduled to start in 1992. More project Information may be found on 
page 3-1. 

Tangleflags Begins Continuous Steam Injection 

The Tanglef lags steam flood pilot, a joint project of Sceptre Resources Limited 
and Murphy Oil Company Ltd. has advanced to the continuous steam Injection 
phase (see page 3-1).	 Sceptre says the projection schedule and current oil 
production exceeds expectations. The two-year project was initiated to test 
the efficiency of a 400-meter horizontal bore combined with steam flood 
Enhanced Oil Recovery technology. 

Government Aid Approved for OSLO Project 

The Canadian federal government and Alberta have signed a Statement of Prin-
ciples with the OSLO consortium to proceed with the $4.1 billion integrated oil 
sands project. The government will contribute jointly up to $850 million 
towards up-front costs while project sponsors will supply $3 billion towards the 
project.	 Terms of the OSLO agreement and the development plan are sum-



marized on page 33. 

Solv-Ex Targets Byproduct Metals Recovery 

Solv-Ex Corporation has discovered that the tailings produced from its bitumen 
extraction process contain significant amounts of apparently recoverable 
titanium, gold and silver. Evaluation programs are being carried out to es-
timate the economically recoverable quantities and revenue potential of these 
minerals.	 Favorable recovery of these minerals could reduce the proposed 
Bitumount Project's dependence on oil prices for economic viability. 	 See
page 3-13. 

Athena Policy to Emphasize Upgrading 

Alberta's Minister of Energy, Neil Webber, addressed the Canadian Heavy Oil 
Association on the directions he sees the Alberta heavy oil sector taking in 
the future. He recognized the increasing importance of heavy oil in Alberta's 
energy resources and stressed the importance of upgrading this resource. His 
remarks are summarized beginning on page 3-15. 

Fiscal Treatment has Influenced Oil Sands Development 

Mr. P. Precht and G. Stringham of the Alberta Department of Energy discussed 
how oil sands development in Alberta is being impacted by the government's 
fiscal policy regarding its resource development at the Fourth UNITAR/UNDP 
Conference on Heavy Crude and Tar Sands. The fiscal policies regarding 
several Alberta oil sands projects and their implications are reviewed starting 
on page 3-17.
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BP Patents and Tests Borehole Mining Techniques 

British Petroleum says problems with jet heads vibrating and breaking when 
below the permanent borehole casing may be overcome if a movable casing is 
brought close to the jet head and moved in association with it. The problem 
and its solution are described in more detail on page 3-27. 

OSLO Optimistic on Borehole Hydraulic Mining 

Recent OSLO feasibility studies have indicated the Borehole Hydraulic Mining 
techniques (described on page 3-29) combined with OSLO's new Cold Water Ex-
traction Process have the potential to be economical at bitumen production 
levels of 1,500 to 2,000 cubic meters per day bitumen. 

Natural Bitumens Can Provide Multiple Product Slate 

Heavy oils and bitumens have generally been used only as low-quality fuels, 
but little attention has been paid to the multiplicity of products that can be 
separated from heavy oils and tar sands, said V.V. Gribkov at the Fourth 
UNITAR/UNDP Conference on Heavy Crude and Tar Sands. Grlbkov went on to 
discuss several possibilities for extracting valuable compounds. His conclusions 
are summarized on page 3-34. 

Economics of Heavy Oil in China and Canada Compared 

Great differences exist between the fiscal systems which apply to heavy oil 
recovery in Canada and the People's Republic of China. The factors affecting 
heavy oil recovery and upgrading in China are summarized beginning on 
page 3-36. 

USSR/Hungary Develop Downhole Steam Generator 

Development of the downhole steam generator by the Institute for High Tem-
peratures A.S.C. and the Hungarian Hydrocarbon Institute was motivated by the 
fact that the heat-loss of wells can reach significant values with an increase 
of the reservoir's depth. For a description of the steam generator and sum-
mary of test results please see page 3-39. 

China Targets 200,000 Barrels Per Day of Heavy Crude 

China's heavy crude production In 1988 will be over 35 million barrels, only 
about three percent of the total oil production, but heavy crude potential is 
greater than conventional oil by several magnitudes and Chinese planners hope 
to reach the target 200,000 barrels per day in a few years. China's activities 
have sparked new vitality into heavy crude projects around the world (see 
page 3-41). 

Sludge Problem Reduced by Oleophilic Sieve Coprocessing 

Oleophilic Sieve Development of Canada Ltd. says its process (summarized on 
page 3-43) can consume oil sands fines and thereby do away with the severe 
sludge accumulation problem at oil sands extraction plants based on the Hot 

A-S



Water Process. Oleophillc Sieve technology solves the sludge problem by either 
consuming the fines that produce sludge from mined oil sands, or by consuming 
the sludge that has already been produced. 

BLM Issues Draft RMP/EIS for San Rafael Resource Area 

The San Rafael Resource Management Plan will guide management of all public 
lands and resources in the area, including the San Rafael Swell Special Tar 
Sand area. BLM's proposed management policy Is summarized on page 3-49. 

USGS Analyzes Mineral Content of Natural Bitumen Deposits 

The United States Geological Survey Is undertaking a program to analyze the 
reservoir rock mineralogy and hydrocarbon chemistry of samples from the major 
heavy oil deposits of the world. The findings from several western states, 
Canada, Venezuela and Trinidad are summarized and compared beginning on 
page 3-47. 

Cool Water Plant Likely to Close 

The California Public Utilities Commission has denied Southern California Edison 
permission to operate Cool Water as a commercial electric power plant. The 
plant has been sustained by federal synthetic fuels subsidies for the five years 
it has operated but will likely shut down by early 1989. For a review of the 
plant's operation accomplishments please turn to page 4-1. 

Eastman Gasification Complex Averages 97% Oastream for 3-Year Period 

Tennessee Eastman's "chemicals from coal" complex at Kingsport, Tennessee has 
averaged 97 percent onstream availability for the last three years. The major 
product is acetic anhydride with coproduction of acetic acid and methanol. 
See page 4-2. 

Basin Subsidiary Takes Possession of Great Plaim 

The United States Department of Energy and the Basin Electric Power Coopera-
tive Association dosed an agreement to transfer ownership of the Great Plains 
Coal Gasification plant this October. Basin will pay $85 million initially. 
More terms of the agreement may be found on page 4-4. 

lOT Steps Up Fuel Cell Research 

IGT's molten carbonate fuel cells program got a big boost with the signing of 
a $10.8 million contract with the United States Department of Energy. IGT is 
moving forward with several other types of fuel cells as well (page 4-7). 
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Kellogg to Study Hybrid Gifier, Fluid Bed Combustor 

The United	 States	 Department	 of Energy has let	 a $1.1	 million	 contract	 to 
M.W. Kellogg to design a power system that would use	 both	 a	 coal	 gasifier 
and a pressurized fluid bed coal combustor to drive a gas turbine to produce 
electricity.	 Kellogg	 engineers	 project	 that	 the dual configuration	 might	 cut 
the cost of electricity by 20 percent (see page 4-8).

Amoco LP Predicts $15 Million/Year Byproducts Profit at Great Plah 

Amoco developed a 1,450 equation linear program with 2,400 variables to test 
different conceptual upgrading schemes for the Great Plains Coal Gasification 
Plant. Two such cases are outlined beginning on page 4-14. The ma,dmum 
profit case predicted approximately $15 million could be added to Great Plains 
profits. 

Advances in Direct Liquefaction Would Compete with $20 Oil 

MITRE Corporation says advances in two-stage liquefaction research and 
development have yielded significant increases in distillate quantity and quality 
In the last few years. Further potential improvements could bring the price of 
coal liquids to the equivalent of $25 per barrel of crude, according to a 
model run (page 4-16). 

Mild Gasification of Coal to Offer Attractive Economics 

IGT, Peabody Coal Company, Bechtel, Inc., and Caterpillar, Inc. are studying op-
tions for producing chemical feedstocks and fuels from coal via mild gasifica-
tion under a United States Department of Energy contract. A market assess-
ment of both solid and liquid fractions begins on page 4-18. 

Lurgi Develops CFB Coal Gasifler 

After 20 years of technology development with alumina calcining and three 
years of gasification test work, Lurgi's first commercial circulating fluid bed 
(CFB) gasification unit came on line in 1986-87. Their CFB technology is 
reviewed on page 4-22. 

Advanced IGCC Concepts Analyzed 

The United States Department of Energy's (DOE) program in hot gas cleanup 
technology and how It supports advanced Integrated Gasification Combined Cycle 
(IGCC) systems was reviewed at the EPRI Eighth Annual Conference on Coal 
Gasification. The DOE analysis, summarized on page 4-26, concludes that the 
simplified IGCC approach looks very attractive and Its technologies and con-
cepts have led to development of new and attractive options for other system 
approaches. 



Coal LIqUICb May Be Valuable as Asphalt Additives 

High molecular weight, aromatic compounds such as are found in coal liquids 
may coat aggregate surfaces much better and therefore may reduce asphalt 
stripping caused by moisture penetration, better than conventional antlstrlpping 
agents (page 4-24). This according to research by H.H. Yoon and A.R. Tarrer 
of Auburn University. 

Brazil Develops CIGAS Gasification Process 

The CIGAS process (described on page 4-31) for the generation of medium 
BTU gas Is being developed by researchers of CIENTEC. The project is aimed 
at efficient technological alternatives suitable for Brazilian mineral coals of 
high ash content. No gasification techniques are known to be commercially 
available for these coals. 

Target Liquefaction Yields Achieved by NEDOL 

Bench-scale tests using NEDOL's integrated donor solvent-iron catalyst liquefac-
tion system were conducted on five different coals. Product yields of the five 
coals are given on page 4-33. 

Joint Japanese/English Effort Develops MRS Process 

British Gas plc and Osaka Gas Company Ltd. have developed the novel MRS 
reactor to produce methane and valuable liquid hydrocarbon coproducts by the 
direct thermal reaction of hydrogen with coal. The process, described on 
page 4-36, uses an entrained flow reactor with internal gas recirculation based 
on the gas recycle hydrogenator developed by British Gas. 

East German Pilot Plant Gaslfies High Salt Coal 

Since 1983 a 30 tonne per day gasification complex (GSP) has been operating 
In the German Democratic Republic. The GSP process apparently Is capable of 
meeting environmental standards even when using coal with high ash, sulfur 
and salt content. See page 4-37. 

Pilot Tests Point to Partial Solutions for Great Plains Emttdons. 

The Great Plains Coal Gasification Plant has been very successful except for 
problems in the sulfur recovery unit. Beginning in 1986 these problems were 
attacked using a six-Inch pilot plant. Results and recommendations of the 
pilot study may be found on page 4-41. 

China Faces Acute Coal Shortage 

Despite increases In coal production, China is facing an acute coal shortage. 
China produced 4.6 percent more coal in 1988 than during the same period in 
1987, but basic industries burned up to 13 percent more coal. The rapid in-
dustrial growth and inadequate railway capacity are the main causes for the 
shortage. See page 4-37.
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CORPORATIONS 

DAVY BUYS BRAVO ENGINEERING 

Dravo Corporation (Pittsburgh) completed its restruc-
turing program with the sale of its engineering busi-
ness, Drava Engineering Companies Inc., to Davy 
McKee Corporation, the United States subsidiary of 
London-based, Davy Corporation. The move fits Davy 
McKee's strategy because the company wants to build 
up its chemical business, 

Late last year, Dravo unveiled plans to restructure 
operations by withdrawing from its unprofitable en-
gineering and construction business. Dravo had en-
countered problems with waste-to-energy projects. 
Earlier this year, the company sold its Atlanta en-
gineering office to a Canadian engineering company, 
Sandwell Swan Wooster. Dravo also sold its Gibbs & 
Hill engineering subsidiary to Hill International. The 
Pittsburgh office was the last and largest of its en-
gineering operations. 

Dravo's remaining business is in natural resources, 
including construction aggregates and lime. Davy 
McKee plans to relocate its present Pittsburgh-based 
operations, staffed by 250 people, to the same Pitts-
burgh office building occupied by bravo Engineering's 
350 employees.	 Davy McKee says it does not plan
reductions In staffing levels as a result of the ac-
quisition. Drava Engineering's Pittsburgh office had 
annual revenues of $40 million to $60 million, which, 
when added to Davy McKee's Pittsburgh office, will 
result in revenues in the $100 million range. 

Drava Engineering's areas of particular strength in-
clude steel, chemicals, solvent extraction and alter-
native fuels. Dravo has worked on a broad range 
of projects, with much of its expertise In chemical 
processing areas.	 Areas have Included chemicals
(both organic and inorganic), alternate fuels and 
gasification,	 cogeneration,	 nonferrous	 minerals 
processing, oil seed extraction, petroleum and 
petrochemicals, pulp and paper, resins and engineer-
big plastics. 

The new Davy division will be known as the Davy 
Dravo Division.

NEW ZEALAND SYNFUaS PLANT MAY SELL METHANOL 

The New Zealand government is understood to be 
considering a reduction in gasoline output at New 
Zealand	 Synthetic	 Fuels	 Corporation's	 Motunui 
natural-gas-to-gasoline plant. Part of the plant's 
crude methanol stream would be diverted to a distil-
lation column to produce commercial grade methanol. 
The New Zealand plant, a joint venture with Mobil 
uses Mobil's Methanol-to-Gasoline Process. The cur-
rent boom in the methanol market, where world 
prices have approximately doubled in the last year, 
makes It look attractive to produce methanol instead 
of gasoline. 

The synfuels plant would still principally manufacture 
gasoline. Its output Is currently sold in New 
Zealand, Australia and Japan. Production of MTB8 is 
also under consideration. 

Likely purchaser of methanol from the synfuels plant 
is Petrocorp of New Zealand, which already has a 
methanol subsidiary-- Petragas. Discussions with 
Petrocorp are understood to Involve the nature of 
the tie-up and who would bear the capital cost of 
the distillation plant to convert crude methanol from 
the synfuels plant to a commercial-grade methanol. 

TENNECO DISMEMBERS ITS OIL AND GAS OPERATIONS 

Tenneco Inc. said It has received $3.2 billion from 
sale of Tenneco Oil Company assets, satisfying condi-
tions of a cash tender offer for 18 million shares of 
Its stock. Chevron Corporation paid $2.6 billion for 
Tenneco's Gulf of Mexico assets. Finn Oil & Chemi-
cal Company bought exploration and production 
properties in the Gulf Coast and Southwest United 
States. Tenneco expects to receive more than 
$7.3 billion from the sale of all Tenneco Oil assets. 
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GOVERNMENT 

ALTERNATIVE MOTOR FUELS ACT OF 1988 BECOMES 
LAW 

The Congress passed in September, and President 
Reagan signed into law, Public Law 100-494, the Al-
ternative Motor Fuels Act of 1988. The law estab-
lishes a federal demonstration program for non 
petroleum vehicles and provides regulatory incentives 
for auto manufacturers to produce vehicles capable 
of running on alternative fuels, defined In the act 
as ethanol, methanol or natural gas. 

The bill provides $18 million, beginning In fiscal year 
1900, for a federal demonstration program to en-
courage production and use of light duty vehicles, 
heavy duty trucks and urban transit buses capable of 
running on the alternative fuels recognized under the 
act. Of the total, $12 million is for cars, 
$4 million for heavy duty trucks and $2 million for 
buses able to meet 1991 emission standards. 

A major provision of the bill establishes a Corporate 
Average Fuel Economy (CAFE) incentive program ap-
plicable to cars and light trucks that run on alcohol 
or natural gas and to dual energy vehicles, those 
that can run on alternative fuels and gasoline or 
diesel fuel. Federal law established the CAFE 
program to require minimum fuel economy standards 
for all automobiles and light duty trucks sold in the 
United States. The incentive is in the form of 
mile-per-gallon credits a manufacturer may use 
toward meeting its CAFE requirements. 

The program will take effect with vehicles manufac-
tured in model year 1993. Vehicles that run solely 
on alcohols or natural gas will have their fuel 
economy measures based on the gasoline/diesel con-
tent of the fuel, set at 15 percent of the fuel by 
law. This provides a significant miles per gallon 
(MPG) bonus for alternative fuel vehicles, even if 
they provide fewer miles per gallon because of 
lower energy content. 

The mileage for a dual fuel vehicle will be calcu-
lated as the average of its gasoline/diesel MPG and 
its alternative fuel MPG. For dual fuel vehicles the 
program ends in 2005, although It can be extended 
for four additional years. The law also puts a cap 
on the overall improvement in a manufacturer's CAFE 
performance attributable to dual fuel vehicles. The 
incentive cannot exceed 1.2 miles per gallon for the 
initial 12 years and 0.9 for any additional years, 
determined by the secretary of transportation. If 
the overall CAFE standard Is reduced, this limit 
would be reduced by an equivalent amount, but not 
below 0.7 miles per gallon. 

The act also provides for a federal interagency 
Commission on Alternative Vehicle Fuels to coor-
dinate activities of the federal government affecting 
the program as well as a United States Alternative

Fuels Council to report to the federal commission on 
matters related to alternative motor fuels. 

A study of methanol production plants Is required to 
be prepared by the United States Department of 
Energy. An independent environmental study by the 
Environmental Protection Agency is also required. It 
would have to include air quality, global climate 
change and other changes that occur as a result of 
use of alternative fuels. 

DOT DEVELOPS ALTERNATIVE FUELS INITIATIVE 

The United States Department of Transportation (DOT) 
has announced a $35 million program for alternative 
fuels development. 

DOT's Urban Mass Transportation Administration will 
solicit applications for projects that use such fuels 
as methanol, compressed natural gas, ethanol and li-
quefied petroleum gas in a variety of mass transit 
vehicles and services. The program, called the Al-
ternative Fuels Initiative, will support field testing 
of alternative-powered mass transit vehicles, includ-
ing full-size buses, mini-buses and vans. It is in-
tended to make available a total of almost 
$47 million for buying and installing alternative 
fueled vehicles. Some $35 million in federal funds 
Is expected to be supplemented by $11.7 million in 
non-federal matching funds. 

The program deals exclusively with mass transit sys-
tems. DOT states that alternative-fueled mass tran-
sit vehicles may be more capable of meeting the 
tougher emissions standards which will go into effect 
in 1991. 

U.S. PRESIDENT-ELECT TO RAISE STATUS OF SCIENCE 
STAFF 

During most of the United States Presidential cam-
paign, few thought the election of George Bush 
would signal any basic changes in federal science 
and technology policy. But Bush says he will raise 
to a much higher level the voice of science and 
technology in his Administration. He will promote 
his science adviser to the rank of Assistant to the 
President--a much higher ranking position than the 
position he now has--and make the person an 
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"active member of the Economic Policy Council and 
our national security planning processes." 

Ile also will create a 'President's Council of Science 
and Technology Advisers--a body that would be 
much more visible than the existing White House 
Science Council. The total package was a key 
recommendation of industrial and academic advisers 
to both Bush and Dukakis, as well as top figures 
from the high-technology sector, including the Coun-
cil on Competitiveness and the National Academy of 
Engineering. 

Bush already has urged continued emphasis on federal 
funding for basic research and defense research and 
development (R&D), which both Reagan and Congress 
have supported over the past eight years. Bush 
along with Reagan supports continued research on 
the Strategic Defense initiative, construction of the 
Superconducting Super Colllder, and a permanent R&D 
tax credit for Increased company investments in

research and development. He parts company with 
Reagan by his promises to encourage R&D for con-
servation and renewable energy resources, portions of 
the federal budget that the Administration has been 
trying to cut for years. 

Bush has said that he wants to be the education 
president and has endorsed programs to upgrade math 
and science education, particularly at the pre-college 
level. Congress, which has more than doubled the 
National Science Foundation's science and engineering 
education budget over the past four fiscal years, 
should find that Idea attractive, 

The problem for science education and all the other 
federal R&D programs will be money. During his 
campaign, Bush repeatedly vowed that there would 
be "no new taxes" and no cuts in Social Security 
payments.

## # If 
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ENERGY POLICY AND FORECASTS 

U.S. PETROLEUM DEMAND REACHES 8-YEAR 11108 

Total 1988 United States petroleum demand is 
projected to reach Its highest level since 1980, 
averaging over 17 million barrels per day, according 
to the Energy Information Administration (EIA). This 
compares to an all-time high of 18.8 million barrels 
per day in 1978. The two-percent growth rate for 
1988 Is attributed to a combination of low world oil 
prices, adverse weather conditions, and a buoyant 
economy. 

In t989, petroleum demand Is expected to Increase 
by only 1.2 percent based on the underlying assump-
tion of slightly higher oil prices (on average), normal 
weather, and a moderating economy. 

Forecasts in EIA's quarterly Short-Term Energy Out-
look (Outlook) reflect crude oil prices that are ex-
pected to drop to about $13 per barrel In the 
fourth quarter of this year, and then rise to about 
$15 per barrel by early next year, remaining at that 
level throughout 1989. 

EIA further projects that gasoline prices will con-
tinue to average 96 cents per gallon for all of 
1988, as they did in 1987. The decline of eight 
cents per gallon In crude oil prices is not expected 
to be matched at the gasoline pump because of the 
higher quality of gasoline being marketed and be-
cause of somewhat tighter supplies in the domestic 
market.	 In 1989, prices are projected to drop to
94 cents per gallon. 

Other highlights from the Outlook's base case 
scenario: 

-	 Total	 electricity	 sales	 are	 projected	 to	 in-
crease	 by	 over	 4.1	 percent	 in	 1988 as	 a 
result	 of	 hot	 summer	 weather,	 a	 cold first 
quarter,	 and strong industrial	 demand. It	 is 
estimated	 that	 17	 percent	 of	 this year's 
growth	 in sales	 is	 the	 result	 of	 the extreme 
weather	 conditions.	 Total	 electricity sales 
should slacken	 to	 a	 2.5-percent	 growth rate 
in 1989, based on	 an assumed return to nor-
mal,	 I.e.,	 milder,	 weather.

- Distillate fuel oil demand Is expected to 
show an Increase of 3.7 percent In 1988. 
Over 20 percent of this increase Is at-
tributed to low winter temperatures in the 
first quarter, which led to increased residen-
tial fuel oil demand. The effects of low 
crude oil prices and relatively high growth in 
industrial and commercial activities are 
projected to keep distillate demand growing 
at a 3.2-percent rate in 1989.

GAO REPORT ACKNOWLEDGES POTENTIAL ROLE OF 
SYNThEI1C FUELS 

The United States General Accounting Office (GAO) 
has issued a report to Congress "Energy Security--An 
Overview of Changes in the World Oil Market" which 
seeks to clarify whether Increasing oil Imports rep-
resent a problem for the United States. 

The report notes that United States oil production 
has declined In the past two years and oil imports 
have increased, reversing a seven-year trend and 
raising concern about the vulnerability of the United 
States to another oil crisis. Central to this concern 
Is that world oil reserves are heavily concentrated 
in the Middle East. Given these facts, the stated 
objectives of the report are (1) to provide the Con- 
gress with an overview of how United States vid-
nerability to an oil crisis has changed since the 
mid-1970s and (2) to identify areas of potential sig-
nificance to policymakers concerned with energy 
security. 

Rapid oil price increases in the 1970s created 
general economic havoc worldwide and are believed 
to have contributed significantly to the global reces-
sions of 1974 and 1980. Many industry analysts, in 
fact, have pointed to excessive dependence on Im-
ported oil in the 1970s as a principal cause of 
United States economic problems in the wake of the 
oil shocks. 

The development of additional oil supplies, the use 
of other energy sources, and improved energy ef-
ficiency in the 1980s reduced United States depend-
ence on imports.	 However, recent developments 
have reversed this trend. Reports released by the 
Department of Energy, the American Petroleum In-
stitute, and the National Petroleum Council have 
highlighted increased United States dependence on 
foreign oil, particularly from the Organization of 
Petroleum Exporting Countries (OPEC). 

The prospect of a continued decline in domestic 
production, and a growing dependence on oil imports 
from the Persian Gulf have once again sparked con-
gressional debate on energy security. At present, 
however, there is no consensus as to whether these 
developments will lead to greater United States vul-
nerability to an oil disruption. 

In general, the GAO says that the United States and 
other major oil-importing countries are less vul-
nerable to an oil crisis today than they were a 
decade ego. Dependency on oil, particularly im-
ported oil, declined from the mid-1970s to the mid-
1980s. Changes In the world oil market--such as 
abundant oil supplies, increased competition for oil 
revenues, and less hazardous transportation routes--
have reduced, at present, the prospect of a serious 
oil supply disruption.	 In most plausible scenarios, 
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barring a major military confrontation that would in-
volve the loss of oil from several major oil-
producing countries,	 disrupted oil supplies could 
probably be replaced elsewhere. Additionally, the 
United States and other major oil-importing countries 
have built significant emergency oil stocks and have 
strived both unilaterally and multilaterally to 
strengthen other response measures designed to 
mitigate the effects of serious disruptions. 

Developments are being observed, however, that may 
eventually increase vulnerability to an oil crisis. 
Most notable among these trends is the expectation 
that in the 1990s oil production may once again be-
come concentrated In the volatile Middle East. 
While such trends are highly uncertain, GAO believes 
the consequences of oil disruptions are such that 
continued vigilance is warranted. 

GAO's Analysts 

The degree to which the United States Is vulnerable 
to an oil crisis today when compared with a decade 
ago can be measured by focusing primarily on 
(1) the dependency of the United States and other 
major oil-importing countries on oil, particularly Im-
ported oil, (2) the likelihood of an oil supply disrup-
tion, and (3) the ability of oil-importing countries to 
respond to a potential oil disruption. Policymakers 
familiar with trends in these areas can then identify 
specific areas Involving United States energy security 
that may require additional attention. 

10jor oil-consuming countries, including the United 
States, are less dependent on oil today, largely be-
cause of a trend over the past decade characterized 
by both lower oil consumption and lower oil imports. 
Lower consumption was due In part to higher oil 
prices. Nevertheless, oil consumption In the 
transportation sectors of most industrialized oil-
Importing countries has continued to rise, reflecting 
limited success in switching to other fuels in this 
sector. Two-thirds of oil consumed in the United 
States, for example, is used in this sector, which 
has almost no fuel switching ability. Future demand 
for and dependence on oil in industrialized countries 
will thus be driven to a great extent by their 
transportation sectors. 

The Likelihood of a Dinsption 

Changes in the world oil market over the past 
decade have diminished the prospects of a significant 
oil shortfall, in which the volume of oil lost could 
not be adequately replaced by other market sources. 
Principal reasons for this reduced likelihood include 
the following: (1) Oil is presently abundant in terms 
of available supply, and potential excess production 
capacity could quickly Increase supplies further, 
(2) declining revenues and market shares for OPEC 
countries have compelled some of these countries to 
pursue more stable production and pricing strategies 
as well as seek greater integration with marketing 
and refining operations In major oil-consuming 
countries,	 and (3) changes in oil transportation 
routes	 and	 additional	 pipeline	 capacity	 have

diminished to a degree the strategic importance of 
the Persian Gull as an oil route. 

Despite these relatively positive developments, cer-
tain trends may create problems over both the short 
and long terms. Primarily, these include the poten-
tial growth in OPEC'S market share due to the ex-
pected decline In non-OPEC production as well as 
Potentially negative political and economic Implica-
tions of shifting revenues within OPEC countries. 
Additionally, unforeseen contingencies --consequences 
of either political or natural causes--are fully 
capable of upsetting the current situation with little 
advance notice. Past experience has shown that 
even small, short-lived disruptions can create sig-
nificant	 economic	 difficulties	 for	 oil-consuming
countries, Including the United States. 

The Ability to Reond to and Oil Crisis 

The United States and other major oil-consuming 
countries are better positioned to respond to an oil 
crisis today than they were in the early 1970s. 
Principal aspects of the improved ability to respond 
Include significant growth In government-owned 
and/or government-controlled strategic oil stocks 
(which now total about 900 million barrels), the con-
tinued development of the International Energy 
Agency as a multilateral forum for coping with 
energy disruptions, and modest fuel-switching Im-
provements In most major oil-consuming countries. 

Policy Directions 

Trends can change, but at the present time the 
trends point toward Increased vulnerability in the 
1990s. The nation's energy policies need to "insure" 
against unacceptable risks but at reasonable cost. 
In light of its analysis and the potentially serious 
consequences of a sustained oil shortage, GAO 
believes the United States can further reduce its 
dependency on oil and vulnerability to another oil 
crisis by focusing on four areas: (1) developing al-
ternative fuels and emphasizing more efficient fuel 
use in the transportation sector, (2) continuing to 
build strategic oil stocks and resolving related dis-
putes within the International Energy Agency, 
(3) adopting standby measures--provided they can be 
shown to be effective--to avoid overreliance on the 
Strategic Petroleum Reserve as the country's prin-
cipal response to a disruption, and (4) maintaining a 
stable economic and regulatory atmosphere that en-
courages Investments in oil and alternative energy 
programs.	 Specific options in these areas are dis-



cussed in the report. 

Possible Return to Western Sources 

Although one must recognize the extremely tenuous 
nature of looking beyond the 1990s, the energy 
situation may look somewhat better In the next 
century--that Is, more diversified energy sources may 
become available outside 'the Middle East. While 
potentially unfavorable trends could present problems 
in the 1990s, vast supplies of undeveloped energy 
resources exist in the United States and other West-
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era hemisphere nations--such as Canada, Mexico, and 
Venezuela--that could be tapped under the proper 
circumstances (I, a. higher prices and Improved 
technology). 

These energy sources include the following: 

- United States: heavy oil in the West; 
natural gas in formations that are not yet 
economical; oil shale; coal, either to be used 
directly or indirectly as a feedstock for 
more convenient fuels, (a. g., coal liquids, 
synthetic gas, or methanol); uranium; and 
others; 

- Canada:	 Tar sands, abundant natural gas 
resources and uranium; 

- Mexico:	 Substantial oil and gas resources; 
and 

- Venezuela: Huge deposits of heavy oil. 

In addition, energy sources could include renewable 
fuels, such as solar energy and biomass. 

According to the GAO, the two most Important cir-
cumstances for the development of such resources 
are the light combination of technology, Including 
technology for protecting the environment, and price. 
Currently, it is more expensive to produce these al-
ternative sources of energy than to produce conven-
tional oil.	 The present abundance of conventional 
oil further reduces their market potential. While 
the longer-terra outlook for such new sources may 
be somewhat more optimistic, substantial lead times 
are needed In order to bring them to the 
marketplace. 

API ENERGY SECURITY PAPER CALLS FOR DRASTIC 
CHANGES 

The American Petroleum Institute (API) in November 
Issued its "Energy Security White Paper: U.S. Deci-
sions and Global Trends." The paper was presented 
as a message to President-Elect George Bush and the 
Incoming 101st Congress. 

API begins the paper by stating that it is time for 
a dramatic rethinking of America's energy posture. 

Energy concerns have largely supped from public 
view during the 1980s. The glut of oil on world 
markets and falling energy prices have left most 
Americans complacent about energy supply. But, 
says API, the current glut masks both long- and 
short-term energy problems for the nation. 

The truth Is that the state of the nation's energy 
health today Is perceived as "good" only because

enough inexpensive foreign oil is available. That 
condition could quickly turn to "poor" or "critical" if 
that supply were disrupted--depending on the degree 
of vulnerability, the length of the disruption, and 
the availability of alternative supplies. 

What the oil-exporting countries do will make a big 
difference to the situation in the United States. 
However, what the United States government does 
also will make a big difference. The govenhinent 
can take positive actions to improve the country's 
future economic and energy posture or negative ones 
to worsen It. 

API calculates that the impact of government deci-
sions on energy could be more than two million bar-
rels a day of Increased domestic oil supply by the 
end of the 1990s. Two million barrels a day repre-
sents about one-eighth of current United States oil 
use--and is about three times the amount of the 
shortfall in the 1970s crises. 

Alarmist rhetoric about the immediate energy future 
is both Inappropriate and counterproductive says API. 
But there Is a vast difference between falsely 
"crying wolf," on the one hand, and ignoring energy 
trends which are potentially damaging to the 
country's wellbeing, on the other. The fact Is that 
petroleum--oil and natural gas--will be the energy 
workhorse for the United States and the world not 
only for the 1990s but also past 2000, well Into the 
next century. 

The nation's energy stability depends on a competi-
tive United States-based petroleum industry--with 
companies of all sizes actively involved in the dis-
covery, development, processing, transportation and 
marketing of petroleum products.	 These products 
and the petroleum industry's technology and 
capabilities to supply them are assets of great value 
to future energy security, which is directly related 
to the nation's economic wellbeing. 

The sudden collapse In oil prices in 1986 threatened 
these assets.	 Petroleum companies and their sup-
pliers suffered devastating losses. Some companies 
failed and others continue to struggle toward 
recovery. The industry has had to move rapidly to 
restructure itself to meet today's conditions, In part 
through severe cost- and staff-cuttIng. 

However, the situation for both the industry and the 
country's economy must be viewed in the context of 
worldwide trends in petroleum markets and the dis-
turbing energy scenarios to which they might lead. 
The facts are that: 

- Domestic oil production is down and con-
tinues to fall. 

- Domestic consumption is at a peak for this 
decade and continues to rise, increasing at 
an annual rate of about two percent. 

- With production down more than one million 
barrels a day since 1986 and consumption up 
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more than one million barrels a day, imports 
have increased by two million barrels a day. 

- imported oil makes up 43 percent of the oil 
that the United States uses--up dramatically 
from 31 percent only three years ago, the 
highest in eight years and nearing the record 
48 percent of 1977. 

-	 Most	 of	 the future	 increases in	 oil	 imports 
by	 the	 United States	 and	 its allies must 
come	 from the Middle	 East. Imports from 
the	 Persian Gulf area	 tripled in	 1986 and 
continued to rise in	 1987 and 1988.

- Active drilling rigs, the key indicator of 
United States petroleum development activity, 
were down to 921 in mid 1988--compared 
with 4,000 in 1981 and 1,200 in 1973. 

These trends will be difficult to reverse. The col-
lapse of oil prices in 1986 and price levels today, 
which are half or less of those of the earlier 1980s, 
have greatly encouraged oil use, discouraged invest-
meat in new oil development and increased imports 
of foreign oil. The trends are further compounded 
because natural gas, coal and nuclear power face 
severe institutional, technical and regulatory con-
straints and cannot offset growing demand for oil. 

World oil demand is rising, while there is little or 
no growth in non-OPEC production of oil and 
production may even decline in the future. Addi-
tional demand for oil Is being met largely by OPEC 
countries, particularly by the large producing states 
In the Persian Gulf. 

If these demand and production trends continue, a 
future price shock could occur under either of two 
possible scenarios: Under one scenario, world oil 
demand would continue to increase, while OPEC 
maintained its current production capacity or reduced 
It--leading to tight markets in just a few years. 
Under a second scenario, OPEC would increase its 
production capacity, enlarging its ability to meet or 
exceed demand--keeping prices low for a longer 
period but increasing the potential damage from a 
price crunch. Under either scenario, OPEC'S relative 
power to control world oil prices could be 
strengthened. 

Scenario 1: Higher Oil Prices Within Three to Five 
Yean 

If OPEC production capacity remains steady or 
declines, the world oil market will tighten as 
demand increases and prices can be expected to 
rise, perhaps substantially. A price shock could oc-
cur within three to five years. 

Oil prices depend to a great extent on the size of 
demand relative to the amount of capacity available 
to meet that demand. In the past, world oil prices 
have tended to rise when demand absorbed more 
than 80 percent of OPEC's production capacity. 
Twice before, when demand strained OPEC's capacity

to produce, relatively small interruptions in supply 
from the middle East led to price explosions. If 
demand for oil continues to grow as it has since 
the 1986 price collapse and If OPEC chooses not to 
Increase production capacity, the 80 percent mark 
could be reached within three to five years. 

Once the world oil market tightens, OPEC is in posi-
tion to increase prices, and a supply interruption 
could cause prices to rise steeply. 

Scenario 2: Unprecedented U.S. Oil Import Depend-
ence 

OPEC's position can also be enhanced if it continues 
to increase production capacity to meet or exceed 
demand, thus keeping world oil prices relatively low 
over the next three to five years or more. Low 
prices encourage oil use and discourage non-OPEC oil 
and other energy production. 

At low oil prices, many United States and other 
non-OPEC producers find it increasingly difficult to 
compete because their reserves are more costly to 
retrieve than OPEC's. Thus, growing demand for 
low-priced oil probably can be met only by OPEC. 

While continued low prices would be welcomed by 
consumers, United States dependence on OPEC oh 
would continue to grow to far higher levels than 
ever before--perhaps past 60 percent. At such 
levels, a supply disruption or change of OPEC policy 
could cause a price shock even more damaging than 
those of the 1970s. 

If prices rise, increased dependence on foreign oil 
would hurt the United States economy by transfer-
ring United States wealth to the exporting countries. 
The energy shocks of the 1970s caused enormous 
economic hnrdship, with billions of dollars of income 
and hundreds of thousand of jobs lost. 

The Need to Address Energy issues 

Because of the current world supply, most of the 
country's political leaders still are not seriously ad-
dressing energy matters. There is little apparent 
memory of the national economic hardships of the 
1970s. Legislation is debated with little or no 
regard for its effect on the petroleum situation or 
the American economy. Decisions are made, one at 
a time, without full consciousness of their combined 
impact on petroleum supply. 	 Judgments reached in 
Washington affecting energy often fail to consider 
the economic consequences abroad. 	 Vulnerability to
United States energy shocks is not simply a domestic 
Issue--it is an international issue. With United 
States oil imports accounting for approximately 
25 percent of the internationally traded crude oil, 
United States government actions can play a major 
role in influencing the international crude oil 
market. More thought should be given to the global 
economic implications and to the costs of proposals, 
with benefits measured against the price the nation 
is paying. 
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While the United States lacks a rational, stated na-
tional energy policy, government's failure to consider 
the long-term outlook for petroleum in itself creates 
an energy policy of sorts. However, the nation 
must stop kidding itself, says API. The wellbeing of 
Western industrial nations today Is highly reliant on 
large volumes of oil from the Middle East. United 
States imports inevitably will pass the 50 percent 
mnrk. The issue is not whether the country will be 
dependent on OPEC and the Middle East, but how 
dependent.	 The issue is not whether there will be
oil imports, but how best to deter an oil shock. 

Some	 analysts	 say	 prices	 will	 fall	 so	 low that 
damage	 to	 the	 domestic	 oil	 industry	 could	 be even 
more	 serious	 than	 that	 already	 incurred.	 Others 
believe	 prices	 will	 return	 to	 levels	 at	 which more 
companies	 will	 survive.	 Still	 others	 suggest that 
prices	 will	 fluctuate	 between	 higher	 and lower 
levels.	 In	 the	 past	 two	 and	 a	 half	 years alone, 
world	 oil	 prices	 have	 dropped	 60	 percent, then 
recovered	 about	 half	 of	 that	 drop,	 then fallen 
another	 30 percent.	 Throughout most of 1988, world 
oil	 prices	 fluctuated	 between	 $10	 and	 $17. Many 
analysts	 note	 that prices	 could plunge again	 to	 the 
bottom of that range or even lower.

In the face of such wild fluctuations, the industry 
faces widely varying possibilities that threaten the 
very existence of some smaller companies and 
diminish the capabilities of larger ones. Large and 
small companies cannot plan and commit as much 
capital spending for exploration and production as 
they could in a more stable market. Activity in 
oil-producing areas Is reduced, and additions to oil 
reserves and production capacity are limited, as the 
oil industry tries to recover from the price crash in 
1986. Today's oil prices are particularly punishing 
to the smaller, independent producers, who provide 
about 40 percent of America's domestic oil output. 
But continued instability in the world oil market 
hurts all companies, large and small, that drill for 
and produce oil, it hurts the thousands of small 
companies that provide oitfield services, it hurts 
oil-state economies, it hurts the United States 
economy--and it hurts the country's long-term 
security. 

The Dimensions of Energy Policy 

Decisions made by the new administration and Con-
gress will profoundly affect the nation's 
energy/economic security in the 1990s and early 
2000s. API believes the objective should be to en-
sure an adequate and secure supply of energy at 
reasonable prices while reducing vulnerability to a 
future oil crisis. 

Energy policy should be consistent with, and indeed 
supportive of, other important national goals, includ-
ing healthy economic growth, environmental protec-
tion, solid employment, reduction of the budget and 
trade deficits, and a strong foreign policy. 

In recent years the executive and legislative 
branches have not worked together to produce

reasoned energy strategy--nor have the federal and 
state governments. The system is failing for several 
reasons. 

One reason is wishful thinking that there is an 
energy panacea. Proposals for simple and seemingly 
painless solutions abound, many calling for much 
more reliance on solar energy or other alternative 
energy sources. These cannot provide full near-term 
solutions. Nor can the country "save its way out" 
of future energy supply problems with conservation 
alone--just as it cannot "produce its way out" with 
petroleum alone.	 A successful energy future will 
require contributions from many directions--and 
recognition of limitations imposed by hard facts of 
technology, economics and society's total wellbeing. 

Virtually all economic and energy projections speak 
of the inescapable world demand for additional 
energy In the next century to handle the mounting 
population and economic needs of traditional In-
dustrialized countries, newer industrial forces such 
as Taiwan and Korea, and economically emerging 
China, and all of the less-developed nations that 
will most need energy for their economic growth. 

And analysts at the same time are pointing to the 
troubling uncertainty of potentially disturbing global 
environmental threats such as rising temperatures and 
disappearing forests. Such threats may be made 
worse by these energy-consuming trends. That much 
is still unknown about these threats does not alter 
the fact that they already are on the political 
agenda, even as scientists debate. 	 Intellectually
responsible positions must be formulated 

Many of the aspects of the longer-term global issues 
are beyond the normal boundaries of the American 
Petroleum Institute. The Institute recognizes their 
importance but does not attempt in the white paper 
to discuss them in detail or to offer specific recom-
mendations concerning them. 

On current United States energy conditions, however, 
the API recommendations for action are strong and 
specific. They say that Congress and the new ad-
ministration should: 

- Consider all energy policy options that will 
increase investment in the industry and 
preserve its ability to respond to future 
energy needs. None should be ailed out. 
(The federal government and the public must 
be made aware of the serious long-term im-
plications for the country's economic well-
being of a weakened domestic petroleum 
Industry.) 

- Eliminate remaining federal price controls on 
natural gas and establish policies to en-
courage open, nondiscriminatory access to 
transportatidn facilities so that this espe-
cially clean and abundant fuel can play a 
larger role in supplying the nation's energy. 

- Continue to fill the Strategic Petroleum 
Reserve as insurance against short-term 
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supply disruptions and ensure that It will 
operate efficiently. 

- Encourage the expanded use of all domestic 
energy sources such as nuclear, coal, solar, 
geothermal, alcohols and others but avoid 
mandating specific fuels or blends. 

- Encourage both conservation and production 
of energy, recognizing that these policy goals 
are not mutually exclusive. 

- Open more federal lands, onshore and off-
shore, to petroleum leasing and 
exploration--especially offshore California and 
Florida, in the Gulf of Mexico, and on the 
coastal plains in the northeastern corner of 
Alaska. 

- Achieve a proper balance between environ-
mental protection and energy production and 
use.	 Discourage the imposition of excessive 
environmental regulatory constraints that 
would increase reliance on foreign oil im-
ports. 

- Avoid additional energy taxes--such as a 
higher federal tax on motor fuels--because 
they could cause unemployment, more infla-
tion and a lower gross national product and 
because some energy taxes could further 
depress domestic exploration and development. 
Instead, Congress and the new administration 
should change the tax structure to increase 
investment in new exploration and production 
and in enhanced recovery of existing reserves 
and ensure that tax policies are equitable, 
treating petroleum companies of all sizes 
equally. 

Attack the federal budget deficit by holding 
down the growth in spending. (If, however, 
the decision is made to increase federal 
revenue, the least damaging tax would be a 
broad-based consumption tax, specifically a 
"credit invoice consumption' value-added tax.) 

Analyze all energy policy proposals--whether 
on taxation, federal lands, production, con-
servation, environment or in any other 
area--to determine what the benefits are and 
what those benefits would cost. 

"H 

ENERGY POLICY OF REAGAN ADMINISTRATION 
DETAILED IN DOE REPORT 

America is a fundamentally different nation today in 
terms of energy security than it was eight years 
ago, according to a new report issued by the 
Department of Energy (DOE), summing up United 
States energy policy during the 1980s.

In "United States Energy Policy 1980-1988," Secretary 
of Energy John S. Herrington says that America's 
energy fortunes have improved substantially, and that 
the nation has "laid a new energy security founda-
tion from which It can move forward into the 1990s 
and the 21st century." 

The 175-page report contains eleven chapters on oil, 
energy efficiency, natural gas, electricity, coal, 
nuclear energy, renewable energy, energy technology 
research and development, international energy 
security, environmental concerns and energy for the 
future. 

The introduction notes that Americans today enjoy 
the benefits of low-cost energy, with the real price 
of gasoline down almost 50 percent since 1981. 
Little more energy is used in the United States 
today than in 1973, though the population has grown 
by 34 million, there are 20 million more homes to 
heat and cool, 50 million more vehicles are on the 
road, and the gross national product is 40 percent 
larger than it was in 1980. 

The DOE states that the nation's energy resources 
are more secure today because of greater reliance 
on domestic fuels such as United States-produced oil, 
coal, natural gas, nuclear power, and renewable 
resources. The report's position is that the Reagan 
Administration's energy policies have relied on an in-
creasingly competitive free market to ensure sample 
supplies of energy at affordable costs. It also says 
the Administration has removed price controls and 
unnecessary regulatory barriers In energy markets, 
encouraged conservation, and supported efforts to in-
crease production of domestic energy resources. It 
has strengthened the nation's ability to respond to 
possible future oil disruptions by a fivefold increase 
In the Strategic Petroleum Reserve. 

Yet, the report notes, there Is reason to be con-
cerned about the nation's future energy security. If 
lower oil prices persist, United States oil imports 
could continue to rise, making the nation again 
overly dependent on imports from the potentially in-
secure Persian Cult and victim of the economic dis-
ruptions of any supply curtailments fro,n that region. 
Oil is and will continue to be a primary source of 
United States energy requirements for the foresee-
able future. 

The report has been criticized as self-serving and 
presenting a distorted viewpoint. A summary, without 
comments, of the eleven chapters follows. 

Oil 

The Administration's oil policy has been to enhance 
energy security, while maintaining economic competi-
tiveness and environmental quality. One of President 
Reagan's first steps in implementing this policy was 
to abolish oil price and allocation controls, which 
had discouraged domestic production and encouraged 
excessive consumption. The government also reduced 
the number of officials and employees engaged in oil 
regulatory activities from 2,000 to 200. 
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During the 1990s, lower prices and reduced domestic 
production will compel the United States and other 
countries to place greater reliance on oil imports to 
meet growing demand for oil. These growing import 
requirements will be met largely by the nations lo-
cated in the unstable Persian Gulf region. Growing 
United States and worldwide dependence on Persian 
Gulf oil and OPEC oil supplies has serious implica-
tions for the energy, economic, foreign policy, and 
national security interests of the United States. 

The cornerstone of United States energy emergency 
preparedness policy is reliance on the free market, 
supplemented by the Strategic Petroleum Reserve 
(SPR), to respond to significant disruptions in oil 
supplies. The SPIt has increased from 108 million 
barrels in 1981 to more than 550 million barrels in 
1988. Since 1984 the Administration's policy has 
been to draw down the SPR early and in large 
volumes in response to a major supply disruption. In 
addition, the Administration has encouraged other 
members of the International Energy Agency to in-
crease their emergency oil stocks. 

The United States has about 330 billion barrels of 
oil left in the ground that could not be recovered 
using currently available technology at today's prices. 
Only about 30 billion barrels of that amount can be 
recovered by using current enhanced oil recovery 
(EOR) techniques. The remainder is an inviting tar-
get for new recovery techniques that might be 
developed. During the 1980s, the Department of 
Energy's EOR program has focused on defining criti-
cal geological uncertainties and using advanced com-
puter technolo gy to quantify large masses of 
geologic data. The Department is also supporting a 
university-industry-government consortium for geos-
cience and enhanced oil recovery research and 
development (R&D). 

The Administration has urged Congress to allow ex-
ploration and development of the Coastal Plain of 
Alaska's Arctic National Wildlife Refuge, which could 
contain as much as 9.2 billion barrels of economi-
cally recoverable oil. 

At the Administration's urging, Congress repealed the 
Windfall Profits Tax, which had generated virtually 
no tax revenues since 1986 but was costing the oil 
and gas industry an estimated $100 million in 
reporting costs. 

During the past decade, greater fuel efficiency has 
contributed substantially to moderating oil demand 
and improving the nation's energy security. Alterna-
tive fuels, such as methanol and ethanol, could be-
come economically attractive if gasoline prices in-
crease in the future. However, these fuels could 
not be introduced quickly because of an inadequate 
infrastructure for their distribution and use. A 
gradual introduction of vehicles capable of using 
either gasoline or an alternative fuel could begin a 
process that would displace substantial volumes of 
oil by the turn of the century.

Energy Efficiency 

Gains in energy efficiency during the past 15 years 
have demonstrated that investing in energy efficiency 
Is just as important as investing in energy supplies. 

The Department's conservation technology programs 
have made major contributions to improving energy 
efficiency in buildings and industry. Buildings-
related research has produced more efficient equip-
ment such as the heat-pump water heater and the 
solid-state ballast for fluorescent lighting. 	 United
States industry has made great advances in energy 
efficiency.	 Its share of United States energy con-



sumption has dropped from 42 to 36 percent. 

Effective energy efficiency cannot be achieved by 
mandate. It must be gained in response to economic 
incentives. Past attempts to use regulations to 
force energy efficiency beyond consumers' wishes 
were met with public resistance. The Reagan Ad-
ministration has sought to reduce or eliminate such 
regulations and allow the market to make its own 
choices. The Department of Energy has reshaped its 
conservation RaD efforts in ways designed to In-
crease the range of technological options available 
to the private sector. The federal R&D role is con-
centrated on those areas where Incentives for 
Private investment are severely limited or nonexist-
ent, yet where the eventual benefits are likely to 
be substantial. 

Natural Gas 

Shortages of natural gas in the mid-1970s suggested 
to some that the country had nearly exhausted its 
natural gas supplies. In reality, it was 
government-mandated low prices that had encouraged 
demand while suppressing new production. 

Upon taking office, the Reagan Administration deter-
mined that the federal regulations imposed on the 
natural gas industry were encouraging inefficiencies 
in the production and use of natural gas. The Ad-
ministration	 established	 three policy	 objectives: 
decontrol of all wellhead prices, elimination of 
demand restraints, and mandatory transportation. To 
increase competition within the natural gas industry, 
the Administration advocated two principles: 
wellhead gas prices should be set by market forces, 
not by government regulators or pipeline companies, 
and producers and consumers should be permitted to 
deal directly with each other rather than have to 
rely on intermediaries. 

In 1987, a major legislative goal of the Administra-
tion was achieved with the enactment of legislation 
removing end-use restrictions on natural gas. 
A major impediment to greater use of natural gas 
has been low consumer confidence in the adequacy 
of the natural gas resource base. 	 The Department
recently completed a major assessment of the size 
of the nation's natural gas resource.	 The report, 
representing a consensus among government and in-
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dustry experts, concludes that the United States has 
583 trillion cubic feet In the lower 48 States 
alone--a 35-year supply at current consumption 
rates. 

Electricity 

Recent studies show that electricity demand in the 
1980s has been growing at about the same rate as 
the economy. If demand grows even at the rela-
tively slow pace of two percent per year, however, 
the nation will need about 100 gigawatts of new 
electricity generating capacity--the equivalent of 
roughly	 100	 new	 large	 coal	 or	 nuclear
powerplants--by the year 2000. 

Today, there are many ways to meet new electricity 
supply needs.	 Utilities are no longer limited to 
building large, central-station generating plants. 
Given the broad range of options now available, the 
primary challenge to policymakers will be to ensure 
continuing	 reliability	 of	 electric	 service	 at
reasonable rates. 

The objective of the Administration's electricity 
Policy is to ensure that the nation has reliable, 
cost-effective electric power to meet the demand 
growth anticipated over the next decade. To im-
prove this situation, the Department of Energy is 
supporting reforms to increase competition and the 
role of market forces in electric power production. 

Coal 

Coal is the nation's most abundant fossil fuel, sup-
plying nearly 22 percent of the energy consumed in 
the United States. The country has a 300-year 
supply and about one-third of the world's coal 
reserves. Today, coal is generally economic and en-
vironmentally suitable only in larger installations--
utility powerplants and industrial boilers. 

For coal to fulfill its potential as a prime energy 
resource, technological and regulatory barriers limit-
ing Its ability to compete with oil and gas must be 
removed. The objective of the Administration's coal 
policy is to make coal more competitive, clean, and 
convenient to use by implementing the Innovative 
Clean Coal Technology Plan, maintaining an effective 
federal coal RID program, removing regulatory disin-
centives that impede coal use, ensuring a more com-
petitive United States coal transportation system, and 
pursuing a more aggressive coal export program. 

The Administration has worked to maintain an effec-
tive coal R&D program by shifting emphasis to the 
initial stages of research where the risks may be 
too high to warrant significant private investment. 

Nuclear Energy 

Nuclear	 power	 today	 supplies	 approximately
20 percent of the electricity generated in the 
United States.	 Several areas of the country have 
become heavily dependent on nuclear energy. 	 In
four state; It supplies more than 50 percent of the

electric power.	 With 109 licensed reactors, the
United States has the most of any country. 

After rapid growth in the 1960s and early 1970s, 
nuclear powerplant construction slowed dramatically. 
From 1973 through 1978, 82 plants were ordered, but 
only nine eventually were built. 

The Administration has recognized that nuclear 
energy is--and must continue to be--a vital com-
ponent of the national energy supply. Thus, a basic 
Policy objective has been to improve nuclear power's 
potential as an energy resource and to remove the 
current obstacles to its further growth. 

Continued progress must be made in streamlining the 
nuclear powerplant licensing process, which currently 
is unpredictable and lacks finality. Legislation to 
reform and modernize the licensing process was 
proposed by the Administration In 1983 and again in 
1985; the Department has continued to work with 
Congress and the Nuclear Regulatory Commission on 
proposals to Improve the licensing system. The real 
problem is not technological but Institutional, result-
ing in part from inaccurate public perceptions about 
the safety risks and environmental effects of unclear 
power. 

Renewable Energy 

The Administration has emphasized the scientific 
research necessary to provide the private sector 
with the technological basis for competitive intro-
duction of renewables Into the marketplace. Renew-
able energy options today are a mixture of mature, 
developing, and long-term technologies. Renewable 
resources now contribute about nine percent of the 
nation's energy supply--half of this from 
hydroelectric sources and much of the remainder 
from wood and wood products. 

The research program has been planned and is cost-
shared with industry to make renewable energy 
resources available and competitive in an unsub-
sidized market. 

Energy Technology Research and Development 

Since the 1940s, long-term energy research has been 
conducted by the Department of Energy and its 
Predecessor agencies at its national laboratories and 
at hundreds of university and industrial facilities. 
Before 1980, progress in basic research had slowed. 
The Reagan Administration's policy has been to rein-
vigorate basic research and reverse the decline in 
federal research funding that began in 1968. 

Emphasis has been on fundamental long-term research 
in the natural and physical sciences, Including high 
energy and nuclear physics, magnetic fusion, biologi-
cal and environmental science, and basic energy 
sciences, including materials, chemistry, engineering, 
energy-related geosciences, and biosciences. The 
Department of Energy also conducts basic and ap-
plied research in petroleum geology, coal technology, 
renewable energy resources,	 energy efficiency, 
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nuclear power reactors, and nuclear waste manage-
ment. 

Intemathmal Energy Security 

United States energy policy seeks a secure world 
energy market. Recognizing the interdependence of 
oil-consuming countries, it Improved emergency 
preparedness by increasing strategic oil stocks and 
advocating that the nation's allies do likewise. 

In addition, the Administration has worked for open 
energy markets by reducing government intervention, 
Improving international collaboration in research and 
development, and strengthening the international 
nuclear safety and nonproliferation regime. 

The Reagan Administration has advocated removing 
trade restrictions, production subsidies, and limita-
tions on foreign investment to encourage the effi-
cient production, trade, and consumption of energy 
resources worldwide. The historic United States-
Canada Free Trade Agreement, signed by President 
Reagan and Prime Minister Mulroney In January 1988 
and approved by the United States Congress in Sep-
tember 1988, is an example of freer trade and In-
creased cooperation pursued by this Administration. 
The agreement will remove most tariffs and other 
trade barriers between the two countries who share 
the world's largest bilateral energy trading partner-
ship. 

Environmental Concerns 

During the 1970s, a major, nationwide effort was 
undertaken to improve and protect the nation's en-
vironmental resources. Today the United States has 
by far the most comprehensive legislation of any na-
tion aimed toward environmental protection and 
natural resource conservation' 

Although substantial progress has been made in im-
proving the quality of the nation's air and water, 
regional, international, and global pollution have be-
come the focus of new concerns. The most 
publicized of the regional pollutants is acid rain. In 
addition, environmental concerns about global climate 
warming have emerged.

It also was recognized that chlorofluorocarbons 
(CFCs) were increasing chlorine levels in the upper 
atmosphere and that this could reduce the ozone 
concentration at high altitudes, allowing more 
ultraviolet radiation to penetrate to the earth's sur-
face. 

These concerns are now shared by many other 
countries because of United States-spearheaded inter-
national research on global climate changes and the 
impact of CFCs on ozone layer reduction. 

Energy fair the Future 

During the 1980s, United States consumers have en-
joyed abundant supplies of energy at relatively low 
prices. However, to maintain adequate and reliable 
supplies of energy in the years ahead, the nation 
must reduce Its dependence on oil supplies from in-
secure sources.	 This can best be accomplished by 
strengthening the domestic oil industry, placing 
greater reliance on coal, natural gas, nuclear energy, 
and renewable energy resources as substitutes for 
imported oil, and further increasing energy ci-
ficiency, particularly In the transportation sector. 

The long-term energy future will depend In large 
part on the development and use of new energy 
technologies. The most promising of the Department 
of Energy's R&D programs include new techniques for 
enhanced recovery of domestic oil and gas resources; 
new technologies that will facilitate the use of the 
country's vast coal resources; alternative transporta-
tion fuels; cost-effective renewable energy tech-
nologies; superconductivity that will greatly increase 
the efficiency of electricity use; and nuclear fusion 
as a new energy source for generating electricity. 

If environmental concerns limit the country's future 
reliance on fossil fuels, then nuclear power will be-
come even more essential as an energy resource. 
Increased energy efficiency and renewable energy 
resources will assume increased importance in the 
next decade, as conventional energy sources and en-
vironmental protection become more costly. 

### It 
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ECONOMICS 

ENERGY ECONOMISTS DATE ENERGY EFFECTS AND 
FUTURES 

The Tenth Annual International Conference of the In-
ternational Association of Energy Economists was held 
In Luxembourg in July. A selection of the papers 
presented provides some feel for current thinking on 
how energy is Interwoven into the economies of na-
tions, and on what the future may bring. 

Macroeconomic Effects of Wcrld Oil P.4cc Projections 

A paper by Teotia and Foyer of Argonne National 
Laboratory, "Estimating the Macroeconomic Effects of 
World Oil Price Projections by the United States 
Department of Energy," addresses the question of 
what will happen If the United States becomes much 
more dependent on oil supplies from the Persian 
Gulf. 

In an environment of falling crude oil prices, the 
United States crude oil imports reversed their 
decline in 1986. After hitting bottom at about 
22 percent share of total crude oil supplies, the im-
ported crude oil share rose to 29 percent in 1986 
and 32 percent in 1987. This paper indicates that 
dependence on insecure foreign oil supplies is ex-
pected to grow.	 In the absence of any strong 
policy actions,	 the crude oil import share is
projected to be In the range of 40-45 percent by 
1995. This could have serious implications for the 
stable economic growth and energy security of the 
country. As a result, some prudent government and 
Industry policy actions are needed to reduce the de-
pendence on foreign crude all before it becomes a 
critical problem. 

The analysis Indicates that the macroeconomic effect 
could be large in an environment of rising oil 
prices. For example, under a high oil price 
scenario, the economy shows a cumulative loss of 
real gross national product (GNP) of $484 billion 
(1985 dollars) between 1987 and 1995 compared to 
the low oil price scenario. This remains a possible 
outcome because of a reasonable chance of OPEC 
regaining control of the international oil market in 
the future. 

Oil Exporters Have Not Achieved Permanent Cairn 

T.R. Stauffer, of Georgetown University, in "Oil Ex-
ports and the 'Growth Illusion': Lessons From The 
Recent Experience," offers an overview of the recent 
experience of rentier economies, especially the oil-
exporting rentiers, concerning the relationship be-
tween energy and economic development. 

He shows that the so-called "Dutch disease," living 
off resource rents, Is both pervasive and corrosive. 

A first generalization involves recognizing that oil 
revenues are but one of a broader class of unre-

gutted transfers or special quasi-rents. The broader 
list encompasses: 

- Oil Revenues 
- Foreign Aid 
- Labor Remittances 
- Locational Rents 

Foreign aid is a pure rent, for example, except for 
the possible psychic costs of political strings. Oil 
revenues in the Middle East are almost entirely pure 
rent--from 75 percent to more than 90 percent. 
Remittance, also, must include some element of rent, 
since otherwise the labor would not have migrated 
unless it earns abroad more than it might have 
earned at home. 

His assessment, based both upon the qualitative 
evidence and the scattered quantitative studies, is 
not sanguine. There is little basis for believing that 
oil revenues--or economic rents more generally--have 
contributed to self-sustainable economic growth. 

There indeed was a convincing appearance of 
"growth," when all of the matter economics ex-
panded year in, year out after the early 1960s. 
However, the real coupling between oil receipts, aid, 
or remittances and the host economies became evi-
dent only after 1982. Thereafter, most of the oil-
based rentier economies ceased growing, or even 
began to shrink, once the rents or exogenous flows 
shrank. 

The retrenchments after 1982 highlight the fragility 
of the "expansion" during the boom. One finds that 
at least 50 percent, and often close to 100 percent, 
of the measured "expansion" for the rentiers can be 
directly attributed to the increase In spending of oil 
revenues, aid, net borrowing, or remittances. 

Non-oil GDP's for example, had increased. However, 
closer examination shows that most or all of that 
"non-oil" expansion was funded by the domestic 
spending of oil revenues for construction, for 
government salaries or for transfer payments. 

General welfare did increase. The oil or other rents 
did leave a tangible legacy of schools, clinics, roads, 
infrastructure, and a much higher level of public 
health and education. 

Nonetheless, it Is observed that rents provided the 
capital base for consumption, while manufactured 
goods or agricultural products were increasingly Im-
ported, so that the GDP, corrected for subsidies, was 
increasingly concentrated in the service sectors, 
while material dependency--reliance upon imported 
goods of all kinds--rose steadily. 

The lesson to date thus seems clear: 

- Energy use is correlated with economic 
growth 
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- Economic growth is NOT correlated with 
energy exports 

More succinctly: growth and energy are correlated, 
but the converse is not necessarily true. Moreover, 
the result seems to hold more generally for all rents 
and quasi-rents; oil, foreign aid, remittance income, 
or transit fees. None has demonstrably provided a 
durable basis of real growth. There is no convinc-
ing evidence that large-scale rents have contributed 
much to the oil exporters' ability to transform their 
economies away from dependence upon those rents. 

Importance of Fuel Price Volatility Defined 

In "The impact of Volatile Fuel Prices on Interfuel 
Competition," M.B. Morrison and A.C. Wright of 
Caminus Energy Ltd., examine the effects of volatile 
fuel prices. 

Over the last 15 years, oil prices have fluctuated 
dramatically from around $8 per barrel In 1973, to 
$50 per barrel in 1981 and back down to $15 per 
barrel in 1986 (all in 1987 real terms). This price 
volatility has had a significant impact on total 
energy demand, and even more so on the market 
shares of each fuel in the major consuming sectors 
in Organization for Economic Cooperation and 
Development (OECD) countries. 

If	 anything,	 prices	 have	 become	 more volatile	 in 
recent	 years. And yet	 most	 studies of	 energy 
demand continue to be based on	 fairly simplistic as-
sumptions	 about future oil	 prices,	 for example	 a 
"low" price or a "high" price	 outlook.

The authors suggest that oil prices will continue to 
fluctuate over the next 10-15 years, and this will 
continue to have an impact on both total energy 
demand and interfuel competition. Failure to recog-
nize this important characteristic of energy markets 
will lead to inappropriate investment in energy 
supply, energy transformation and energy end-use. 

Price volatility in energy markets is the rule rather 
than the exception. If we look at crude oil prices 
over the very long term (see Figure 1), we can see 
that the period 1973 to 1987 is not particularly 
special. The real exception is the post-war period 
until the early 1970s. Prices varied very little as a 
result of the strict control over production by the 
vertically integrated major oil companies. 

Caminus says the chances that a stable price en-
vironment will return to the oil industry are slim. 
The vertically integrated structure of the 1950s and 
1960s is unlikely to return. The diverse economic, 
political and strategic interests of the cartel mem-
bers make control over oil production over the long 
term an extremely difficult balancing act. 	 An oc-



casional slip from the revenue maximizing tightrope 
is almost inevitable. Volatile oil prices are here to 
stay, and with that will come fluctuations In the 
demand for oil and other fuels. 

Given such an outlook, how can investment plans be 
made?	 One approach which definitely cannot be

pursued Is to attempt to plan investment to meet 
the peaks and troughs of the cycle. We do not 
know when they will occur, how high or low they 
will be, or how long they will lost.	 Perhaps the
only certainty of such an approach is that it will 
end In failure.	 Planning In a volatile price environ-



ment requires a different type of thinking. 

FIGURE 1 

PERCENTAGE CHANGE IN 
REAL OIL PRICES 1900-87 
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Planning in the days of price stability and rapidly 
growing demand focused on two characteristics of 
investment--economies of scale and optimization. 
Economies of scale meant that bigger was better--
bigger tankers, bigger refineries, bigger power plants. 
As a result, over-capacity In these Industries has 
been endemic. Optimization of plant design and sys-
tem design were only possible in a stable vertically 
Integrated business where most of the key variables 
were fixed. For example in oil refining, plants were 
designed to run on a specific crude type to provide 
a given cut of the barrel to a particular geographic 
location. When these parameters departed sig-
nificantly from design specification, then plants were 
no longer economic to operate. Hence, we have 
witnessed the closure of much of this type of simple 
refining capacity in recent years. 

Planning Investment in a volatile environment re-
quires focusing on three different characteristics--
economies of production, flexibility and risk manage-
ment. 

The boom-bust cycles of the past resulted in chang-
ing designs and skill shortages which inevitably drove 
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up costs. Economies of production can result from 
producing smaller units (e.g. power plants) of similar 
design on a regular basis. Cost reduction will result 
from familiarity and the retention of a skilled labor 
pool. The trade-off between economies of scale and 
economies of production must be critically examined. 

Flexibility Is best exemplified by the new complex 
refineries and multi-fueled power generation and in-
dustrial process plants now being constructed In 
response to the volatility of recent years. 
Flexibility Is not without cost, but it would appear 
that the benefits are now well accepted. 

Design flexibility is one form of risk management. 
The oil industry Is becoming Increasingly familiar 
with other forms such as futures and options trad-
ing. However, these tend to focus only on the 
short term. Risk management over the longer term 
should also be addressed. The sharing of risk be-
tween sellers and buyers of fuels could be accom- 
modated within contracts, and hence would provide 
both parties with greater confidence to proceed with 
investment decisions. 

Planning in the energy industries, with their high 
up-front costs, will always be a hazardous affair. 
In an Increasingly competitive energy environment 
these uncertainties will not diminish. In order to 
adapt, players need to make use of new tools and 
learn to think In a different way. 

European Industrial Energy Outlook 

A paper from DIll Energy, "European Industrial Energy 
Consumption, Historical Trends and Prospects to 
1995," addresses overall energy consumption and 
energy intensity in the European Countries. 

DIll says the decade 1985-1995 will be characterized 
by low energy prices and buoyant industrial activity. 
This climate is particularly suitable to encourage 
growth in industrial energy consumption. Total in-
dustrial energy consumption for the four major 
European countries is forecast to increase 10 percent 
between 1985 and 1995 (one percent per year) if 
consumption of feedstocks is excluded. The equiv-
alent figure if feedstocks are included is 12 percent, 
as very low hydrocarbon prices encourage consump-
tion of feedstocks and activity in the chemical in-
dustry enjoys a healthy recovery, particularly in base 
chemicals where low oil prices translate in substan-
tially cheaper raw materials. 

This increase in energy consumption will be entirely 
due to an Increase in Industrial production and not 
to a loss of efficiency In the use of energy. In-
dustrial output Is projected to gain 25 percent be-
tween 1985 and 1995. Therefore the overall energy 
Intensity of the European industrial sector, which 
dropped 18 percent between 1979 and 1985, should 
decline by a further 10 percent. 

Strong economic activity provides a favorable en-
vironment for fuel switching. Equipment is replaced 
more frequently, new equipment is needed and the

initial capital cost might be less of a barrier. In 
the first two years of the forecast, the fuel price 
relativities encourage a switch back to oil. Between 
1979 and 1985, the share of oil in the industrial 
sector (excluding iron and steel) had declined from 
44 percent to 27 percent. The 1986 oil price col-
lapse probably induced an increase in oil consump-
tion. This revival is only temporary and oil's share 
should resume its decline. 

The increase in oil consumption is at the expense of 
both coal and gas. Coal suffers most and its share 
of industrial energy consumption, which had 
recovered from very low levels in the late 1970s to 
over 13 percent in 1985, falls to 11 percent for the 
rest of the 1980s. The share of coal should in-
crease rapidly after 1991 as coal becomes attractive 
again in large boiler plants, especially for new In-
stallations but also In replacement of oil-fired 
boilers.	 Coal's share should exceed its 1985 level
by the mid-1990s. 

Gas share reaches a peak of nearly 31 percent in 
the early 1990s and declines thereafter as it faces 
competition from coal in the boiler fuel market. 

The share of electricity stagnates at approximately 
28-29 percent. 

lnwatanoo of Cost of Capital Restated 

In "Global Energy Mix in the Year 2010," A.B. Ashby 
and D.A. Dreyfus of the Gas Research Institute (CR1) 
present long-term projections of energy demand. 

The principal assumptions underlying the CR1 projec-
tions concern relative fuel prices and GDP growth 
rates. Specifically, despite the great amounts of 
currently shut in oil production which, on the basis 
of variable costs, could be profitable at prices near 
ten dollars, recent events have shown that the 
political and economic decislonmakers who collec-
tively establish world oil prices much prefer a price 
near twenty dollars. For this reason, and not for 
any fundamental reasons of resource availability or 
costs of production, many analysts expect oil prices 
to fluctuate in the vicinity of twenty dollars until 
the current excess of productive capability is ab-
sorbed. 

At this price, by 1990, total free world oil con-
sumption Is likely to approach SO million barrels per 
day, 40 percent of which will be provided by OPEC. 
With continued modest growth in global demand, and 
with continued erosion of non-OPEC production 
thereafter, the world oil price can be expected to 
escalate in real terms. 

In the global context, the general relationships that 
now exist among the prices of the major energy 
forms--oil, gas, coal, and electricity at the point of 
use--is expected to remain constant until the es-
calation in real oil prices begins. After 1990, be-
cause of the significance of the nearly exclusive 
transportation market for liquid petroleum products, 
It will be possible for oil prices to rise in real 
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terms white the prices of other energy sources Con-
tinue to escalate only at the rate of general infla-
tion. 

CR1 points out that, for nearly twenty years, even 
in the industrialized nations, an exceptionally high 
imputed discount rate has applied to new investment 
decisions. As the economic and political uncer-
tainties of the long term have increased and con-
siderations of cash flow and debt coverage have 
dominated management judgments, the acceptable 
payback terms for even major investments have be-
come incredibly short. The current trend toward a 
more competitive environment for regulated public 
utilities is bringing this mentality into the few 
remaining energy industries that formerly tolerated a 
very long investment horizon. 

In the developing countries, investment capital is, 
and will continue to be, a scarce resource. Choices 
of energy sources to support economic development, 
even if they are governmental decisions, probably 
will tend to conserve capital at the expense of 
operating costs. 

In these circumstances, the relative energy com-
modity costs--the prices of a ton of coal, barrel of 
oil, or kilowatt-hour of electricity--which will 
dominate the near term interfuel competition will 
diminish in significance in the later years. Interfuel 
competition over the longer term will be heavily in-
fluenced by the relative capital costs associated 
with supplying and utilizing the various energy forms 
in each geographic situation.

Sufficient coal, gas, and even oil resources, along 
with the nuclear fission option, will still be avail-
able in sufficient quantities in the post 2010 period 
to place economic limits upon commercializing new 
energy options through the private sector. Even if 
constraints are placed on one or more of the con-
ventional energy sources, there are unconventional 
oil and gas resources, synthetics from coal and 
shale, sophisticated environmental management tech-
niques for the use of coal such as fluidized bed 
combustion or gasification, and breeder reactor tech-
nology which are already technically proven to be 
available and which are only incrementally more 
costly than the conventional options. New, untried 
technologies at the developmental stage would be 
unable to compete with these options without public 
support. 

The Gill projection of global energy supply and 
demand indicates that petroleum will two some of 
Its current share of the energy market. However, 
petroleum will still be the dominant fuel source in 
the year 2010, accounting for 32 percent of total 
energy requirements. 

The projection has also shown that the developing 
countries' need for energy services will dominate the 
global trends. For several reasons, industrialization 
will preclude the development of noncommercial 
energy.	 The first concomitant with industrialization 
is urbanization. Urbanization generally entails 
centralized energy services. Therefore, the develop-
ing countries will require substantial growth in com-
mercially supplied energy to fuel the industrialization 
process.

nfl 
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TECHNOLOGY 

RADIATION PROMOTES SOLVENT EXTRACTION 
PROCESSES 

United States Patent Number 4,772,379, "Extraction 
and Liquefaction of Fossil Fuels Using Gamma Ir-
radiation and Solvents," Issued to H.J. Gomberg, and 
assigned to Ann Arbor Nuclear, Inc., reveals a new 
technology for the extraction of liquid hydrocarbon 
products from fossil fuel resources such as oil 
shales, tar sands, heavy oils and coals. 

The Invention Is a method for extracting useful 
hydrocarbons from such fossil fuel resources with a 
greater net energy recovery than is obtainable using 
known technologies. It utilizes ionizing radiation 
applied to the naturally occurring fossil fuel In con-
junction with pressure and temperature exposures 
that are low enough to be reasonable, i.e., cheaper 
and safer than heretofore used. 

In one respect, the Invention obtains LU improved 
efficiency through the use of certain solvents in 
conjunction with exposure to a certain level of 
ionizing radiation such as gamma rays, charged par-
ticles and neutrons, the usage of solvents In con-
junction with gamma irradiation has been shown to 
have a synergistic effect on the extraction of useful 
hydrocarbons from oil shales, tar sands, and coal. 

In the case of oil shale, the invention comprises the 
use of a hydrogen donor solvent which is driven by 
the ionizing Irradiation to cause extraction of 
hydrocarbons from the oil shale and raising the 
hydrogen-carbon ratio of the extracted material. 
The process can be conducted at or near ambient 
temperatures and pressures so that external energy 
inputs to the process are minimized and the operat-
ing conditions are less demanding and expensive. 

Others have considered using radiation to promote 
the extraction of hydrocarbons from tar sands and 
coal but none have conceived of processes which 
utilize donor solvents in combination with the radia-
tion to thus enable the process to be carried out at 
low temperatures and pressures. 

It has been generally accepted that irradiation of a 
liquid hydrocarbon fossil fuel leads to polymerization 
and thus increased viscosity. A 1968 report on the 
"Gamma Irradiation of Coal," Information Circular 
8377, Issued by the United States Department of the 
Interior, Bureau of Mines, concluded that "coal is 
not significantly altered by gamma irradiation owing 
to the resistivity of its highly condensed ring struc-
ture. High-level gamma Irradiation, therefore, is un-
likely to prove advantageous in coal processing and 
utilization." 

The present invention involves the discovery that 
Ionizing radiation, when used in a particular manner 
for the processing and upgrading of certain fossil 
fuels,	 can provide a recovery which is more

favorable than that obtained with other technologies 
involving high temperatures and pressures, and hence 
high cost energy Inputs. 

In general, the Invention involves applying ionizing 
radiation to certain fossil fuels in conjunction with 
the use of certain solvents. It can be conducted at 
or near ambient temperatures and pressures. It has 
been discovered that there is a synergistic effect 
between Irradiation and particular solvents, such that 
enhanced yields of liquid hydrocarbons can be ob-
tained from solid fossil fuel raw materials, such as 
oil shale, tar sands and coals. 

One of the solvents which has a synergistic effect 
with irradiation to accomplish depolymerizatlon of 
the solid material found In oil shale Is n-heptane. 
This solvent is of the type referred to as a donor 
solvent because it has the ability to donate 
hydrogen ions to carbon bonds which are broken by 
Irradiation so that liquid hydrocarbon products may 
thereby be formed. 

The irradiation of the fuel and solvent mixture is 
carried out in either an open air chamber, an 
evacuated chamber or a chamber filled with the 
mixture. There Is no requirement for a special 
gaseous atmosphere. 

Example 1 

Two 50 gram samples of granulated oil shale from 
Ef's Israel were each mixed with 50 cubic cen-
timeters donor solvent, n-heptane. One 5ample in 
solvent was subjected to 100 Megarad Co 6 irradia-
tion from a Cobalt 60 gamma source. The sample 
was not mechanically stirred during irradiation, which 
was carried out at ambient temperature (40 0 C within 
the source) and at atmospheric pressure. 

The control was held at about 40°C during this 
period. The two samples were then each put Into 
individual Soxhlet extractors. The solvent-only (no 
irradiation, i.e., control) run yielded 0.1 grams of a 
dull, thin, hard plastic-like material coated firmly 
and fairly uniformly over the bottom and lower half 
of the walls of the beaker. 

The shale irradiated in solvent yielded 0.75 grams of 
a brown clear liquid of moderate viscosity. It 
flowed slowly, like honey, at room temperature. 

The same	 shale samples	 were	 then each	 mixed with 
fresh 50	 cubic	 centimeter supplies	 of	 solvent and 
the process	 including irradiation repeated.	 The con-
trol produced	 no	 additional measurable	 yield. The 
irradiated sample	 produced an	 additional	 0.3	 grams 
of a somewhat lighter,	 less viscous	 liquid.	 The total 
yield was	 now	 1.05	 grams: ten	 times	 the	 solvent-
only (control) production.
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The hydrogen to carbon ratio for the irradiated 
shale oil is higher than that for a "typical" Israeli 
shale oil (1.72 versus 1.53). The nitrogen in the 
solvent extracted sample (non-irradiated) is lower 
(0.31 percent versus 1.1 percent), but the sulfur 
values are close (6.1 percent versus 7.3 percent). 

Also significant is the clarity and low ash content 
of the oil from irradiated samples as well as the 
increase in yield. This can be attributed to the ef-
fect of the radiation in breaking the bond between 
the hydrocarbon molecules and the inorganic matrix. 

The hydrocarbon is not only increased in hydrogen 
content but also becomes a more completely 
separated phase, making extraction simpler and 
cleaner. 

Example 2 

Tests were run on crushed PSOC 130 coal as 
received from the Penn State Coal Sample Bank. 
PSOC 130 is a Pocahontas No. 3 medium volatile 
bituminous coal. 

Four samples consisting of nine grams each of coal 
were then each mixed with nine milliliters of the 
donor solvent, tetrapdrofuran (TIIF). One sample 
was exposed to 1X10 Bad of Cobalt 60 radiation at 
ambient temPergiture and pressure, a second was ex- 
posed to 2X10 Bad of Cobalt 60, and the last two 
retained as controls. 	 Dose rate was about
0.6X10 6 Red per hour. 

After irradiation, the donor solvent was removed by 
evaporation at about 1250C. The remaining solid 
was then processed with pyridine in a Soxhlet ex-
tractor.	 The controls received the same treatment 
but without radiation. 

The extracted material was freed of pyridine at 
130 0C and then analyzed for carbon, hydrogen and 
nitrogen. The results were as shown in Table 1.

The primary effect of the radiation is seen to be 
the increased yield of pyridine soluble hydrocarbon. 
In addition, there is a higher U/C ratio and reduced 
nitrogen content, all of which demonstrate increased 
hydrogen transfer from the donor solvent. 

For further comparison, tests were run using pyridine 
as the solvent during irradiation as well as for ex-
traction.	 There was again an increase in yield in 
the irradiated case. 	 The controls show the normal
pyridine extraction behavior at low temperature. 

Heptane, while somewhat less effective, showed 
marked increase in both solvent action and hydrogen 
transfer under radiation. Cyclohexane was similar in 
action to TUF. 

The term "donor solvent" is used to describe solvents 
that possess the ability to decompose partially and 
to release hydrogen to the fossil fuel. It is 
believed that the hydrogen transfer is a free radical 
reaction in which coal molecules are thermally 
cleaved into free radicals which seek stabilization. 
If the donor solvent Is present the available 
hydrogen atom stabilizes this free radical by 
hydrogen transfer.	 If a sufficiently active hydrogen 
donor solvent is used, the hydrogen transfer 
mechanism is essentially the thermal decomposition of 
the fossil fuel. 

Under ionizing radiation,	 two effects can be
produced: 

- a fossil fuel (coal) molecule can be cleaved 
even at low temperature; 

- a hydrogen donor can be made "active". 

In general the radiation driven case will be chemi-
cally reactive at lower temperature (and pressure), 
and the most suitable donors may not be the same. 
All results on which this invention is based have 
been obtained at room temperature. There are 
clearly combinations of mildly elevated temperature 
and pressure with radiation to create the optimum 
process. 

TABLE 1

EFFECT OF RADIATION ON (XML LIQUEFACTION 

Rod. Dose Carbon Hydrogen Nitrogen H/C Yield 

1 x 10 8 78.01% 7.01% 1.55% 1.08 0.22	 gm Contra 
2 x 10h  

84.88 84.88 6.92 2.88 0.98 0.07 
7.45 1.25 1.17 0,45 Control 81.1 5.98 2.53 0.88 0.08
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ADVANCES N METHANE CONVERSION TECHNOLOGY 
SAID POSSIBLE 

A report prepared for the United States Department 
of Energy (DOE) suggests that appreciable improve-
ments In methane-to-liquids technology are feasible. 

The objective of the screening study was to select 
three methane to liquid hydrocarbon processes and to 
define the design bases to be used for a more 
detailed design and cost evaluation. Emphasis was 
Placed on direct conversion processes (avoiding the 
use of synthesis gas). 

The results of the screening effort are summarized 
in Table 1. In this table, five categories of direct 
conversion processes are identified, with a total of 
18 individual subcategories. Each was given a rating 
of zero to five (where lowest Is best) in each of 
the following categories: 

- Degree of Definition 
- Economic Potential 
- Projected Thermal Efficiency 
- Number of Steps Involved 
- Operating Severity

The total score for each process is shown in 
Table 1, although this Is meaningless where the 
process is Judged uneconomic or where data Is 
speculative. 

The result of the evaluation was the selection of 
the following three process combinations for more 
detailed study: 

- Oxidative coupling using circulating catalyst 
plus oligomerization 

Oxychiorination plus oligomerization 

Partial oxidation plus oligomerization 

There have also been advances in methanol synthesis 
gas technology which will impact the basis on which 
direct conversion technologies are compared in the 
future. Table 2 compares conventional methanol 
with new technologies being proposed by Davy 
McKee, Lurgi, Brookhaven Labs and others. The key 
improvement in each case Is a less expensive way of 
producing stoichiometric synthesis gas. A 20 percent 
reduction in capital cost and a one million BTU per 
ton improvement In thermal efficiency over conven-
tional methanol is considered readily achievable. 

TABLE 1 

RESULTS OF METHANE CONVERSION SCREENING STUDY 
EVALUATION OF ALTERNATIVES 

Categories and Processes Total 
Score 

Oxidative Coupling & 011gumrlzatic.i 
a. In-situ Oxygen (ARW & Others) 16.5 
b. Circulating Catalyst/Air Regeneration (AROO) 13 Halogenation or Oxyha logenat iou 
a. Halogenation Plus Pyrolysis 	 (Benson, Ku) 19 
b. Oxyhalogenation Plus Oligonbrization (PETC, BP) 14.5 c. Halogenation Plus Oligormrization (Dish) 16 Reductive Coupling & 011gcimrlzatjon 
a. Thernnl Pyrolysis to Acetylene (Wulff) 16.5 b. Partial Oxidation to Acetylene	 (BASF, SBA) 17.5 
c. Electric Are/Plasm Acetylene (Huels) 16.5 
d. Lasers to Acetylene (Several) 15.5 
e. Microwave Radiation to Ethylene (Wan) 14.5 Partial Oxidation& Oligtmrization 
a. Confined FlanE (Ruels) 16 b. Premixed Thermal (Gesser) 14.5 c. Catalysed Fixed Bed (Bummer) 18 
d. Catalysis Using Nitrous Oxide (Several) 16.5 e. Laser P romoted (LANL) 17.5 
f. Superacid Catalysis (Olah) 15 Single Reactions 
a. Oxidative Catalysis	 (Catalytica, UP, Olah,	 lone) ilLs 
b. Direct Reductive Coupling (Speculative) io
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Table 3 shows approximately to what degree Im-
proved synthesis gas technology could improve cost 
and efficiency of liquid hydrocarbon production ap-
plying the cost reduction and efficiency Improvement 
indicated in Table 2 for methanol. While the im-
provement Is substantial, it will not be sufficient to 
develop an overriding economic potential and the 
DOE report deemed it important to define the 
economics of the three direct conversion tech-
nologies.

tion. Formation of excessive amounts of NCOOH and 
CO 2 must be controlled within reasonable limits. 

Selective Partial Oxidation to Oxygenated Inter-
ruedlatea 

While there is a large body of information on the 
selective oxidation of methane to methanol, the data 
is extremely scattered and difficult to Interpret. 

TABLE 2 

IMPROVED MEmANa TEWXfl! 

Efficiency 
Rel. Cost	 MtIBTU/Ton	 Status 

Conventional Methanol 100% 27.4 Ccnrerclal Combined Prinary/Secondary 83% 26.8 Limited Cumercial Catalytic Partial Oxidation 
(GPO) 

LT Methanol/GPO With Air
75% 
62%

26.5 Pilot Plant 
25.9 Bench Scale 

TABLE 3

NFTHANE TO LIQUIDS VIA 8Th GAS ROUTE 

Thermal
!2L. Cost	 Efficiency %	 Status 

Con y . Methanol/Fixed Bed MIC 	 100% 
Fischer Tropsch Syncrude	 93% 
Con y . Methanol/Fluid Bed &flt 	 90% 
GPO Methanol/Fluid Bed MIt 	 77%

51	 CcrnErclal 
55	 Sonll-CcnTercial 
55	 Dam 
57	 Pilot 

For each of the three processes selected, the report 
lays out the basis for a design study. 

Yields, selectivity and other design variables are 
available from ARGO patents 4 1443,649 and 4,560,821. 
The catalyst is 15 percent Mn, five percent Na4P207 
on SiO2. 

A	 circulating fluid	 bed	 riser	 reactor	 design will	 be 
used	 with	 a reactor residence time of two to three 
seconds.	 No recycle will	 be	 required and tempera-
ture	 control will be entirely	 by Intercooling between 
beds.

Oxyhy&odrInatv 

The design conditions for this case were developed 
from information provided by DOE's, Pittsburgh Energy 
Technical Center (PETC). 

The key to the PETC technology is the control of 
the ratio of dichloromethane to chloromethane to 
produce high liquid relative to gas yields in the 
oligomerization step without excessive carbon forma-

However, It seems that within any group of reported 
data there Is a rough but clear trend of conversion 
versus selectivity, with an indication of 100 percent 
selectivity at zero conversion. There Is good 
evidence that higher pressure Improves selectivity to 
oxygenates and also Improves methanol/formaldehyde 
ratio. 

Reaction	 conditions	 will	 be	 400-5000C	 and 
65 atmospheres inlet pressure.	 Under these condi-



tions with a natural gas feed, a contact time of 
one second or less will be assumed. A multitube 
reactor design will be employed, preheating feed and 
recycle gas in the shell outside the tubes and cool-
ing the reactants. The oligomerization step will be 
run at 300-400 0C and an outlet pressure of 
50 atmospheres. This is higher than normal methanol 
to gasoline pressure but the methanol partial pres-
sure wi ll be comparable. Topsoe has considered 
pressures as high as 50 atmospheres for the 
oligomerization step in the TIGAS process. 
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INTERNATIONAL 

CHINA'S Oil. DEMAND 11) RISE FASTER THAN SUPPLY 

China's oil supply and demand are both expected to 
grow steadily throughout the rest of the century, 
according to an analysis by the Petroleum Industry 
Research Foundation (PIRF). 

Under existing price policies oil demand will rise 
more rapidly than output. Thus, the country will 
either experience oil shortages or it will have to 
raise its domestic price substantially above the cur-
rent artificially low level (relative to world prices), 
or It will have to reduce its oil exports to supply 
the domestic market. Most likely, according to 
PIRF, will be a combination of all of these means to 
balance domestic supply and demand. 

China's production	 Is	 expected	 to rise	 by	 about 
3.1	 percent	 annually,	 or	 by a	 total	 of 
400,000 barrels per	 day during the five-year	 period, 
while consumption	 is	 expected	 to rise	 by	 nearly 
5.5	 percent	 annually,	 or	 by a	 total	 of 
560,000 barrels	 per	 day.	 This	 would	 leave	 about 
500,000 barrels	 per	 day	 for exports In	 1990,	 com-
pared to	 730,000	 barrels	 per	 day in	 1985.	 The 
130,000 barrels	 per	 day	 decline	 in oil	 exports	 be-
tween 1985	 and	 1987	 and	 the	 apparent	 further 
decline this year already foreshadows these trends.

Oil supplies 

In the seventh Five-Year Plan, Chinese oil production 
was initially projected to grow at 3.7 percent an-
nually to three million barrels per thy by 1990. 
This target has now been reduced to 2.9 million 
barrels per day, which would imply a growth rate of 
only 3.1 percent over the five-year period. 

A major problem of the Chinese National Petroleum 
Company (CNPC) is that it receives only $3.50 to 
$4.00 per barrel for the first two million barrels per 
day of its production. Production above that level 
Is sold at higher but still controlled prices if used 
domestically and at world prices if exported. Thus, 
currently some 70 percent of China's crude produc-
tion is transferred from producer to refiner at a 
small fraction of its world market value. CNPC 
argues that with higher revenue it could engage in 
more secondary recovery, exploration activities, etc. 
The situation is the same as that faced by United 
States oil producers In the 1970s when prices for 
old oil were frozen at their historical level while 
newly discovered oil carried no price restrictions. 
CNPC believes that as part of the general economic 
reform which Is trying to relate prices to market 
value, this system of crude pricing will be gradually 
modified. 

According to various Chinese projections, production 
by year 2000 will range between 3.7 and 5.5 million 
barrels per day, with four million barrels per day 
the most widely quoted and accepted forecast figure.

The four million barrels per day would mean an an-
nual growth rate of about 3.3 percent from 1990 to 
2000. 

Oil Demand 

Chinese oil demand by year 2000 is projected at 
about four million barrels per day by the Institute 
of Nuclear Technology's mid-range forecast. This 
would reflect an annual growth rate of five percent 
from 1987 on, or about the same as the 4.9 percent 
rate during the most recent five-year period (1982-
87). Some other forecasts are lower but a growth 
rate of four percent would appear to be minimum, 
given the expected seven percent to eight percent 
growth rate of the economy during this period. 

The major factor In the growth of oil demand is the 
transportation sector, targeted to rise at 7.7 percent 
annually for freight traffic and 9.9 percent annually 
for passenger traffic during the current Five-Year 
Plan. For the period 1985-2000, the State Planning 
Commission projects a growth in the oil demand for 
transportation of 7.1 percent annually, or from 
392,000 barrels per thy to 1.1 million barrels per 
day. This would raise the transportation share of 
total oil consumption from 21 percent in 1985 to 
28 percent by 2000. 

Coal and waterpower are expected to maintain their 
current share of total energy demand between now 
and the end of the century and natural gas's share 
is expected to increase from 2.3 percent in 1987 to 
five percent in 2000. Oil consumption for purposes 
other than transportation will continue to grow along 
with total energy demand. Thus, by 2,000 domestic 
oil demand and supply will be approximately in 
balance, leaving almost no surplus for exports, unless 
a change in government pricing and allocation policy 
occurs. 

Oil Exports/Imports 

Most observers agree that some oil exports will be 
maintained at the expense of the domestic market 
because of the priority of foreign exchange require-
ments. (Last year's $3.7 billion of oil exports ac-
counted for nine percent of China's total merchan-
dise export). However, while several government of-
ficials have expressed the view that exports would 
be stabilized near 500,000 barrels per day in the 
1990s, or about 75,000 to 100,000 barrels per day 
below this year's level, informed foreign observers 
believe exports will steadily decline to half that 
rate or less by the end of the century. This year's 
export level of about 580,000 barrels per day is 
20 percent below the 1985 peak. 

Within the total export volume, refined products 
which accounted for over 100,000 barrels per day in 
the 1980-85 period, will be largely phased out, since 
China will need all domestically produced light and 
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middle distillate products to meet its internal re-
quirements. China Is currently importing some 
40 9 000 barrels per day of light products under a 
processing agreement for its crude with Singapore 
refiners. This is approximately equal to its exports 
of these products. In the 1990s China Is likely to 
become a net importer of light and middle distillate 
products. 

According to PIkE, the level of product Imports will 
depend on the capacity of the distillation and con-
version facilities In the refining industry. Current 
distillation capacity is about 2.1 million barrels per 
day and fuel oil upgrading capability Is estimated at 
35 percent to 40 percent of distillation capacity. 
Under existing expansion plans both are to be raised 
by about 450,000 barrels per day by 1990. 

If demand Is to rise to 3.7 to 4.0 million barrels 
per thy by 2000, with all of the increase in light 
and middle distillate products, the current expansions 
will be insufficient by the mid-1990s. 

OPTIONS STUDY OUTLINES COURSE OF CANADIAN 
ENERGY 

"Energy Options - A Canadian Dialogue," was an-
nounced by Marcel Masse, 	 Canada's Minister of 
Energy, Mines and Resources.	 The report was
produced by a 23-member Advisory Committee. 

To encourage debate and elicit the expertise and 
opinions of Canadians, the Advisory Committee held a 
series of seven conferences and seminars in Van-
couver, Calgary, Yellowknife, Winnipeg, Niagara-on-
the-Lake, Montreal and Halifax to which some 
700 energy producers, consumers, special interest 
groups and officials were invited; 	 commissioned 
papers to review current research;	 distributed 
1.4 million information posters through daily 
newspapers to stimulate public discussion; and invited 
responses to a pamphlet entitled The Energy Ques-
fl2 of which over 600 were received. The total 
cost of the Energy Options exercise is estimated at 
approximately $3.6 million. 

The report outlines a framework of principles which 
the Energy Options Advisory Committee recommends 
the Government of Canada adopt to guide future 
Canadian energy policy. The following extracts rep-
resent the principles in summary. 

Energy and Development 

Canada's energy should be developed and used to its 
economic potential, to provide growth and prosperity 
for Canadians today and in the future. 

Energy Security 

Energy security Is best sought in ways that increase 
energy choices and enhance adaptability to change,

rather than by hoarding or by governments forcing 
uneconomic developments. At the same time, Canada 
should cooperate internationally and maintain domes-
tic emergency measures against possible oil supply 
disruptions. 

Energy and the Environment 

Environmental goals should be accorded the same im-
portance as other economic and social goals in the 
planning, development and use of energy. 

Energy and Markets 

To achieve efficient allocation of energy resources 
(and to promote adaptability to change), market 
mechanisms should be relied upon wherever possible 
and enhanced where necessary. 

Energy and the Fiscal System 

The fiscal system, as it applies to energy, should in-
creasingly be directed toward raising and spending 
revenues in ways that are nondiscriminatory, neutral, 
stable and predictable, and that promote harmony 
among governments. 

Energy EITIciency 

Enhancing the economic efficiency with which energy 
is used should be an essential component of energy 
Policy, both to make the best use of energy and to 
reduce environmental impacts. 

Energy and Technology 

A commitment today to research, development and 
management of technology is critical to enhancing 
Canada's energy choices and environmental quality 
into the 21st century. 

The Advisory Committee believes that policies 
adopted within the above framework will serve the 
ultimate goal of "sustainable economic development" 
--development that will allow future generations a 
quality of life, environment and per capita economic 
prosperity equal or superior to that of today. 

The development and use of Canada's energy 
resources Is fundamental to attaining this goal. The 
transformation of Canada's natural resources into 
economic growth and employment opportunities 
strengthens the nation's economy, enhances regional 
development, and contributes to Canadians' long-term 
prosperity, energy security and ability to deal with 
environmental concerns. 

The	 report	 also	 makes	 a number of observations on 
the	 implications	 of	 these principles in a number of 
specific	 areas	 which	 may apply	 to provincial and 
territorial	 governments	 as well as to the Government 
of Canada.	 The following paragraphs paraphrase the 
main observations.

Interprovincial Trade 

Interprovincial trade barriers should be reduced. 
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Among others, the federal government could purse a 
role by articulating conditions under which provinces 
have a right, on a business basis, to transmit 
electricity to markets not adjacent to the producing 
province; clarifying rules for interprovincial 
electricity purchases on nondiscriminatory terms; and 
continuing natural gas deregulation. 

Atlantic Canada 

As a specific example, the Atlantic provinces could 
benefit from pursuing the cooperative generation of 
electrical power on an interprovincial scale and from 
a resolution of the Churchill Fails issue to allow 
further development of Labrador's hydro potential. 

Northern Development and Native Peoples 

Northern energy development should proceed with in-
creasing participation by Northerners by expediting 
efforts to settle land claims; allowing decision-
making at the community level; further cooperative 
efforts between local communities and the private 
sector; and further devolution of powers to the ter-
ritorial governments. 

Oil Stockpiles 

A stockpile of 20 to 30 days requirements could be 
considered to meet possible supply disruptions in At-
lantic Canada. 

Megaprojecta 

There should be no need to subsidize megaprojects 
for energy security reasons,	 if megaprojects are 
supported for other reasons, such as regional 
development or employment creation initiatives, assis-
tance should be provided according to standardized 
guidelines, rather than on an individual basis, and in 
ways which do not distort energy policy objectives, 

Free Trade Agreement - Proportionality 

An informed and vigilant Canadian government 
remains fully empowered to ensure that energy ex-
ports to United States markets do not exceed long-
term sustainable levels. 

National Energy Board 

The National Energy Board will have new challenges 
and should assume new responsibilities arising from 
its role in administering export applications under 
the ETA. Responsibilities of heightened importance 
relate to interprovincial trade, natural gas markets, 
environment, energy efficiency and generic inquiries. 

The role envisaged for the NEB is one of overseeing 
rather than intervening in markets, setting ground 
rules and parameters, ensuring regulatory compliance, 
and providing advice on matters of national interest 
and concern.

Fovirat mental Standards 

Environmental goals should be elevated in importance 
to reflect society's commitment to maintaining and 
Improving the atmosphere and the habitat, and 
energy policy should be incorporated within a 
framework which recognizes and promotes these 
goals. 

Known and quantifiable environmental costs should be 
paid by the beneficiaries. Performance standards 
should be used to encourage internationalization of 
the	 environmental	 impacts	 in	 market-oriented
decision -making. 

Government should provide leadership in setting stan-
dards and funding scientific research to advance 
knowledge of the interrelationships among the en-
vironment, energy and the economy. Canadian stan-
dards must apply to all products made in Canada, 
whether for domestic or export markets. 

Envirimmental Process 

Project review through the Environmental Assessment 
Review Process should be streamlined. At the policy 
level, national multiseetoral roundtables could provide 
a forum where the interests of all stakeholders can 
be drawn directly to the attention of federal minis-
ters. 

Energy Pricing 

In effectively functioning markets, 	 governments
should allow energy prices to be set by market 
forces. Prevailing world prices, particularly for in-
ternationally traded commodities (such as crude oil 
and petroleum products), should be accepted In 
Canada. 

Government has an important role In ensuring that 
markets are neutral, balanced and operating effec-
tively. Where they are not, governments should im-
prove the workings of the market. 

Government should rely on market mechanisms to al-
locate resources and achieve efficiency in the 
energy economy, and use taxes and transfers (i.e. 
the fiscal system) and other instruments to achieve 
social and distributional goals. 

Natural Gas Markets 

To achieve a fully effective natural gas market, fur-
ther deregulation efforts should be guided by the 
following principles: nondiscriminatory access to 
markets; early maturing of historical contracts on a 
freely negotiated basis; commitments by governments 
not to undermine effective markets; and security 
costs borne by the beneficiaries (i.e. consumers). 

Crown Electric Utilities 

The provincial Crown electric utilities should have a 
clear mandate to provide the most economic supply 
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Of electricity. Their operations should be made 
more responsive to markets through the action of 
regulatory agencies. 

Foreign Ownership and Control 

Over the long term, ownership or nationality of 
capital is not the issue, but rather whether govern-
ments have the fiscal and regulatory tools to ensure 
that Canadians derive an acceptable share of the 
benefits of resource exploitation. 

Energy Taxation and Royalties 

Lasting harmony on fiscal issues in energy remains a 
vitally important national objective. Resolution of 
the apportionment of production revenues between 
governments and industries requires recognition of 
the rights and limits of each party's claim. 

The producing provinces, as resource owners, have 
the undisputed right to levy royalties, including the 
right to the higher returns that sometime accrue to 
natural resource extraction. The federal government 
is also clearly entitled to revenues to meet the 
specific responsibilities which can arise in extraordi-
nary circumstances such as an oil price shock. This 
entitlement, however, does not extend to any 
broader redistribution of the benefits of oil and gas 
resource	 ownership	 away	 from the producing
provinces to other regions. 

The key lies in continuing the present policy of 
federal -provincial -industry rapprochement and the 
goodwill generated which can be called upon in fu-
ture difficult times. 

Energy Efficiency Harriers 

Consumer and private industry groups could help 
Identify opportunities for government to create use-
ful programs and remove information and institutional 
barriers to more efficient energy use. 

The federal government and its provincial and ter-
ritorial partners should review their collective ef-
forts in promoting energy efficiency as an Integral 
and continuing part of energy policy. 

Energy and Technology Research Funding 

Research, development and demonstration should be 
directed primarily to those market niches in which 
Canada has a comparative advantage and to Canadian 
opportunities and needs that may otherwise be 
neglected. 

Government should support long term basic and ap-
plied research and encourage participation by the 
private sector. 

Funds allocated to energy-related research, design 
and development have been approximately halved in 
recent years. While funding must be apportioned 
carefully, longer-term benefits may have been lost 
through the substantial cuts made to this funding.

Nuclear Power 

The nuclear option should be sustained as a com-
ponent of Canada's energy mix. 

In order to clarify the Issues and strengthen the 
public consensus, the federal government should seek 
independent advice on all aspects of the nuclear 
issue, from industrial policy issues to the safe dis-
posal of wastes. A federally imposed moratorium on 
the construction of additional reactors in Canada is 
not believed to be justified at this time. 

MATERIALS AND ENERGY NEEDS OF DEVELOPING 
COUNTRIES TO DOMINATE THE FUTURE 

A report by the United Nations Centre for Science 
and Technology Development, "Materials Technology 
and Development," addresses the relationship between 
materials technology and the development of ad-
vanced standards of living in the industrialized 
world. 

In most developing countries, materials technology 
has developed from the use of agricultural materials, 
stone, bronze, iron, clays and ceramics. However, 
most developing countries have not had the full 
benefit of the scientific and the industrial revolution 
of the past 300 years. This has resulted in the 
lack of applicability of materials technology in 
developing countries, both in quality and quantity, as 
compared to advanced countries. 

The current average availability of manufactured 
materials and energy per capita in the developing 
world is often 100 times less than in the advanced 
countries (Figures 1 and 2). In addition, the cost of 
materials in relation to Income in developing 
countries is very high which results in further ineq-
uitable distributions of even these small quantities of 
materials. 

The equitable and abundant availability of materials 
at low cost can help to lessen international, national 
and local conflicts. The link between materials and 
basic human needs is more important than the link 
between materials and weapons systems or advanced 
aircraft, for example. 

A factor contributing to the revolution in modern 
materials technology is the emergence of advanced 
materials engineered without the restraints of ther-
modynamic equilibrium. These materials can be 
tailored to meet specific needs and performance tar-
gets. While basic advances in materials science ap-
pear to be common to the whole world, the direc-
tion which materials science and technology should 
take to meet the needs of developing countries may 
be different. 

Existing data on the per capita gross domestic 
product (GDP) In different countries of the world 
show a linear log-log relationship with the per 
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capita availability of different materials including 
steel, copper, aluminium, cement, zinc and tin in 
these countries (Figure 2). This indicates that the 
process of development (reflected as well as it can 
be by rapidly increasing per capita GDP in different 
countries) will require production and availability of 
10 to 100 times the quantities of materials in many 
of these countries, as compared to production levels 
today. 

Most developing countries are at a stage where the 
unit input of materials and energy needed to 
Produce an additional unit of GOP is likely to con-
tinue to increase for several years. Any reductions 
in requirements of materials per capita due to mini-
aturization and substitution by lighter-weight, high-
strength materials would more than likely be offset 
by increasing requirements of materials due to 
rapidly increasing populations, materialism and con-
sumerism.	 The challenge for materials technology 
for developing countries, for at least the next 
50 years, will be to increase the availability of 
materials required for housing, water, food, energy 
and health care by as much as 10 to 100 times 
without pressures on resources, energy requirements, 
the environment and employment. The populations of 
many developing countries will have more than 
doubled in 50 years and at that time these countries 
will be trying to attain the standards available in 
the advanced countries today. Basic advances in 
materials science which could enable the materials 
technology of the future to meet this challenge 
should be accelerated, says the United Nations. 
Ideally, materials technology for developing countries 
should lead to basic materials or products which are 
smaller, lighter, longer lasting, low-cost, low-energy 
and recyclable, based on abundant and renewable 
resources which can be processed locally using 
simple and employment-generating non-polluting tech-
nologies. 

Many developing countries do not have the resources 
for the manufacture of strategic metals such as 
nickel, cobalt, tungsten and chromium, and it is 
desirable to synthesize high -performance materials 
from abundant elements such as aluminium, silicon, 
oxygen, nitrogen and carbon. The synthesis of 
structural ceramics such as silicon carbide and 
silicon nitride, and composites such as aluminium-
silicon carbide and aluminium-graphite may reduce 
the need for special metals, which are in short 
supply in many countries. To accelerate materials 
development, the developing world should consider 
the possibilities for leapfrogging into the world of 
advanced ceramics and composites, thereby bypassing 
the development cycle of high-performance alloys 
and their inevitable replacement, says the United 
Nations. 

Materials for energy generation and transmission, and 
materials which can be made using decreasing 
amounts of energy,	 are major imperatives for 
developing countries. 	 This includes the development 
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of ceramics and composites that will give higher ef-
ficiencies In energy conversion systems, and the 
development of tower-cost materials for solar and 
fusion technologies. New optoelectronic materials 
for transmitting energy and information will relieve 
the constraints on these critical areas. Technologies 
for direct reduction of iron and aluminum, or tech-
nologies which can make use of solar and biomass 
energy (for example, plant-based reductants and fuel) 
are also important.	 Production of these primary 
materials will increasingly shirt to the developing

world to take advantage of mineral resources, low 
labor costs and less restrictive pollution regulations. 
The science and technology to enable these conven-
tional materials to be produced in small plants, with 
low energy, low capital but high labor input, and 
conventional materials are important imperatives for 
the developing countries. 
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ENVIRONMENT 

ADAPTATION TO CARBON DIOXIDE EFFECT SAID LIKELY 

Scientists have discussed the problem of carbon 
dioxide emitted to the atmosphere for many decades. 
Alexander Graham Bell writing Indirectly on the sub-
ject, recommended the use of biologically derived 
methanol as the ideal source of energy. He pointed 
out that photosynthesis would balance the CO 2 emis-
sions, thus maintaining a constant fraction of atmos-
pheric CO 2' 

The climatic effects of the Increasing concentration 
of CO  has been treated by successive investigators. 
The recent intensified scientific activity has been In 
Part stimulated by the precise measurements of at-
mospheric CO  carried out by the Scripps institution 
of Oceanography over a period of 25 years. This, 
combined with an enhanced community sensitivity to 
the environmental issues, has brought the problem to 
th e scientific fore. A summary of current 
knowledge was presented by W.A. Nierenberg, direc-
tor emeritus of Scripps Institution of Oceanography 
at a meeting of the advisory committee to the 
Bureau of Oceans and international Environmental and 
Scientific Affairs of the United States Department of 
State. An abstract of his presentation follows. 

What is the carbon dioxide problem: it Is the com-
bination of effects due to a predicted doubling of 
the concentration of carbon dioxide In the atmos-
phere in the next 100 years as a result of the in-
creasing use of fossil fuels such as gas, oil, and 
particularly coal. (it Is assumed that fossil fuels 
will be exhausted after a century and CO 2 con-
centrations will remain constant. 

The fundamental and most commonly discussed effect, 
generally described as a "surrogate" change is the 
resultant increase In the average global temperature, 
usually labeled the "greenhouse" effect. The pre-
dicted rise is caused by the increased trapping of 
Incoming solar energy between the atmosphere and 
the surface of the earth. The atmosphere Is rela-
tively transparent to the incoming visible light but 
is highly absorptive of the reradiated, outgoing in-
frared radiation, increasing the level of CO  In-
creases this adsorption, thus increasing the equi-
librium temperature of the lower atmosphere. For a 
doubling of the CO 2 concentration, this temperature 
rise is variously predicted to He between one and 
four degrees celsius. The temperature change is 
described as "surrogate" because it is of little sig-
nificance by itself but is a measure of the severity 
Of a set of undesirable results. 

The Trace Gases 

In addition to the effect of the CO  perturbations, 
numerous other trace gases are also increasing in 
the atmosphere. These range from purely industrial 
components such as carbon tetrafluoride (CF4 ) to methane C11 4), whose origins are mixed and whose
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unexpected growth is poorly understood. The impor-
tance of any component is the product of its 
amount and its ability to absorb infrared radiation. 
So far, about 10 such "trace" gases have been iden-
tified. Clearly, if the assumptions regarding the 
projected output of CO2 are weak, they are barely 
defensible for these other components. 	 Under ex-
treme assumptions, trace gases would contribute, in 
sum, an effect equal to that of the CO2. 

Such assumptions would be extreme for still another 
reason. The usual consensus is that it is virtually 
Impossible to economically dispose of the emitted 
CO2 .	 If necessary, however, it would not be dif-



ficult to contain the emissions of most of the trace 
gases.	 Carbon tetrafluoride, for example, would be 
particularly easy to deal with. It is small in quan-
tity and is confined to point sources in the 
manufacture of aluminum. Methane is an important 
exception.	 It has natural as well as agricultural 
origins. Some of its increase is explainable, some is 
not. 

Elements of the Problem 

There are four Important elements of the carbon 
dioxide problem affecting human which can be ad-
dressed: 

- The climatic effects. The factors are the 
global temperature rise, regional effects in 
temperature and precipitation, and the fre-
quency of occurrence of weather extremes. 

- Sea level rise.	 The question is what will
happen to the world's polar caps and glaciers 
In addition to the temperature effect on the 
Upper Ocean. 

- The effect on agriculture.	 A normal, in-



formed reaction is to recognize that Increas-
ing CO 2 may benefit yield through increased 
photosynthesis. 

- What policies and actions will be developed 
and what will their effect be? 

Climate Perturbations 

The goal of reliable short-term (one month to one 
Year) climate prediction is still beyond our grasp. 

However, the available modes predict that a doubling 
of the CO2 concentration will yield a rise of two 
degrees celsius at the equator and 10 0 C at the 
Poles. 

Agriculture 

It would seem that, as far as United States agricul-
ture is concerned, the net effect on major crops is 
null.	 it is hard to generalize to other countries 
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because the total result is heavily dependent on the 
mix of major crops, the technical systems employed, 
and the complex of social systems. Nevertheless, 
the techniques developed to estimate the net effect 
can be extended region by region. 

Essentially the change in agricultural yield depends 
on a competition between the change In rainfall and 
increasing CO 2 which increases photosynthesis. Sum-
ming over the major United States crops, it appears 
that increased photosynthesis balances the decreased 
productivity due to decreased water supply. An in-
teresting feature that Illustrates the complexity of 
the problem is that increased CO 2 concentration 
reduces the water requirement of plants. By itself, 
It is a minor interaction but it is characteristic of 
many such feedbacks, both positive and negative, 
that have to be considered. The increased cloudi-
ness likely to result is another, but is one that has 
been only lightly considered. 

Climate Change and Water Supply 

One recent prediction is that the western United 
States will become hotter and drier. Given the 
present infrastructure, this can represent a sig-
nificant reduction in water supply. The chief factor 
is not the decreased precipitation but the increased 
evaporation of the runoff because of the increased 
temperature. 

This regional effect is bound to produce severe 
political strains within the United States. The west-
ern area is important agriculturally and there would 
be great political pressure to increase the in-
frastructure of dams and aqueducts. There will be 
a tendency for the center of agricultural activity to 
move eastward with the precipitation. 

Seal Level Change 

The most spectacular and potentially harmful effect 
within the realm of possibility would be the disap-
pearance of the Western Antarctic Ice Sheet (WAIS), 
which would correspond to a 20-foot rise in sea 
level. 

Fortunately, we know enough from studies of an-
tarctic ice cap dynamics to state that the effect is 
not likely to occur within the next 100 years, given 
the projected CO 2 scenario. However, the danger is 
not permanently removed, if the temperature were 
to increase further, either because of trace gases, 
or continued CO 2 emissions, or both, the melting of 
the WAIS is likely. 

As a result, the predicted rise In sea level is much 
more modest--less than one meter and the source is 
elsewhere. Long-term studies of the ablation of 
glaciers with temperature suggest a contribution of 
about 30 centimeters to the rise in sea level. 

Added to this is the thermal expansion of the upper 
ocean (mixed layer). This is easily calculated and 
contributes another 30 centimeters, making a total 
of 60 centimeters, or two feet. 	 This effect had

been largely ignored while speculation on the disap-
pearance of the WAIS was rife. With more modest 
melts it takes on more significance. 	 (It is not an 
unobserved effect. At the peak of the giant El 
Nino of 1983, the measured sea level at La Jolla, 
California, rose more than 20 centimeters, primarily 
because	 of	 the	 change	 in	 surface	 water
temperature.) 

Although this rise is not as threatening as the 
20-foot effect, it does pose problems for specific 
low-lying regions of the world. Bangladesh, for ex-
ample, could experience more severe effects of 
storm surges unless their river dike system is im-
proved. Areas such as south Florida may well have 
some problems. Holland has special problems; cur-
rent dike design would have to be drastically 
changed because it is surmised that the local geol-
ogy is at its limits. 

Possible Policiesand Actions 

The first obvious approach is to either chemically or 
physically trap and somehow dispose of the CO2 
emissions other than by exhausting them Into the 
atmosphere. Many ingenious suggestions have been 
put forward, such as freezing the CO 2 and disposing 
of it in the bottom of the ocean. They all fail 
economically because of the enormous volume of 
material to be treated. 

Another approach would be to institute a global 
climate modification program to counter the changes 
that would be induced by the increased CO 2 . There 
are almost as many techniques proposed for climate 
modification as there are climatologists. Given our 
rather poor ability to deal with the myriad possible 
effects due to a CO 2 increase, it is clear that a 
specific climate modification program would be even 
more uncertain in its effects. 	 Furthermore, just
canceling the global average temperature increase by 
climate modification is almost irrelevant. We would 
have to cancel out all the local changes as well, all 
without introducing others that are undesirable. This 
for all intents and purposes, is impossible today. 

Adaptation 

We can adapt to changing climate. That is undoub-
ledly 	 we will do and, with this scenario, it 
will not be difficult. After all, human beings live 
and prosper under extraordinarily variable climates 
and topographies and, over a 100-year period these 
adjustments seem possible without any impacts 
greater than those mentioned earlier under agricul-
ture, sea level rise, and water supply. 

There are other proposals for mitigating the effects, 
but some are misleading. One is conservation of the 
use of fossil fuels. For example, a program that 
would halve the rate of use of these fuels is barely 
on the edge of feasibility. That would simply ex-
tend the period of fossil fuels use from 100 to 
200 years. However, since it takes several thousand 
years for the excess CO 2 to be reabsorbed, the ef-
fect of this doubling does little but extend the on-
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set of the peak effects by an additional hundred 
years where they remain for just as long as before. 
The peak drops very little. It Is true, however, 
that It would ease the adaptive process considerably. 
The situation would improve immeasurably if reduc-
tions In use by a factor of five or more could be 
achieved, but that seems totally beyond reason in 
the absence of substitution by other more benign 
forms of energy. 

There Is a general remark that can be made about 
this genre of problem or, for that matter, any sig-
nificant social problem.	 Such problems have no 
clean, sharp solutions. They are not "solvable" in 
the usual sense. (The trivial aspect Is that if they 
had been, the problem would have vanished long 
ago.)

This does	 not mean that	 the problem of CO 	 In	 the 
atmosphere	 is hopeless.	 it Is	 Just that	 our	 ability 
to deal with It	 will	 improve in	 time at a rate	 that 
is	 dependent both	 on	 effort and on addition of new 
Ideas and concepts.

Another point th at must be made is that the under-
standing of problems of the kind generated by the 
growth of carbon dioxide, problems that will be fully 
developed over periods of a century or more, depend 
heavily on equally long-term predictions of social 
behavior in economics, energy use, and •other areas. 
This is the most sensitive and perhaps the weakest 
part of any prediction. 

After all, 100 years corresponds to five generations. 
Given the variety of social forces at work and 
changing attitudes, one could visualize the possibility 
that, little by little, generation by generation, eating 
habits will alter to the point where we will become 
a nation of vegetarians--a change facilitated by 
the steady improvement in the nutritional value of 
grains. This change could result In a reduction by 
a factor of five In the effort, land area, and water 
needed in agriculture. A reduction of this mag-
nitude in the need for water would overwhelm the 
effect of any change In water supply induced by the 
CO 2 excess.	 This illustrates as well as anything 
how fragile a 100-year projection can be. 

#4# St 
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RECENT GENERAL PUBLICATIONS/PATENTS 

GENERAL - PATENTS 

"Extraction and Liquefaction of Fossil Fuels Using Gamma Irradiation and Solvents," Henry J. Gomberg - Inventor, 
Ann Arbor Nuclear Inc., • United States Patent Number 4,772,379, September 20, 1988. A new technology for the 
extraction of liquid hydrocarbon products from fossil fuel resources such as oil shakes, tar sands, heavy oils and 
coals which comprises the mixing of a donor solvent with the fossil fuel and the exposure of the mixture to 
ionizing radiation. The donor solvent supplies hydrogen for combination with molecules whose bonds are broken 
by the irradiation process. The method may be conducted at or above ambient temperatures and pressures. 

"Demetalation of Hydrocarbonaceous Feedstocks Using Amino-Carboxylic Acids and Salts Thereof," John C. Reynolds 
- Inventor, Chevron Research Company, United States Patent Number 4,778,592, October 18, 1088. A process is 
disclosed for the demetalation of organically-bound compounds of group VIII metals, particularly iron, from 
hydrocarbonaceous feedstock. In the process, an aqueous solution of amino-carboxylic acid, or salts, particularly 
EDTA, is used to form complexes with the metals and extract them from the feedstock. The aqueous phase con-
taining the complexed metals contaminants is then separated from the hydrocarbonaceous phase. 

"Decalcification of Hydrocarbonaceous Feedstocks Using Amino-Carboxylic Acids and Salts Thereof," Thomas F. 
Finger, John C. Reynolds - Inventors, Chevron Research Company, United States Patent Number 4,778,590, October 
18, 1988. A process is disclosed for the removal of metals contaminants, particularly calcium, from hydrocar-
bonaceous feedstocks. The process comprises mixing the feedstock with an aqueous solution of a metals seques-
tering agent, particularly amino-carboxylic acids, their salts, or mixtures thereof, more particularly EDTA, and 
separating the aqueous solution containing the metals from the demetalated feedstock. 

"Decalcification of Hydrocarbonaceous Feedstocks Using Citric Acid and Salts Thereof," John C. Reynolds - Inven-
tor, Chevron Research Company, United States Patent Number 4,778,589, October 18, 1988. A process is disclosed 
for the removal of metals contaminants, particularly calcium, from hydrocarbonaceous feedstocks. The process 
comprises mixing the feedstock with an aqueous solution of a metals sequestering agent, particularly hydroxocar-
boxylic acids, especially citric acid, then salts or mixtures thereof, and separating the aqueous solution contain-
ing the metals from the demetalated feedstock. 

"Process and Apparatus for Separating Solid Particles and Gaseous Materials," Jellard J. Koers - inventor, Shell 
International Research MaatschappiJ, United States Patent Number 4,778,488, October 18, 1988. Solid particles 
and gaseous materials are separated by passing a suspension of solid particles and gaseous materials into the up- 
per section of a cyclonic separation vessel equipped with a cyclonic swirl zone which may contain vortex stabi-
lizing means and a lower dense bed zone which may contain stripping means, and wherein separated gaseous 
materials are removed from the upper section of the cyclonic zone and solid particles are passed in the lower 
dense bed zone, from which particles are removed by aeration through a discharge means which communicates 
with the dense bed zone. The present process and apparatus are preferably applied In the separation of gaseous 
materials from solid particles entrained in hot flue gases obtained in the combustion stage of a process for ex-
tracting hydrocarbons from hydrocarbon-bearing substrate such as oil shale and tar sand, 
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COMING EVENTS 

1989 

JANUARY 22-26, HOUSTON, TEXAS -- ASME Energy Sources Technology Conference. 

JANUARY 26-28, MANILA, PHILIPPINES -- International Symposium on Development and Management of Energy 
Resources, 

FEBRUARY 20-23, BEIJING, CHINA -- International Coal Utilization Conference. 

FEBRUARY 28-MARCH 2, WASHINGTON, D.C. -- 16th Annual Energy Technology Conference and Exhibition. 

MARCH 8, CALGARY, ALBERTA, CANADA -- Sixth Annual Heavy Oil and Oil Sands Technical Symposium. 

APRIL 8-12, BEIJING, CHINA -- Third International Coal Technology and Equipment Conference. 

APRIL 9-14, DALLAS, TEXAS -- 197th National Meeting of the American Chemical Society. 

APRIL 16-18, TUCSON, ARIZONA -- Alternate Energy '89. 

APRIL 19-20, GOLDEN, COLORADO -- 22nd Oil Shale Symposium. 

APRIL 24-27, CLEARWATER, FLORIDA -- 14th International Conference on Coal and Slurry Technology. 

MAY 8-12, COLORADO SPRINGS, COLORADO -- 11th Symposium on Biotechnology for Fuels and Chemicals. 

MAY 16-19, BEMIDJI, MINNESOTA -- International Symposium on Peat. 

MAY 22-25, ST. PAUL, MINNESOTA -- 15th Biennial Low-Rank Fuels Symposium, 

MAY 23-25, LUXEMBOURG -- Pyrolysis and Gasification International Conference. 

MAY 28-31, BANFF, ALBERTA, CANADA -- 40th Annual Technical Meeting of the Petroleum Society of CIM. 

JUNE 4-7, VICTORIA, BRITISH COLUMBIA, CANADA -- 72nd Canadian Chemical Conference. 

JUNE 4-8, TORONTO, ONTARIO, CANADA -- 34th ASME International Gas Turbine and Aeroengine Congress. 

JUNE 25-30, UNIVERSITY PARK, PENNSYLVANIA -- 19th Biennial Conference on Carbon. 

AUGUST 7-12, WASHINGTON, D.C. -- 24th Intersociety Energy Conversion Engineering Conference. 
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PROJECT ACTIVITIES 

WATER-JET-ASSIST MECHANICAL MINING PROGRAM 
OUTLINED FOR OIL SHALE 

The United States Department of Energy's Grand 
Junction Projects Office has entered into a 
$1.5 million Cooperative Agreement with Alpine 
Equipment Corporation of State College, Pennsylvania 
and Astro International Corporation of Bellefonte, 
Pennsylvania, for the evaluation of water-jet-assist 
(WJA) mechanical cutting of oil shale under actual 
mining conditions. Under the 24-month, three-phase 
project, the contractor will design, assemble and 
field test a commercial-sized WJA mechanical mining 
machine. Field testing of the machine will be con-
ducted at Exxon's Colony Pilot Mine located In the 
Piceance Basin of Western Colorado. 

Additional support will be provided by the Colorado 
Mining Association and the United States Bureau of 
Mines Pittsburgh Research Center. 

The evaluation under actual mining conditions will 
provide field data that can be utilized to develop 
and commercialize water-jet-assist mechanized mining 
machines for use In oil shale. The main objectives 
for application of a WJA machine are (1) to improve 
safety and health conditions In underground mines 
through dramatically reduced dust levels and (2) to 
reduce excavation cost through reduced cutter bit 
(pick) consumption and lower repair and maintenance 
cost through reduced cutting vibrations. Both water 
and energy consumption are to be minimized in order 
to achieve cost-effective oil shale extraction. 

Technical Problems 

Western oil shale has physical properties such as 
relatively high compressive and tensile strengths 
which make excavation with presently available 
production mining machines ineffective and expensive. 

Improved mechanical production excavation tech-
nologies could make oil shale more competitive with 
other energy sources. 

The successful development of this technology could 
lead to the design of a WJA mining machine which 
has the potential to excavate a rectangular, large 
cross-section (up to 25 feet height by 60 feet 
width) room in oil shale mines. This requirement 
rules out the use of boring-type machines where the 
cutting tools rotate In concentric circles. 

Conventional roadheaders, employing "dry" cutting 
(i.e. where water sprays are being used only for 
dust suppression and cooling of cutter bits) were 
operated in two American underground oil shale 
mines.	 At the White River Oil Shale Corporation In 
Utah	 a	 roadheader	 achieved	 advance	 rates
150 percent faster than with conventional drill-and-
blast method when driving a decline, From Novem-
ber 12, 1981 to February 29, 1982 a twin-boom

roadheader was tested at Exxon's Colony oil shale 
mine near Parachute, Colorado. 

These In-mine "dry' cutting tests indicated the fol-
lowing potential advantages of mechanized oil shale 
excavation: 

Greater Operating Safety.	 By utilizing
mechanical miners in the mining of the top 
mining horizon, there will be no blast 
damage to the ribs or mine back (ceiling). 
Consequently, the safety problems of blasting 
overbreak, splitting pillars, the constant 
hazard of loose rock on the ribs, and the 
threat of the "back coming in" are mini-
mized. 

Greater Resource Recovery. Due to the lack 
of blast damage to the ribs and mine back, 
smaller pillars and larger spans can be 
designed, thus Increasing the overall mine 
extraction ratio by an estimated five to 
10 percent. This would account for an addi-
tional 50 to 100 million barrels of oil based 
upon one billion barrels of shale oil in place 
in the 60 foot thick Mahogany mining zone. 

Lower Cost. Cursory studies indicate that 
capital and operating costs will be less with 
mechanical miners because of less scaling and 
bolting; no fly rock or blasting hazard to 
mine facilities; Improved ventilation efficiency 
(less friction); facilitated conveyor haulage 
(utilizes fewer trucks and loaders); and the 
elimination of primary crushing. 

Excavuti.xi with WJA Roadheaden 

Water-jet-assist Is the augmentation of a cutting or 
drilling tool with a high-energy water-jet with a 
pressure In excess of 2,000 psi. 

Water-jet-assisted drilling and cutting, especially of 
coal, Is a technology which originated in America. 
Development of water-jet -assisted continuous miners, 
longwall plows and shearers continues to be spon-
sored by the United States Bureau of Mines and the 
United States Department of Energy which recognized 
early the potential and safety features of this tech-
nology. 

The first water-jet-assisted roadheader, which was 
supplied by Alpine Equipment Corporation of State 
College, Pennsylvania, was tested as early as 1975 in 
the coal mine of the Pittsburgh Research Center of 
the Bureau of Mines at Bruceton, Pennsylvania. This 
early water-jet-assisted cutting system doubled the 
roadheader's rate of coal production with a reduction 
of respirable dust levels by 70 percent. 

In 1984, the United States Bureau of Mines funded 
contract for the design and in-mine testing of 
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high-pressure (up to 10,000 psi), 	 WJA iongwall 
shearer. Under this contract the world's first WJA 
shearer (Eickhoff EW-200/170-L) with a high-pressure 
water phasing system was in-mine tested over a sus-
tained period of time. The WJA shearer ran at a 
peripheral bit tip speed of a production mining 
machine of 423 feet per minute. The in-mine tests 
with the WJA shearer showed significant reductions 
of dust levels and cutter bit consumption. The 
findings of the WJA shearer project are being util-
ized for the development of the WJA oil shale 
miner. 

Project Description 

This project encompasses an evaluation of the tech-
nical and economical feasibility of water-jet-assist 
mechanical mining of oil shale through realistic test-
ing under actual underground mining conditions. To 
accomplish this, the contractor will (1) design a 
water-jet -assist boom-type continuous miner 
(roadheader) for use in oil shale; (2) modify an ex-
isting American-made roadheader; and (3) collect 
data from actual underground cutting tests at the 
Exxon Colony Oil Shale Mine near Parachute, 
Colorado. 

The conceptual design and layout of the WJA 
roadheader and the selection of the main components 
of the WJA oil shale mining system have been com-
pleted. Specifications are shown in Table 1.

The cutterhead is the "business end' of the 
roadheader, and there are two primary cutter heads: 
in-line ("milling") and transverse ("ripper") cutter 
heads. For equivalent cutter motor capacity i.e., 
rock production, ripper-type machines can be sig-
nificantly lighter than milling-type machines. Trans-
verse "ripper" heads work better in difficult to cut 
rock.	 Machines with in-line 'milling" heads achieve
high production rates In easy to cut rock. Figure 1 
depicts a cutting system with a milling head. 	 Bit
(pick) penetration (critical depth of cut) and spacing 
(critical	 bit spacing) are determined by rock 
strength. This means there is only one rock 
strength value which can be cut by an in-line 
"milling" cutter head under optimum conditions. 

At the WJA oil shale mining project the contractor 
will vary the parameters such as cutting speed, 
torque, normal force and bit geometry; the optimum 
bit style and lacing will be determined. Thereafter, 
an in-line "milling" cutter head will be laced with 
the optimum tool and cutter geometry and will be 
operated under the optimum machine parameters 
(speed, torque, etc.). 

Cutting Tools 

A	 roadheader	 is 	 only as	 good	 as	 the bits	 (picks) 
with	 which it	 cuts	 the rock.	 Cutter bits	 are	 the 
most	 costly consumable, especially when cutting hard 
and tough oil	 shale,	 and	 therefore,	 the contractor's 

TABLE I

PRELIMINARY SPECIFICATIONS OF WJA ALPINE ROADHEADER 

Overall Length 35.92	 ft.	 (10.95 m) Width Chassis 7.60	 ft.	 (2.32 m) Height Over Turret 8.53	 ft.	 (2.60 m) Width Over Apron 10.25	 ft.	 (3.12 m) Cutting Range, Height max.	 19.17	 ft.	 (5.84 m) 
Width rmx.	 25.00	 ft.	 (7.62 m) 
Sunç Stroke 30	 in.	 (762 mm) 

Overall Weight (depends on HPW 
pump and accessories) approx. 120,000 lbs. 

(54.4 metric tons) 
Cutting Principle Transverse ("Ripper") Head and 

In-Line	 ("Milling") Head Cutter Read Drive Hydrostatic; Variable Volume and 
Variable Pressure 

Roadheader Stabilization Hydraulic Bracing (side	 "stells") Electric Motors A.C., 3-phase,	 60 Hz,	 1750 RPM Alternate A 
112W Piston Pump I x 275 HP (1 x 205 kW) 

2 x 215 HP (2 x 160 lôV) 
2 x 30 HP (2 x 22 kW) Alternate B 

HPW Piston Pi.z-rp 1 x 275 HP (1 x 205 kW) 
lx 215 HP (1 x 160 Id?) 
1 x 200 HP (1 x 149 Id?) 
2 x 30 HP (2 x 22 kW)
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FIGURE 1 

WJA OIL SHALE MINER WITH IN-LINE (MILLING") CUTTER HEAD 

main effort will be in increasing tool life. This will 
have the greatest impact on lowering the cost of 
mechanized oil shale extraction. Two basic types of 
cutting tools were evaluated, Roller Disc Cutters, 
and Drag Bits. Because cutter type bits (drag bits) 
are the most energy efficient tool for the excava-
tion of oil shale, this was the type selected. 

There is a choice to be made between rotating and 
non-rotating drag bits on roadheaders. The contrac-
tor will utilize both conical, rotating, self-sharpening 
"point attack" bits and radial, non-rotating bits. 

The contractor will use nozzles with three different 
diameters suitable for water pressures In the range 
of 3,000 to 20,000 psi. The externally mounted 
nozzles consisting of artificial may or sapphire will 
have diameters of 0.0158 inches and 0.0236 inches. 
The third nozzle diameter, that is used on a 
"through-flush" type bit will be specified in Phase II 
when the contractor will do the detailed engineering 
for this novel tool. The contractor expects the 
"through-flush" bit to be the most effective and ef-
ficient design because of the short stand-off dis-
tance of the HPW (high-pressure-water) jet. 

The	 contractor	 will	 equip	 the WJA oil	 shale	 miner 
with	 a novel	 water	 phasing system In	 order	 to 
reduce fluid energy	 consumption and provide	 a	 safe 
working area.	 Only	 when	 the tools which	 are	 ac-
tually	 in contact	 with	 the	 rock	 will they	 be	 aug-
mented with a HPW jet.

Finding a reliable, high-pressure water phasing sys-
tem was probably the greatest challenge for Phase I. 
Up until early 1988 all production roadheaders were 
equipped with non-phased WJA cutting systems. Ex-
perimental, phased rotary water seals have a short 
lifetime and required extremely clean feed water

which is difficult to supply In an underground mine 
environment. 

The novel phasing system Is an eight valve, four 
segment phasing system which divides the cutter 
head into quandrants. This allows two segments to 
be operating in either up/down or left/right boom 
travel. This system utilizes hydraulically actuated 
poppet valves to switch the water on and off ac-
cording to hydraulic control signals received from 
the roadheader's boom control. 

Evaluation of Potential Future Plain 

The contractor plans to manufacture, assemble, and 
mine-test the WJA roadheader in Phase II and III of 
the project. The data from the underground WJA 
cutting tests in Phase III will be recorded and 
evaluated. The following future developments and 
applications are envisioned for this new mining sys-
tem: 

- Development of novel cutting tools, most 
likely of the "through-flush" style, for most 
energy efficient cutting at minimum dust 
levels with lowest possible water flow and 
pressure. 

- Optimize rock size, controlled sizing, 

- Novel WJA tools for mining of harder rocks 
than with presently available bits. 

- Development and in-mine testing of a WJA 
cutting boom for future incorporation in a 
gantry-type mining machine for single-pass or 
twin-pass excavation of large cross-section 
60 feet by 25 feet entries in oil shale. 
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- Utilization of the miner's high-pressure-water 
system to augment a WJA drill-bolter. 

- Design of a fully automated, microprocessor-
controlled WJA machine for concurrent cut-
ting and rock bolting. 

RANEX ACTIVITY CONTINUES IN INDIANA 

SynFuels International, Inc. says that it now has 
drilled a total of five wells in Indiana. Additional 
gas tests have been carried out resulting in BTU 
ratings of 1,034 and 968. Two production volume 
tests showed 14,000 cubic feet per day and 
24,000 cubic feet per day. 

A new heater has been designed that Is 20 feet 
long (twice as long as the others). Two of them 
have been installed and testing began in October. 

In late July a letter agreement was signed between 
Tr-Gas Technology, Inc., the licensee of the Ramex 
process in Indiana, and J.M. Slaughter Oil Company 
of Ft. Worth, Texas to provide funding for drilling a 
minimum of 20 gas wells, using the Ramex oil shale 
gasification process, on the leases near Ilenryville, 
Indiana. The agreement calls for funding 20 wells 
followed by an additional 20 wells, if the first 20 
are successful, with additional future wells to be 
negotiated. The funding is conditional upon 
Slaughter Oil Company's approval of gas quality and 
volume tests on the test welts that have now been 
drilled and a review of the potential gas sales con-
tracts involved. 

Ramex has estimated that production costs will be 
about $5 for the energy equivalent of a barrel of 
oil. 

Arrangements were made with Midwest Natural Gas 
to hook up the Ramex gas production to the Mid-
west Pipeline near Henryvilie. A completion 
ceremony to lay the final piece of pipe was held on 
October 19th. 

PrFROSIX CONTINUES EMPHASIS ON GAS PRODUCTION 

Brazil's Petrobras Oil Shale industrialization Superin-
tendency (Petrosix) is planning to emphasize shale 
gas as a product from the industrial module now un-
der construction. 

Four studies were prepared concerning perspectives 
for gas production: 

- A master plan for shale gas output maxi-
mization.

- Targeted gas production increase using the 
Petrosix process. 

- Exploratory tests at the pilot unit which 
showed the technical feasibility of reaching 
increased gas production. 

- Revised production figures for the industrial 
module and the prototype unit in the wake 
of process development and gas sales growth. 

During the technological development phase for 
Brazilian oil shale industrialization, priority was 
given to oil production with less concern about gas 
production.	 With the worldwide expansion of natural 
gas utilization, new technologies for industrial 
production have been developed, based on the use of 
this energy source. In many cases its use would be 
imperative to maintain quality and final product 
costs. 

Use of natural gas in Brazil is recent but a few in-
dustries planning installation or expansion are opting 
to utilize updated technologies available with gas as 
the energy source. This is especially the case with 
the ceramics industry. 

Historically,	 Parana State has been one of the
country's largest producers of ceramics due to abun-
dant local raw materials. The expansion plan for 
this industry regards gas utilization as the only 
technically and economically feasible option at the 
present stage. Since gas is not currently available 
in Parana, gas from oil shale is one of the most 
suitable alternatives. 

There are three basic processes for gas production 
from oil shale:	 retorting, crude or retorted oil 
shale gasification, and shale oil treatment. Each 
process yields gas with different characteristics of 
quantity and quality. 

The gas from oil shale retorting by the Petrosix 
Process usually has high calorific value while gas 
from the gasification process has medium calorific 
value. The characteristic of the gas resulting from 
shale oil treatment depends on the process utilized. 

Alternatives analyzed to develop the master plan, 
aiming to maximize gas production from oil shale, 
were as follows: current shale gas production by 
the Petrosix Process; increased gas output by the 
Petrosix Process over the short- medium- and long-
term; gas production by other retorting processes; 
gas production through coking or shale oil reforming; 
gas production by the oil shale gasification process. 

Shale Gas Application Range 

The range of shale gas utilization is seen to be 
very wide: 

- Industrial use:	 shale gas can replace fuel
oil with advantages and no problems in any 
industrial application.	 It is also useful in
the petrochemical industry; 
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Use in exchange with other gases: it Is 
technically feasible to use shale gas inter-
changeably with other types of gas; 

- Household use: shale gas can be used as 
household gas, requiring only a slight adapta-
tion of oven and heater burners; 

Gas from gasification:	 gas from oil shale
gasification can be used for energy purposes 
to substitute fuel oil In Industries, LPG 
(liquefied petroleum gas) In homes, and also 
DS raw material for the petrochemical In-
dustry (mainly for ammonia production). 

Ccntract With Incepa 

A contract has been signed by Petrobras' Oil Shale 
Department for shale gas supplies to Incepa 
(lndustria Ceramics Parana). 

The new plant will be located at Six in Sao Mateus 
do Sul, Parana, and will go into production In 1990 
at an early stage. The contract term, 30 years, Is 
the longest ever signed by Petrobras, and makes in-
stallation	 of Incepa's	 largest	 ceramics	 factory 
feasible. The new factory's total project is 
budgeted at US$100 million, and should be completed 
in 1993, generating some 3,000 jobs. 

Other Projects 

Availability of energy and raw materials from oil 
shale industrialization, along with the technological 
capability gained by Petrobras experts through Six, is 
also encouraging the development of a technological 
and industrial complex at Sao Mateus do Sul. 

As a result of the growing demand for gas as an 
industrial energy source, Petrobras considers it very 
Important to carry out research work and operational 
adaptations to optimize shale gas production. Such 
Optimized output may go up to 130 tons per day In 
1990 and over 220 tons per day with the industrial 
module in subsequent years, exceeding the quantity 
now stipulated in the Incepa contract, and opening 
supply perspectives for other interested firms. 

UNOCAL PARACHUTE CREEK PROJECT APPROACHES 
BREAK-EVEN 

Unocal Corporation's new Chief Executive Officer, 
R. Stegemeier, indicated earlier this year that the 
future of the Parachute Creek oil shale project 
would be in question if the project could not at 
least cover its operating costs. Considering its 
federal subsidy for shale oil produced, It Is es-
timated that the break-even point would be some-
where between 6 1 000 and 8 1 000 barrels per day. 
Latest production figures Indicate that, for the first 
time plant output may be approaching that critical 
range.
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Shale oil shipments In October, 1988 were 
190,700 barrels, or slightly over 6,000 barrels per 
day. As seen in Figure 1, this substantially exceeds 
any earlier results. The key will be whether they 
are able to sustain output at the new level, a feat 
not achieved consistently in the past. 
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NEW PARAHO LAYS OUT DEVELOPMENT PLAN FOR 
SHALE OIL ASPHALT 

The New Paraho Corporation has developed a tech-
nique for converting a substantial portion of a bar-
rel of shale oil Into asphalt. Laboratory tests Indi-
cate that the product may resist moisture damage 
and lessen aging embrittlement when blended with 
asphalt from conventional sources. Approximately 
1,200 barrels of shale crude were produced from 
4,000 tons of shale at the company's research 
facility west of Rifle, Colorado in the summer of 
1988. This material will be used for field testing 
of the asphalt theories during the summer of 1989. 
The company spent $1,500,000 for research on the 
use of the shale oil-derived asphalt paving material 
during the past year. 

New Paraho may also be a key player in a second 
asphalt testing program (see article in Government 
section of this issue). In an October 7th news 
release, the Department of Energy announced funding 
of a grant to the State of Indiana for the first 
phase of a three phase testing program. In the 
first phase, to be managed by New Paraho, the 
Department of Energy and Indiana will spend 
$240,000 to conduct laboratory tests on Indiana shale 
oil as a derivative for an asphalt paving material. 
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If those tests prove successful, New Paraho will 
retort enough Indiana shale to produce 500 barrels 
of shale oil for field tests in Indiana.

that, under the influence of physical or thermal ten-
sile stresses, the binder, and thus the pavement, 
fractures. 

The Problem 

Approximately two million miles, or 93 percent of all 
surfaced roads in the United States, are paved with 
asphalt. The United States uses approximately 
31 million tons of asphalt and asphalt-related paving 
materials	 annually	 and spends	 in excess	 of
$14 billion each year in the construction and main-
tenance of asphalt roadways. 

Currently, the State of Colorado uses approximately 
525,000 tons of asphalt binder and asphalt-related 
Paving materials each year in asphalt road construc-
tion and maintenance. At the current price of ap-
proximately $170 per ton for asphalt binder, this 
usage rate represents a state-wide cost of ap-
proximately $90 million per year. 	 Asphalt binder
represents about six percent by weight of the as-
phalt paving mix, the balance being aggregate. 
Therefore, 525,000 tons of asphalt binder corresponds 
to approximately nine million tons of asphalt paving 
mix. According to figures provided by the Colorado 
State Highway Department, the total "as laid" cost 
of asphalt paving mix is approximately $30 per ton. 
Therefore, the total cost to the State of Colorado 
for asphalt related road construction and main-
tenance is approximately $270 million per year. 

Given the above statistics, it Is quite clear that a 
major savings could be realized by the residents of 
Colorado and the nation of methods or products 
could be developed that would extend the quality 
and longevity of paved roads. 

Meanwhile, there has been an increasing trend in the 
United States refining industry in recent years to 
process the heavy end of the crude oil barrel into 
lighter distillate and transportation fuels, at the ex-
pense of producing petroleum binders for asphalt. 
This recent and marked increase in 'bottom of the 
barrel" processing has resulted in periodic shortages 
of domestically produced asphalt binders and a 
greater reliance on imported petroleum feedstocks 
for the production of asphalt binders. 

The New Paraho Solution 

For the past 20 years, researchers at the Western 
Research Institute (WRI), have been conducting an 
extensive research program on the various properties 
of asphalt binders and aggregates and their effect 
on overall asphalt performance. The principal focus 
of this research effort has been on the causes and 
effects of moisture damage and binder 
embrittlement--two principal failure mechanisms in 
asphalt pavements. 

Moisture damage results when water competes for 
and ultimately causes the failure of, the adhesive 
bond between the asphalt binder and the aggregate. 
Binder embrittlement results when the flow properties 
of the asphalt binder deteriorate to such an extent

Researchers at WRI have discovered that certain 
types of chemical compounds present in shale oil 
cause a significant reduction in moisture damage and 
a potential reduction in binder embrittlement when 
added to asphalt. According to Paraho, this is par-
ticularly true for shale oil produced by retorting 
processes which use the direct-heated mode of 
operation, such as that developed by Paraho. 

Laboratory test samples of shale-derived asphalts 
produced and tested at Will have shown significantly 
Improved resistance to moisture damage. In fact, 
the addition of Paraho shale oil components to 
petroleum asphalts increased the cycles to failure 
more than five-fold when laboratory briquettes con-
taining the shale oil modified asphalt were subjected 
to freeze-thaw cycling in the presence of water. 
In addition, Paraho sponsored tests performed by 
CTL/Thompson, a Denver-based engineering firm, have 
demonstrated that actual paving mixes prepared from 
shale oil modified asphalts show superior strength 
characteristics in comparison to conventional as-
phalts. Accordingly, there Is ample evidence to 
believe that cost benefits can be realized through 
the use of shale oil modified asphalts. 

The Commercial Feasibility 

The Paraho oil shale retorting technology, with an 
excess of 15 years and $50 million spent to date on 
Its development, in considered to be ready for 
near-term commercial applications. The Par,tho 
process has been used to produce in excess of 
100,000 barrels of shale oil, a large portion of 
which was refined into finished fuel products by the 
United States Department of Defense. The Paraho 
process has been tested and operated over sustained 
periods of time in bench-, pilot-, and semi-works-
scale plants, representing 100-to-one in scale-up 
factor. The largest, or semi-works level, demonstra-
tion of the Paraho process was conducted near Rifle, 
Colorado in a 250 ton per day unit. A full-scale 
commercial production module as planned by New 
Paraho would represent only a three to one scale-up 
of this demonstrated semi-works experience. 

The considerably more difficult issue for commercial 
feasibility concerns whether shale oil-derived asphalt, 
and thus shale oil, can be produced in commercial 
quantities on an economically viable basis. This Is a 
particularly difficult question to answer when con-
ventional wisdom says that oil prices of $36 per 
barrel, or greater, will be required before shale oil 
can begin to compete with conventional oil and gas. 

Technological breakthroughs should not be reasonably 
expected	 to	 achieve	 much	 more	 than	 a 
10-20 percent improvement in oil shale conversion 
economics. Thus, New Paraho believes there must be 
a change in the underlying assumptions upon which 
the conventional wisdom on shale oil economics is 
based. In the past, it has been assumed that the 
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products of production from a shale oil facility 
would be intended for use in conventional oil and 
gas markets. The use of these product slate and 
intended market assumptions, therefore, renders the 
economics of such shale oil projects totally depend-
ent upon the competing crude oil and natural gas 
markets--markets which at best have been unstable 
and difficult, if not impossible, to predict over the 
past decade. 

If one is to overcome this conventional wisdom, then 
a significant percentage of the products produced 
from a shale oil facility must either be directed 
towards markets which do not compete with conven-
tional oil and gas or be converted Into products 
that will command a higher market price than com-
peting conventional oil and gas. The latter of these 
two alternatives serves as the underlying basis for 
the New Paraho program for shale-oil-modified as-
phalt, whose superior performance characteristics will 
create a premium price. 

The Parabo Commercial Development Plan 

I t is first necessary to establish a market for shale 
oil modified asphalts and to assess the commercial 
economics of producing this product in a facility 
sited in Colorado. The Initial phase of the plan Is 
to result In (1) proven 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. 

The cost of carrying out this initial phase of the 
commercial development plan is approximately 
$2.5 million, all of which will be funded by Paraho 
and approximately half of which has been expended 
to date. The work performed to date has resulted 
in the complete recommissioning of the Paraho pilot 
plant and in the production of sufficient quantities 
of shale oil to accommodate the construction and 
evaluation of up to one mile of test strips of shale 
oil-modified asphalt pavement.

It Is contemplated that the test strips will be con-
structed in 1989. Once constructed, the test strips 
will be evaluated over a period of several years, 
during which time New Paraho will complete site 
selection, engineering and cost estimates, and financ-
ing plans for a full-scale commercial production 
facility. 

While the final size of the initial commercial 
production facility will be determined on the basis 
of the market study, plans currently envision a plant 
capable of producing 3,000 to 5,000 barrels per day 
of shale oil. At this level of production, the plant 
would serve less than three percent of the national 
market or approximately 70 percent of the Colorado, 
Utah and Wyoming markets for asphalt paving 
materials. 

Based upon current engineering estimates, the initial 
commercial facility will cost $200-$250 million to 
design, engineer and construct. Once financing is 
obtained, twelve to eighteen months would be re-
quired to complete the detailed design and engineer-
ing for the project and to obtain the necessary en-
vironmental and building permits. Upon completion 
of the detailed engineering and permitting activities, 
an additional eighteen to thirty-six months would be 
required for construction and start-up, depending 
upon the actual size of the facility. Assuming suc-
cess in the initial market development phase, con-
struction of the commercial plant could commence in 
the 1991-1992 time frame. 

At present time, Paraho has access to several dif-
ferent resource sites upon which the commercial 
production facility could be located: an area in the 
vicinity of Anvil Points, Colorado; a site on the 
Mahogany Block in northwest Colorado; and the 
Paraho-Ute properties, Located near Vernal, Utah. 
The Mahogany site appears to represent the most 
economically viable alternative. 
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CORPORATIONS 

SYNFUELS ENGINEERING AND ECOCURE W REACTIVATE 
TOSCO RgmRtr 

The Department of Energy has awarded a research 
contract to Synfuels Engineering and Development, 
Inc. of Parachute, Colorado and Ecocure, Inc. of 
Denver, Colorado to retort Eastern oil shale. 

The research will develop process stream charac-
terization data for a hot solids recycle retorting 
process. It will also produce shale oil, retorted and 
combusted shale, and retort water. The Department 
of Energy will use these materials for further 
research. The six-month, $815,000 contract involves 
retorting Kentucky New Albany shale at the idle 
TOSCO It pilot plant facility In Golden, Colorado. 
The facility was sold by TOSCO to Ralston Develop-
ment Corporation, which Is leasing it to the two 
companies for this program.

The TOSCO ii Process mixes raw shale with hot 
ceramic balls in a retorting vessel. The residual 
carbon on the retorted shale in burned in a fluidized 
bed combustor. 

The project will produce more than 5,500 gallons of 
shale oil to be used for advanced fuels research, 
200 tons each of retorted and combusted shale for 
solid waste disposal research, 110 gallons of retort 
water for wastewater treatment research, and 
process stream characterization data to be used in 
developing environmental control technology. 

Ecocure Inc. is a D enver-based waste management 
and recycling firm and Synfuels Engineering is a 
synthetic fuels engineering and management company 
based in Parachute. 
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GOVERNMENT 

DOE AND INDIANA EMBARK ON SHALE OIL ASPHALT 
PROGRAM 

A new federal grant to the State of Indiana by the 
United States Department of Energy, will explore the 
potential of oil shale as a source of stronger, more 
durable road paving material. The project could 
result in a productive specialty market for domestic 
oil shale. The grant Is part of a jointly-funded, 
federal/state effort that could total as much as 
$3.5 million by the time It Is completed in 1995. 

Americans spend nearly $28 billion a year to repair 
damage to automobiles and trucks caused by rough 
and broken pavements. Another $4 billion Is spent 
each year by federal, state and local governments to 
maintain the nation's roadways. The principal cause 
of road deterioration Is the breakdown of asphalt 
paving materials due to moisture damage from freez-
ing and thawing and embrittlement of the paving 
binder material. Since asphalt Is, by far, the most 
used road paving material--93 percent, or nearly two 
million miles, of United States roads are paved with 
asphalt--improving its durability could have sig-
nificant economic benefits. 

Shale oil has been shown to be a source of com-
pounds that can strengthen the asphalt-aggregate 
mixtures used in road paving. In particular, It has 
been found that nitrogen compounds in the shale oil 
reduce the susceptibility of the asphalt to moisture 
damage and binder embrittiement. If shale oil addi-
tives can extend road life by 10 percent, the 
market could be favorable for sustaining a small-
scale shale oil Industry. 

To confirm these results, the Energy Department has 
awarded the state of Indiana $190,000 to conduct a 
nine-month series of initial laboratory tests. During 
the tests,	 the performance of asphalt paving

materials modified with Indiana shale oil will be 
evaluated. The state will add $50,000 of funding to 
the initial laboratory test phase. 

If the initial tests show promise, the New Paraho 
Corporation, of L akewood, Colorado, working for the 
state of Indiana, will process Indiana oil shale in its 
pilot plant near Rifle, Colorado. The shale oil 
product will be processed into an asphalt binder ad-
ditive which will be blended with a petroleum as-
phalt binder to make a shale-oil-modified paving 
material. New Paraho will produce about 
500 barrels of shale oil for the laboratory and road 
tests. 

With the assistance of the Indiana State Highway 
Department, a one-third to one-half mile long high-
way test strip will be constructed in Indiana with 
the shale -oil -modified paving material. The test 
strip will be monitored for five years. 

Additionally, New Paraho will study the feasibility of 
constructing and operating an Indiana-based facility 
to produce the shale-oil-modified paving materials in 
commercial quantities. 

The road test program and the commercial feasibility 
study are expected to cost $3.3 million. Although 
cost sharing between the federal government, the 
State of Indiana, and New Paraho has not yet been 
negotiated for these two phases, the federal share is 
expected to be slightly more than $1.2 million. 
Over the entire three-phase program, scheduled for 
completion In January 1995, the governments con-
tribution Is expected to total about 40 percent of 
the $3.5 million cost. 
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TECHNOLOGY 

TECHNOLOGY OF Oil. SHALE CEMENT REVIEWED 

A recent report prepared for the United States 
Department of Energy by the Idaho National En-
gineering Laboratory reviews the technology history 
for making cement from oil shale. 

The estimated United States cement requirements are 
about 150 million tons per year. Energy consumed 
in its manufacture amounts to the equivalent of 
190 million barrels of oil per year. If oil shale 
were utilized as a raw material the energy content 
of the shale could substantially reduce the total 
energy required. 

Cement from oil shale has been a well-developed 
manufacturing process for over 50 years, and United 
States patent applications for such a process were 
filed as early as 70 years ago. Oil shale cement is 
a mature industry in Europe and Asia where about 
two million tons are produced annually. 

High-Lime Oil Shale 

Current oil shale cement technology is generally 
concerned with combusted, high-lime shale which has 
been burned in a fluidized-bed process. 	 The com-
bustion temperatures are 800-9000C. In this tem-
perature range, the NOx concentrations are relatively 
low and the bulk of the sulfur is scavenged by the 
calcium oxide to form CaSO 41 making an environmen-
tally benign operation. The burned shale is then 
used to make specialty cements or mortar; or is 
combined with cement clinker to form a Portland 
cent. 

The German technical experience at Wurttemberg 
shows that when oil shale is burned at temperatures 
below 600 0 C, no cementitious characteristics are 
noted. As combustion temperatures increase from 
600 to 800 0 C, cementitious components increase and 
peak at temperatures between 800 to 900 0 C.	 Wol-
lastonite	 (CaOSiO 2) a	 non-cementitious	 mineral, 
started to form at temperatures above 900 0C. An 
operating temperature of 870 0 C was selected as an 
optimum with respect to cementitious response and 
sulfur fixation. 

The heat evolved during the combustion of the shale 
is used to generate electricity and to preheat air 
and fuel components. The thermal efficiency is 
79 percent for 19 gallons per ton shale, and in-
creases to 83 percent for 39 gallons per ton shale. 

The burned shale can be ground and used as a 
specialty cement (brown cement, an architectural 
product) or else combined with limestone clinker to 
produce a normal grey Portland cement. The amount 
of burned oil shale that can be mixed with the 
limestone is limited to about 30 percent because of 
the amount of CaSO 4 .2H 2 0 (gypsum) in Portland ce-
ment is usually limited to five percent, and because

of the high sulfur content of the German oil shale, 
this is reached at 30 percent burned oil 
shale-70 percent limestone clinker. In Germany, the 
Dotternhausen cement works' yearly production is 
about 460,000 tons of the portland cement mix, 
which has a compressive strength of about 8,700 psi, 
and 55,000 tons of brown cement which has a 28-
day compressive strength of about 3,600 psi. 

Specialty Oil Shale Cements 

The standard oil shale/portland cement is the same 
as standard Portland cement. Specialty cements can 
be produced, however, with special qualities. The 
burned oil shale, when ground to a surface area of 
about 0.3 square meters per gram, has 28-day com-
pressive strengths of from 5 1 000 to 5,800 psi.	 To
make architectural cement, the burned shale is mixed 
with	 other	 cement	 material and	 ground	 to 
0.56 square meters per gram. This material has 
super(or-U) workability and pumpabiiity at low 
water/cement ratios, (2) adherence to mold con-
figuration, (3) resistance to segregation and bleeding 
(of water), (4) surface consistency, and (5) 
thixotropic behavior. Superior surface appearance is 
obtained because of these characteristics. The dense 
surface of the oil shale cement results in low water 
penetration and superior freeze/thaw characteristics. 

The two German plants in the Baden-Wurttemberg 
area have been producing oil shale cement for 
44 years, with fluidized bed combustion the principle 
process for the last 24 years. Cumulative produc-
tion to 1984 was over 6.6 million tons of construc-
tion cement, plus an appreciable amount of specialty 
material. 

Israel has been planning a similar facility, a three-
megawatt plant in the T'zefa Efe area. 

Other Countria 

The Russian literature is voluminous but is not 
readily available in English translations. The Chinese 
literature Is not very comprehensive. They feel 
confident enough about their technology that they 
are attempting to export it via developments of oil 
shale power-cement facilities in Jordan. A number 
of additional oil shale cement applications have been 
reported for central Europe, North Africa and the 
Near East, Malaysia, etc. Most of these projects 
are dependent upon German, Russian or Chinese 
technology. 

The bulk of the United States literature is concerned 
with the cementitious characteristics of retorted 
shale or the generation of grout from retorted shale. 

Oil Shale Fly Ash 

Current Interest in the cocombustion of oil shale and 
coal may produce volumes of predominately oil shale 
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fly ash that would look interesting for cement 
manufacture. The application of fly ash in 
concrete/cement construction has been evaluated ex-
tensively. Roth the Class "F" fly ash, which acts 
like a pozzolan and the Class "C" ash which is 
cementitious, have undergone tests. 

When oil shale Is cocombusted with coal at an ap-
propriate temperature, 800-850 0C, the sulfur that is 
released from the coal in the combustion reaction 
tends to combine with the reactive elements in the 
oil shale and form SO 4 The stoichiometric ratios 
are in the order of 0.005 moles per pound for west-
ern oil shale and from a third to half this value for 
eastern shale. 

A stoichiometric combination for two percent sulfur 
coal would require about 0.1 shale/coal weight ratio. 
The measured combination efficiency for oil shale in 
a circulating fluidized reactor was 86 percent at 
stoichiometric ratios of 1:1 and 90 percent at a 2:1 
(all at a combustion temperature of 843 0 C). The 
NOx equilibrium Is not too unfavorable at this tem-
perature. A 29 gallon per ton oil shale produces 
about 2,500 BTU per pound from the combustion 
process. 

Thus oil shale can be very cost effective. The cost 
Of sulfur scrubbing with oil shale was determined to 
be less than two-thirds the cost of limestone for a 
Colorado plant that required trucking the oil shale 
(Figure 1) and appeared to be economic for an east-
ern oil shale, where the shale occurred In the coal 
overburden.

FIGURE 1 

PROJECTED COST OF OIL SHALE 
AS A SULFUR SORBENT

COMPARED TO COST OF LIMESTONE 

Absorbent.to.suitur Molar Ratio

The utilization	 of oil	 shale	 fly ash	 In	 cement	 can take several courses. Eastern	 oil shale ash could be 
used as a pozzolan material and as	 a substitute for 
part of the gypsum requirement for Portland cement.

The report concludes that western oil shale ash 
would seem to be an ideal component for Portland 
or	 specialty	 architectural	 cements	 along	 the 
German/Israeli application line. Work will be re-
quired to optimize applications, but the western oil 
shale ash has some interesting characteristics. The 
specific size distributions and composition of the oil 
shale ash will, of course, depend upon the particular 
oil shale being used, the character of the coal, and 
the cocombustlon parameters such as pre-combustion 
grinding, temperature, retention time, energy utiliza-
tion mode and post-combustion trajectories. 

CHEVRON PATENTS RECYCLE SHALE CONDITIONING 
PROCESS 

United States Patent Number 4,722,783, issued to 
Robert P. Sieg, P. Henrik Waltman, James R. 
Ouimette and assigned to Chevron Research Company, 
is titled "Conditioning of Recycle Shale in Retorting 
Process." 

When oil shale is pyrolyzed, a residual carbonaceous 
material remains along with the mineral component 
that may be burned to yield heat for the pyrolysis 
of fresh oil shale. The hot mineral residue that 
remains alter combustion of the carbonaceous com-
ponent is recycled In some retorting schemes as heat 
transfer material. Although retorting schemes using 
recycled shale as heat transfer material have sig-
nificant advantages over other retorting systems, the 
burned oil shale Is not an ideal material for this 
purpose. 

During pyrolysis of the kerogen and combustion of 
the remaining carbonaceous residue, the inorganic 
matrix undergoes both chemical and physical changes. 
It has been observed that the use of recycled 
burned oil shale particles as heat transfer solids can 
lead to significant yield reductions of the shale oil 
product. These losses, in some Instances, can run as 
high as 15 percent to 20 percent. Controlling these 
losses would be important in any commercial scheme 
for recovering shale oil. 

DafpU.n of the Iavntia, 

The process of the invention is shown in Figure 1. 
In the retort the raw oil shale is heated to a tem-
perature suitable to pyrolyze the kerogen by mixing 
the raw feed with hot recycled shale which serves 
as a heat transfer solid. The product vapors are 
recovered from the retort and sent to a separation 
zone,	 in the separation zone the product oil is 
recovered separately from non-condensible gas.	 in
addition, a high boiling bottoms fraction is recovered 
separately.	 Part of the light hydrocarbons including 
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to prevent product losses. This is illustrated by the 
graph in Figure 2 which shows relative oil yield 
Plotted against the unburned carbon residue remain-
ing in the shale recycled to the retort. This graph 
clearly shows a relationship between yield loss and 
carbon content of the recycle. 

FIGURE 1 

CHEVRON'S RECYCLE SHALE
CONDITIONING PROCESS

RAW 
OIL 

SHALE 
SEPARATION 

ZONE	 RETORT
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TREATMENT
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hydrogen, hydrogen sulfide, and/or ammonia released 
in the separation zone are withdrawn separately for 
use in treating the recycle shale. 

The mineral component of the pyrolyzed oil shale 
left in the retort after decomposition of the kerogen 
still contains a carbonaceous component. The 
pyrolyzed residue Is carried to the combustor and is 
burned in the presence of air at a temperature of 
1,000 0F to 1,200 0 F. Hot mineral solids intended for 
recycle to the retort are sent to a recycle treat-
ment Zone. 

In	 the	 recycle	 treatment	 zone	 the hot	 mineral 
residue	 is	 contacted	 with	 the	 bottoms fraction	 en-
tering from the separation zone. 	 Under the reducing 
conditions	 prevailing	 in	 the	 recycle	 treatment	 zone, 
the	 heavy	 bottoms fraction	 will deposit coke on the 
particulate	 mineral	 residue.	 In	 addition,	 oxidizing 
compounds on the surface of the mineral residue will 
be	 reduced.	 The presence of the light hydrocarbons 
including	 hydrogen,	 hydrogen	 sulfide, and	 possibly 
ammonia	 entering,	 aids	 in	 maintaining the	 reducing 
environment and Is important in	 reducing the oxidiz-
ing	 compounds	 in	 the	 mineral	 residue. Cracked 
hydrocarbon vapors and other gases from the recycle 
treatment	 zone	 are	 returned to the separation zone. 
The	 conditioned	 mineral	 residue	 is	 returned	 to	 the 
retort	 for use as heat	 transfer solids.

As noted above the pyrolyzed oil shale recovered 
from the retorting zone contains a carbonaceous 
component that is burned to provide heat. To 
provide maximum heat efficiency, it is desirable to 
burn this carbon component as completely as pos-
sible. However, it has been found that the presence 
of carbon in the recycle mineral residue is important

FIGURE 2 

RELATIVE OIL YIELD AS A FUNCTION
OF RECYCLE CARBON LEVEL 
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In the invention, at least 0.3 percent coke is 
deposited on the recycle prior to return to the 
retort. The hydrocarbon used to contact the recycle 
shale Is preferably a heavy bottoms fraction 
recovered from the shale oil itself. But other 
hydrocarbons such as recycle product gas, natural 
gas, etc., my also be employed. 

Figure 3 illustrates the improvement in oil yield that 
results with Increases in coke deposition during the 
conditioning step. 

The reduction of the oxidizing compounds and the 
coke deposition may, if desired, be carried out in 
separate steps. 
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FIGURE 3 

EFFECT OF CARBON CONTENT 
IN RECYCLED SPENT SHALE 
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SOLY-EX PATENTS OH. SHALE EXTRACTION PROCESS 

United States Patent 4,737,267, "Oil Shale Processing 
Apparatus and Methods," has been issued to S.S. Pao, 
J.V. Fox and J.S. Randall, and assigned to Duo-Ex 
Corporation, a subsidiary of Solv-Ex Corporation. 

The process of the Invention is a method for an in-
termediate to low temperature solvent extraction of 
bitumen from oil shale, utilizing a solvent leaching 
step under temperature and pressure conditions up 
to, and including, supercritical conditions for the 
solvent. Crushed shale plus solvent is fed into a 
slurry mixer where water associated with the shale 
Is eliminated, and the process of converting kerogen 
to bitumen is begun. The slurry is transferred to 
an autoclave wherein moderate temperatures and 
elevated pressures are used to convert substantially 
all of the kerogen into soluble bitumen. The 
bitumen is charged to a pressurized extraction vessel 
wherein the soluble bitumen is separated from the 
remaining components of the slurry. The supercriti-
cal conditions facilitate the separating process. 

The remaining shale is washed with solvent in a 
series of extraction vessels, wherein additional 
bitumen is extracted and separated from the shale. 
Once this has been accomplished, the bitumen ex-
tract is drawn off and the solvent is distilled and

recycled. The bitumen oils are then subjected to an 
upgrading step to remove asphaltenes and fines. 
This step yields one or two fractions of crude oil 
and an asphaltenes residue. The residue also may 
be sold, for example, for asphalt production, or it 
may be burned to supply process power and heat. 
The spent shale Is cooled with a water spray which 
also extracts remaining solvent.	 The solvent and
water are separated and recycled. 

The apparatus includes at least one autoclave 
wherein high pressure leaching takes place to con-
vert kerogen to bitumen. The autoclave may include 
an Internal venturi draft tube to keep the slurry 
mixed. A pressurized extraction vessel, having 
several Internal lamellar thickeners, continues the 
conversion process and acts to solubilize the con-
verted bitumen. The apparatus further includes a 
series of pressurized solvent washing shale decanters 
In which shale moves countercurrent to the solvent. 
Also included are distillation columns, settling tanks 
and pumps and heat exchangers to transfer and 
recycle components. A limestone fluid bed combos-
tor system provides process heat and power. 

An advantage claimed for the invention is that high 
Yields of bitumen ohs are obtained. Another ad-
vantage Is that highly pure bitumen products are ob-
tained, including a synthetic crude oil substitute. 

Figure 1 Is a schematic block diagram illustrating 
the process. The process begins with the introduc-
tion of mine-run rock which may range in size up 
to forty inches to a conditioning step wherein the 
ore is broken down to a size range of less than one 
Inch. The crushed shale is fed to a slurry mixer 
and slurried with a hydrocarbon solvent with heat 
added In an amount sufficient to remove moisture 
associated with the shale.	 Mechanical agitation 

FIGURE 1 
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within the mixer, together with the solvent action, 
begins the breakdown of kerogen into free bitumen. 
This slurry is also brought up to solvent supercritical 
temperatures and pressures in the conditioning step. 

Next, substantially all of the kerogen is broken down 
in a primary bitumen conversion step wherein the 
slurry is leached at sufficiently elevated temperature 
and pressure conditions to cause pyrolysis of the 
kerogen in the shale. The conditions are controlled 
to prevent pyrolysis beyond that necessary to 
produce the bitumen. Slurry from the conversion 
step is drawn off and enters an extraction step 
wherein the bitumen oils are solubilized in the sol-
vent to form an extract, and the extract separates 
from remaining components In the slurry.	 The ex-



tract enters a solvent recovery step wherein solvent 
Is removed to yield bitumen oils. The bitumen oils 
are upgraded in an upgrading step and separated 
into a residue, comprising asphaltenes and fines, and 
a pipelineable synthetic crude oil. 

Upgraded syncrude exits as a primary product of the 
process, and the asphaltenes residue enters a fluid 
bed boiler. Within the fluid bed boiler, the fines 
are removed in a bag house or scrubber (not Shown). 
The asphaltenes are burned In the fluid bed boiler 
to supply process heat and power. The fluid bed 
boiler also accepts a flow of limestone to capture 
sulfur so that emissions will be environmentally ac-
ceptable. 

Shale from which the bitumen has been extracted Is 
transferred from the extraction step to a solvent 
washing step. Within the solvent washing step, the 
shale is washed with solvent to further solubilize 
the remaining bitumen. Fresh solvent flows counter-
currently to the shale in the solvent washing step, 
which utilizes up to four pressure decanters in 
series for maximum efficiency. Continued elevated 
pressure and temperature conditions within the 
decanters acts to extract any remaining bitumen 
from the shale. Spent shale from the solvent wash-
ing step Is transferred to a desolventizing step 
wherein the shale is cooled with a water spray. 
The cooling water and remaining solvent are 
recovered, separated and recycled. Damp shale exits 
the desolventizing step to be used as fill. 

Solvent recycling will be greatly facilitated if the 
solvent chosen is one of the constituents of the 
bitumen oils extracted from the oil shale. By 
choosing such a solvent, that required to extract the 
bitumen oils can be maintained by merely extracting 
the necessary make-up solvent in combination with 
Vie bitumen extract, and then separating the mix-
tu re. 

Toluene is selected as the initial preferred hydrocar-
bon for use as a solvent in the extraction of oil 
shale similar in composition to that in the Green 
River formation. Ultimately, the solvent would com-
prise a recycle stream within approximately the boil-
ing range of toluene.

The inventors made approximately 15 batch runs in 
which oil shale was treated with toluene under su-
percritical conditions ranging up to 400°C and 
1,200 psla pressure. The results have shown 
recovery of up to 120 percent of Fischer Assay of 
hydrocarbons.	 The invention thus achieves a better
efficiency than retorting processes. 

UNOCAL PATENTS SHALE COOLER 

United States Patent 4,746,222, issued to Cobb, Shin 
and Griswold, and assigned to Union Oil Company of 
California, reveals a spent shale cooling system for 
the Parachute Creek Shale Oil Project. 

Figure 1 is a schematic of the Parachute Creek 
retorting system. The upflow oil shale retort is In-
stalled on a mountainside bench. Hot spent shale 
overflows from the retort to the spent shale mixer 
and cooler. After cooling, the shale drops through 
a shaft to the spent shale conveyor, and is carried 
out of the mountain to disposal trucks. The height 
of the cooling system, from the spent shale conveyor 
to the top of the cooler dome is 160 feet. 

FIGURE 1 

UNOCAL PARACHUTE CREEK
RETORTING FACILITY 
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Because significant amounts of unconverted kerogen 
remain in the retorted shale and because a certain 
amount of shale coking occurs as a result of high 
temperature retorting, problems are encountered with 
the safe and environmentally acceptable disposal of 
the hot retorted shale. The amount of retorted 
shale to be disposed of amounts to about 80 weight 
percent of the amount of shale fed into the retort 
and the volume of the retorted shale is typically 
greater than that of the non-retorted shale. 

If retorted shale is exposed to air at retort tem-
peratures or, for that matter, at temperatures above 
about 500 0 F, the kerogen and coke content can be 
expected to cause the shale to spontaneously ignite 
and start burning. Such burning of discharged, hot 
retorted shale makes the shale difficult to dispose 
of and may create environmental pollution problems. 
Consequently, retorted shale must ordinarily be 
cooled to a temperature of under about 500°F 
before the shale can be safely and/or legally dis-
charged and exposed to air. 

In the basic manner of cooling hot, retorted oil 
shale, the shale Is discharged from the retort into a 
closed cooling system which comprises a cooling ves-
sel or series of cooling vessels. Cooling water Is 
sprayed onto the shale as it flows downwardly, un-
der gravity,	 through	 the	 vessel or	 vessels.
Presumably, by the time the shale flows through the 
vessel or vessels,	 it will have been sufficiently 
cooled to enable its discharge Into the open. 

However, when high retorting temperatures are used, 
the shale requires substantial cooling. To achieve 
the amount of shale cooling needed, it is generally 
necessary to augment the cooling process by mixing 
the shale as it flows through the cooling vessel or 
vessels. Otherwise, the shale flow path may be re-
quired to be greater than can be provided because 
of space restrictions. Problems have been encoun-
tered with providing the amount of mixing needed to 
enable the adequate and efficient cooling of hot, 
retorted oil shale, particularly when the shale transit 
time and/or Its travel path through the cooling ves-
sels is limited by pre-existing cooling system dimen-
sional constraints. 

Moreover, the wide range of retorted shale particle 
sizes, caused by the shale being crushed and ground 
as it is fed through the retort, makes retorted shale 
even more difficult to cool. This is because the 
small particles and fines fill otherwise open regions 
between larger shale pieces and block the flow of 
cooling water to these larger pieces. Furthermore, 
the fines and small particles tend to cling together 
and are difficult to wet. 

In the absence of thorough and effective shale 
mixing In conjunction with water spray cooling, dis-
crete regions or pockets of hot, essentially uncooled 
shale may exist and become entrained in the flow of 
retorted shale through the cooling vessel, as may 
regions or pockets of excessively wet shale. When-
ever such pockets of uncooled shale and excessively 
wet shale encounter one another, the excess water

may be explosively flashed into steam. The pressure 
surges caused by this steam flashing impedes both 
the flow of shale and the cooling process. 
Moreover, the pressure surges may feed back into 
the retort and disrupt the shale retorting process. 
Alternatively, or in addition, the pockets of uncooled 
shale can, upon discharge from the cooling system, 
spontaneously ignite and regions of excessively wet 
shale can cause bridging in the cooling system, 
thereby further impeding the shale flow and/or cool-
leg process. 

An insufficient amount of shale mixing to prevent 
the above-described problems usually cannot be com-
pensated for by merely increasing the amount of 
cooling water used. The mechanisms causing the 
regions or pockets of uncooled shale are not sig-
nificantly changed by adding more water, and the 
use of more water may increase, rather than 
decrease, the incidence of pressure surges caused by 
the flashing of water into steam and the amount of 
shale bridging. Furthermore, in many regions where 
oil shale may be mined and processed, the supply of 
water is limited and large amounts of water for 
shale cooling may not be available or may be 
prohibitively expensive. 

Summary of the Inventbm 

As shown in Figure 2, the mixing and cooling ap-
paratus, comprises a flow-through mixing vessel and 
mechanical mixing means disposed in the vessel for 
mixing hot shale which flows through the vessel In a 
packed bed flow. Sides of the vessel converge at 
an angle of about 60 0, relative to a horizontal 
plane. 

The mixing means include a rotating mixer shaft to 
which are connected four to eight similar mixing 
blades, configures as shown in Figure 3. The mixer 
shaft is mounted for rotation along the vertical axis 
of the vessel with the blades disposed within a 
packed bed flow region of the vessel. 

Cooling water is sprayed onto the particulate matter 
as it flows downwardly through the vessel. 

The mixing blades, are in the shape of a paral-
lelogram, and are connected to the mixer shaft so 
that each blade is upwardly and outwardly inclined, 
as shown in Figure 3. 

The upper portion of the shale mixing and cooling 
apparatus, as shown in Figure 2,	 Is a closed 
cylindrical	 housing	 or	 she 	 having	 a
hemispherically-shaped dome through which shale 
feeding conduits extend inward. Installed coaxially 
with the housing are several converging mixing ves-
sels or hoppers arranged In material flow series, one 
above another.	 Three such vessels are shown in 
Figure 2. The vessels are slightly nested so that 
open, lower regions of the upper vessel extend 
downwardly into open, upper regions of the inter-
mediate vessel and open, lower regions of the inter-
mediate vessel, In turn, extend downwardly into 
open, upper regions of the lower vessel. 
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FIGURE 3 

SPENT SHALE MIXER/COOLER
APPARATUS

All vessels are substantially the same size and 
shape, each having converging sidewalls and each 
being thereby shaped generally like an inverted 
frustrum of a right cone. The lower vessel has its 
open lower end connected to the drop leg, which 
may contain additional static mixing devices. Vent-
ing conduits are connected through the side of the 
housing to enable steam created during the shale 
cooling process to be discharged. Some volatiles, 
which may be carried along with the shale from the 
retort, may also be discharged through the vent, as 
may some tine particulate material which is carried 
along with the escaping steam. The venting conduits 
are therefore connected to scrubbers or other con-
ditioners (not shown) which remove contaminants 
from the steam before the steam is discharged into 
the atmosphere. 

For reasons of minimizing shaft drive torque and 
power, it is usually preferred thdt only the lower 
hopper have a mixer blade assembly installed, but a 
similar mixer blade assembly (shown in phantom lines 
in Figure 2) may, if needed for additional mixing, be 
fixed to the shaft so as to be within the Inter-
mediate vessel. 

ADDITION OF OLEFIN AND CATALYST IMPROVES SHALE 
OIL YIflD 

Lawrence Livermore National Laboratory (LLNL) has 
constructed and operated for some time a one 
tonne-per-day Pilot-scale solid-recycle retorting sys-
tem. In the LLNL Cascading Bed Retort (CaR) 
process, shown schematically in Figure 1, raw shale 
Is typically mixed with four times its mass of hot 
recycled shale. Rapid mixing Is accomplished by a 
series of alternating chutes through which the raw 
and retorted shale pass. The solids then drops Into 
a pyrolyzer where It is held while the kerogen 
decomposes. Pyrolysis gas and oil vapor are quickly 
swept from the retort, through exit ports, and con-
densed to minimize coke formation. Solids leaving 
the pyrolyzer enter a pneumatic lift and are 
transported to the top of a cascading burner. Com-
bustion of the residual carbon begins in the lift and 
continues in the burner. The final temperature is 
controlled by adjusting the lateral flow of air across 
the burner. 

Results from the operation of the hot-solid retort 
are shown In Table 1 for two runs: AP24, using 
Green River shale from the Anvil Points mine in 
Western Colorado, and NAI3, using Devonian age, 
Clegg Creek Member, New Albany shale from Western 
Kentucky. Processing conditions for the two runs 
are shown in Table I. The organic carbon conver-
sion to oil was 69 percent for AP24 and 40 percent 
for NA13, corresponding to yields of 103 percent and 
101 percent of Fischer Assay, respectively. Although 
Fischer Assay yields were obtained for both shales, 
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TABLE 1

SOLID-RECYQ.E azmzr RESULTS

Mvii New 
Points Albany 

Grade	 (gal/ton) 24 13 
Steady State Time (mm) 25 38 
Raw Feed Rate (wn/mln) 762 591 Hot/Raw Ratio 4.2 4.9 
Shale Residence Time (mm) 4.1 4.7 Raw Feed Temperature (C) 90 19 
Recycled Shale Temp.	 (C) 660 684 Retort Temperature (C) 507 522 Oil	 (% flaw Org. Carbon) 69 40 Oil	 (% Fischer Assay Yield) 103 101 Oil Properties 

Carbon (96) 84.7 82.9 Hydrogen (%) 11.1 10.7 Nitrogen (%) 1.6 1.0 Sulfur	 (%) 0.6 1.8

these results were disappointing in light of 
laboratory fluidized bed experiments where enhanced 
oil yields have been measured. Oil yields have been 
reported for rapid pyrolysis in a sand fluidized bed, 
of 108 percent Fischer Assay for Anvil Points shale 
and 125 percent Fischer Assay for New Albany shale, 

Shales deficient in hydrogen generally have a lower 
organic carbon to oil conversion by Fischer Assay 
and benefit most from flash pyrolysis. The 
hydrogen/carbon (11/C) molar ratio for AP24 Is 1.9 
and 1.4 NA13. The conversion of organic carbon to 
oil depends to a large extent on compositional 
make-up of the kerogen and its sensitivity to coke 
formation. Oils collected during flash pyrolysis con-
tain heavy, unstable compounds, which are not 
recovered during slow heating, such as Fischer Assay 
pyrolysis. Although enhanced yields are possible 
during flash pyrolysis, when spent or oxidized shale 
is present in the bed, yields decline, and in fact 
when the ratio of oxidized (or spent) to raw shale 
reaches 4:1, no yield enhancement over Fischer Assay 
is observed. The reduction In yield corresponds to 
increased coke deposition In the bed. Thus, although 
oil yields in excess of Fischer Assay have been 
measured under Ideal laboratory conditions, when 
spent or oxidized shale is present,	 the yield
enhancement Is quickly lost, due to reaction of the 
unstable oils to form coke. LLNL has therefore 
been investigating processing techniques which inhibit 
coke formation and Increase oil yield. One of these 
techniques, using recycled catalysts, was described at 
the American Institute of Chemical Engineers Summer 
National Meeting in Denver, Colorado in August. 

Study of the pathways by which light gases are 
formed during oil shale pyrolysis suggested that It 
may be possible to minimize the gas production 
route in favor of oil production. It was found that 
under some conditions the free radical precursors to 
light gases can be trapped and converted to oil. A 
demonstrated increase in oil production has been ac-
complished by the introduction of an olefin sweep 
gas during pyrolysis in the presence of a catalyst. 
Apparently, the olefins are absorbed on active sites 
which normally crack oils to gas. Once absorbed, 
these olefins react with Oil precursors and become 
Incorporated into the products that are isolated 
primarily as oil. 

The first development step Is to screen potential 
catalysts for activity. Oxidized shale has been 
shown to have little activity for ethylene incorpora-
tion.	 Certain clay catalysts have been shown to
actively absorb ethylene and promote addition reac-
tions.	 Experiments to measure catalyst activities
have been carried out at LLNL. In one experiment, 
a	 24	 gallon-per-ton	 shale	 produced
32 gallons-per-ton of oil with olefin addition in the 
presence of a catalyst. 

Implications for the solid-recycle retort would be 
that a solid catalyst instead of oxidized shale would 
be recycled along with non-condensible pyrolysis 
products which are enriched in olefins. Spent shale 
would still be burned,	 in the presence of the 
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catalyst, providing the heat source. After combus-
tion, the catalyst would be separated, by size, and 
recycled. Net improvements in yield are potentially 
on the order of 10 percent for Western shale and 
40 percent for Eastern shale. 

The process is particularly well suited for those or-
ganic materials that form pyrobitumen with very 
little concurrent gas or coke formation--those 
materials for which coke and gas become important 
products only toward the end of pyrolysis (Green 
River oil shale and Sunnyslde tar sands are two 
examples). Initial pyrolysis products migrate to sur-
face sites on the solid heat carrier where coking 
and cracking normally occur. By introducing as the 
heat carrier an acidic catalyst with active sites that 
have a particular affinity for olefins, the driving 
force for cracking (gas formation) can be eliminated 
or diminished with olefins occupying active sites. 
The olefins polymerize slightly while trapping gas 
Precursors, thus liquid product (oil) yield is maxi-
mized and gas yield minimized. Solid organic 
materials, like coal, that form char directly without 
fragmentation to intermediate products are thus less 
suited for processing in this way. Catalysts used 
for thermal dimerizations and trimerizations of 
ailcenes (e.g., phosphoric acid on alumina) are effec-
tive and can be used with temperatures and condi-
tions where significant conversion of olefins to liquid 
does not normally occur. Montmorlllonites--both Ca 
and Na native clays including Bentonite and synthetic 
material with good Bronsted acidity--are also excel-
lent as catalysts.

The key aspect of the process is the role of olefins, 
conveniently	 obtained	 by	 unsaturating	 a 
hydrocarbon-rich pyrolysis gas. These olefins are 
brought in contact with an organic material's 
pyrolysis intermediates using a catalyst that con-
centrates the olefins at reactive sites.	 Catalysts
must adsorb olefins but should not promote coke 
formation. The chemistry occurs primarily at active 
sites on the catalyst surface; apparently transport of 
th e organic materials into pores is relatively ineffi-
cient.	 Preferred catalysts have large surface areas 
(small particle size) with a high density of active 
surface sites.	 For a given catalyst, olefin incor-
poration increases as particle size decreases. For 
montmorillonites there is a crude correlation of 
catalytic activity and surface area as determined by 
the BET method. 

Catalysts can be evaluated by adding 1-50 percent 
catalysts to oil shale (perhaps with an inert diluent); 
during batch pyrolysis the retort is then swept with 
a typical olefin such as ethylene (Experiment Al. 
The oil and gas yields are compared with that from 
a similar batch pyrolysis experiment swept with 
nitrogen and with no added catalyst (Experiment B). 
When Colorado nil shale (Mahogany Zone) is used for 
such experiments, a 25 percent increase in liquid 
product yield (Experiment A > Experiment B) is 
attainable--some of the additional oil comes from 
decreased pyrolysis gas production, 	 some from 
ethylene incorporation. 	 The character of the shale 
oils from Experiment A and B are very similar. 
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INTERNATIONAL 

GERMAN STUDY SHOWS JORDAN Oil. SHALE 
ECONOMICAL AT $15 PER BARREL 

A West German consortium of Lurgi and Kiockner 
Indust rie -Anlagen completed in 1988 a study for the 
Natural Resources Authority of Jordan concerning a 
50,000 barrel per day shale oil plant operating on 
El LaJJun oil shale.	 The plant would utilize the 
Lurgi Lit retorting process. Pilot plant retorting 
tests were performed in Lurgi's LR pilot plant in 
Frankfurt, Germany. 

Retorting tests with a 180 ton beth sample of 
El Lajjun oil shale were carried out to gain scale up 
data,	 to investigate the influence of the main 
parameters on oil yields and qualities, 	 and to
demonstrate the feasibility of dust-laden heavy oil 
recycling to Its extinction. This heavy oil fraction 
recycling within the retorting plant will save an ex-
pensive dedusting unit and simplify shale oil upgrad-
ing. 

The pilot plant tests were performed in 1987, con-
sisting of one start up test, six short term tests 
and one long term test. 

The tests were run at different distillation tempera-
tures,	 temperature differentials at the LR-mixer, 
feed rates and heavy oil recycle rates. An on-
stream-efficiency of 90 percent was achieved during 
the scheduled operation time. 

Processing of EL Lajjun oil shale did not cause plug-
ging problems in the solids circulation, condensation 
and heavy oil recycling system. The dust-laden 
heavy oil was recycled to the LR-mixer to extinc-
tion, during the test runs scheduled for recycling. 
No difficulties could be stated concerning the pum-
pability of the heavy oil fraction at high tempera-
tures and with dust contents up to 42 percent by 
weight. The heavy oil fraction recycling causes an 
oil loss of approximately 10 percent related to Fis-
cher Assay. This loss Is compensated by avoiding an 
expensive process step for the dedustlng of this 
fraction and also avoiding the need to convert this 
heavy fraction to lighter oil and additional gas and 
coke by cracking. Thus, the crude oil delivered to 
the upgrading plant is of better quality, and can be 
hydrotreated in a conventional fixed bed hydrotreat-
lag reactor at moderate pressures. 

The average solids size reduction of about 
36 percent In the lift pipe and the collecting bin 
caused by fixed carbon combustion, carbonate decom-
position and abrasion during transport did not affect 
the production of a sufficiently high amount of 
coarse grain circulating material. 

The extremely low dust content of the middle oil 
demonstrated the excellent dedusting efficiency of 
the first scrubber. A tendency to form emulsions 
between light oil and gas water was not observed.

The maximum yield (0 4 +) related to Fischer Assay 
was 99 percent at test runs with heavy oil recy-
cling. The optimum retorting temperature was 
slightly beyond 5200C. 

The	 carbonate	 decomposition	 rates achieved were 
sufficient	 for	 a	 total	 desulfurizatlon of flue gases 
within	 the	 process.	 Thus	 the	 flue gas quality met 
environmental regulations containing only 70 ppm 502 
and	 200	 milligrams per	 cubic	 meter dust. The NO 
values of flue gas were in the range of 10-15 ppm. 

Mining and Crushing 

No significant difference was found In the retorting 
behavior of the four tested subunits of the El Lajjun 
deposit. Thus the built mining of the total apparent 
thickness of the deposit by open cast methods will 
be feasible. 

After primary	 crushing of the	 mined oil	 shale	 down 
to	 minus 500	 millimeters a	 two-stage	 reduction In-
stallation will produce	 a grain	 size	 meeting	 the re-
quirements of	 subsequent LR	 process	 retorting. In-
termediate sizing will	 not be	 required to control the 
final	 grain size. 

The integration of the final grinding into a preheat-
lag lift pipe has been proven. The sensible heat of 
the flue gases can be utilized for preheating the 
Lit feed material, thus increasing the throughput 
capacity and the thermal efficiency of the process. 

Direct Combustion 

A	 combustion	 temperature	 of 800 0 C assumed in pre-
vious	 studies	 was	 confirmed to	 be realistic. The 
residual	 carbon	 burnout reached a	 value of 
99.95	 percent.

Due to the excellent heat transfer in both the 
LR lift pipe and the fluidized bed as well as due to 
the significant difference between combustion tem-
peratures and sinter temperature of the shale ash, 
no sintering, melting or agglomeration occurred. 

Shale Oil Upgrading 

Hydroprocessing of the 180-500 0 C oil fraction was 
achieved at 70 bar pressure and 400 0C peak tem-
perature In a fixed bed once-through unit. The 
recovery of white products--naphtha, kerosene, diesel 
--could be increased by 20 percent over earlier 
studies, reducing the heavy oil fraction to less than 
tO percent. 

Economic App rabal 

The final results show a required sales revenue of 
$19.10 per barrel In order to generate an internal 
rate of return on total investment of 10 percent. 
Based on January 1988 border prices the weighted 
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mean value of the petroleum products ex El Laijun 
complex was calculated to be $21.40 per barrel 
which is more than the required sales revenue. A 
world oil price of only $15.60 per barrel has to be 
reached to meet an internal rate of return on total 
investment of 10 percent. 

According to the Jordanian Ministry of Energy and 
Mineral Resources, Jordanian border prices for 
petroleum products are identical with spot quotations 
on the Mediterranean Basis given by REUTER. For 
the intermediate economic appraisal the Ministry of 
Energy and Mineral Resources supplied Mediterranean 
Spot Quotations of January 28th, 1988. These 
quotations given in dollars per ton were transformed 
to dollars per barrel, yielding $17.80 for naphtha, 
$21.00 for kerosene, $26.00 for diesel, and $12.20 
for fuel oil. 

Based on these border prices and the product dis-
tribution as indicated by the analyses of the pilot 
plant tests, the weighted mean value of the 
petroleum products produced in a commercial oil 
shale complex would amount to $21.40 per barrel. 
This value represents about 60 percent of the local 
consumer price. This compares to the need for only 
$19.10 to make a return of 10 percent on the capi-
tal investment. 

PLANT GROWTH STIMULATORS DEVELOPED FROM 
SHALE OIL 

A paper given by V. Rein of the U.S.S.R. at the in-
ternational Conference on Oil Shale and Shale Oil 
which was held in Beijing, China in May discusses 
the utilization of oil shales in nonfuel applications, 
including processes in which and products are ob- 
rained by artificial or natural oxidation. By artifi-
cial nitric acid oxidation of the organic matter of 
kukersite oil shale, the aliphatic mono-, di, tri 
carboxylic and complex polyfunctional acids are 
formed. During natural weathering of oil shales, the 
organic matter becomes alkali soluble. The alkali 
soluble compounds are of sapropelic origin and are 
called humic or sapropetic acids and fulvic acids. 
The weathered and partly alkali soluble oil shales 
may find use in agriculture as an organomineral 
ameiorant and fertilizer. 

An oxidative destruction of oil shales of sapropeic 
origin as worked out at the institute of Chemistry 
of the Academy of Sciences of the Estonian SSR 
makes it possible to produce succinic (C 4 ), adipic 
(C 6) and sebacic (C 10 ) acids and their homologs by 
oxidation of kukersite kerogen with nitric acid and 
atmospheric oxygen. These fatty acids are tradition-
ally produced from oil (benzene, toluene, 
cyclohexane, etc.) or vegetable raw material (castor 
and olive oil, etc.). Individual dicarboxylic acids 
manufactured in the pilot plant, as well as their 
mixtures including methyl esters, successfully passed 
laboratory and production tests for frost-resistant

plasticizers in the form of 2-ethylhexyi diesters, 
rigid urethane foams,	 various kinds of artificial 
leather and coating films, etc. It has been estab-
lished that the dicnrboxyllc acids manufactured from 
oil shale are high-quality substitutes to adlpic and 
sebacic acid, giving poiyvinylchloride frost resistance 
down to -60 0 C. The high quality of the plasticizers 
may partly be explained by the presence of tricar-
boxylic adds C 6 - C15. 

As a byproduct of making dicarboxylic acids, 
polycarboxylic adds have been obtained having an 
average molecular formula: 

C45 11 66 N2 (COO)34(COOu)43(oH)39NO2 

Plant growth activators have been manufactured by 
neutralization of this material with an aqueous 
Potassium hydroxide solution,	 and are used as 
0.1-0.0001 percent aqueous solutions. Usually the 
seeds of plants are macerated or plants sprayed or 
watered with an aqueous solution of the preparation. 
The oil shale-based plant growth activator has 
several useful effects on plants. For example, the 
yield of strawberries and cucumbers increases on ac-
count of dormant buds. The new stimulant has been 
officially approved for testing and has already been 
successfully tested in many climatic zones of the 
Soviet Union and in the Peopl&s Republic of Bul-
garia.	 At present the stimulant is being subjected 
to state testing. 

According to Rein, the plant origin of oil shale may 
have bearing on this application. Sapropelite and 
mixed oil shales were formed from ancient marine 
and lacustrine sapropels, the latter derived mainly 
from tower plants.	 Modern sapropels as well as
peat and brown coals have long been used as fer-
tilizers and organic amcliorants in agriculture. Ear-
lier works concerning the use of oil shales 
(dictyonema oil shale, Karelian shungites, Azerbaijan 
shale, etc.) in agriculture are known to a lesser ex-
tent. The use of Hungarian oil shales in agriculture 
began recently. 

NEW UPGRADING SCHEME PROPOSED FOR FUSHUN 
SHALE OIL 

A new scheme for upgrading Fushun shale oil was 
discussed by personnel from the Fushun Research in-
stitute of Petroleum and Petrochemicals, SINOPEC, at 
the International Conference on Oil Shale and Shale 
Oil, held in Beijing in May. Because shale oil is 
now being used only as a boiler fuel, a new scheme 
for upgrading seemed desirable. 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 sul-
furic add 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 
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obtain naphtha, jet fuel and light diesel fuel. This 
scheme is said to be profitable and can be con-
veniently coupled into an existing petroleum refinery. 

The current annual production of shale oil in China 
has dropped from 800,000 tons to 180,000 tons per 
year (90,000 tons for each refinery In Fushun and 
Maoming), and will remain at this level in the near 
future. In late 1950's, shale oil once accounted for 
20 percent of total crude oil production. At that 
time, motor fuels made from shale oil played an im-
portant role. Now the percentage of oil from shale 
has dropped to about 0.2 percent, and the equipment 
once used to upgrade shale oil has been turned to 
refining petroleum crudes, resulting In the direct use 
of shale oil as boiler fuel. 	 SINOPEC believes that
such use of resource is economically unreasonable. 

Review of Chinese Commercial Practice 

By 1960, Fushun shale oil had been refined for more 
than 20 years. In Fushun Refinery No. 1, it was 
first fractionated into several fractions, and the 
residual portion, being mixed with the cracking 
residuum, was sent to a coker. Straight run waxy 
fraction (after dewaxing) and heavy gas oil were 
thermally cracked. All the light fractions obtained 
were treated with concentrated sulfuric acid, to 
produce motor gasoline and diesel fuels. The total 
yield to fuel was around 57 percent. By the early 
1950s, the Fushun Refinery No. 3 had produced 
motor gasoline and kerosene by hydrocracking a por-
tion of light gas oil from shale oil. Naphtha 
recovered from oil shale retort gas by an absorption 
process was also hydrotreated in Fushun Refinery 
No. 3. 

At the end of the 1960s, Fushun Refinery No. 2 
planned to upgrade shale oil according to a scheme 
including thermal treatment, 	 hydrotreating and 
catalytic reforming.	 However, this refinery was 
turned to refining petroleum crude oil. 

Exhaustive delayed coking of shale oil to hydrocar-
bon gases, naphtha, li gh t gas oil and coke was 
tested at Industrial scale in the late 1950s in 
Fushun Refinery No. 2. the yields were 10 percent, 
77 percent and 13 percent respectively, and 
hydrogenation of the li

ght oil under mild pressure 
was studied. 

Also In the 1950s, high pressure hydrogenation of 
shale oil crude was studied in a pilot plant of semi-
commercial scale. The products included diesel fuel, 
light lubricating oil stock, and wax, with total liquid 
yield of 97.3 percent, and NH 3 and H2S as 
byproducts. 

Since the 1950s, all studies around the world on 
upgrading shale oil have been directed to produce 
transportation fuels. A combination of high pressure 
hydrogenation and fluid catalytic cracking Is a 
promising scheme. However, SINOPEC believes that 
in China, such a scheme is not economically feasible, 
because of the high investment and operational costs 
or a high pressure hydrogenation plant, especially 

when the current production of shale oil is so low.

A new scheme to upgrade shale oil, which can be 
conveniently coupled Into an existing oil refinery 
flow diagram, was Investigated and proposed. 	 Ex-
haustive delayed coking is the first step. The 
coking naphtha and light gas oil are first separately 
extracted successively with dilute alkali and dilute 
sulfuric add to recover the acidic and basic non-
hydrocarbon components, which are later refined to 
fine chemicals. The remaining oil, In which the 
nitrogen content has been reduced to around 
0.4 percent, can be mixed with coking naphtha and 
gas oil from delayed coking of petroleum residuum. 
The coking naphtha has been hydrofined in Fushun 
Refinery No. 2, and the coking gas oil hydrocracked 
in Fushun Refinery No. 3 to produce naphtha, jet 
fuel and diesel fuel components. 

Experimental Rafts 

Experimental Investigations were carried out only on 
the extraction by alkali and acid, because the other 
steps, exhaustive coking and hydrotreating, need no 
more research. 

From the coking naphtha, by extraction with 
10 percent and 20 percent NaOH solution, followed 
by neutralization with acid and final distillation, 
1.36 percent weight of phenolic compounds Including 
phenol, cresols and xylenols were obtained. On later 
extraction with 10 percent 11 2 504 and refining, one 
percent (weight feed) of pyridines was obtained. 

From the coking gas oil, by treating it with five 
percent NaOH, followed by treating the extract with 
petroleum naphtha to remove the dissolved basic 
nonhydrocarbons and neutralization with acid, a yield 
of naphthenic acids after distillation under reduced 
pressure was 0.44 percent (weight). Then a 180-
330°C crude phenolic product was obtained in 
2.56 percent (weight) yield by extraction with 
10 percent NaOH, followed by neutralization with 
acid and vacuum distillation. This product was 
proved to be useful as a component of a sand ag-
gregate agent for use in oil wells to prevent sand 
from coming Into the well tube. 	 When the alkali 
treated	 gas	 oil	 was further extracted	 with
10 percent H2SO4, followed by neutralization and 
vacuum distillation, two final products, a 200-3000C 
fraction (yield 2.8 percent (weight) and a 300-3300C 
fraction (yield 1.1 percent (weight) mainly consisting 
of heavy pyridines and quinolines, were obtained. 
These products were proved to be useful as corro-
sion Inhibitors, especially for oil well tubing to 
retard corrosion by HCI. 

The alkali and acid treated oil fractions then mainly 
consisted of hydrocarbons, which could be directly 
mixed with coking naphtha and gas oil respectively 
from delayed coking of petroleum vacuum residuum 
in the same refinery, because the nitrogen content 
of the pretreated gas oil had been reduced from 
1.0 percent to 0.45 percent. As a result, the 
nitrogen content of the petroleum cycle gas oil 
would rise from 0.10 percent to 0.16 percent, which 
would not cause any significant effect on the 
hydrocracking catalyst. 

2-21	 SYNTHETIC FUELS REPORT, DECEMBER 1988



A flow diagram is shown in Figure 1 for upgrading 
100,000 tons per year of Fushun shale oil. 

By upgrading with the new scheme, the gain per ton 
of	 shale oil is estimated	 to be	 around 
100	 yuan RMB, which is	 much	 greater than	 that 
when	 the shale oil	 is directly	 used	 as boiler	 fuel. 
The same scheme will be applicable	 also to Maomlng 
shale	 oil.

FIGURE 1 

NEW SCHEME FOR UPGRADING
FUSHUN SHALE OIL 

Hydrocarbon gas • Loss 
10.5.% (10.5007) 

I_ftaphthe 12.5_Inhlu je alkali andI 
% 412.500 7) Jacid extraction	 p 

I--Light phenols	 (230 TI 
I l--Pyridine. 1.0 k(123 7) 
I 1--Raffinata (11.900 T)--1jiy4roflninoI 

--Loss (445 TI 
I Naphtha 

(11.700 TI 
I_Light gas oil 64.6_I611ute alkali end) 
I IS	 (64.600 TI Dfl4extractlon	 I crud, shale	 p __________________ I 

Oi l 	 ( 100.000 T )1 I--Nephthenic acids. '044 %(284 TI 
I --Crud. ph.nolica.2.51 % (1.610 TI 
I (--Pyridine. and quinohines,3.9 % 

IDelayedl	 I I	 (2.440 TI 
L22k15t.L	 I - j--Raffinate

_____________ 
(59.500 T)-HydrocrecIcigt 

I I
I 

I--Nepbth. i___5%0.700 7) 
I I I--Jet fuel 33%	 (32,100 7) 

I I--Diesel fuel coaponent 
I I I	 30 %	 (17.500 7) 
I 
I

I 
I

I--Gas + loss 2 % (1.190 7) 

I I--Loss	 (766 TI

I____ stamp Oil 2 % 
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SHALE OIL SLUDGE PROCESS ADOFI'EZ) FOR 
REFINERY USE 

Six, the Oil Shale Department of Brazil's Petrobras, 
has instituted a project for sludge treatment for the 
company oil refinery in Bahia state (RIam). The 
project is a result of the cumulative experience in 
operating the Six shale oil sludge treatment plant. 

The project provides for recovering oil from sludge 
in a centrifuge system. The idea is to remove as 
much oil as possible to be reutilized, or return it to 
the refinery system, blending it with crude oil. If 
the oil Is low in quality, it can be blended with 
fuel oils to be used by the refinery itself, or sold 
to fuel oil consumers. 

The main advantage of this project is that environ-
mental problems can be eliminated. By making use 
of sludge, remaining residue is more powder than oil 
and water, forming an almost solid mass that is 
easier to handle and bury. 
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WATER 

PICEANCE BASIN WATER RJCInS ATTRACT BIDS 

In the biggest water deal in the Piceance Basin 
since the oil shale boom, rancher Aaron Woodward 
has sold his water rights for $485,000. 

The buyer, Walraven Ketellapper of Thornton, acting 
for Stillwater Resources Inc. has also approached 
other ranchers with a similar offer for water from 
their ranches. 

The purchase is apparently being made for a limited 
partnership investment group set up specifically to 
speculate in Western water rights. 

The purchase secures 14 cubic feet per second from 
springs and ditches on Woodward's Rio Blanco Ranch, 
located halfway between Rifle and Meeker along 
Colorado 13 at the top of the Piceance Basin. 

And it includes a 35-acre site to hold a 62-acre-
foot reservoir. The rights are some of the oldest in 
the Piceance Basin, dating back to the 1880s. 

It was estimated that the Woodward sale should 
amount to 400 to 500 acre-feet a year, setting the 
price of the water at $1,000 an acre-foot. 

That price equals a recent sale near Vail for water 
rights that will likely be used for businesses or 
homes. It is cheap compared to prices for water on 
the Front Range, where investors are buying farm 
water rights for $3,000 to $5,000 an acre-foot. 

But the Piceance Basin Is far from the Front Range, 
and other possible uses, like oil shale, coal or in-
stream flows to protect endangered fish, are only 
speculative. 

The deal allows Woodward to tease the water back 
for irrigation until Stillwater Resources Inc. Is ready 
to use it.

### ,t 

INDIAN WATER RIGHTS SETTLEMENT CLEARS WAY FOR 
COLORADO WATER PROJECT 

The Animas-La Plate project in southwest Colorado 
received last-minute Congressional approval and will 
likely become the last major federal reclamation 
project to be built in the State of Colorado. 

The Colorado Ute Indian Water Rights Settlement 
Act, which settles 100-year-old water rights claims 
by the Southern Ute and Ute Mountain Ute Indian 
Tribes in southwestern Colorado, Is critical to con-
struction of the Animas-La Plata water project. The 
project was first authorized 20 years ago.

For many Indians, it will ultimately mean having 
domestic water available for the first time. The 
tribes would receive water from the project in ex-
change for dropping their legal claims to water on 
other streams in southwestern Colorado. 

Although the way Is now cleared for the project to 
Proceed, there may be continuing fights over ap-
propriations for the project, which Is estimated to 
cost $380 million. 

A concurrent resolution that was passed immediately 
after the bill makes it clear that if the Indians 
decide to sell or lease their water off the reserva-
tion, their water rights will be treated as Colorado 
state water right. 

It also said the bill would in no way affect agree-
ments regarding water for other Indian tribes. 

Earlier language said the Indian water would be 
treated as state water rights, but did not specify 
they would be Colorado state water rights. 

The Animas-La Plate project would provide irrigation, 
municipal and Industrial water to non-Indians and In-
dians in southwestern Colorado and northwestern New 
Mexico. 

In addition to the water they would receive from 
the project, the two Ute tribes would get a total of 
$60.5 million in development funds from the project 
and the settlement act. 

Downstream Colorado River states such as California 
and Arizona had objected to the measure. They 
contended it would have allowed the Indian tribes to 
sell or lease their water downstream, thus upsetting 
river laws and agreements that have been on the 
books for decades. 

In essence, under the final accord, the tribes would 
trade in their unquantified claims for interstate 
water rights for senior quantified water rights under 
Colorado's water law. 

Neither of the tribes currently has plans to tease 
any of the water but both have mentioned that as 
an option to help pay their share of the costs of 
the project. 

OIL SHALE COMPANIES FILE WATER RIGHT 
APPLICATIONS 

The Office of the Water Clerk,	 Colorado Water Divi-
sion No.	 S has reported Applications	 for	 Quadrennial 
Finding of Due Diligence for	 oil shale	 related water 
rights held by a number of companies.
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Texaco (Getty) 

Texaco, Inc. and its subsidiary, Getty Oil Company 
filed Application for Quadrennial Finding of Due 
Diligence on the Getty Oil Company Water System in 
Mesa and Garfield Counties. The system consists of 
the following structures: 

- Getty Pipeline.	 Source Colorado River, 
56 cfs, for municipal, domestic, recreational, 
irrigation, industrial and manufacturing pur-
poses. 

- Roan Creek Reservoir. Roan Creek and 
tributaries, 12,396 acre-feet, same uses as 
above. 

- Roan Creek Reservoir, Enlarged.	 Same as
above, 58,903 acre-feet. 

- Getty Sleepy Gulch Reservoir. Source is 
Sleepy Gulch tributary to Roan Creek, 
6,538 acre-feet, uses same as above. 

- Getty West Fork of Parachute Creek Reser-
voir. Source is West Fork of Parachute 
Creek and the Colorado River via the Getty 
Pipeline. Amount is 4,658 acre-feet for uses 
as above. 

- Getty Springs.	 Some 70 springs which are
claimed for stock watering purposes. 

MoW (Superior) 

Mobil Oil Corporation and its subsidiaries, the Supe-
rior Oil Company, and Main Elk Corporation, filed 
Application for Finding of Due Diligence on the fol-
lowing structures: 

- Cottonwood Gulch Terminal Reservoir in Gar-
field County. Amount is 160 acre-feet for 
industrial, domestic, municipal and irrigation 
purposes. Source is Mahaffey Pumping Plant 
and Pipeline and/or Main Elk-Wheeler Gulch 
Pipeline with their various sources of supply 
on Main Elk Creek and the Colorado River. 

- Sheep Trait Hollow Terminal Reservoir in Gar-
field County. Amount is 160 acre-feet, for 
uses as above. 

- Rulison Gulch Terminal Reservoir in Garfield 
County. Amount is 160 acre-feet, uses as 
above. 

- Ailenwater Creek Terminal Reservoir in Gar-
field County. Amount is 160 acre-feet, uses 
as above. 

- Mahaffey Terminal Reservoir in Garfield 
County. Amount Is 160 acre-feet, uses as 
above. 

- Mobil Pumping Station and Pipeline in Rio 
Blanco County.	 Source is the White River,

200 cfs. Uses proposed are: industrial, 
domestic, municipal, recreational, irrigation, 
replacement and other beneficial uses and 
purposes, including mining, retorting, process-
ing, refining and production of oil and other 
products from oil shale. 

- Sales Reservoir in Garfield County. Source 
is Black Sulphur Creek, Fawn Creek, and 
Piceance Creek tributary to White River. 
Amount is 31,020 acre-feet for uses as 
above. 

- Piceance Pipeline in Garfield County. Lo-
cated on west bank of Piceance Creek, the 
source is Piceance Creek and water to be 
imported from other drainages. 	 Amount is
50 cfs, uses as above. 

- Piceance Canal in Garfield County. Located 
on south bank of Piceance Creek. Sources, 
amount and use as above. 

- Hunter Creek Wells.	 Some 30 wells, with
uses as above. 

- Main Elk Reservoir in Garfield County. The 
source is Main Elk Creek, 34,922 acre-feet 
for industrial, domestic, municipal, recrea-
tional and irrigation use. 

- Main Elk-Wheeler Gulch Pipeline in Garfield 
County. Sources are Main Elk Creek and 
Colorado River, 40 cfs, uses as above. 

Other filings include the Superior Oil Company 
Pipeline and Terminal Reservoirs, and the Superior 
Oil Company Storage System in Rio Blanco County. 
The source is the White River. Amounts are 12 cfs 
for the Superior Oil Company Pipeline; 800 acre-feet 
each for two Terminal Reservoirs; 11,800 acre-feet 
for the Crooked Wash Reservoir; 100 cfs for the 
Crooked Wash Pipeline; 100 cfs for the Wray Gulch 
Pipeline; 13,500 acre-feet for the Wray Gulch Reser-
voir; 100 cfs for the Blacks Gulch Pipeline; 
13,900 acre-feet for the Blacks Gulch Reservoir; 
100 efs for the Kellogg Gulch Pipeline; 
3,700 acre-feet for the Kellogg Gulch Reservoir; 
12 cfs for the Pumpback Pipeline No. 1; 12 cfs for 
the Pumpback Pipeline No.	 2;	 12 cfs for the
Pumpback Pipeline No. 3; 12 cfs for the Superior Oil 
Company Pipeline, First Enlargement. In all these 
eases the proposed use is industrial, mining, power, 
irrigation, domestic, municipal, recreation, and other 
beneficial uses. 

msco 

TOSCO Corporation filed an application for the Oil 
Shale Corporation Pipeline and Pumping Plant in Gar-
field County. The source is the Colorado River, and 
water stored in and released from Green Mountain 
Reservoir, 100 cfs for industrial, mining, retorting, 
refining, power, domestic and all other uses neces-
sary and related to the production of shale oil and 
its byproducts. 
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Also filed by TOSCO Is the Application for Quadren-
nial Finding of Due Diligence for the En! Pipeline in 
Rio Blanco County. Sources are Buck Creek, Wagon 
Wheel Creek, East Branch of Patterson Creek and 
West Branch of Patterson Creek, all tributary to the 
White River, with alternate diversion point on the 
White River. The amount Is 30 cfs, to be used for 
domestic and industrial purposes. 

Other	 filings by	 TOSCO Include	 the	 Trail	 Gulch 
Reservoir	 and Trail	 Gulch Reservoir, First	 Enlarge-
ment,	 Garfield County.	 The source is	 Roan	 Creek, 
and	 the	 amounts	 are 5,669 acre-feet	 and 
950 acre-feet, 

Phillips

respectively.

Phillips Petroleum Company applied for the following 
structures in Rio Blanco and Moffat Counties: 

- White River Diversion Site.	 Located on the
White River, 100 cfs. 

- White River-Boise Creek Pipeline. As above. 

- Boise Creek-Spring Creek Pipeline. As Above. 

- Boise Creek Reservoir. 	 On Boise Creek
tributary to White River, 12,800 acre-feet. 

- Spring Creek Reservoir. 	 Amount	 is
53,300 acre-feet. 

In all the above cases the uses are direct flow for 
mining, industrial, refining, retorting, power genera-
tion, domestic, municipal, irrigation, augmentation, 
exchange, dust control, stockwatering, fish and 
wildlife propagation and recreational use. 

Rio Blanco Oil Shale 

Rio Blanco OR Shale Company, a division of Amoco 
Corporation, flied the following applications: 

- Black Sulphur Creek Diversion. 	 Amount is
8 cis. 

Piceance Creek Diversion. Source is left 
bank of Piceance Creek downstream from 
Black Sulphur Creek. Amount is 16 cfs. 

	

- Tract C-a Groundwater Well System. 	 This
system includes 448 acre-feet of storage In 
Corral Gulch Reservoir,	 130 acre-feet In
Stake Springs Reservoir, 285 acre-feet In 
Corral Gulch Reservoir Upstream, 
200 acre-feet in Box Elder Gulch Reservoir, 
141 acre-feet in Stake Springs Reservoir 
Downstream, and three other minor reservoirs. 

Each of the water rights described above were 
decreed for mining, Industrial, refining, retorting, 
power,	 domestic,	 Irrigation,	 fish and wildlife 
propagation, augmentation needs associated with 
dewatering, animal habitat and stock watering, public 
watering holes and recreation uses.

- The Elk-Rifle Water Supply System. This 
system includes 7,865 acre-feet decreed from 
Meadow Creek and Its tributaries to Cow 
Camp Reservoir; 4,132 acre-feet decreed from 
Main Elk, its tributaries and Imported water 
to Main Elk Storage and Diversion Reservoir; 
3,323 acre-feet decreed from West Elk Creek, 
East,	 Main and West Elk Creek and 
tributaries to Elk-Power Reservoir; 
16,740 acre-feet decreed from Imported 
water from East, Main, and West Elk Creek 
and tributaries to West Rifle Reservoir; 
232 acre-feet decreed from imported water 
from East, Main, and West Elk Creek and 
tributaries to Pump Reservoir; 3,200 acre-feet 
decreed from Main Elk Creek and Its 
tributaries to Main Elk Reservoir; 
1,800 acre-feet decreed from East Elk Creek 
to East Elk Reservoir; 150 cfs decreed from 
East Elk Creek and its tributaries to East Elk 
Diversion	 Pipeline	 and	 Clinetop	 Tunnel; 
400 cfs decreed from Main Elk, its 
tributaries, and Imported water to Main Elk 
Diversion Pipeline, Deep West Tunnels t4os. 1 
and 2 and Deep Creek Siphon; 150 cfs 
decreed from Deep Creek to Deep Creek 
Diversion Pipeline; 80 cfs decreed from West 
Elk Creek and imported water to Elk-Rifle 
Conduit (West Elk Creek Direct Flow Right); 
Decree for the Elk-Rifle Conduit to Piceance 
Pump Line. The intake of the Piceance Pump 
Line Is located on the north bank of West 
Rifle Creek. 

In addition, the following structures are described in 
the decree to the above water rights as part of the 
contemplated Elk-Rifle Water Supply Project: 
7,992 acre-feet decreed from East, Main, and West 
Elk Creek and their tributaries to Upper Piceance 
Reservoir; 17,478 acre-feet decreed from East, Main, 
and West Elk Creeks and their tributaries to Lower 
Plceance Reservoir. 

All of the above water rights were decreed for 
domestic, municipal, industrial, irrigation, and power 
generation purposes. 

Shell 

Shell Western E&P filed Application for Due Diligence 
on the following structures: 

- Threemile Creek Reservoir in Garfield County. 
Source is Threemlle Creek, tributary to the 
Roaring Fork River. Amount is 
5,000 acre-feet and 5 cfs. 

- Clear Creek Feeder Pipeline in Garfield 
County. Source is Clear Creek, tributary to 
Roan Creek. Amount is 50 cfs. 

- Deer Park Gulch Reservoir in Garfield County. 
Amount Is 1 1 533 acre-feet. 

- Deer Park Gulch Pumping Pipeline. As above. 
Point of diversion is the Colorado River. 
Amount is 150 cfs. 
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Conn Creek Feeder Pipeline and Pacific Oil 
Company Pipeline and Pumping Plant No. 2. 
Sources are Conn Creek and the Colorado 
River, respectively. Amounts are 50 cfs and 
27 cfs. 

All of the above are parts of a system to be used 
in the production of oil from oil shale. 

Erti 

The Tell Ertl Family mist filed an application for 
tributary underground water rights in Rio Blanco 
County. The well system consists of 45 tributary 
wells, 20 of which are designated "A" wells, which 
will withdraw water from the Upper Parachute 
Creek/Uinta Formation. The remaining 25 tributary 
wells are designated "B" wells, which will withdraw 
water from the Lower Parachute Creek Formation. 

Amount Claimed: Each "A" Well will pump at a rate 
of 220 gallons per minute and will withdraw up-
proximately 320.25 acre-feet per year for a total

annual appropriation of approximately 6,405 acre-feet 
per year. Each "B" Well will pump at a rate of 
350 gallons per minute and will withdraw ap-proximately 512.4 acre-feet per year for a total an-
nual appropriation of approximately 12,810 acre-feet 
per year. 

Applicants intend to develop oil shale deposits and 
extract hydrocarbons and other minerals underlying 
its property. Applicants intend to use water for 
mining, industrial, refining, retorting, power genera-
tion, domestic, irrigation, stock watering, exchange, 
augmentation, fish and wildlife propagation, recrea-
tion, municipal and all other beneficial uses. Ap-
plicants request that the court determine that ap-
plicant has the right to appropriate all the unap-
propriated water In the tributary Upper Parachute 
Creek/Uinta and Lower Parachute Creek Formations 
underlying the approximately 21,100 acres of land 
owned by applicants. 
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RESOURCE 

LYlE TRIBE IMPOSES 10 PERCENT SEVERANCE TAX 

The Ute Indian Tribe has announced it will Implement 
a 10 percent severance tax on oil and gas produc-
tion from Tribal Trust lands in the Ulntah Basin on 
November 1. 

During an October meeting with Utah State and local 
government officials from the Ulntah Basin, Ute offi-
cials said that although the severance tax will be 
Implemented November 1, no payment will be due 
until March 1, 1989. 

That severance tax would be in addition to the four 
percent severance tax imposed by the state, plus a 
small property tax Imposed by the local governments 
In the basin. 

The state and local	 taxes	 imposed on oil	 production 
bring in about	 $4	 million In revenues. The tribe has 
been receiving royalties	 for the oil produced on	 In-
dian land.	 But	 since	 the price	 of oil	 has	 gone 
down, the	 Income	 to	 the tribe	 has dropped	 from 
about $20 million a year to about $6 million a year.

The 10 percent severance tax would generate about 
$6 million for the tribe. Currently about 300 of 
the 3,200 people who live on the reservation are 
employed by the tribal government. 	 The tribe's
usual budget has been about $8 million. 

The state currently Imposes a four percent severance 
tax on oil and gas production on Ute Trust lands. 
The state's ability to Impose a severance tax is 
being debated In the Supreme Court in Cotton 
Petroleum versus New Mexico. The result of the 
case could be that states do not have the right to 
impose severance taxes on Indian Trust lands. In 
1987 the Ute Tribe filed suit against the State of 
Utah contesting its right to tax oil produced on the 
Tribe Trust land. The tribe has postponed action on 
the suit awaiting the results of the Cotton case. 

The question Is still open as to whether the tribe 
can Impose a severance tax on non-trust lands inside 
the reservation. 

If this tax is extended Into the Jurisdictional ex-
terior boundary of Uintnh and Ouray reservation it 
could affect oil production and exploration In the 
entire northeastern section of the state. Although 
not directed to oil shale, It would appear that any 
oil shale developments would be subject to the 
severance tax also.

GEOKINEI1CS, MAGIC CIRCLE, WIN UTAH SHALE 
LEASES 

The Utah Division of State Lands reported that the 
applications listed below were approved for Oil Shale 
Leases on Utah state lands. The Director approved 
the high bids for the first year's rental, $1.00 per 
acre per annum thereafter, and royalty as provided 
In the lease form approved by the Board of State 
Lands. 

Mm. Lease AppI. No. 44146 Ulntah County 
Geokinetics,	 Inc. 880.00 acres 

Mm. Lease AppI. No. 44106 Ulntah County 
Magic Circle Energy Corporation 720.00 acres 

Only Bid:	 $1,216.80 

Mm. Lease Appl. No. 44107 Ulntah County 
Magic Circle Energy Corporation 919.40 acres 

High Old:	 $1,553.78 

Other Bids:	 Geokinetics,	 Inc. $1,177.00 
The New Paraho Corp. $1,011.34 

Mm. Lease Appl. No. 44108 Uintah County 
Magic Circle Energy Corporation 1,280.00 acres 

Only Bid:	 $3,443.20 

Mm. Lease AppI. No. 44109 Uintah County 
Magic Circle Energy Corporation 640.00 acres 

High Bid:	 $1,721.60 

Other Bid:	 Geokinetics,	 Inc.	 $726.00 

Mm. Lease AppI. No. 44110 Umntah County 
Magic Circle Energy Corporation 1,918.50 acres 

Only Bid:	 $3,242.26 

Mm. Lease AppI. No. 44111 Umntah County 
Geokineties,	 Inc. 200.90 acres 

Only Bid:	 $237.00 

Mm.	 Lease Appl. No. 44112 Uintnh County 
Ceokmnetics, 	 Inc. 649.06 acres 

Only Bid:	 $789.00 

Mm. Lease Appi. No. 44113 Umntah County 
Geokinetics,	 Inc. 160.00 acres 

Only Bid:	 $178.00
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Mm. Lease Appl. No. 44114 Uintah County DLM STARTS PLANNING FOR DIAMOND MOUNTAIN 
Geokinetics,	 Inc. 1,839.76 acres RESOURCE AREA 

Only Bid:	 $2,239.00
The	 Vernal	 District	 of	 the	 United	 States	 Bureau	 of 
Land	 Management	 (BLM)	 is	 initiating	 a	 four-year 

Mm. Lease Appi. No. 44115
- 

Umntah County
process	 to	 produce	 a	 Resource	 Management	 Plan 
(RMP) 

Geokinetics,	 Inc. 1,477.51 acres
on	 696,000	 acres	 of	 public	 land	 In	 the 

Diamond	 Mountain	 Resource	 Area	 of	 Utah	 (see 
Only Bid:	 $1,579.00

Figure	 1).	 This plan will	 guide	 and	 focus	 manage-
ment	 of	 the	 Diamond	 Mountain	 Resource	 Area	 for 

Mm.	 Lease AppI. No. 44116 Umntah County
many	 years	 to	 come.	 Some	 of	 the	 area	 contains 
known 

Geokmneties,	 Inc. 1,951.34 acres
oil shale	 resources. 

Only Hid:	 $2,168.00
To start the process1 BLM has	 asked for public input 
In determining what specific Issues,	 management con-

Mm.	 Lease AppI. No. 44117 Uintah County
cerns,	 or	 land use	 opportunities	 should be	 addressed 

Geokinetics,	 Inc. 1,920.16
by	 the plan.	 To	 date,	 they	 have	 tentatively	 iden-

acres tified	 six	 possible	 Areas	 of	 Critical	 Environmental 

Only Bid:	 $2,378.00
Concern 	 (ACEC):	 Browns Park, Castle Cove, Cowboy 
Bench,	 Leers	 Canyon,	 Pnrlette	 Wetlands,	 and	 Red 
Mountain. 

Planning workshops	 were scheduled in	 several places 
throughout	 northeastern	 Utah	 during	 the	 month	 of 
November.
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SOCIOECONOMIC 

EXXON TO SELL BATTLEMENT MESA 

Exxon Corporation says it will attempt to sell 
Battlement Mesa, the new community which it 
developed for the Colony oil shale project. 

Exxon's Battlement Mesa Inc. has retained a Denver 
marketing firm, Cushman & Wakefield, to evaluate 
offers, and try to seek out others. 

To be included in the sale are the Battlement Mesa 
apartments, modular homes, shopping center, golf 
course and undeveloped lots--some 3,200 acres. Not 
Included would be the community's water and sewer 
plant, the recreation center and private homes. 

Battlement Mesa recently began an $8 million to 
$10 million project to build 100 new townhomes 
aimed at people close to retirement. 

In all, the company has spent more than 
$120 million developing the area, first designed to 
house workers for Colony, then turned into a retire-
ment center.

COUNTY GIVES UNOCAL TAX REFUND 

Garfield County (Colorado) commissioners agreed in 
October to refund $164,815 in overpaid 1987 taxes 
to Unocal Corporation. 

The rebate Is subject to approval by the state Divi-
sion of Property Taxation. 

Unocal's rotund is less than half of the extra 
$343,555 collected in a tax mix-up that started with 
an assessor's clerical mistake last winter on Unocal's 
Parachute oil shale project. 

At the time, the mistake left $6.9 million in Unocal 
property off the tax rolis, leading taxing districts to 
raise mill levies to make up the difference. 

After the higher levies were set, the mistake was 
discovered and the Unocal property was added back 
In. As the windfall revenues came in, taxing dis-
tricts were cautioned to save the money, since It 
would either have to be refunded or applied against 
1988 taxes. 
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RECENT OIL SHALE PUBLICATIONS/PATENTS 

RECENT PUBLICAtIONS 

The following article appeared in Energy & Fuels, Volume 2, Number 5, September/October 1988: 

Brons, G., et al., "Particle Size Reduction Studies on Green River Oil Shale." 

The following articles appeared in Fuel, Volume 67, No. 10: 

Korth, J., et aL, "Chemical Characterization of Shale Oil from Duaringa, Australia." 

Levy, J.H., et at, "The Reaction of Pyrite with Water Vapor." 

Wall, G.C., et al., "Kinetics of Coking Shale Oil Vapor on Combusted Spent Shale for Eight 
Australian Oil Shale Deposits." 

Patterson, J.H., et al., "Geochemistry of Subunit Cc of the Nagoorin Oil Shale Deposit.' 

Chariton, B.C., "Combustion Kinetics of Some Australian Spent Oil Shales Between 600 and 
900°C." 

Charlton, B.C., "Combustion Kinetics of Some Spent Oil Shales from the Nagoorin Deposit." 

Boreham, C.J., et al., "Chemical and Petrographic Characterization of the Australian Tertiary 
Duaringa Oil Shale Deposit." 

Moss, T.D., et al., "Effect of Weathering of Oil Shale at Julia Creek (Australia) on Kerogen, 
Oil Yields, and Oil Properties." 

Lambert, 0.5., et al., "NMR Analysis of Shale Oils from Fresh and Artificially Weathered Oil 
Shales." 

Udaja P., et al., "Determination of Total Sulfur in Oil Shale and Shale Oil Using the Leco Sul-
fur Analyzer." 

Gannon, A.J., et al., "Progress in Continuing Oil Shale Project Studies." 

Madre, D.A., 'The Alpha Oil Shale Deposit: The Resource and Its Potential." 

Dickson, B.C., et al., "Rotary Drying of Stuart Oil Shale." 

The	 following papers	 were presented	 at	 the	 1988	 Eastern	 Oil	 Shale Symposium,	 held November 30-December 2, 1988, held in Lexington, Kentucky: 

Benton, LB., "Preliminary Environmental Monitoring Results for Two Synthetic Fuels Facilities: 
Parachute Creek Shale Oil Project and Forest Hill Heavy Oil Project." 

Goodwin, W.A., "Processing Water for an Eastern Oil Shale industry." 

McWhorter, D.B., "Disposal of Oil Shale Solid Wastes: Selected Aspects." 

RobI, T.L., et al., "Conclusions Regarding Reclamation and Leaching Studies at the Hope Creek 
Lysimeters," 

Roberts, M.J., et al., "Environmental Data from Moving-fled Hydroretorting of Eastern Oil 
Shale." 

Taylor, R.W., et al., "Rates of Chemical Reactions which Fix the Distribution of Sulfur in Oil 
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Oil. SHALE - PATENTS 

"Catalyst for the Hydrotreating of Nitrogen-Containing Feeds," Albert L. Hensley, Jr., Thomas D. Nevitt, Martin A. 
Tait - Inventors, Amoco Corporation, United States Patent No. 4 9 771 9 027, September 13, 1988. There are dis-closed a catalyst and a process for the hydroderiitrogenation of a hydrocarbon stream containing a substantial 
amount of nitrogen compounds, such as whole shale oil. The catalyst comprises a hydrogenation component com-
prising chromium, molybdenum, and at least one group VIII metal deposed upon a porous alumina-silica support, 
the silica of said support being present in an amount within the range of about 10 weight percent to about 
50 weight percent, based upon the weight of said support. The process comprises contacting the hydrocarbon 
stream under hydrodenftrogenation conditions and in the presence of hydrogen with the aforesaid catalyst. 

"Arsenic Removal from Shale Oil by Addition of Basic Materials," Dennis D. Delaney - Inventor, Union Oil Com-
pany of California, United States Patent No. 4,773,988 9 September 27, 1988. Arsenic Is removed from shale oil 
by the addition of one or more basic materials to the shale oil. A method for removing arsenic components 
from a shale oil derived hydrocarbon feedstock containing water-insoluble oxygen-containing arsenic components, 
said method comprising the following steps: (1) contacting said feedstock with one or more basic materials to 
produce an admixture of said basic materials and said feedstock that is a substantially anhydrous composition 
containing less than five weight percent of water, said contacting under conditions converting at least some of 
said water-insoluble oxygen-containing arsenic components to one or more water-soluble forms of arsenic com-
ponents, and (2) dissolving said water-soluble forms of arsenic components obtained from step (1) in water to 
separate said water-soluble forms from a product shale oil of reduced arsenic content. 

JAPANESE OIL SHALE - PATENTS 

"Apparatus for Control of Gasification of Residual Carbon from Oil Shale Retorting," Yoichi Tawara, Koichi Yuda, 
Akira Shimauchi, Mlneo imamura - Inventors, Agency of Industrial Sciences and Technology, Japanese Patent 
No. 63,139,983, June 11, 1988. The title apparatus comprises (a) a consecutive-type vertical shaft furnace having 
a retorting zone at top and a gasification zone at bottom for gasifying the spent shale containing residual C; 
(b) moans for recovering oil and byproduct gas from the effluent from the retorting zone; (c) means for com-
busting gaseous effluents from the gasification zone, heating the byproduct gas with the resulting combustion gas, 
and recycling the heated byproduct gas to the retorting zone; (d) means for detecting the H concentrations and 
temperature of the gaseous effluents from the gasification zone, and (e) means for controlling the gas flow and 
wetting the feed air into the gasification zone. The apparatus Increases the gasification efficiency of the spent 
shale containing residual C and stabilizes the shaft furnace temperature. 

"Method for Retorting of Hydrocarbon -Containing Solids," Toshio Oonishi, Takuzo Nagano, Koji Nitsuta, Naokyo Seri 
- Inventors, Agency of Industrial Sciences and Technology, Japanese Patent No. 63,139,975. Hydrocarbon-
containing solids, particularly oil shale or tar sands, are pulverized to a particle size (1 millimeter, and then 
fed into a retorting system to produce oils, and the resulting spent shale containing unburned carbon is intro-
duced into a rotary-type combustor to recover waste heat for use In the retorting system. The retorting system 
Is preferably equipped with >1 fan for blowing and sucking air to remove light gases and spent shale powder. 
The method increases oil recovery and reduces energy cost. 

"Method for Recovery of Oils from Hydrocarbon-Containing Solids," Koji Nitsuta, Toshio Oonlshi, Takuzo Nagano, 
Naokyo Seri, iCazuhiko Nakase - inventors, Agency of Industrial Sciences and Technology, Japanese Patent 
No. 63,139,977, June 11, 1988. The title method comprises (a) pulverizing the hydrocarbon-containing solids 
(particularly oil shale and oil sand) to a particle size of five-20 millimeters; (b) mixing the bulky shale (average 
diameter >5 millimeters) with spent shale containing residual C, and combusting the mixture in a rotary drum-
type combustor to recover waste heat and to obtain a completely combusted shale as heat-transfer medium; and (c) retorting the raw shale (average diameter <5 millimeters) with the heat-transfer medium In a vertical shaft 
furnace which Is preferably equipped with multistage spouted beds and a cone-shaped buffering plate at the 
lower-stage spouted bed. The method increases the oil yield and stabilizes the furnace temperature. 

"Method for Recovery of Oils from hydrocarbon-Containing Solids," Naokyo Seri, Toshio Oonishi, Takuzo Nagano, 
Koji Nitsuta, l{azuhiko Nakase - Inventors, Agency of Industrial Sciences and Technology, Japanese Patent 
No. 63,139,978, June 11, 1988. Fuel oils are recovered from hydrocarbon-containing solids (particularly oil shale 
or oil sand) by (a) injecting the feedstocks (average diameter <1 millimeter) and a high-temperature heat-medium 
(especially spent shale) into a vertical furnace equipped —

with multistage spouted beds; (b) introducing oxygen-free hot gas into the bottom of the s	 fluidize shale powder; (c) removing hot spent shale containing pouted bed to f  
residual C, and feeding into >1 cyclone-type heat exchangers to recover waste heat for preheating air, and (d) 
introducing the hot spent shale (as heat-transfer medium) from the cyclone bottom outlet Into the top stage of 
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the spouted bed to retort raw Leers About >95 percent hydrocarbons in the feedstocks can be utilized and the 
retorting temperature distribution in the shale bed is more uniform. 

"Method for Controlling an Oil Shale Retorting Apparatus," Naohiko Ugawa, Yoshibumi Ito, Tsurnoru Nakamura, 
Toshiaki Itinomoto - Inventors, Agency of Industrial Sciences and Technology, Japanese Patent No. 63,139,979, 
June 11, 1988. Oil shale is retorted in an apparatus comprising (a) a circular grate having a heating-retorting 
zone, a combustion zone, and a cooling zone; 9b) means for continuously monitoring the hydrocarbon concentra-
tion of the high-temperature gas passing through the shale bed in the heating-retorting zone; and (c) means for 
monitoring the retorting gas temperature, and/or the retorting gas flow, and/or the change of the horizontal 
velocity of the circular grate. The method increases oil yield and decreases energy consumption. 

"Oil Shale Retorting Method," Naohiko Ugawa, Kosuke Yamashita, Kenji Inoe, Masaru Takemoto, Hiroyoshi lkenoe - 
Inventors, Agency of Industrial Sciences and Technology, Japanese Patent No. 63,139,980, June 11, 1988. Oil 
shale Is retorted in an apparatus comprising (a) a circular grate having a preheating zone, a heating-retorting 
zone, a combustion zone, a first cooling zone, and a second cooling zone; (b) a gas-liquid separator at the 
preheating zone outlet for separating byproduct gas and waste water; (c) a gas-liquid separator of the heating-
retorting zone outlet for separating byproduct gas and for recovering oils; (d) an indirect heat exchanger for 
preheating the byproduct gas to 150-350 0 , and feeding into a burner connected to the retorting zone; and (e) means for combusting the O-containing gas from the shale bed with )1 portion of the gas from the preheating 
zone. The method improves the product oil quality and reduces the equipment cost. 

"Apparatus for Retorting of Oil Shale," Mineo Imamura, Koichi Yuda, Akira Shimauchi, Ryuichi Abe - Inventors, 
Agency of industrial Sciences and Technology, Japanese Patent No. 63,139,984, June 11, 1988. The title apparatus 
comprises (a) a vertical furnace for retorting the pulverized oil shale; (b) a cyclone for separating shale dust 
and heavy oil fractions from the gaseous effluents of the furnace; (c) a centrifuge for removing sludge from the 
heavy oil fractions; (d) a first condenser for cooling the light oil fractions from the overhead of the cyclone; 
and (e) a second condenser for further cooling the light oil fractions to the temperature below the dew point of 
the retorting gas, and separating into light oil and waste water. 	 The apparatus is easy to operate and in-



creased oil recovery. 

"Apparatus for Control of Circulation of Flue Gases from Oil-Shale Retorting System,"	 Koichi Yuda, AkiraShimauchi, Yoichi Tawara, Kazutoshi Kurata - Inventors, Agency of Industrial Sciences and Technology, Japanese 
Patent No. 63,139,982, June 11, 1988. The title apparatus comprises (a) a consecutive-type vertical furnace 
having a retorting zone at top and a gasification zone at bottom for gasifying the spent shale containing 
residual C, and each zone equipped with a gas circulating system; (b) means for monitoring the gas composition 
in the gas circulating system for the retorting zone, and controlling the byproduct gas flow using feedback sig-
nals; (c) means for monitoring the feed gas flow in the gas circulating system for the gasification zone, and 
controlling the flue gas amount using feedback signals; and (d) means for monitoring the gas pressure difference 
between the retorting zone and the gasification zone, and controlling the flue gas amount using feedback signals. 
The apparatus increases the yield of high-concentration byproduct gas and reduces energy cost. 

"Apparatus for Control of Gasification of Residual Carbon from Oil Shale Retorting," Ryuichi Abe, Koichi Yuda, 
Akira Shimauchi, Mineo Imarnura - Inventors, Agency of Industrial Sciences and Technology, Japanese Patent 
No. 63,139,985, June 11, tOSS. The title apparatus comprises (a) a consecutive-type vertical furnace having an 
upper retorting zone and a lower gasification zone for gasifying the spent shale containing residual C to effec-
tively recover waste heat; (b) means for monitoring the gas temperature at the outlet of the gasification zone, 
and controlling the gas flow into the gasification zone using feedback signals; (c) means for monitoring the 
oxygen concentration at the outlet of the gasification zone, and adjusting tile air flow into the gasification zone 
using feedback signals; and (d) means for monitoring the furnace temperature in the gasification zone, and con-
trolling the amount of water adding to the gasifying gas using feedback signals. 	 Optionally, the gasificationzone is equipped with a sensor for detecting the pressure loss inside the furnace, and a sensor for detecting the 
CO or II concentration at the outlet to optimize the temperature in the gasification zone. The apparatus in- 
creases the gasification efficiency of the residual carbon-containing spent shale and reduces energy cost. 

"Apparatus for Control of Gasification of Residual Carbon from Oil Shale Retorting," Akira Shimauchi, Koichiro 
Mod - Inventors, Agency of Industrial Sciences and Technology, Japanese Patent No. 63,139,986, June 11, 1988. 
The title apparatus comprises (a) a vertical furnace having a retorting zone at top and a gasification zone at 
bottom for gasifying the residual C, (b) a heat exchanger for heating the retorting gas, (c) a combustor for 
combusting the gaseous effluent from the gasification, (d) means for wetting the air feeding into the gasification 
zone; (e) a two-layer spray nozzle for controlling the amount of gas and wetted air feeding into the gasification 
zone. The temperature distribution in the gasification zone can be controlled at approximately 1,0000. The ap-
paratus increases waste heat recovery from the spent shale. 

"Apparatus and Method for Retorting of Oil Shale," Akira Shimauchi, Koichi Yuda, Mineo Imamura, Yoichi Tawara 
- Inventors, Agency of Industrial Sciences and Technology, Japanese Patent No. 63,139,987, June 11, 1988. The 
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title apparatus comprises (a) a consecutive-type vertical furnace having a retorting zone at top and a gasifica-
tion zone at bottom for gasifying the residual C of spent shale; (b) an oil recovery device connected to the 
overhead of the retorting zone; (c) a heat exchanger for contacting high-temperature combustion gas with feed 
air; (d) means for introducing the heated air into a first dryer, a shale-grinding device, and a second dryer for 
preheating the raw shale, prior to feeding into the retorting zone. The apparatus reduces energy cost, and in-
creases oil recovery.
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since September 1988) 

ACORN PROJECT - Southern Pacific Petroleum NI. and Central Pacific Minerals NL (S-B) 

In 1985 Southern Pacific Petroleum NI. and Central Pacific Minerals NL (SPP/CPM) studied the potential for developing a 
demonstration retort based upon mining the Kerosene Creek Member of the Stuart oil shale deposit in Queensland, Australia at a 
grade of 180 liters of oil per dry tonne. 

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 cat estimates and reassessed the feasibility of the Taciuk Processor for 
demonstration plant use. The economies 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 2,0 tonnes of dried Stuart oil shale was prepared in late 1986 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. The project is referred to as 
the Acorn Project. During the last quarter of 1987, SPP carried out a short drilling program of 10 holes at the Stuart deposit in or- 
der to increase information on the high grade Kerosene Creek member. SPP plans to carry out basic design engineering in 1988 on 
the basis of this project definition. The current conceptual design is for a plant processing approximately 2,000 tonnes per stream 
day of as mined feed shale and producing approximately 1,630 barrels per stream day of raw shale oil. 

According to SPP, the present cost plan ceiling is A$30 million for such a demonstration plant, including services connection and 
product storage. At current prices for low sulfur fuel oil in Australia, it is likely that operation of the demonstration plant will at 
least break even and possibly earn a small surplus. After a year of operation it is expected that sufficient data and operating ex-
perience will have been gathered to scale up the technology to full commercial size (60,000 barrels per day). 

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

Project Cost: For demonstration module AS30 million 

CATHEDRAL BLUFFS PROJECT - Cathedral Bluffs Shale Oil Company. Occidental Oil Shale, Inc., and Tenneco Shale Oil Company 
(nS, R96W, 6PM) (S-b) 

Federal Oil Shale Lease Tract C-b, located in Rio Blanco County in the Piceance Creek Basin of northwestern Colorado, is 
managed by the equal-interest partnership between Occidental on Shale, Inc., and Tenneco Shale Oil Company, doing business as 
Cathedral Bluffs Shale Oil Company. On October 16, 1985 Tenneco Shale Oil Company granted to Occidental Oil Shale, Inc. a 
two year option to acquire its 50 percent interest in Cathedral Bluffs. On October 16, 1987, that option was extended for another 
two-year period. During the option period Occidental is the operator for the project for Cathedral Bluffs. A modified detailed 
development plan for a 57,000 barrels per day modified in situ plant was submitted in March 1977 and subsequently approved in 
April 1977. The EPA issued a conditional Prevention of Significant Deterioration (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 
SEC on December 19, 1985 before any assistance could be awarded to the project. 

Three headframes—two concrete and one steel—have been erected. Four new structures were completed in 1982: control mom, east 
and west airlocks, and mechanical/electrical rooms. The power substation on-tract became operational in 1982. The 
ventilation/escape, service, and production shafts were completed in Fall 1983. An interim monitoring program was approved in 
July 1982 and extended through April 1986 to reflect the reduced level of activity. A new monitoring plan is part of the lease 
suspension request. 

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). 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 1988) 

COMMERCIAL PROJECTS (Continued) 

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 
continues in order to keep the shaft from being flooded. 

Project Cost: Not Disclosed 

CHATHAM CO-COMBUSTION BOILER - New Brunswick Electric Power Commission (S-IS) 

Construction on the Chathani 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 will supply steam to an existing 22-MW turbine generator. High-sulfur coal 
will be 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. A 3,500 ton test on petroleum coke was started in January, 1988. 

CLEAR CREEK PROJECT - Chevron Shale Oil Company (70 percent) and Conoco, Inc. (30 percent) (135, R98W, 6PM) (S-20) 

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

Chevron is continuing to develop its Colorado River water rights through its participation in a joint venture with two other energy 
companies. 

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

COLONY SHALE OIL PROJECT - Exxon Company USA (I'SS, R95W, 6PM) (5-30) 

Proposed 47,0 barrels per day project on Colony Dow West property near Parachute, Colorado. Underground room-and-pillar 
mining and Tosco 11 retorting was originally planned. Production would be 66,000 TPD of 35 GPT shale from a 60-foot horizon in 
the Mahogany zone. Development suspended 10/4/74. Draft EIS covering plant, 196-mile pipeline to Lisbon, Utah, and minor 
land exchanges released 12/17/75. Final EIS has been issued. EPA issued conditional PSD permit 7/11/79. Land exchange con-
summated 2/1/80. On August 1, 1980, Exxon acquired ARCO's 60 percent interest in project for up to $400 million. Preferred 
pipeline destination was changed to Casper, Wyoming, and Final EIS supplement was completed. Work on Battlement Mesa com-
munity commenced summer 1980. Colorado Mined Land Reclamation permit was approved October 1980. Site development was 
initiated. CF. Braun awarded contract 12/80 for final design 

and engineering of Tosco II retorts. Brown & Root was to construct 
the retorts. Stearns-Roger awarded contract 2/81 for design and construction liaison on materials handling and mine support 
facilities. DOE granted Tosco $1.1 billion loan guarantee 8/81. 

On May 2, 1982, Exxon announced a decision to discontinue funding its 60 percent share of the present Colony Shale Oil Project. 
Tosco responded to the decision by exercising its option to require Exxon to purchase Tosco's 40 percent interest. Exxon has com-
pleted an orderly phasedown of the project. Construction of Battlement Mesa has been completed and Exxon has announced its 
intention to sell the Mesa complex. An Exxon organization remains in the Parachute area to perform activities including reclama-
tion, some construction, security, safety, maintenance, and environmental monitoring. These ongoing activities are designed to 
maintain the capability for further development of the Colony resource when economics become attractive. In April, 1988, it was 
announced that the Colony pilot mine would be used for tests of a water-jet-assisted mining machine to be developed under DOE 
funding. 

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

CONDOR PROJECT - Central Pacific Minerals -50 percent; Southern Pacific Petroleum -50 percent (S-31) 

Southern Pacific Petroleum N.L. and Central Pacific Minerals N.L. (SPP/CPM) announced the completion on June 30, 1984 of the 
Condor Oil Shale Joint Feasibility Study. SPP/CPM believe that the results of the study support a conclusion that a development 
of the Condor oil shale deposit would be feasible under the assumptions incorporated in the study. 

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.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 1999) 

COMMERCIAL PROJECTS (Continued) 

From a range of alternatives considered, a project configuration producing 26.7 million barrels per year of sweet shale oil gave the 
best economic conclusions. The study indicates that such a plant would involve a capital cost of US$2,300 million and an annual 
average operating cost of US$265 million at full production, before tax and royalty. (All figures are based on mid-1983 dollars.) 
Such a project was estimated to require 12 years to design and complete construction with first product oil in Year 6, and progres-
sive 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 titers 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 "fine? process owned by Lurgi GmbH of Frankfurt, West Germany. Their proposal envisages 
four retort modules, each processing 50,0 tons per day of shale, to give a total capacity of 200,000 tons per day and a sweet shale 
oil output, after upgrading, of 82,100 barrels per day. 

Raw shale oil from the retort requires further treatment to produce a compatible oil refinery feedstock. Two 41,000 barrels per day 
upgrading plants were incorporated into the project design. 

All aspects of infrastructure supporting such a project were studied, including water and power supplies, workforce 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 indicates that there are no foreseeable infrastructure or environmen-
tal issues which would impede development. If a design and construction schedule of 12 years were chosen, allowing a steady but 
progressive build-up to full production, then an on-site peak construction and operations workforce of up to 3,000 people would be 
required. Operation of the plant would need 1,700 on-site people at full production. 

Market studies suggest that refiners in both Australia and Japan would place a premium on Condor shale oil of about US$4 per 
barrel over Arabian Light crude. Thus a selling price of about US$33 FOB Mackay was assumed. Avenge cash operating cost at 
full production is estimated at US$20 per barrel of which more than US$9 per barrel represents corporation taxes and royalty. 
Capital costs were estimated to an accuracy of +/- 25 percent, mainly by independent international engineering companies. Of the 
total estimated capital costs of US$2,300 million, almost US$1,700 million is accounted for equally by the three major elements_ 
mining, retorting, and upgrading. The remainder covers supporting plant, infrastructure, administration, and various allowances 
and contingencies. 

During July 1984 SFP, 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,ODO 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 orocessed satisfac-
torily in the pilot unit. 

In 1988 SPP/CPM began studies to assess the feasibility of establishing a semi-commercial demonstration retorting plant at Condor 
similar to that being designed for the Stuart deposit. 

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

EDWARDS ENGINEERING - Edwards Engineering Corporation (5-33) 

Edwards Engineering Corporation has been designing and building at their manufacturing plant in New Jersey a portable oil shale 
retort that will produce between 1,000 and ZODD barrels of shale oil per day. The completed unit can be easily trucked to any 
suitable location. 

The design of the plant is based on engineering data obtained between 1980 and 1986 from a pilot plant oil shale retort constructed 
at the Edwards plant in New Jersey. The production unit is being built to process typical oil shale as found in Utah, Colorado, or 
Wyoming. The portable unit has a low capital cost, and will produce a quality product with an API gravity between 26 to 28, having 
a pour point between 35 degrees and 55 degrees F. The system includes a heat recovery arrangement resulting in very low energy 
costs per barrel of oil produced. At least 80 percent of the energy for retorting is recycled, no water is required. The system can be 
readily scaled upward from the 1,000 to 2,000 barrels per day to any conceivable capacity desired. 

During 1986 the construction of the portable oil shale retort was suspended. Construction may be resumed toward the end of 1988 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 1988) 

COMMERCIAL PROJECTS (Continued) 

Project Cost: Not Disclosed 

ESTONIA POWER PLANTS - Union of Soviet Socialest Republics (5-34) 

About 95 percent of USSR's oil shale output comes from Estonia and Leningrad Oblast. Hall of the extracted oil shale comes 
from surface mines, the other half from underground workings. The nine underground mines output 3,000 to 17,000 tons per day; 
the surface mines output 8,000 to 14,000 tons per day. 

Exploitation of kukersite resources was begun by the Estonian government in 1918. In 1980, annual production of oil shale in 
USSR reached 41 million tons of which 36 million tons came from the Baltic region. Recovered shale oil was 49 million barrels. 
Most extracted oil shale is used for power production rather than oil recovery. 

More than 60 percent of Estonia's thermal energy demand is met by the use of oil shale, as well as a considerable part of the gas 
supplies for the city of Leningrad. First of their kind ever put into operation, the oil-shale-fueled power plants have an annual out-
put of 1,600 megawatts. Another smaller oil shale fueled power plant exists in the Baltic area. 

FUSHUN COMMERCIAL SHALE OIL PLANT - Fushun Petrochemical Corporation, SINOPEC Fushun, China (343) 

The oil shale retorting industry in Fushun 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 most 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 avenge. 

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

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

GARY REFINERY - Gary Refining Company (S-35) 

Gary Refining Company operates a refinery in Fruits, Colorado at the southwestern edge of the Piceance Basin. The Gary oil 
refinery was constructed in 1957 by the American Gilsonite Company to process gitsonite, a solid hydrocarbon ore that is mined in 
Northeastern Utah. Gary Energy acquired the refinery in 1973 after American Gilsonite discontinued the refining of gilsonite. 
Over the past ten years the refinery has been expanded and upgraded into a modem facility capable of processing a wide variety of 
raw materials into finished transportation fuels. Recent modifications were made to the refinery to process shale oil. 

Gary Refining had a contract to purchase 8,600 barrels per day of hydrotreated shale oil from the Unocal Parachute Creck facility. 
A contract was also signed with the Defense Fuel Supply Center to provide 5,025 barrels per day of shale-derived military jet fuel 
(JP4) to the Air Force over a four year period. 

The processing scheme that Gary will use to process the shale oil is geared toward maximizing the yield of JP4. The blocking 
operation is due to the Air Force requirements that JP4 be produced solely from a shale oil feedstock. Therefore, the crude, 
vacuum, and hydrocracking units will be blocked out, each with a separate operating cycle. Without this Air Forte requirement, the 
shale oil would normally be processed commingled with conventional crude oil. 

Upgraded shale oil will be delivered to the refinery via a pipeline from the Parachute upgrading facility to Gary's site. .JP4 product 
will be transported by rail to tankage in Salt Lake City, Utah. Other shale-derived products such as gasoline and No. 2 diesel will 
be commingled with similar crude-derived products produced at the Gary facility and sold in local markets. 

In early March 1985 Gary Refining Company shut down the refinery and filed for protection from creditors under Chapter 11 of 
the United States Bankruptcy Code. The United States Bankruptcy Court approved the company's Reorganization Plan in 
July 1986. Under the Plan, payments to creditors will begin after delivery of shale oil from the Unocal plant. Gary is now operat-
ing the facility as a terminal pending the availability of sufficient shale oil to justify starting up the refinery. 

Project Cost: Not Disclosed
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 19U) 

COMMERCIAL PROJECTS (Continued) 

JORDAN OIL SHALE PROJECT - Natural Resources Authority of Jordan (S-37) 

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 is also investigating 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. Urge-scale combustion tests have 
been carried out at Kioeckner in West Germany and in New Brunswick, Canada. 

A consortium of Lund and Kloeckner com pleted in 1988 a study concerning a 50,000 barrel per day shale oil Plant operating on El 
Laiiun oil shale. Pilot plant retortin g tests were performed in Lurgi's LR pilot olant in Frankfurt. Germany, 

In 1988, the N.R.A. announced that it was postponing for 5 years the consideration of any commercial oil shale project. 

KIVITER PROCESS - Union of Soviet Socialist Republics (5-38) 

The majority of Baltic oil shale (kukersite) found in Estonia and the Leningrad district in the Soviet Union is used for power 
generation. However, over 6 million tons are retorted to produce shale oil and gas. The Kiviter process, continuous operating ver-
tical retorts traditionally referred to as gas generators, is predominantly used in commercial operation. The retorts have been 
automated, and have throughput rates of 200 to 220 tons of shale per day. In the gas generators, low temperature carbonization of 
kukersite yields 75 to 80 percent of Fischer assay oil. The yield of low calorific gas (3,350 to 4,200 K.J/cubic meters) is 450 to 
500 cubic meters per ton of shale. 

The first 1,000 ton-per-day gas generator was constructed at Kohtla-Jarve, Estonia USSR, and placed in operation in 1981. The 
new retort employs the concept of crosscurrent flow of heat carrier gas through the fuel bed, with additional heat added to the 
semi-coking chamber. A portion of the heat carrier is prepared by burning recycle gas. Raw shale is fed through a charging device 
into two semi-coking chambers arranged in the upper part of the retort. The use of two parallel chambers provides a larger retort-
ing zone without increasing the thickness of the bed. Additional heating or gasification occurs in the mid-part of the retort by intro-
ducing hot gases or an oxidizing agent through side combustion chambers equipped with gas burners and recycle gas inlets to con-
trol 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. 

In January, 1987, two new 1,) TPD retorts were put in operation. A new battery of four 1,500 TPD retorts, with a new circular 
chamber design, is planned. 

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

Project Cost: Not disclosed 

MAOMING COMMMERCIAL SHALE OIL PLANT - Maoming Petroleum Industrial Corporation, SINOPEC, Maoming, China (S-39) 

Construction of the Maoming petroleum 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 gasification section, and a rectangular gas combustion retort. Oil shale 
throughput is 150 and 185 tons per day per retort, respectively. The present facility consists of two batteries containing a total of 48 
rectangular gas combustion retorts and two batteries with a total of 64 cylindrical retorts. 

Current production at Maoming is approximately 100,0 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 is planned. 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 1988) 

COMMERCIAL PROJECTS (Continued) 

MOBIL PARACHUTE SHALE OIL PROJECT - Mobil Oil Corporation (T6S, R95W, 6PM) (540) 

Mobil is currently evaluating development plans for its shale property located on 10,0W acres five miles north of Parachute. The 
project is planned to have initial production of 10,000 to 25,000 barrels per day with an incremental buildup to 100,000 barrels per 
day. The United States Bureau of Land Management has completed an Environmental Impact Statement preparatory to future 
permit applications. A Corps of Engineers Section 404 permit application has been submitted and is currently being processed.. 

Project Cost: Estimated $8 billion for 100,000 BPD production 

MOROCCO OIL SHALE PROJECT - ONAREP; Science Applications, Inc. (S-55) 

During 1975 a drilling and mining survey revealed 13 oil shale deposits in Morocco including three major deposits at Timandit, 
Tangier, and Tarfaya from which the name fl 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 lower oil prices and the relatively low grade of oil shale. No significant activity is underway except the resource evalua-
tion and conceptual design studies for a small demo plant. 

Construction of a pilot plant at Timandit has been completed with a funding from the World Bank in 1984. System press test and 
the plant acceptance test have also been completed in 1984. During the first quarter of 1985, the plant has gone through a success-
ful shakedown test, followed by a preliminary single retorting test. The preliminary test produced over 25 barrels of shale oil and 
proved the fundamental process feasibility of the 13 process. More than a dozen single retort tests have been conducted so far to 
prove the process feasibility as well as to optimize the process conditions. Single retort parametric tests will continue through 1985 
and the double retort D process tests will start in early 1986. The pilot plant utilizes the D process developed jointly by Science 
Applications, Inc., and the Office National de Recherche et d'Exploitation Petrolieres (ONAREP) of Morocco. The T3 process 
consists of a semi-continuous dual retorting system in which heat from one vessel that is being cooled provides a portion of the 
energy that is required to retort the shale in the second vessel. The pilot plant has a 100 tons of raw shale per day capacity using 
17 GPT shales. The design of a demonstration plant, which will have an initial output of 280 barrels per day, rising to 7,800 barrels 
per day when full scale commercial production begins, has been deferred until the pilot plant operation is completed in 1985. A 
commercial scale mine development study at Timandit is being conducted by Morrison-Knudsen. 

The 13 process will be used in conjunction with other continuous processes in Morocco. In 1981/1982, Science Applications, Inc., 
conducted for ONAREP an extensive process option studies based on all major processes available in the United States and abroad 
and made a recommendation in several categories based on the results from the economic analysis. An oil-shale laboratory includ-
ing a laboratory scale retort, computer process model and computer process control, has been established in Rabat with assistance 
from Science Applications, Inc. 

Project Cost: Not disclosed 

PARACHUTE CREEK SHALE OIL PROGRAM - UNOCAL Corporation 76 (S-70) 

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 19405, 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 12500 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 syncnrde. 

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 will be the market price or a contract floor price. If the 
market price is below the DOE contract floor 

price, indexed for inflation, Unocal will receive a payment from DOE to equal the 
difference. The total amount of DOE price supports Unocal could receive is $400 million. Unocal began billing the U. S. Treasury 
Department in January, 1987 under its Phase I support contract.
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COMMERCIAL PROJECTS (Continued) 

In a 1985 amendment to the DOE Phase I contract, Unocal agreed to explore using fluidized bed combustion (FtC) 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. Preliminary cost and engineer-
ing studies showed that costs would exceed $352 million compared to an original estimate of about $260 million. The decision does 
not affect Unocal's plans to proceed with the current operations of its shale plant. 

Shale oil shipments in October, 1988 were 190.700 barrels. This is ri ght at the break-even point, considered to be 6,-8.000 bar-
rels per day. The future of the nroiect de pends on the ability to maintain this production level. 

Project Cost: Phase I - Approximately $700 million 

PE'FROSIX - Petrobras (Petroleo Brasileiro, SA) (5-90) 

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 1981 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 is being started up in May, 1988. The combustor will be tested on both spent shale 
and oil shale lines to produce process steam for the Petrosix commercial plant 

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-
tained on the process. This plant operating on a small commercial basis since 1981, currently produces 800 barrels per day of crude 
oil, 38 tons per day of fuel gas, and 19 tons per day of sulfur. A 36 foot inside diameter retort, called the industrial module, is being 
constructed and will produce 3,343 barrels per day of oil, 50 tons per day of LPG, 81 tons per day of fuel gas, and 98 tons per day of 
sulfur from 7,800 tons of oil shale per day in December 1989. 

Some 35 hectares of the mined area lit been rehabilitated since 1977. The schedule for 1989 and 1990 is to rehabilitate 65 hcc-
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 gasoil. 

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

Petrobras has instituted a proiect for sludge treatment for the com pany's oil refinery in Bahia state based on the cumulative ex-
perience in oneratinc the Six shale oil sludre treatment plant. 

Project Installed Costs: $68.4 (US) Million (industrial module) 

RAMEX OIL SHALE GASIFICATION PROCESS—Ramex Synfuels International, Inc. and Greenway Corporation (5.95) 

On May 6, 1985 Ramex began construction of a pilot plant near Rock Springs, Wyoming. The plant is located on property leased 
from a subsidiary of Union Pacific Railroad. In addition to the one section leased for the pilot plant, Ramex also has options on 
ten additional sections. This site was selected because of the accessibility for potential customers, and the abundance of available 
oil shale reserves. 

The pilot plant consists of two specially designed burners that will burn continuously in an underground oil shale bed at a depth 
of 70 feet. These burners will produce an industry quality gas (greater than 800 BTUs per standard cubic foot). 

In November 1986, Ramex announced that Greenway Corporation had become the controlling shareholder in the company. 
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COMMERCIAL PROJECTS (Continued) 

On November 24, 1987, Ramex announced the completion of the pilot project. The formation was heated to approximately 1200 
degrees creating a high-BTU gas with little or no liquid condensate. The wells substained 75 mcf 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 S 
year life in a 10 foot section of the shale with a product gas of 800 BTU or higher per standard cubic foot. 

Ramer 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, Ram" announced the project would be moved to Indiana. A total of 5 wells have now been 

Arrangements were made with Midwest Natural Gas to hook up the Ramer	 production to the Midwest Pi peline near Hen-

Ram" is also investigating potential applications in Israel. 

Project Cat: Approximately $1 million for the pilot tests. 

RIO BLANCO OIL SHALE PROJECT - Rio Blanco Oil Shale Company (wholly owned by Amoco Corporation) (T2S, R99W, 6PM) 
(S-I®) 

Proposed project on federal Tract C-a in Piceance Creek Basin, Colorado. Bonus bid of $210.3 million to acquire rights to tract; 
lease issued 3/1/74. Completed four-year modified in situ demonstration program at end of 1981. Burned two successful retorts. 
First retort was 30' x 30' x 166' high and produced 1,907 barrels of shale oil. It burned between October and late December 1980. 
Second retort was 60' x 60' x 400' high and produced 24,790 barrels while burning from June through most December of 1981. 
Program cost $132 million. Company still prefers open pit mining-surface retorting development because of much greater resource 
recovery of live versus two billion barrels over life of project. Cannot develop tract efficiently in that manner without additional 
federal land for disposal purposes and siting of processing facilities. In August 1982, the company temporarily suspended opera-
tions on its federal tract after receiving a 5 year lease suspension from the United States Department of Interior. In August 1987, 
the suspension was renewed for six months and in February 1988 for an additional 18 months or until the lawsuit over the off-tract 
disposal site is settled. 

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 has never been issued due to a suit filed by the Na-
tional 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 are currently flooded but were pumped out in May 1985 and June 
1986 in accordance with plans approved by the Department of the Interior. Data from the pumpout are being evaluated. Stringent 
monitoring is continuing. Rio Blanco operated a $29 million one to five TPD Lurgi pilot plant at Gull's Research Canter in Mar-
marville, Pennsylvania until late 1984 when it was shut down. Data analysis is currently underway. This $29 million represents the 
capital and estimated operating cost for up to 5 years of operation. Engineering and planning for open pit-surface retorting 
development are being continued. The company has not as yet developed commercial plans or cost estimates. On January 31, 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. Amoco has no plans to discontinue operations. 

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

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

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. 
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COMMERCIAL PROJECTS (Continued) 

Under a new agreement between the venturers, which became effective in February 1982, I?sso 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 I3sso announced that they have commenced discussions about possible amendments to the Rundle 
Joint Venture Agreement signed in 1982. Those discussions were completed by March 1985. Revisions to the Joint Venture 
Agreement now provide for 

Payment by Esso to SPP/CPM of A$30 million in 1985 and A$12.5 in 1987 

Each partner to have a 50 percent interest in the project. 

Continuation of a Work Program to progress development of the resource. Cost of this program for 1985/7 was A$13 mil-
lion. 

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: See above 

TOSCO SAND WASH PROJECT - Tosco Corporation (OS, R2IE, SLM) (S-120) 

Proposed 49,000 BPSD project on 17,092 acres of State leases in Sand Wash area of Uintah Basin near Vernal, Utah. A State-
approved unitization of 33 non-contiguous leases required $8 million tract evaluation, which has been completed. On-site environ-
mental assessments have been completed and applications for right-of-way permits for roads, water pipeline, inter-block conveyors, 
power lines, underground mine access tunnels and product pipeline were submitted to Bureau of Land Management in April 1981. 
Final EIS for the project was issued on February 1983. The Federal PSD permit was issued on December 10, 1981 and the Utah air 
quality permit was approved in March 1983. All permits for commencement of construction of the first mine shaft have been filed. 

Tosco has completed a core-hole drilling program and a final design for a 16 foot diameter mine shaft and related facilities. Con-
struction of this initial development shaft and experimental mine would enable confirmation of (1) the geologic and geotechnical 
basis for the mine design, (2) estimated mining costs, and (3) the basis for enhancing projected mining recovery ratios for the com-
mercial project. The second phase of the Project will consist of the construction of one 11,000 tons per day TOSCO II pyrolysis 
unit and related oil upgrading facilities which would produce 11,200 barrels per stream day of hydrotreated shale oil. During the 
third phase, Tosco will expand the facility to six pyrolysis units and a 66,000 tons per day mine, producing a nominal 50,000 barrels 
per day of shale oil. Contemporaneous development of Phases 1 and 2 is being considered. The definitive design of the single train 
facilities has been completed. 

Project Cost: $820 million in second quarter 1982 dollars (excluding interest) 

TRANS NATAL T-PROJECT - Trans Natal, Gencor, Republic of South Africa (S-36) 

Current developments in oil shale conversion by Gencor, one of the larger South African mining companies, have proved to be very 
promising and a feasibility study was completed in 1987. A technical study involving retorting test samples of oil shale mixed with 
coal has been carried out. It was found that by recycling the heavy oil fraction, it is possible to successfully retort a 50:50 mix of 
torbanite and coal. 

The project will consist of an underground mine with mining height of I to 2.3 meters. The material to be mined is a mixture of 
torbanite and bituminous coal. The deposit would be capable of supporting an output of 14.000 barrels of syncrude per day. 
Retorting will be accomplished with Lure) LR retorts. The torbanite yields 250 liters of oil per metric ton, and the coal yields 100 
liters per ton. 

The basic design study is expected to be finished by the end of 1988. Commissioning of the project is anticipated during 

Project Cat: $1.0 billion
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COMMERCIAL PROJECTS (Continued) 

YAAMBA PROJECT - Yaamba Joint Venture (Beloba fly. Ltd., Central Pacific Minerals N.L, Southern Pacific Petroleum N.L, and 
Peabody Australia Pty. Ltd.) (5-220) 

The Yaamba Oil Shale Deposit occurs in the Yaamba Basin which occupies an area of about 57 square kilometers adjacent to the 
small township of Yaamba located 30 kilometers (19 miles) north-northwest of the city of Rockhampton, Australia. 
Oil shale was discovered in the Yaamba Basin in 1978 during the early stages of a regional search for oil shale in buried Tertiary 
basins northwest of Rockhampton. Exploration since that time has outlined a shale oil resource estimated at more than 4.8 billion 
barrels in situ extending over an area of 32 square kilometers within the basin. 

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

The Yaamba Joint Venture comprises Peabody Australia fly. Ltd., with 83.3% percent interest, Beloba Ply. Ltd. with 10 01o, Central 
Pacific Minerals N.L. with 3.3% and Southern Pacific Petroleum N.L. with 3.3%. Peabody Australia manages the Joint Venture 
which holds two "Authorities to Prospect" for oil shale in an area of approximately 1,080 square kilometers in the Yaamba and 
Broad Sound regions northwest of Rockhampton. The "Authorities to Prospect' were granted to the Yaamba Joint Venture by the 
government of the State of Queensland. In addition to the Yaamba Deposit, the 'Authorities to Prospect" cover a second prospec-
tive oil shale deposit in the Herbert Creek Basin approximately 70 kilometers northwest of Yaamba. Drilling in the Herbert Creek 
Basin is still in the exploratory stage. Further exploratory drilling of the Herbert Creek Basin is also continuing. 

A Phase I feasibility study, which focused on mining, waste disposal, water management, infrastructure planning, and preliminary 
ore characterization of the Ynamba oil shale resource, has now 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 are continuing. 

Project Cost: Not disclosed

R&D PROJECTS 

DUO-EX SOLVENT EXTRAC110N PILOT PROJECT - Duo-Er (a wholly owned subsidiary of SOIV-EX Corporation) (5-152) 

Duo-Er is planning to perform test work to establish the commercial, technical and economic feasibility of a new approach to shale 
oil recovery. The Duo-Ex approach will convert kerogen to bitumen and lighter products in a solvent extraction medium. 

Efforts of other companies to date to utilize shale oil resources have centered around retorting and in situ processes with limited 
success. Duo-Er has developed a technology that it believes will be environmentally acceptable, cost effective, have shorter lead 
times from project commitment to production and will use smaller scale facilities than retorting and in situ processes. 

Experiments with the Duo-Er process would be conducted at the bench level and then in a continuously fed unit processing up to 
10 pounds of oil shale per hour, complete with recycle, product recovery and solid separation steps. The program is based on previ-
ous work by Duo-Er in a batch reactor and prior engineering studies. The project will determine recoveries of oil, produce scale-
up data and a quantity of raw shale oil for upgrading studies. 

The Duo-Er process has been patented in the U. S. and is currentl y being filed for in other countries. 

Duo-Er is discussing the project with interested investors and plans to secure funding for the pilot plant during 1988. 

Project Cost: $1,000,000 

EASTERN OIL SHALE IN SITU PROJECT - Eastern Shale Research Corporation (S-250) 

In 1985, Eastern Shale Research Corporation commenced a project to study the in situ processing of Eastern oil shales, on New 
Albany Shale in Indiana. Test blasts were carried out, followed by the design and blasting of a shot to produce a retort bed for 
burning in the horizontal mode. 

In 1986, a small in situ retort bed was constructed for processing by methods similar to those used by Geokineties Inc. for shallow 
oil shales in Utah.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 1988) 

R & B PROJECTS (Continued) 

The project is currently in the permitting stage. Environmental control methods and equipment designs are being reviewed by the 
involved regulatory agencies. 

The project is located in southern Indiana and uses the uppermost member (Clegg Creek) of the New Albany oil shale. 

Project Cost: Not disclosed 

ISRAELI RETORTING DEVELOPMENT - PAMA (Energy Resources Development) Inc. (5-175) 

Israeli oil shale development is being coordinated by PAMA (Energy Resources Development) Ltd. PAMA was founded by 
several major Israeli corporations with the support of the government. 

At the time of the collapse of petroleum prices, in 1986, PAMA had completed a detailed design of a demonstration plant for 
production of oil. The design was based on adaptation of an American process employing a shaft-like reactor. As a result of the 
change in oil prices, this plan was shelved, and instead PAMA is directing its efforts to the development of a new extraction process 
which is tailored to the specific properties of Israeli oil shale, thus promising certain advantages over existing processes developed 
elsewhere. The process rests on the use of both fluidized and entrained beds, and the work is carried out in a pilot plant which can 
process around 100 kg/hr of oil shale. Preliminary results are encouraging. 

In 1988 PAMA signed an agreement with Brazil's Petrobras to test Israeli shale in the Petrosix process. 

PAMA has completed extensive studies, lasting several years, which show that the production of either oil or power (the tatter by 
direct combustion of the oil shale) is technically feasible. Furthermore, the production of power still appears economically viable, 
despite the recent collapse of petroleum prices and the uncertainties regarding the economics of production of oil from shale. 

PAMA has already embarked on a program for demonstrating the direct combustion of oil shale for power. A demo plant will be 
built that is in fact a commercial plant co-producing electricity to the grid, and low pressure steam for process application at a fac-
tory adjacent to one of the major oil shale deposits. The oil-shale-fired boiler, to be supplied by Ahlstrom, Finland, is based on a 
circulating fluid bed technology. 

Successful demonstration can pave the way to significant commercial production of power from oil shale in the next decade. 

The boiler will deliver 50 tons per hour of steam at high pressure. Low-pressure steam will be sold to process application in a 
chemical plant, and electricity produced in a back-pressure turbine will be sold to the grid. Commissioning is expected in late 1989. 

Project Cat: $25 million for combustion demo plant 

JAPANESE RETORTING PROCESSES - Japan Oil Shale Engineering Company, Ltd. (JOSECO) (5-170) 

Japan Oil Shale Engineering Company, Ltd. (JOSECO) was organized in July 1981 under the guidance of the Ministry of Interna-
tional Trade and Industry and the Japan National Oil Corporation. A 5 year R & B plan was formulated, however this original 
plan was revised to a 7 year plan due to budgetary control. JOSECO was financed by 36 Japanese companies in various industrial 
fields including iron and steel, heavy machinery, mining, cement, plant engineering, and oil refining. 

Three types (a vertical shaft, a circular grate, and a new cross flow type) of retorts were built at a scale of about 3 tons per day. 
These were designed and constructed in 1982 and were operated through August 1983 on oil shales from the United States, 
Australia, China, and Morocco. 

In the shaft type retort, oil shale descends continuously from the retorting zone to the residual carbon combustion zone. To 
prevent flow of gas from the combustion zone to the retorting zone, a seat zone is provided between the two zones to separate 
them. Operation of the pilot plant was generally smooth, and the yield of shale oil was approximately equal to Fischer assay. The 
main feature of this type of plant is the high thermal efficiency obtained by the vertical counterfiow of the oil shale and gas. 
With the circular grate retort, oil shale is charged onto the circumferentially moving grate and passes through preheating, retorting, 
combustion and cooling zones, being contacted by the gas which flows downward through these zones. Oil yield obtained from 
several kinds of oil shale was approximately equal to Fischer assay. The main feature of this type of plant is that the process can be 
adapted to the properties of different oil shales because the size of each zone can be set arbitrarily. 

The cross flow retort is completely separated from the combustion furnace. Oil shale flows down the inside surfaces of louver walls 
and is contacted by the heating gas which flows horizontally between the walls in several passes. In this plant, oil yield was ap-
proximately equal to Fischer assay. The retorted oil shale is crushed to pieces smaller than 6 millimeters and sent to a fluidized 
bed for combustion of residual carbon. The main features of this type of plant are the low pressure loss in the retorting zone and 
the high carbon utilization ratio obtained with the fluidized bed.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 1988) 

R & D PROJECTS (Continued) 

The second phase of JOSECO's development activities is to conduct a series of tests in a large pilot plant having a capacity of 300 
tons of raw on per day. The process to be used for the pilot plant was discussed by the advisory committee on the basis of results 
of the experiments on three small scale plants, and then determined to consist mainly of a vertical shaft type retort. 

In addition to a vertical shaft type retort as a retorting/gasi'ing unit, fixed-bed type drying facilities (circular travelling grate) were 
installed to examine the economies of pre-drying of high water content oil shale and fluidized-bed combustion facilities were also 
juxtaposed to study the efficient combustion of carbon in raw shale and the residual carbon on retorted shale. 

The pilot plant is located in Kitakyushu City approximately 1,000 km west of Tokyo. JOSECO started the civil and foundation 
works for the pilot plant in mid-February 1986, and completed the installation work and trial runs of individual units by the end of 
1986. In January 1987, the integrated load trial runs of the pilot plant and the on-the-job training of the operators were initiated. 
The formal operation started early May 1987. 

By the end of September preliminary tests were conducted. Through these preliminary tests, a number of factors were checked and 
reviewed, including the performance and reliability of the equipment, procedures to ensure operational safety, and research on 
process conditions to maintain stable and efficient operations. 

Based on the results achieved in the preliminary tests, JOSECO conducted the main tests using both Australian Condor and 
Chinese Maoming ores. 

In the case of sized Condor ore, the maximum ore processing amount restricted by the limit of hot gas supply volume was around 
220 tons per day, while maintaining the aimed for oil recovery rate (100% against Fischer Assay). 

In the case of sized Maoming on (predried from 15-16% free water content to 4-5%), the pilot plant was operated stably at the 
level of 200 tons per day (due to the limitation of drying machine capacity), but there was still room in the ore processing ability. 
Judging from the pressure loss in the retort, the maximum ore processing amount for dried Maoming ore was estimated to be 
around 240 tons per day. 

Recently it was decided to extend the 7-year R&D plan till the end of 1988. Under this revised plan, a i®-day continuous opera-
lion on Maoming ore started in July, 1988. 

Project Cost: Approximately US$60 million 

JULIA CREEK PROJECT - Placer Exploration Limited (S-iso) 

A preliminary study was conducted in 1980 to determine feasibility of a large scale extraction of oil from the Julia Creek deposit of 
northwestern Queensland, Australia. The project concept involves surface mining, above-ground retorting, and on-site upgrading 
to produce either a premium refinery feedstock or marketable fuels, particularly kerosene and diesel. 

The project developer was CSR Lid, but as a result of purchasing CSR's mineral interests within Australia, Placer Pacific Ltd. is 
now owner of the project. 

The project has proven reserves of shale amenable to open-cut mining containing about 2 billion barrels of crude shale oil. The 
average oil content of the shale is approximately 70 litres per dry tonne. 

Work carried out jointly by CSR and CSIRO on the development of a new retorting process based on spent shale ash as a recir-
culating solid heat carrier has been concluded and patents for retortin g and hvdrotreating processes have been obtained. 

No development is Manned 

Project Cost: Yet to be determined 

NEW PARAHO ASPHALT FROM SHALE OIL PROJECT—New Paraho Corporation (5-240) 

New Paraho Corporation plans to develop a commercial process for making shale-oil-modified road asphalt. Researchers at West-
ern Research Institute (WRI) and elsewhere have discovered that certain types of chemical compounds present in shale oil cause a 
significant reduction in moisture damage and a potential reduction in binder embrittlement when added to asphalt. This is par-
ticularly true for shale oil produced by direct-heated retorting processes, such as Paraho. 

In order to develop this potential market for shale oil modified asphalts, New Paraho has created an initial plan which is to result in 
(i) 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.
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It & D PROJECTS (Continued) 

The cost of carrying out this initial, market development phase of the commercial development plan is approximately $23 million, 
all of which will be funded by Paraho. The major portion of the work to be conducted during this initial phase consists of produc-
ing sufficient quantities of shale oil to accommodate the construction and evaluation of a one mile test strip of shale oil-modificd 
asphalt pavement. Mining of 3,900 tons of shale for these strips occurred in September 1987. The shale oil was produced in 
Paraho's existing pilot plant facilities, located near Rifle, Colorado in August, 1988. A small pilot plant retort with an output of 17 
barrels per day was used. In 1988, New Paraho installed a vacuum still at the pilot plant site to produce shale oil asphalt from 
crude shale oil. 

A one mile test strip will be constructed in Colorado at a site to be selected by the Colorado State Department of Highways. Once 
constructed, the test strip will 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 commercial production facility. 

The size of this commercial production facility is currently envisioned as a plant capable of producing 3,000 to 5,000 barrels per day 
of shale oil. At this level of production, the plant would serve approximately 70 percent of the Colorado, Utah and Wyoming 
markets for asphalt paving. 

Based upon current engineering estimates, the initial commercial facility will cost $200 - $250 million to design, engineer and con-
struct. If the project is able to obtain financing and to maintain its proposed schedule, construction of the commercial plant would 
commence in the 1991-1992 time frame. 

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

Project Cat: $2,500,000. The com pany spent $1.500,	 on shale oil asphalt research this last year. 

RAPAD SHALE OIL UPGRADING PROJECT - Japanese Ministry of International Trade and Industry (S-205) 

The Research Association for Petroleum Alternatives Development (RAPAD), supported by the Japanese Ministry of Inter-
national Trade and Industry, has adopted shale oil upgrading as one of its major research objectives. 

Developmental works are being conducted on pretreating technology, two hydrorefining processes using fixed-bed type and 
ebullated-bed type reactors, high-performance catalysts for those processes, and two-step treating systems. 

Life tests of one of the catalysts containing molybdenum and promoting metals showed that steady 94 percent denitrogenation can 
be attained for 100 days. Production conditions for the catalyst were established. 

Optimum reaction conditions of the above process, and properties of products were also sought and gained. 

Shale oils were partially hydrorefined in the first stage, and further hydrorefined in the second stage under conditions typical of ex-
isting petroleum refineries. Upgrading systems are being established for obtaining operational data in 1987 with the large bench-
scale plant (13 barrels per day) using an ebullated bed reactor. 

Project Cost: Not Disclosed 

TRIAD DONOR SOLVENT PROJECT - Triad Research Inc. (S.215) 

Triad Research Inc. is developing a liquid donor solvent process for extraction of oil from low-grade shales. The process is said to 
be capable of producing oil yields of as much as 200 to 250 percent of Fischer Assay. 

The new process, named the H-E process, utilizes a fraction of the oil derived from the shale as the hydrogen donor solvent. 
Laboratory experiments to date have shown that oil yields from Sunbury shale samples equivalent to more than 200 percent of Fis-
cher Assay are achieved at operating pressure as low as 15 to 20 atmospheres. 

The sponsors are 94 percent complete with the design, engineering, procurement, and construction of a pilot plant facility. 

Project Cost: Not Disclosed
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R & D PROJECTS (Continued) 

YUGOSLAVIA INCLINED MODIFIED IN SITU RETORT— United Nations (S-230) 

Oil shale deposits in Yugoslavia are mainly located in the eastern part of the country, almost entirely in the Republic of Serbia. 
The best geologically evaluated oil shale deposit is located near the town of Aleksinac, in the lower Juzna Moravica River valley. 
Oil shale dips from the surface at an angle of 30 to 40 degrees up to a depth of 600 meters when it then levels, although the oil 
shale seams are not planar. 

An experimental 3.5 tons per day gas combustion retort was built and tested in 1955 to 1962. In addition, retorting in an indirect 
retort was carried out in Sweden on 100 tons of Aleksinac oil shale in 1957. A joint effort by several UN consultants from the 
United States and Yugoslavia national staff produced the Inclined Modified In Situ (IMIS) Method to cope with the dipping oil 
shale scams characteristics of the Aleksinac Basin. To achieve the appropriate void formation 23 percent of the shale rock would 
be mined. Design criteria for the IMIS retort include an oil shale yield of 115 liters per ton, and a retort height of 100 meters. The 
retort injection mixture would be 50 percent air and 50 percent steam. As a future development, eight modules of IMIS retorts 
would be in operation at a time, producing 15,700 barrels per day of oil. 

Surface retorts would produce 4,470 barrels per day of oil, making the total capacity at Aleksinac 20,000 barrels per day at full 
production (about I million tons per year). For the mined shale, interest has been expressed in adapting the D retort system un-
der development in Morocco. The overall resource recovery rate would be about 49 percent. 

Construction time for a 20,000 barrels per day facility is estimated to be 11 years. The estimated project cost was about 
$650 million (US). The estimated shale oil net production cost was $21.00 (US) per barrel and the upgrading cost was estimated to 
be $tOO (US) per barrel. 

In the mined brown coal area, the coal mine workings can provide access to the oil shale for an initial pilot module. Go-ahead for a 
full-scale 20,000 barrels per day operation would be given only after the results of the pilot module are known. The pilot module 
has been designed by Energoproject, Belgrade, with UNDP support. Establishment of the 11.415 experiment had been expected in 
1988 but will now be postponed to 1992. 

The main problem in the design evaluation stages was consideration of the environmental impact on open streams and the fertile 
agricultural surroundings in the basin. The present solution, utilizing the IMIS method, promises an environmentally acceptable 
approach. 

Project Cost: US$12,,000
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COMPLETED AND SUSPENDED PROJECI'S 

Project Sponsors Last Appearance in SPIt 

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 

DX 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 134 

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

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

Laramie Energy Laramie and Rocky Mountain June 198&, page 2-34 
Technology Center Energy Company 

Logan Wash Project Occidental Oil Shale Inc. September 1984; page 5-3 

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 2-40 

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

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

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

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

Paraho-Ute Shale Oil Paraho Development Corporation December 1986; page 247 
Facility 

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 

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 Meeco, Inc. September 1978; page B-3
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Unnamed Fracture Test 	 Talley Energy System	 September 1978; page B-4 

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

INDEX OF COMPANY INTERESTS 

Company or Or2anizalion Project Name 

Amoco Corporation Rio Blanco Oil Shale Project (C-a) 243 

Beloba Pty. Ltd. Yaamba Project 245 

Cathedral Bluffs Shale Oil Company Cathedral Bluffs Project (C-b) 2-36 

Central Oil Shale Pty. Ltd. Yaamba Project 2-45 

Central Pacific Minerals Acorn Project 2-36 
Condor Project 2-37 
Rundle Project 243 
Yaamba Project 245 

Chevron Shale Oil Company Clear Creek Project 2-37 

Conoco Inc. Clear Creek Project 2-37 

Duo-Pa (Solv-Ex Corporation) Duo-Ex Solvent Extraction Pilot Project 245 

Pastern Oil Shale Research Eastern Oil Shale In Situ Project 245 

Edwards Engineering Company Edwards Engineering 2-38 

Paso Australia Ltd. Rundle Project 243 

Exxon Company USA Colony Shale Oil Project 2-37 

Fushun Petrochemical Corporation Fushun Commercial Shale Oil Plant 2-39 

Gary Refining company Gary Refinery 2-39 

Gencor Trans Natal T-Project 244 

Greenway Corporation RAMEX Oil Shale Gasification Process 2-42 

Japanese Ministry of International RAPAD Shale Oil Upgrading Project 2-48 
Trade and Industry 

Japan Oil Shale Engineering company Japanese Retorting Processes 2-46 
(JOSECO) 

Jordan Natural Resources Jordan Oil Shale Project 2.40 

Maoming Petroleum Industrial Corporation Maoming Commercial Shale Oil Plant 2-40 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 241 

New Brunswick Electric Power Commission Chatham Co-Combustion Boiler 2-37 

New Paraho Corporation Paraho Asphalt From Shale Oil 247 

Occidental Oil Shale, Inc. Cathedral Bluffs Project (C-b) 2-36 

Office National de Recherche et Morocco Oil Shale Project 241 
d'Exploitation Petrolieres 
(0 NA REP) 

PAMA Inc. Israeli Retorting Development 2-46 

Peabody Australia Pty. Ltd. Yaamba Project 2-45 

Petrobras Petrosix 2-42

SYWFIIETIC FUELS REPORT, DECEMBER 1988 
2-52 



Company or Organization Project Name 

Placer Exploration limited Julia Creek Project 247 

Ramex Synfuels International Ram" Oil Shale Gasification Process 242 

Republic of South Africa Trans Natal T-Project 244 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (C-a) 243 

Science Applications, Inc. Morocco Oil Shale Project 2-41 

Sinopec Fushun Commercial Shale Oil Plant 2-39 
Maoming Commercial Shale Oil Plant 2-40 

SoW-Er Corporation Duo-Er Solvent Extraction Pilot Project 2-45 

Southern Pacific Petroleum Acorn Project 2-36 
Condor Project 2-37 
Rundle Project 243 
Yaamba Project 245 

Tosco Corporation Tosco Sand Wash Project 244 

Trans Natal Trans Natal T-Project 244 

Triad Research Inc. Triad Donor Solvent Project 2-48 

Unocal Corporation Parachute Creek Shale Oil Program 241 

Union of Soviet Socialists Republic Estonia Power Plants 2-39 
Kiviter Process 2-40 

United Nations Yugoslavia Inclined Modified In Situ Retort 249 

Yaamba Joint Venture Yaamba Project 245
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PROJECT ACTIVITIES 

SHELL PUTS PEACE RIVER EXPANSION PROJECT 
ON HOLD 

Further expansion of Shell Canada's Peace River in 
situ oil sands complex in northern Alberta has been 
deferred. The expansion would have added 
40,000 barrels daily to the complex's bitumen 
production capacity. 

Regulatory approval for the expansion was received 
earlier this year, but a decision by the corporation 
to proceed was subject to obtaining satisfactory 
commercial terms with governments and an encourag-
ing business environment. Based on these considera-
tions, it was announced in October that expansion 
work has been postponed at least through 1989. 

However, Shell Canada plans to continue discussions 
with governments on commercial arrangements, and if 
favorable terms can be negotiated in the future, the 
Peace River expansion can be reactivated. 

Meanwhile, the existing complex, which underwent a 
first-phase expansion to 10,000 barrels a day in late 
1986, is meeting operational targets and will con-
Untie to provide the basis for future expansions. 

The C$570 million expansion had called for drilling 
848 wells over four years and construction of 
central treatment and processing facilities. Shell 
has built an access road and several drilling pads on 
the site but plans no further work before 1990. 

HI-PROVINCIAL UPGRADES PROJECT BREAKS GROUND 

An agreement between Husky Oft and the Canadian, 
Saskatchewan and Alberta governments in September 
has finally kicked off the Hi-Provincial Upgrader 
project after several years of planning and failures 
by Husky to obtain the necessary backing from other 
companies or the governments. An official ground 
breaking ceremony was held October to initiate top-
soil stripping and site clearing work. 

The upgrader will be located In the Regional 
Municipality of Wilton, Saskatchewan, just east of 
the border city of Lloydminster. The project is ex-
pected to create about 5,800 person-years of 
employment during its four-year construction phase. 
When production begins, up to 1,030 permanent jobs 
will be created--330 of them at the upgrader itself 
and up to another 1,500 at crude oil recovery sites, 
principally at L!oydminster and Cold Lake, Alberta. 

The C$1.27 billion conversion plant will be built and 
operated by	 a	 joint	 venture	 owned	 about 31.7	 percent	 by	 the	 Canadian	 government,

26.7 percent by Husky, 24.2 percent by Alberta and 
17.5 percent by Saskatchewan. Saskatchewan has an 
option to increase its share to match Alberta's. 

The upgrading facility is to be capable of transform-
ing heavy oil and bitumen into about 46,000 barrels 
a day of a synthetic light crude that can be 
Processed into various oil products by Canadian 
refineries in Sarnia, Ontario and Montreal. 

The federal and provincial governments decided to 
take a direct stake in the upgrader project after 
Husky was unable to persuade other companies to 
participate. 

Construction of the upgrading facility is to start 
this year and production is scheduled to start in 
1992. Under the agreement, Husky will be recog-
nized as having contributed C$100 million by prior 
investment for site acquisition and project engineer-
ing. 

Husky will be the initial operator of the upgrader 
on a cost reimbursement basis. 

The facility will employ the H-Oil process at the 
heart of its upgrading complex. The fractionation 
step will separate 52,000 barrels per day of heavy 
crude and diluent, and 6,000 barrels per day of as-
phalt tops into components by distillation. Residual 
oil from fractionation goes through the li-Oil reac-
tor, which converts It to lighter components and 
removes sulfur and heavy metals. 

Unconverted, low-sulfur residue will be fed to a 
coker for creation of about 400 tons per day of 
coke byproduct. 

TANGLEFLAG5 BEGINS CONTINUOUS STEAM INJECTION 

The Tangleflags steamflood pilot project operated by 
Sceptre Resources Limited, near Lloydmlnster, Sas-
katchewan, has advanced to the continuous steam in-
jection phase. 

Sceptre says the project is on schedule and current 
oil production of 140 barrels per day exceeds an-
ticipated production levels for this stage In the 
project. One 50 million BTU per hour steam genera-
tor was installed at Tangleflags this spring and cur-
rently steam is being injected Into two of the three 
Injection wells on the site. 

The Tangleflags steamflood pilot is a joint project of 
Sceptre Resources Limited and Murphy Oil Company 
Ltd. The project, the first of its kind In Sas-
katchewan, is a two-year test of the efficiency of 
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a 400-meter horizontal producing well bore combined 
with steamflood Enhanced Oil Recovery (EOR) tech-
nology. 

The total cost of the Tangleflags steamflood pilot, 
including capital, operating and pit-pilot investment, 
is expected to reach 510.2 million over the two-year 
period. The project is being assisted by grants from 
both the federal and Saskatchewan governments. 
Under the Canada-Saskatchewan Heavy Oil Fossil 
Fuels Research Program, the two governments will 
provide up to $3.8 million in funding to assist the 
project. 

To assist in the evaluation of the Tangleflags 
steamflood pilot, the Saskatchewan Research Council 
- Petroleum Division has been contracted to under-
take	 computer studies and physical simulation 
production tests. All data collected from the 
project has been fed into the computer model. This 
data allows for the calibration of the computer 
model using reservoir pressures and temperatures 
together with measured injection and production 
rates. Along with physical simulation experiments, 
the computer model will provide information needed 
to assist in making operating strategy refinements as 
the project proceeds. 

While a definitive oil rate response is not expected 
until mid-1989, early production volumes are said to 
be encouraging. The project's on-site production 
treatment facilities, completed earlier this year, are 
currently processing 3,000 barrels of fluids per day 
Including some off-lease production. 

Present production is about 90 percent water, as 
predicted. Crude from the project receives a posted 
price of C$9.28 per barrel. 

Sceptre hopes the combined effects of the downward 
vertical steam drive and horizontal 'vellbore will 
limit production of the five-ten feet of bottomwater 
that quickly cones in vertical wells, limiting 
recovery to 0.5-1 percent of estimated oil in place. 

Peak producing rates of more than 1,000 barrels per 
day of oil are expected next year. 

SYNCRUDE CAP SURPASSES BUDGET AND SCHEDULE 
TARGETS 

Syncrude Canada's $750 million Capacity Addition 
Project (CAP) has increased the capacity of the 
Mildred Lake, Alberta oil sands plant to extract and 
produce high quality synthetic crude oil by 
20,000 barrels a day. Work was completed this year 
and came in more than 10 percent under budget and 
three months ahead of schedule. 

Execution of CAP captured industry attention because 
of its emphasis on modularization techniques. This 
approach was selected because it best met the

design and construction criteria of a remote jobsite 
with adverse weather conditions; it offset a lack of 
sufficient local craft Labor and a high cost related 
to supporting imported craft labor; it filled a need 
to minimize potential production loss that could 
result from construction mishaps at the remote 
operating plant, and assured a positive safety per-
formance record. 

Construction of more than 250 modules in a preas-
sembly yard in Edmonton not only transferred sig-
nificant labor hours from the field environment to a 
major city but it provided safety and cost benefits. 

Transport of the modules some 300 miles north to 
the Mildred Lake jobsite proceeded smoothly and 
with little disruption, either to the motoring public 
or to field operations. 

The first module departed in May of 1986, weighing 
18 tons and measuring 63 feet in length, 13 feet in 
width, and eight feet in height. 	 The last module 
arrived at the jobsite in December of 1987. It 
weighed In at 238 tons, and was 76 feet long, 
32 feet wide and 32 feet high. 

SUNCOR REPORTS RECORD PRODUCTION FOR QUARTER 

Suncor Inc. reported record third quarter production 
of 5.2 million barrels of synthetic crude oil at its 
Fort McMurray oil sands plant in northern Alberta. 
Production averaged 55,647 barrels per day during 
the period, compared with 49,923 barrels per day in 
the same quarter of 1987. 

ILLINOIS OIL MINING PROJECT REACHES PAY ZONE 

Three Star Drilling and Producing Corporation of 
Sumner, Illinois has sunk a 375 foot deep vertical 
shaft into the Upper Siggins sandstone of the Siggins 
oil field. At the 347 foot level, a tunnel and work 
room off the main shaft has been excavated. The 
work room tunnel lies at the very base of the oil 
producing interval in the Upper Siggins. 

Three Star plans to drill horizontal boreholes up to 
900 feet long through the reservoir. The drilling 
pattern is planned to allow the borehole to wander 
up and down through the producing interval in a 
"snake" pattern. 

The field has previously been water flooded and 
about 20 million barrels of oil recovered from it. 

Most primary and all secondary production has come 
from the uppermost pay zone at Siggins. There are 
three zones, designated the Upper, Second and Lower 
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Siggins.	 Some oil has been recovered from the
Lower but none is believed to have been produced 
from the Second. Three Star estimates the Upper 
Siggins still contains some 35 million barrels of oil 
but plaits to mine oil from all three. 

The initial plans call for drilling one to four levels 
of horizontal boreholes. There would be up to 
25 horizontal holes per level. 

After the horizontals are in place, all wells on the 
surface of the 60-acre project area will be con- 
verted to water injection. The total 2,600-acre Sig-
gins Field has 446 producers and 500 injectors on 
2.5-acre spacing.	 - 

GOVERNMENT AID APPROVED FOR OSLO PROJECT 

The Canadian federal government and the Province of 
Alberta have signed a Statement of Principles with 
members of the OSLO consortium to proceed with 
the development of the $4.1 billion integrated oil 
sands project, about 80 kilometers north of Fort 
McMurray In northeastern Alberta. 

The project will produce 77,000 barrels of oil a thy 
with production beginning in 1996. It will create 
56,000 person years of direct and indirect employ-
ment across Canada during design and construction 
and 6,270 permanent jobs, when fully operational. 
The project will proceed with direct Canadian and 
Alberta government involvement, loan guarantees and 
Interest assistance. 

The OSLO consortium consists of Esso Resources 
(25	 percent),	 Canadian	 Occidental	 Petroleum
(20 percent), Gulf Canada Resources (20 percent), 
Petro-Canada (15 percent), PanCanadian Petroleum 
(10	 percent)	 and	 Alberta	 Oil	 Sands	 Equity
(10 percent). 

The government will contribute jointly up to 
$050 million towards up-front costs. Capital costs 
of over $3 billion will be supplied or raised by the 
project sponsors, including $1.2 billion In loans from 
private lenders which will be guaranteed by the 
governments. Repayable interest assistance to a 
maximum of $250 million will be available for pro-
production loans. 

The Statement of Principles takes into account fluc-
tuating oil prices. At lower oil prices, the govern-
ments will provide an additional incentive of up to 
$160 million, repayable post-production interest assis-
tance of up to $250 million and up to $125 million 
in loan guarantees to assist debt financing. The Al-
berta government has also agreed to defer project 
royalties at lower prices. Each of these elements is 
triggered under different circumstances. 

The governments will participate in profits from the 
project.	 They will share equally up to 16 percent

of the net revenue of the project once all 
guaranteed loans and Interest assistance have been 
repaid. 

OSLO expects to begin basic engineering, design and 
initial site preparation studies this winter. In 1991, 
assuming the project meets specified economic 
criteria, major contracts will be tendered and con-
struction will begin. Production will begin in 1996 
with an expected project life of 35 years. 

Officials from the five-company consortium backing 
the plant say terms of the agreement make the 
project commercially viable under any realistic oil 
pricing scenario with prices of US$17-$18 per barrel 
enough to trigger construction. 

The consortium	 reserves	 the ri gh t to	 withdraw	 from 
the project	 in	 mid-1991	 if construction costs esca-
late beyond	 C$4.5	 billion	 or	 oil prices	 remain	 too low to	 produce	 at	 least	 a five percent	 return	 on 
investment. 

The project would use conventional surface mining 
techniques--similar to those in use at Syncrude--to 
strip the overburden and mine the oil sands, which 
would then be transported by a conveyor belt system 
to a central plant. At the plant, the bitumen would 
be extracted from the sand by warm water and 
chemicals and fed into an upgrader. There, it would 
be converted into synthetic crude oil--with 
properties similar to conventional light crude oil--
suitable as feedstock for Canadian refineries. 

The proposed project 	 site is located on	 one	 of	 the 
six leases	 about	 25	 miles northeast	 of Syncrude. 
Altogether, the	 six	 leases contain	 an estimated 
28 billion	 barrels	 of	 bitumen in	 place. About 
12.5 billion	 barrels	 could	 be mined	 on	 the surface. 
The remainder	 is	 buried	 too deep and new technol-
ogy would be required to reach it.

Preliminary plans Involve stripping the overburden 
with hydraulic shovels. 	 Underlying oil sands will be 
mined in three levels: the upper layer with trucks 
and shovels, the middle with bucket wheel ex-
cavators similar to Suncor's and the bottom layer 
with a dragline and bucket wheel reclaimer like 
Syncrude's. The plan is especially suited to the 
geological characteristics of the deposit, which can 
be up to 250 feet thick. 

OSLO says it is studying several options for the ex-
traction process including Syncrude's latest warm 
water extraction and froth treatment process, the 
Gulf-Rfl modified hot water method and the tradi-
tional Clark hot water technique. 

OSLO Is also said to be considering two options for 
upgrading. Both involve high conversion hydrogen 
addition technology. 

The first option is the Vebe Combi-Cracking process, 
which is currently being demonstrated at a large 
pilot plant in Germany using refinery residues. The 
second option is a combination of the LC-fining 
process which employs hydrogen addition In front of 
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fluid coking, as at Syncrude's current capacity addi-
tion project. 

OSLO Is also developing new technology of its own, 
Including a bitumen extraction process called OSLO 
Cold Water Extraction which uses significantly less 
heat.	 OSLO evaluated the process last summer in 
conjunction with an oil sands dredging test. 
However, they do not plan to use the technique in 
the initial plant. 

AMOCO COMPLETES ELK POINT EXPANSION 

Amoco Canada Ltd. 	 says it has completed its
$20.4 million, 34 well expansion of the Elk Point 
Project.	 The Elk Point Project Is located ap-



proximately 165 kilometers east of Edmonton, Al-
berta. The expansion project Is expected to raise 
production by about 26 percent, up to 1,280 cubic 
meters per day. 

ESSO DEFERS COLD LAKE EXPANSION 

Esso Resources Canada Ltd. said in October it Is 
temporarily postponing work on the Cold Lake expan-
sion project. The work on Phases 7 and 8 began in 
July.	 The original overall project called for a bil-
lion	 dollar	 expansion,	 raising	 production	 to
140,000 barrels per day in 1991. 

Esso advised project contractors that the work is on 
hold, pending budget reviews. 

Nearly all of the 260 wells planned in the two 
stages have been drilled and about C$15 million 
worth of construction work--including installation of 
a final drilling pad, steam lines and pipeline 
hookup--remains to be completed. 

Esso initially planned to place stages seven and 
eight on production in May 1989, adding a combined 
19,000 barrels per day to existing Cold Lake produc-
tion of 90,000 barrels per day. 

Esso deferred indefinitely construction on stages nine 
and 10 of the project last April. However, con-
struction has continued on the surface facility re-
quired for stages seven through 10 and that is ex-
pected to be completed in March.

PROGRESS REPORTED AT UNDERGROUND TEST 
FACILITY 

The Underground Test Facility (UTF) project, located 
north of Fort McMurray, Alberta, Canada, was in-
itiated by the Alberta Oil Sands Technology and 
Research Authority (AOSTRA) to investigate markedly 
new approaches to in situ recovery from Athabasca 
oil sands. Now well established in its process test-
ing stage, the project Is based on thermal processes 
using horizontal wells placed in the oil sands from 
an underlying tunnel system.	 Initial results have 
been very encouraging. AOSTRA, the project 
operator, is confident the UTF will make significant 
contributions to in situ recovery technology. 

Several papers presented at the Fourth UNITAR/UNDP 
Conference on Heavy Crude and Tar Sands describe 
the overall project development and present some of 
the particulars of the mine access and drilling ac-
complishments as well as more detailed discussion of 
the process piloting and related geological and 
geotechnlcal programs. 

Mine access for gravity drainage of oils has been of 
interest to the petroleum industry for over a cen-
tury, starting with trials in Ohio and California in 
the 1860s. In Russia, the mine access approach has 
been applied to heavier oils with the aid of steam 
stimulation. The Russian operation at Yarega has 
recently been expanded to over 10,000 barrels per 
day of commercial production. 

AOSTRA has actively supported the development of 
mine access and horizontal well recovery technology 
for over ten years, starting with the 
AOSTRA/lndustry sponsorship of the original Mine As-
sisted In Situ Process (MAISP) study which inves-
tigated adapting Russian thermal mining experience 
to the more difficult Athabasca application. When 
the industry group initiated the first small scale 
surface tests of MAISP, AOSTRA moved on to studies 
of a larger demonstration project. However, neither 
the MAISP surface tests nor additional 
AOSTRA/lndustry project studies led to an active in-
dustry interest in an underground test of the tech-
nology. AOSTRA continued to be of the opinion that 
some good prospects for the technology could only 
be evaluated through full underground testing, and in 
early 1983 took initiative on its own to develop 
detailed designs for such a pilot to be located on a 
Crown lease jest beyond the limits of conventional 
surface mining techniques. By May 1984, the initial 
exploratory drilling had been done and the mine ac-
cess facilities were designed and specified for con-
struction bidding. 

(FTP Project Design 

The overall UTF project was conceived to test and 
develop two discrete, but complementary, tech-
nologies: the Shaft And Tunnel Access (SATAC) tech-
nology covering mining and underground drilling; and 
the process technology of horizontal well in situ 
recovery. 
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Process development studies Identified steam-assisted 
gravity drainage as a priority process for field test-
ing and highlighted three parameters of particular 
significance. These were the heat rise rate in the 
UTF formation, 	 solids control in the horizontal 
producer, and horizontal well-bore hydraulics. It 
was determined that Initial scoping of these 
parameters could be done effectively at a pit-pilot 
scale of operations. As a result, a pit-pilot 
program identified as Phase A was set up for a 
preliminary investigation of the critical parameters 
at approximately one-tenth pilot scale, to provide 
added assurance of project feasibility and to confirm 
a full pilot design basis. 

The project site, shown in Figure 1, is located on a 
20,000 hectare AOSTRA lease about 60 kilometers 
north and west of Fort McMurray, Alberta, Canada, 
just outside the region nominally identified as sur-
face mineable oil sands. Being representative of 
leases with overburden too deep for open pit mining 
and too shallow for conventional in situ approaches, 
it was an appropriate site for the development of 
both the SATAC and horizontal well technologies. 
Proven reserves in only 500 hectares on the east 
side of the lease are adequate for many years of 
pilot and commercial prototype operations.

FIGURE 1 
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The Phase A facilities are shown schematically in 
Figure 2. Mine access consists of two three meter 
diameter vertical shafts sunk to a depth of 
213 meters, from which 930 meters of four meter 
high by five meter wide tunnels were constructed in 
the Devonian limestone underlying the oil sands. 
The main hoist for personnel, mineral and equipment, 
located in No. 1 shaft, is capable of lilting 
12 persons or four tonnes of material with a maxi-
mum rope speed of six meters per second. No. 2 
shaft housed a slower moving Universal hoist in-
tended for emergency egress only. Both shafts carry 
piping: No. 1 shaft contains compressed air and fire 
water piping while No. 2 shaft houses the more haz-
ardous steam, production and drilling lines. 

A custom underground drilling rig was developed to 
drill upwards from the tunnel system and then 
horizontally through the oil sands. Three pairs of 
wells have been drilled and completed for the 
Phase A tests, each well approximately 160 meters 
long, with the last 60 meters being one of three 
test design completions. Each pair consists of a 
producer lying near the base of the oil sands and 
an injector about five meters above the producer. 

Steam generation is sized for 70 cubic meters per 
day of water as 100 percent steam. Simple produc-
tion handling is provided to collect up to 136 cubic 
meters per day of bitumen and water product. 

The steam generator, a small once-through unit 
fueled by propane, produces 80 percent quality 
steam.	 Blow-down, high In dissolved solids, is 
removed In a separator at the surface. A second 
separator below ground removes any additional con-
densate to provide for accurate steam readings and 
dry steam injection at the wellheads. 

Produced fluids from the wells are piped to the sur-
face through No. 2 shaft. Pumping or supplementary 
steam lift is available if required. The produced 
fluids are cooled at the surface, passed through a 
gas separator and stored in one of two product 
storage tanks. 

Mining Accomplishments 

Development of mine system underneath the oil sands 
presented new challenges to the mining industry. It 
Involved a two-part program: (1) access to a com-
petent horizon below the oil sands by vertical shaft; 
(2) provision of a tunnel network at the selected 
horizon to access the wellhead area and establish a 
suitable environment for drilling and processing. The 
principal concern on shaft sinking was how to get 
safely through the oil sands, a formation that had 
completely foiled a previous attempt by others some 
twenty years earlier. Unknowns associated with tun-
neling included optimum horizon, required support, 
and the possibility of gas and water emissions into 
the tunnels. Costs and the effect of process heat-
ing on overall mine integrity were also concerns to 
be addressed in the UTF development. 
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FIGURE 2 

UNDERGROUND TEST FACILITY 

Examination of the stratigraphy confirmed that the 
most suitable mining horizon was at 173 meters from 
the surface, some 15 meters below the base of the 
reservoir. The vertical shafts were formed by blind 
boring techniques. 

Fabricated steel liners for the shafts, 3.03 meter in-
ternal diameter, were supplied In 12 meter long sec-
tions set up for welded joints. After being run in, 
the liners were cemented using a high pressure sys-
tem to place the cement from the base of the liner 
to the surface. 

The underground tunnel system tunneling method was 
drill-and-blast, chosen after a comparative study 
against available mechanized road drivage machines. 
The results indicated that, for tunnel development of 
less than 1 1 600 meters,	 drill-and-blast was the 
preferred technique.	 Figure 3 indicates the tunnel
layout. 

Tunnel integrity Is essential to the long term success 
of a mine access operation, and experience to date

Indicates good long term stability In the UTF tun-
nels. Little or no scaling has been required on ex-
posed walls and no roof scaling has been needed. 
Shotcrete has remained intact throughout. The tun-
nel system has surpassed expectations as an under-
ground operations environment, and It is clear that 
the overall mine access facility has the potential to 
be expanded beyond full piloting to small commercial 
scale. 

Drilling Aecomplishments 

The IJTF drilling program required that an under-
ground drill rig be developed and methods devised to 
drill, complete and service horizontal wells placed in 
the oil sands from the underlying mine tunnels. The 
well program called for large wetibores with complex 
completions to cope with the hydraulics and sand 
control concerns of steaming operations in the oil 
sands.	 New concepts were involved in almost all 
aspects of the drilling system: 	 rig, auxiliaries, toots 
and procedures. 
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FIGURE 3
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A review of existing mining drill rigs revealed that 
none were large enough to drill the desired size and 
length of hole, nor were they powerful enough to 
install the large diameter Lubulars required for the 
AOSTRA process testing program. Also, none were 
compact enough to be accommodated to the confined 
space of the mine tunnels and shafts. Thus a rig 
had to be designed and built to meet the projects 
unique requirements. 

Design of the rig started In August 1985, and the 
unit was delivered to the Exshaw test site one year 
later in August 1986 for initial break-in tests drill-
ing into a quarry limestone face. 

modifications at the fabricating 
dismantled, packaged into sections 
wering into the mine, and shipped 

The rig was reassembled In the 
area, and drilling commenced on 

Eight horizontal wells were drilled in a program ex-
tending over about eight months, and all were suc-
cessfully completed as process pilot test 'veils. 

The drilling operation,	 though difficult at times, 
satisfied all the objectives of the initial test

program. The drill rig Is capable of placing very 
long wells in the oil sands from the constrained 
tunnel chambers. All operations can be carried out 
under full pressure control, including well logging 
and the running of screened liners. A non-magnetic 
survey system has been demonstrated which can 
monitor long horizontal wells to acceptable 
tolerances. Cementing techniques were developed to 
give tight seals in upward oriented casing. 

Underground Process Operations 

The mine access facilities at the UTF provide a sub-
way to the wellhead. The IJTF well operation is 
fundamentally different from any conventionally 
drilled in situ production well in that bottornhole 
conditions exist at the wellhead. The well drains to 
the gathering system through a liquid release control 
system that functions much like a steam trap. In-
dividual well pumps are not required and the 
produced fluids can be handled in a variety of ways 
in the closed gathering system. More effective well 
operation is clearly a possibility. 

The other side of the underground coil is the in-
creased concern for the safety of process operations 
in the constrained mine environment. Under normal 
operating conditions, all distribution and production 
is handled in closed piping systems to the surface. 
Potential hazards exist either from system component 
failure or by opening of the system during main-
tenance or other ongoing operations, 	 with the
release of steam, 11 2 S or hot hydrocarbons. 

From an operations and safety standpoint, the 
Phase A program is generating experience in a 
mine/process environment which will provide for op-
timization In procedures as well. 

Experience thus	 far has been excellent, according to 
AOSTRA. The	 limestone formation	 has proven	 very 
competent for	 tunneling and	 drilling;	 there	 has	 been 
essentially no sign of gas or	 water;	 and the	 forma-
tion	 has retained	 its integrity	 under the	 initial 
steam heating operations.

The principal design parameters in the underground 
mining/process operation which have yet to be fully 
defined are the longer term impacts of reservoir 
steaming on the underlying tunnels and associated 
operations. Concerns here are largely to do with 
shearing at the oil sands/limestone interface and 
heat build-up in the mine. An extensive geotechni-
cal monitoring activity has been included in the 
Phase A program. 

The program is designed to measure the temperature, 
pore pressure, displacement and (by inference) effec-
tive stress fields within the steaming zone and ad-
jacent to the tunnels. The instruments which have 
been Installed include thermocouples,	 thermistors, 
piezometers,	 extensometers, 	 horizontal deflection
monitoring wells and tunnel convergence arrays. 

When analyzing how the changing stress field affects 
the recovery process and the stability of the under-
ground openings It is necessary to consider both the 

After subsequent 
shop, the rig was 
small enough for 
to Fort McMurray 
underground work 
February 6, 1987.
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total stress and the effective stress. The total 
stresses are divided between the particle to particle 
stress (effective stress) and the pore fluid stress 
(pore fluid pressure). A change In the pore fluid 
pressure will result In an equal change in the effec-
tive stress which controls the strength and deforma-
tion of the soil or rock formations. This is equally 
true for the oil sands, shale formations which con-
tain fluid In their pores and for the limestone for-
mations which contain fluid in their joint systems 
and inter-bedded clay seams. 

Heating of a formation causes volume changes in 
both the mineral particles and the bulk matrix of 
the solids and in the pore fluids. These volume 
changes lead to deformations, changes in the forma-
tion stresses and to increases in the pore fluid 
pressures. 

Such deformations and stresses are schematically 
shown in Figure 4 for the stratigraphy at the LJTF 
site. isotherms after several years production at 
225 0C indicate the expected temperature increase at 
tunnel locations in the oil sands and in the lime-
stone. Shafts may be constructed at a sufficient 
distance from the heated production zone that they 
will not feel any direct increase in temperature. 
The tunnels can be kept at a reasonable working 
temperature by adequate ventilation and the major 
effects on them will come from formation volume 
changes and from pressure changes. 

For a small heated reservoir block as planned for 
the Phase A pilot study, the deformations will be

small. For larger pilot projects or commercial in 
situ projects the deformations could be considerably 
larger and extend to much greater distances. 

Project Development 

The original commitment to the UTF was made in 
1984 to demonstrate the SATAC technology and to 
provide an underground laboratory for field research 
on prospective horizontal well processes. In 1985, 
additional project development studies were carried 
out by AOSTRA, working in close coordination with 
an industry steering committee representing sixteen 
major companies with interests in oil sands develop-
ment and UTF prospects. 	 The objectives of the
studies were to screen various candidate processes 
and to	 assess	 the	 overall project	 economic
feasibility. 

At the time of the 1985 economic study, the overall 
economies were considered quite attractive, both in 
terms of absolute cost and in relation to competing 
sources of bitumen supply. The two-well gravity 
drainage process was confirmed as the initial 
recovery scheme for piloting at the IJTF, and the 
Phase A test program was designed to explore the 
criteria affecting project economics. 

The initial results from the Phase A program have 
been encouraging, and the project has now attracted 
significant outside interest. The Federal Department 
of Energy, Mines and Resources, through its CANMrF 
division, was the first to respond with an added 
contribution of funds for the geotechnical study 
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work. Chevron Canada Resources Limited joined 
shortly thereafter and also added to the project by 
co-sponsoring with AOSTRA a separate UTF test of 
the Chevron IlASOrive process. Five other industry 
majors have since joined the project to fill out all 
available participation slots in the Phase A program. 
They are Texaco Canada Resources Ltd., Mobil Oil 
Canada, Ltd., Petro-Canada Inc., Shell Canada Limited 
and Amoco Canada Petroleum Company Ltd. 

In considering future prospects for the UTF, AOSTRA 
says the mining and drilling technology is well set 
for ongoing development. The remaining key factor 
is the one that initially prompted the whole IJTF 
development: the process performance to be 
achieved with horizontal well applications. 

In Athabasca in situ operations, interweli communica-
tion must be established in order to conduct steam 
or combustion drive processes. 	 Fracture techniques 
have	 difficulty	 in establishing and maintaining 
designed communication paths. 	 Sand control in
production wells can also be a serious problem. 

The UTF project aims at overcoming these basic 
problems of communications development and main-
tenance. Horizontal wells can provide for controlled 
communication and much greater exposure to the

formation. Roth the Phase A and the HASOrive 
wells are equipped with state of the art sand con-
trol completions. The UTF gravity drainage processes 
are "gentle" processes in terms of wellbore fluxes 
which should also help to reduce well sanding 
problems. 

Studies have shown that the UTF processes offer the 
prospect of excellent oil/steam ratios with accept-
able production rates, plus the promise of high ul-
timate recovery. Initial operations indicate that the 
Phase A program will be very successful in obtaining 
sound field data to confirm or modify some of the 
assumptions back of the studies. 

If Phase A results are sufficiently promising to war-
rant expansion of the project, the basis for it is 
largely In place, including land, access facilities and 
industry participants. The core access facilities are 
fully adequate for expansion to much larger pilot 
scale. 

Should the Phase A results not support near term 
expansion of the current project, the facility is well 
set up to conduct many more pre-pilot field experi-
ments at very low Incremental cost. 
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CORPORATIONS 

HYDROCARBON MINING COMPANY PROPOSES OIL 
MINING PROJECT 

Hydrocarbon Mining Company (IIMC) of Golden, 
Colorado, is proposing an initial investment of $19 
to $24 million to initiate and develop a commercial 
oil mining project utilizing gravity drainage. The 
proposal is based on securing access to a large oil 
field now in the final stages of primary production 
and attracting a combination of equity partners, 
financial institutions and/or private investors to 
finance the full-scale development of the field. 

The financial projection for the project is based on 
an existing oil field and upon assumed characteristic 
of that field. 

Project Technical Description 

A project model has been developed to illustrate the 
scope of the joint venture, size of the commercial 
project, and potential for return on investment. The 
resource target would be a proven field which has 
been a significant producer, has a large enough 
residual resource to generate a successful commercial 
project, and has reached the final stages of primary 
production. 

The Yates Field of Northwest Texas was selected for 
the technical description because it is a good il-
lustration of the type of resource that would be 
considered for the project. This field incorporates 
several features important to the application of un-
derground drainage: 

- A suitable geologic environment underneath 
the oil producing horizon is provided by the 
carbonate strata. 

- The porosity, permeability and thickness of 
the pay formation are suitable to allow good 
rates of oil production using gravity 
drainage. 

- Historical high rates of primary production 
suggest that the benefits of high density 
drilling can be successfully utilized to 
enhance recovery. 

- The residual oil saturations are relatively 
large. 

The estimated original reserves of the field were 
four billion barrels with a primary recovery of 
620 million barrels by 1976, and with recovery ex-
pected to have reached one billion by 1988. Initial 
P roduction rates of Individual wells reached as high 
as 200,000 barrels per day, leading to the field's 
description as "one of the world's most prolific shal-
low oil fields."

Accurate estimates of the remaining oil are not 
available,	 but	 range	 between	 65,000	 to 
120,000 barrels per acre, 	 with an area of 
22,000 acres. For the project financial analysis, it 
was assumed that only 3,150 acres of the total field 
area would be available to the underground develop-
ment during the 11 year study life. 

Mining Assumptions and Coat Basis 

Development of the mine will be accomplished "sing 
roadheader tunneling machines supported by Load-
llaul Dump Units and haulage trucks. 

Two centrally located shafts will be constructed to 
gain access to the development horizon and to es-
tablish ventilation. A pilot test facility will be ac-
complished using one shaft with a curtain wall to 
separate the intake and exhaust air. The first shaft 
would be converted to an escape way and ventila-
tion shaft in the commercial project. 

From the shafts, a system of double entries will be 
excavated at right angles for development in tour 
directions. The entries will be separated by a 
40 foot pillar with a crosscut every 220 feet to 
conform with Mine Safety and Health Administration 
regulations.	 Production galleries will be excavated
at 880 foot intervals perpendicular to the main 
entries, as shown in Figure 1. Drilling chambers 
will be spaced on 880 foot centers except for the 
first chamber off the main entry, which will be lo-
cated 440 feet from the main entry. The drilling 
chambers will be 20 feet by 20 feet by 20 feet in 
size. 

Sixteen six-inch diameter production wells will be 
drilled up from the gallery to Intersect the top of 
the production zone. The up holes will be drilled 
to effectively represent a spacing of 220 feet, or 
approximately one per acre. 

The wells will be connected by a manifold to a four 
inch collection pipe for transferring the production 
to water/oil separators and to oil/gas separators. 
Increasingly larger pipes will transport the oil to the 
shafts for pumping to the surface. Water from the 
separators will be transported by pipeline to pumping 
stations for reinjection Into the formation. As 
development proceeds to the limit of the reservoir, 
ventilation shafts will be drilled from the surface to 
allow both central shafts to be utilized for fresh 
ventilation air intakes, and the exhaust air will be 
routed to the surface through the ventilation shafts. 

Projected Production 

Production estimates are the largest area of uncer-
tainty in the evaluation of underground drainage. 
Methods of predicting production for gravity drainage 
of depleted fields are relatively poorly developed. 
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FIGURE 1

SCHEMATIC OF DRAINAGE HOLES AND DRILLING CHAMBERS

Entry 

Drilling Chamber 

The WIC production rate model Is based upon cal-
culation techniques used to predict gravity drainage 
of stripped wells. Flow of oil is based upon a hy-
perbolic decline at a rate governed by the variables 
of pay thickness, oil viscosity and permeability to 
Oil. 

Figure 2 shows the production rate predicted by the 
model used. Projected rates of production for the 
entire field were developed from the mining schedule 
defining completion of the production galleries. 

Financial Analysis 

Table I lists the assumptions used in the financial 
analysis. Figure 3 shows the projected cash flow 
for the project. 

Analysis of profitability and discounted cash flow-
rate of return were based upon the assumption that 
all funding would be obtained through the private 
placement of limited partnerships and a public offer-
ing. Under this assumption, the project yields a 
discounted cash flow rate of return of 37.3 percent. 
Table 2 summarIzes the results of the financial 
analysis.

FIGURE 2 

PROJECTED ANNUAL AND
CUMULATIVE OIL PRODUCTION 

FOR HMC PROJECT 

p*oza tAn 0	 * 
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TABLE 1

ASSUMPTIONS USED IN HIC FINANCIAL ANALYSIS 

Paranrter	 Paranter Value 

Oil Price $18 per barrel 
Overriding Royalties: 

Landowner 12.5 percent 
Oil Mining Corp. 5.0 percent 

Total Tax Rate 38.0 percent 
Depreciation Method 200 percent ACES 
Depletion Allowance is percent 
Contingency on Capital and 

Operating Cost 20 percent 

FIGURE 3 

PROJECTED CASH FLOW FOR
THE HMC PROJECT 

$401 

$10 

($10) 

($20) 

($o)
I	 2	 3	 4

 

TABLE 2

RESULTS OF H* FINANCIAL ANALYSIS 

Paraneter Para,mter Value 

Total Oil Production 43,041,000 barrels 
Total Capital and Deveioprmnt Cost $251,340,000 
Total Operating Cost $99,780,000 
Production Cost per Barrel $8.16 
Total Capital Exposed $24,557,000 
Total Profit $206,454,000 
DCFROR 37.3 percent
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The project would produce positive cash flow begin-
ning In year two; payback is scheduled in year five. 

Hydrocarbon Mining Company would initiate the 
project upon receipt of funding from the limited 
partners. Activities planned for year one are: 

- Identification of suitable resources; 

- Development of the venture agreement; 

- Preliminary planning of pilot scale testing 
facility; and 

- Long form public offering. 

Detailed design of the shaft and pilot test gallery 
would begin in year two based upon the geotechnical 
drilling and reservoir evaluations. Permits for con-
struction and operation of the test facility would 
then be obtained from the regulatory agencies. 
Variances for operation of the pilot gallery using a 
single shaft would be required. 

Shaft sinking operations would commence as soon as 
all permits were in place. The shaft would have a 
finished diameter of 10 feet and would evolve into 
a service shaft and escapeway for the commercial 
project. 

Development at the shaft bottom would be limited to 
those facilities required for safe operations and for 
excavation of the test gallery. 

A pilot test gallery would be constructed to test 
the concept of underground drainage. The test in-
stallation would provide a place to develop and test 
prototype modifications to existing underground drill-
ing equipment and to define safe operating proce-
dures. The test gallery would Include several vane-
tions of drilling patterns, and production from the 
gallery would provide detailed data on production 
rate and recovery that would be required to 
evaluate the risk of proceeding with the commercial 
venture. 

Detailed design of the commercial project would 
proceed if the pilot testing results verify a high 
probability for a successful venture. 

SOLY-EX TARGeTS BYPRODUCT METALS RECOVERY 

In May of 1988, Solv-Ex Corporation discovered that 
the tailings produced from its patented bitumen ex-
traction process contained significant amounts of 
what Is now believed to be recoverable titanium, 
gold and silver. Solv-Ex immediately began a 
program to determine the quantity and quality of 
these metals that could be recovered from the 
Company's 5,873 acre Bitumount lease, which it ac-
quired In January 1988.

According to Solv-Ex, past reports of various parties, 
including the Alberta Research Council and the 
Heavy Minerals Development Study done for Alberta 
Economic Development, say that the Athabasca Oil 
Sands have been known for years to contain sig-
nificant amounts of heavy minerals, especially 
titanium, gold, silver and other valuable minerals. 
In spite of the known presence of these heavy 
minerals, the reports concluded that a new technol-
ogy would have to be developed which would essen-
tially remove the bitumen from the oil sands tailings 
before the heavy minerals could be liberated for 
recovery. 

Preliminary evaluations of the core samples from the 
Bitumount lease and the tailings from previous Solv-
Ex projects involving Athabasca oil sands, indicate 
that the Solv-Ex extraction process produces tailings 
which are essentially free of oil and which can be 
processed by conventional mineral extraction means 
to produce titanium dioxide pigment from the II-
menite, leucoxene and rutile minerals in the tailings 
together with the gold and silver values contained in 
the ore. Evaluation programs have been carried out 
by Mountain States R & D International, Inc., Vail, 
Arizona, and International Process Research Corpora-
tion of Golden, Colorado, to estimate the economi-
cally recoverable quantities and revenue potential of 
these minerals, if any. In addition, the Company 
has commissioned an oil sands and mineral reserve 
study of the Biturnount lease, based on the 75 core 
holes previously drilled on the property, which will 
give tonnages and grades. 

Based on the preliminary evaluations received to 
date, and if the heavy minerals can be economically 
produced, which is not yet proven, It will reduce 
the proposed 10,000 barrel per day Bitumount 
Project's dependence on all prices for economic 
viability. Accordingly, Solv-Ex has prepared a 
C$22 million program entailing further drilling, pilot 
plant and metallurgical testing, permitting and en-
gineering in preparation for the oil sands and heavy 
mineral mine and extraction plant construction, and, 
on August 22, 1988, presented proposals for project 
financial assistance to government and various in-
dustrial concerns. 

Although testing did not take place under optimum 
conditions, Mountain States R & D International, Inc. 
reported that recoveries of about 60 percent or bet-
ter for titanium and zirconium minerals would be 
expected during larger scale pilot plant tests. High 
recoveries of gold and silver are also expected, 
using pre-concentration followed by cyanidation. 

The Bitumount lease covers 5,874 acres north of Fort 
McMurray, Alberta, Canada. A 2,112-acre plot In 
the northwest portion of the lease has been iden-
tified as Project Lands and testing was conducted on 
these lands to determine bitumen and titanium con-
tent. 

A feasibility study Will be performed for a project 
designed to produce 10,000 barrels of oil per day of 
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synthetic crude oil and 30,000 tonnes per year of 
titanium dioxide pigment, plus any recoverable zir-
conium, gold and silver. 

The Bitumount Lease is situated on the east bank of 
the Athabasca River approximately ten miles north of 
Fort McKay, Alberta. Access to the site is available 
throughout the year by road from Fort McMurray, 
Alberta, the last five miles of which are gravel. 

OHS PURSUES APPLICATIONS IN EUROPE 

ORS Corporation, now of Denver, Colorado, announced 
that the operations of ORS Corporation and its af-
filiate, Electromagnetic Oil Recovery Ltd. (EOn), have 
formed a joint venture to handle all Calgary opera-
tions within one office. 

In the United States, ORS is currently negotiating 
for a number of installations of their radio fre-
quency stimulation process on wells in several states. 
They are also in various stages of exploring new ap-

pileation possibilities in Indonesia and Europe. The 
affiliate, EOR, has Just concluded negotiations and 
signed a contract for the use of the Company's 
technology with Nederlanthe Aardolle MaatschapplJ 
B.V. (NAM) In Holland. NAM is n joint venture be-
tween Royal Dutch Shell and Ewe, which operates 
the two companies' producing properties In Holland. 

In order to further develop and enhance the radio 
frequency technology, a technical committee has 
been formed comprised of nine engineers from ORS, 
Canada Northwest Energy, TransAlta Resources, ED R, 
and lIT Research Institute. These engineers have 
broad-based experience in the fields of reservoir and 
electrical engineering as well as field operations. 
Their function is to further refine the technology 
from a commercial standpoint, which should result in 
reducing the process usage costs. 

In June 1988, the Company entered into a twelve-
month Research Agreement with HT Research In-
stitute relating to the radio frequency process. The 
Company agreed to pay HT Research Institute a total 
sum up to $260,000 for successful completion of the 
project. 
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ENERGY POLICY AND FORECASTS 

ALBERTA POLICY TO EMPHASIZE UPGRADING 

In a speech to the Canadian Heavy Oil Association 
in September, Neil Webber, Minister of Energy for 
Alberta, Canada outlined the directions that he sees 
the Alberta heavy oil sector taking in the future. 
First, he emphasized the increasing importance of 
heavy oil In Alberta's slate of energy resources, and 
the government of Alberta's efforts to encourage 
field development and increase heavy oil production; 
second, he emphasized the Importance of upgrading 
Alberta resources and the government's role in this 
area. A condensation of his remarks follows. 

Alberta's Heavy Oil Resour 

The abundant heavy oil and oil sands reserves In the 
Province of Alberta are a vast energy potential 
which remains to be tapped. Over 98 percent of 
Alberta's liquid hydrocarbon potential is in heavy oil 
or oil sands, amounting to almost one-half of the 
world's heavy liquid resources. 	 It is estimated that 
over 300 billion barrels are economically recoverable 
from the oil sands with current technology. This 
alone is a resource comparable to all the reserves 
of the Middle East. 

Heavy oil and oil sands already play an important 
role In the Province's crude oil production. Current 
production of heavy oil and oil sands totals half a 
million barrels per day, or approximately one-third 
of Alberta's liquids production. The share of overall 
production Is expected to increase to one-half by 
1995. It Is clear, then, that heavy oil and oil 
sands will become even more important in future 
years as conventional light reserves decline in 
productivity. The value of this resource Is enhanced 
by proceeding with development projects. But still 
more important, in Webber's view, Is the opportunity 
to increase the value of the oil by developing the 
capacity to upgrade crude in Alberta. This increases 
markets for heavy oil, increases the economic return 
to Alberta and increases the economic opportunities 
open to Albertans. 

The Increasing importance of Heavy Crudes 

The bulk of Canadian production of light and medium 
crude oil is from the Western Canadian Sedimentary 
Basin. Although the conventional Industry has been 
very active, and very successful, light and medium 
productive capacity will decline over the long term. 
The National Energy Hoard forecasts that productive 
capacity of light and medium crude, synthetic crude 
and pentanes could fall 500,000 barrels per day by 
the mid nineties. Canada's light crude supply 
capacity roughly balanced its light crude demand in 
1985 (with exports to the United States matching 
imports to the eastern coast), however, forecasts 
now suggest a steady build up of Imports in the ab-
sence of domestic supply development. Imports 
should rise to as high as over 60 percent of total 
demand by 2005.

On a North American basis the situation Is even 
more dramatic. In the lower 48 states of the 
United States domestic crude productive capacity Is 
declining far more rapidly than in Canada, and the 
United States Is already importing over 40 percent 
of its crude oil requirements.	 During the 1990s,
this could well exceed 50 percent. 

Despite the forecast decline in conventional light 
and medium crude production, Webber does not 
believe that Canada will come to a point where It 
is importing half of its oil requirements. Despite 
the forecasts, or rather because of the forecasts, 
there is too much opportunity for resource develop-
ment In Canada for the oil industry to ignore the 
potential. The government of Alberta wants to real-
ize the economic spin offs from heavy oil and oil 
sands development. 

Provincial Heavy Oil/Oil Sands Strategy 

Given the abundance of the resource, and the 
economic benefit from its development, the govern-
ment of Alberta has historically attempted to ac-
celerate the commercialization of its heavy oil 
resources. Alberta has long been a partner In 
resource development. They have been willing to sit 
down and negotiate Individual fiscal terms for major 
oil sands projects. In general, Alberta has developed 
a generic royalty regime--the Cold Lake Royalty 
Regime--which has encouraged considerable develop-
ment. The Cold Lake formula provides for a nominal 
royalty, increasing gradually until a project achieves 
"payout" (including a return allowance on capital). 
After payout the formula becomes a profit -sensitive 
royalty calculation. The response to these programs 
by industry has been significant.	 A number of
heavy oil and in situ oil sands projects, have been 
announced in the past two years.	 These include,
Ease Cold Lake, BP/Petro-Canada's Wolf Lake, Suncor 
Burnt Lake and Amoco's Elk Point. These projects 
alone will increase heavy oil production by some 
100,000 barrels per day by 1990. 

Upgmdlng Of Resources 

Historically, Canada has found markets for its heavy 
crude in the United States midwest. Approximately 
90 percent of Canadian heavy oil exports goes to 
Petroleum Administration District No. 2, that is, to 
refiners in the Chicago, Illinois and Twin Cities 
areas. Most of tile remaining exports go to Billings, 
Montana. Canadian producers have been able to 
compete very well in District No. 2 since deregula-
tion, and have acquired an increasing share of this 
market. However, there are limits to how much 
more heavy crude can be placed here, which will 
force Canadian producers to look farther afield for 
secondary markets in Asia or even in Europe. 

Current exports of heavy oil and diluted bitumen can 
be accommodated by existing refinery capacity in 
the United States.	 The new production coming on 
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stream, however, must expect lower netback in 
secondary markets. Therefore, Alberta's objective is 
to encourage the upgrading of Alberta's heavy oil 
and bitumen resources in the Province, where it is 
produced--rather than shipping jobs and incremental 
value down pipelines clogged with heavy oil. 

First, development of upgrading capacity increases 
the value of heavy oil and bitumen resources and 
production. It also creates opportunity for Albertans 
to participate to a greater extent in the benefits of 
resource development. Upgrading heavy oil and oil 
sands makes it possible to add maximum value to a 
raw resource. As with other natural resources, the 
level of benefits to the Provincial economy are 
greatest when the level of processing and therefore, 
the value of the resulting product is highest. 

In addition to adding value to Alberta exports, 
upgraders increase the market incentive for further 
development of heavy oil and bitumen production. A 
further benefit is the increased employment resulting 
from jobs created in the engineering, building, and 
operation of upgraders. 

The Alberta government Is therefore committed to 
the objective of upgrading the heavy oil and oil 
sands resources. 

Licydmirater fli-Provindal Upgrathr 

This has been evidenced recently by the an-
nouncement of the Lloydminster BI-Provincial 
Upgrader. 

In September, 1988, the Alberta and Saskatchewan 
governments and Husky officials announced a binding 
agreement which provides for the financing of the 
construction of the Lloydminster Ri-Provincial 
Upgrader and outlines the on-going structure and 
operating procedures for the project. 

From the beginning, this project involved three 
governments cooperating in a project with significant 
economic development potential for Lloydminster, for 
Alberta and Saskatchewan and, more broadly, for 
Western Canada. The Lloydminster location also per-

mits the governments of Alberta, Saskatchewan, and 
Canada to jointly pursue their goals of resource 
development and upgrading. In Alberta's case, the 
Lioydmlnster Upgrader is seen as a major step for-
ward in Alberta's policy of encouraging heavy oil 
development and upgrading where the resource is 
produced, rather than shipping lower value heavy 
crudes and bitumen down the pipeline to the con-
suming areas. 

Development of upgrading capacity will also further 
increase the market opportunities for heavy oil. The 
Lloydminster Upgrader will make an additional 
40,000 barrels per day of heavy oil usable by 
Canadian refineries as higher value synthetic crude 
oil, stimulating development of the Province's heavy 
oil resources. 

From the point of view of economic Impact on the 
region and on the industrial capacity of Western 
Canada this project is very significant. 

Overall Upgrading Strategy 

The Lloydminster Upgrader is only part of the Al-
berta government's resource development and upgrad-
ing strategy. They are also supporting the Other 
Six Leases Operation (OSLO), as part of an overall 
strategy to promote integrated resource development 
and upgrading facilities. 

Alberta is also examining regional upgraders wit!, the 
Alberta Chamber of Resources, and the concept of 
upgraders associated with Alberta refineries--which 
have the potential of decreasing infrastructure costs 
and avoiding duplication of existing processes and 
hardware. 

Webber states that these projects and Alberta's ag-
gressive development and upgrading strategy point to 
an exciting future for Alberta. The range of oppor-
tunities which exist in terms of heavy oil and oil 
sands development and upgrading should permit in-
dustry and government to work together coopera-
tively and for the benefit of the entire province. 
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ECONOMICS 

FISCAL TREATMENT HAS INFLUENCED OIL SANDS 
DEVELOPMENT 

Oil sands development In Alberta, Canada is affected 
not only by the prevailing economic climate of the 
times, including such aspects as oil prices, inflation, 
and availability of skilled manpower; it is also 
greatly impacted by the government's fiscal policy 
regarding Its resource development. The magnitude 
of this effect was discussed by P. Precht and 
C. Stringham of the Alberta Department of Energy at 
the Fourth UNITAR/UNDP Conference on Heavy Crude 
and Tar Sands. 

While the Province owns some 80 percent of the 
natural resources within its boundaries, it does not 
develop the resources itself. In conventional oil ex-
ploitation there is a sizable risk to be taken on the 
part of the developer during the exploration and 
development stages. However, once production Is on 
stream, this risk is significantly reduced. Based on 
this and the Province's resource ownership relation-
ship, a production based royalty was first instigated 
under which the royalty payable was a direct and 
constant proportion of production--16 2/3 percent. 
This conventional oil royalty regime has evolved, 
especially since the rapid escalation of prices since 
the 1970s, to a system which Is sensitive to well 
productivity, to the price of crude oil and to the 
vintage of that production. 

An even higher proportion of the oil sands resource 
Is on lands belonging to the province, so the royalty 
issue is even more relevant for these resources. 
Royalties that apply to oil sands production have 
evolved as 'veil, even though oil sands production 
does not have nearly as long a history as conven-
tional oil and gas production In Alberta. The 
royalties that apply to all oil sands production in 
Alberta are now profit-sensitive. This reflects the 
high cost of recovering these resources, and their 
resulting vulnerability to fluctuating oil prices. 

A major difference between all the Integrated oil 
sands projects, upgraders, In situ bitumen projects 
and conventional oil production is that while 
royalties applicable to conventional Crown owned oil 
production are generically established by explicit 
statutes and regulations, the oil sands and other 
major projects all have royalty structures which are 
Individual and the result of separately negotiated 
royalty agreements. Section 9 of the Mines and 
Minerals Act, the Act which authorizes all of the 
generically applicable royalties on conventional oil 
and gas, allows the Minister of Energy to enter Into 
Individual agreements with a developer relating to a 
specific project. This approach has been neces-
sitated by the nature of the projects and the fact 
that net revenues require uniquely different defini-
tions for different projects. Also, the economic cir-
cumstances at the time the project Is being con-
sidered may make different royalty treatment ap-
propriate.

Integrated Oil Sands 

Suncor 

Suncor (originally called Great Canadian Oil Sands--
GCOS) was the first major oil sands project in Al-
berta (see Figure 1 for locations). It officially 
opened Its 45,000 barrel per day capacity plant In 
September 1967. Due to major start-up problems, 
significant production did not begin until late 1968, 
and it took a number of years for CCOS to work all 
the bugs out of its operation. Being that all other 
oil production at the time was subject to a conven-
tional oil royalty regime based on production levels, 
It was natural to establish a similar production 
based royalty for this project. 	 The GCOS royalty
was established by regulation, in a manner analogous 
to the royalties on conventional oil and gas. But 
due to Its high capital costs, GCOS was granted a 
lower royalty than that collected on conventional oil 
at the time. 

This royalty applicable was: 

- eight percent of the first 900,000 barrels per 
month 

- 20	 percent	 of	 any	 production	 over 
900,000 barrels per month 

At full rated capacity at the time, the implied 
royalty Intent was 12 percent, which was less than 
the 16 2/3 percent rate applied to conventional 
crude oil. 

In 1978, in conjunction with the expansion of the 
Suncor plant to 65,000 barrels per day capacity, the 
royalty regime was revised to be: 

- eight percent of the first 900,000 barrels per 
month 

- 20 percent of the next 468,000 barrels per 
month 

- eight percent of the next 260,000 barrels per 
month and 20 percent of any production over 
1,628,000 barrels per month 

The implied royalty intent at full capacity was 
13 percent. However, Suncor has typically produced 
well below this rated capacity, so the average 
royalty they paid was lower than 13 percent. 

In 1981 the Energy Resources Conservation Board 
(ERCB) wanted to have Suncor develop an enlarged 
mine area for reserves conservation reasons, but 
Suncor objected because the area could not be 
mined economically because of thicker overburden. 
In order to have this less attractive area mined, 
Suncor received a three percentage point reduction 
in royalty on all oil sand mined and processed from 
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this "big pit" area.	 Thus the "big pit" clause was 
added to their royalty regulation. 

The National Energy Program (NEP) of 1980 was a 
source of difficulty to all producers, but Suncor 
Perhaps more than most, as their project was given 
some singular treatment under the Incremental Oil 
Revenue Tax (loaT) at the time. The IORT was a 
federal tax that was generally applicable only to old 
oil (conventional oil discovered pre-1981). However, 
75 percent of Suncor's production was deemed to be 
old oil for purposes of the IORT, and was subject to 
this tax. The tax was 50 percent of the difference 
between the NEP price schedule and the New Oil 
Reference Price (NORP), which was the proxy for

world price given to new oil. This tax was intro-
duced on January 1, 1982 and was suspended in 
June, 1982 on all conventional oil, but not for Sun-
cor. It was finally suspended for Suncor on Novem-
ber 8, 1984. 

These fiscal terms remained as such until the price 
crash of early 1986, at which time Suncor came to 
the provincial government demonstrating that their 
costs of production (including royalty) exceeded their 
revenue. The government responded to this situation 
by reducing Suncor's royalty to a flat one percent 
of gross production with the proviso that a new 
profit-sensitive royalty structure was to be estab-
Ushed. The essential terms of the new royalty 
structure agreed to with Suncor are as follows: 

1. From July 1, 1987 to December 31, 1991: 
The greater of two percent of gross produc-
tion or 15 percent of net revenues. 

2. After December 31, 1991: 
The greater of five percent of gross produc-
tion or 30 percent of net revenues. 

The royalty treatment of the Suneor project has 
evolved from being based strictly on production to a 
royalty based on net revenues, analogous to the 
royalties applicable to recent in situ projects. 

Syncrude 

The	 Syncrude	 project	 was	 originally	 structured as	 a 
completely	 private	 Industry	 arrangement. The 
dropout	 of	 ARCO	 in	 December	 1974	 left	 30	 percent 
of	 the	 project	 up	 in	 the	 air.	 At	 that	 time the 
federal,	 Alberta	 and	 Ontario	 governments	 got in-
volved	 and	 took	 15	 percent,	 10	 percent	 and five 
percent	 of	 the	 project	 respectively.	 Since that 
time,	 through	 various	 options,	 purchases,	 and con-
vertible debentures,	 the Alberta government share of 
the	 project	 declined	 to	 eight	 percent	 in	 1979 and 
increased to Its	 current	 16.74	 percent	 In	 1982.

The Syncrude Crown Agreement was signed on Sep-
tember 3, 1974, establishing the fiscal terms ap-
plicable to this project. The payments to the Crown 
were structured as a joint venture payment in lieu 
of a royalty. This joint venture payment was also 
the first non-production based oil royalty and al-
though it was not established as a generic oil sands 
royalty regime, it began the shift to profit-sensitive 
royalty for the oil sands industry. 

This concept was appealing to private industry be-
cause It had provisions for no joint venture payment 
unless a profit was achieved and thus provided the 
much required downside protection. From the 
government's perspective it not only provided the 
downside protection required by industry, It also al-
lowed for the sharing in upside profits of the 
project. It conveyed the idea of joint ownership 
and cooperation between the government and in-
dustry. 
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Offsetting these advantages was the comple,dty of 
the agreement, entailing detailed reporting of costs 
and revenues and requiring financial audits. 

Under the terms of the Syncrude Crown Agreement, 
Alberta receives 50 percent of net revenue as a 
Joint venture payment. After the fifth anniversary 
of the Start of Production, Alberta has an option to 
take Its joint venture payment as a 7.5 percent of 
gross revenue rather than as 50 percent of net 
revenue. This option can be exercised one time and 
is non-reversible. Therefore, once the Province opts 
for the 7.5 percent gross royalty, It cannot revert 
back to the 50 percent net revenue payment. 

The basic calculation for net revenue is as follows: 

Deemed Gross Revenue 
- Allowed Operating Costs 
- Deemed Interest Expense 
- Amortization of Capital 
- Loss Carry Forwards .QL xL 
= Net Revenue 

The Allowed Operating Costs Included all non-capital 
costs. All capital expenditures and all pre-
production costs incurred from February 23, 1972 to 
the Start of Production are amortized on a straight 
line basis over 20 years starting on the fifth an-
niversary of the Start of Production. 

The Deemed Interest Expense consists of 75 percent 
of eight percent of average capital employed. The 
consequence of this deduction is to allow the owners 
n return on the capital employed (including working 
capital) in the project. 

Finally,	 any	 net	 losses	 can	 be	 carried	 forward	 In-
definitely	 and be used to directly offset	 any	 future 
joint	 venture payments. There Is	 no	 minimum 
royalty payable under the Syncrude royalty terms.

The Syncrude project is unique in terms of the 
treatment of this joint venture payment for Income 
tax purposes. Syncrude received a remission order 
from Revenue Canada in May 1976 ensuring the de-
ductibility of the joint venture payment for tax pur-
poses as well as allowing them the full resource al-
lowance. This remission order expires the earlier of 
December 31, 2003 or when n cumulative total of 
2.1 billion barrels have been recovered from the 
project. 

Syncrude continued operating under this fiscal regime 
until 1983. At that time they were heavily com-
mitted to their Capacity Addition Project (CAP) but 
because of the decline in oil prices saw the neces-
sity to delay its completion.	 In order to continue
this project, Syncrude sought an amendment to their 
Crown Agreement. This amendment allowed them, 
depending on the actual level of capital expenditure 
Incurred, to write off a portion or all of their 
capital costs In the year they are incurred. This 
ability to expense the capital in the year it was in-
curred rather than amortize it over the remainder of 
the project life was termed "Special Capital Costs"
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in the joint venture payment calculation. Also, a 
minimum royalty clause was added which would en-
sure that the minimum joint venture payment, during 
the period covered by this amendment, would be the 
lesser of: 

1. Five percent of gross revenue, or 

2. The 50 percent of net revenue that would 
have been paid without the implementation of 
this amendment (i.e. without 100 percent 
write off of Special Capital Costs). 

The terms of this amendment were from 1983 to 
1988. 

It was during the CAP construction period, that the 
oil price collapse of early 1986 occurred. The drop 
in oil prices forced Syncrude to shelve their basic 
engineering study on a major 80 9 000 barrel per day 
expansion project. In order to keep this study 
going, the Province provided an $85 million loan to 
Syncrude on the condition that his money would be 
entirely spent on the completion of their expansion 
basic engineering by the end of 1988 and that it 
would be repaid from incremental synthetic oil sales 
from this expansion project, when it is completed. 

Another financial arrangement came later that year 
when it looked as if Syncrude would not be able to 
finance the completion of CAP. Because of the 
price collapse, the construction schedule for CAP had 
already fallen behind by a year. At this time a 
loan guarantee offer of up to $200 million was ex-
tended by Alberta. This loan guarantee would only 
be made available in the event of negative cash 
flows in 1987 or 1988 (approximately if synthetic oil 
prices fell below C$15 per barrel). 

In Situ Bitumen Projects 

Shortly after the abandonment of the Cold Lake 
megaproject and during the final negotiations of the 
later abandoned Atsands megaproject, the federal 
government extended earned depletion to all 
E nhanced Oil Recovery projects, including In situ oil 
sands, as well as to all oil sands mining projects. 

In situ experimental projects producing bitumen had 
begun In the 1960s, and were subject to an ex-
perimental royalty rate of five percent. The 
problem with converting a project from experimental 
to commercial was that they then became subject to 
conventional oil royalties. The provincial royalty 
regime for old oil (pre-1974), albeit for low produc-
tivity wells in these situations, was simply not con-
ducive to commercial development of these bitumen 
projects. It was the experience of the megaproject 
negotiations that opened the door to a more profit-
sensitive royalty regime and allowed the commercial 
consideration of in situ projects to begin. 

BP Petro-Canada Wolf Lake 

As with most commercial in situ bitumen projects, 
the Wolf Lake project began as a smaller experimen-
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tal project. In 1982, UP (later Jointed by Petro-
Canada who acquired a 50 percent share of the 
project) was the first to approach the province with 
a proposal for a commercial in situ bitumen project. 
The new concept In this project was its staged ap-
proach of development. This method of staging 
projects was found to be a very attractive one and 
has been a common feature of all subsequent in situ 
projects. 

The Wolf Lake project was to start with the first 
phase coming on stream In 1985 with a capacity of 
7,000 barrels per day. Three subsequent phases 
were to add another 30,000 barrels per day of 
capacity and were originally scheduled to come on 
stream from 1988 to 1990. 

The royalty regime established for this project was 
very similar to that offered to the Alsands project. 
The project would pay a gross royalty on all 
production, commencing at one percent upon project 
start-up and increasing by one percent every 
18 month., to a maximum of five percent until 
project payout. 

The definition of project payout was enhanced to in-
clude not only the complete recovery of costs but 
also a 10 percent before tax rate of return. When 
project payout was reached, the royalty would be 
the greater of the five gross royalty or 30 percent 
of net revenue. 

The Wolf Lake project royalty regime also has a 
price sensitive clause. If the price of bitumen were 
to fall below C$35 per barrel, the project would pay 
a flat one percent gross royalty until nominal payout 
(i.e. payout without allowing any return on capital) 
instead of following the 18 month ramp-up to five 
percent. At nominal payout the royalty would In-
crease to five percent and continue at that level 
until project payout. 	 After project payout, the
royalty becomes the greater of the five percent of 
gross revenue or 32 percent of net revenue. The 
additional two percent (30 percent to 32 percent) 
net royalty would remain in effect until all royalties 
foregone during the period before nominal payout 
have been repaid with 10 percent interest. These 
foregone royalties are the difference between the 
one to five percent phased in royalties and the flat 
one percent royalties because of this price clause. 

Fisso Cold Lake 

The resurrection of Ewe's Cold Lake megaproject 
came in the form of a staged in situ bitumen 
development project announced on September 20, 
1983.	 The royalty regime for this project was 
similar to that of Alsands and Wolf Lake. But, it 
was the regime applicable to Ease Cold Lake that 
was to become the standard for subsequent in situ 
bitumen projects. The royalty regime was essentially 
as follows: 

1. A pro-payout gross royalty, starting with 
production, at one percent and increasing by

one percent every 18 months to a maximum 
of five percent. 

2. Project payout defined as the point when 
gross revenues equal all allowed operating 
costs plus allowed capital costs plus a 
10 percent per annum return allowance on 
unrecovered costs. 

3. Allowed operating costs include a 10 percent 
overhead allowance. 

4. Allowed capital costs include n one percent 
overhead allowance. 

5. Post payout royalty Is the greater of a five 
percent gross royalty or 30 percent of net 
revenue, where net revenue is defines as: 

Gross Revenue 
- Allowed Operating Costs 
- Allowed Capital Costs 
= Net Revenue 

6. Use of proprietary natural gas by the project 
is allowed royalty-free. 

7. A 10 year period is provided in which all 
expansions of this project approved by the 
ERCU and under construction before the end 
Of 10 years would fall under the same 
agreement. 

Other In Situ Bitumen Projects 

Immediately following the announcement of Esso's 
Cold Lake project in September of 1983, a number 
of additional proposals for commercial In situ 
bitumen projects were submitted to the Province. 
All of this group of projects received essentially the 
same royalty terms as those in the Alberta Cold 
Lake Crown Agreement and these terms became 
generically known as the Cold Lake Terms. 

Federal Income Tax 

The	 tax system	 can	 drastically alter	 the economic 
viability of	 any	 project.	 This can	 clearly be seen 
by the changes introduced under the recent Canadian 
federal tax	 reform.	 The	 oil sands	 and bitumen 
projects saw	 four	 major	 changes coming out of	 this 
reform:

1. The phase out of earned depletion by the 
end of 1989. 

2. The reduction of Capital Cost Allowance (the 
tax proxy for depreciation) from a rate of 
30 percent per year, on a declining balance 
basis, to a new 25 percent per year for the 
majority of capital expenditures. 

3. The reduction of the overall corporate in-
come	 tax	 rate	 from	 36	 percent	 to 
28 percent by the 1989 tax year. 
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4. The 'available for use" rule, effective from 
1990, that delays the tax write off of any 
capital expenditure until that asset is physi-
cally ready for use, to a maximum of two 
years delay. 

Also, the federal tax reform included the phase-out 
of investment tax credits throughout most of Canada 
by the end of 1988. This investment tax credit was 
generally worth 10 percent on oil sands projects. 

Although the reduction in corporate income tax rate 
Practically offsets the slower capital depreciation, 
the elimination of the 33 1/3 percent earned deple-
tion is a significant loss. Also, the "available for 
use" rule Is a particular difficulty for oil sands 
projects because of the large up-front capital and 
long lead time nature of these projects. The impact 
of these measures on oil sands projects is generally 
to lower the projected return on Investment by 
three to five percent. As the economics of these 
projects is typically marginal to start with, this Im-
pairment to the economics has reduced some projects 
to the sub-marginal category. 

Conclusion 

There has been a very clear evolution in the royalty 
treatment that has applied to oil sands development 
in Alberta. This can be seen In comparing the 
royalty that initially applied to the GCOS operation 
to that applicable to the In situ oil sands projects 
of the SOs.	 An evolution has occurred within the
royalty applicable to the two major oil sands 
projects as well.	 Suncor has recently had Its
royalty restructured to be profit-sensitive. Syncrude

has enjoyed the benefit of immediate deductibility of 
capital costs during the 1983-88 construction of its 
C AP. 

The evolution which has taken place has clearly 
been for the better from the perspective of the oil 
sands segment of the oil and gas industry. By be-
coming more profit-sensitive it has not only made 
the Province more interested in the fortunes of the 
oil sands, but has made it easier for the industry to 
cope with the vicissitudes of energy markets on oil 
sands economics. 

The evolution may not stop at this point. But, it 
will be difficult to make further changes to this 
royalty structure in order to Improve the economics 
of a project. The pre-payout royalty is low and 
Post-payout revenue-sharing Is only consequential in 
the event the project is showing profits of a level 
that enhancements are not required. 	 The high
front-end costs of Integrated projects are still 
problematic.	 The royalty cannot deal with that
problem. 

The authors conclude that the long-term potential 
for oil sands development in Alberta Is extremely 
bright. The profit-sensitive royalty regimes now in 
place, although not perfect and probably subject to 
further refinement and adjustments along the way, 
are structured in such a way as to provide a stable 
anchor during periods of volatile economic climate. 

3-21
	

SYNTHETIC FUELS REPORT, DECEMBER 1988



TECHNOLOGY 

FRACTURE SflNULATION UNSUCCESSFUL IN THE CUSP 
TAR SANDS PILOT 

A paper presented by Amoco Production Company at 
the 39th Annual Technical Meeting of the Petroleum 
Society of CIM discussed the fracture stimulation of 
the McMurray formation in the Gregoire Lake In Situ 
Steam Pilot Project (ClASP), in northeastern Alberta, 
Canada. 

Amoco Canada Petroleum Company Ltd., Petro-Canada, 
Inc., and the Alberta Oil Sands Technology and 
Research Authority (AOSTRA) are participants in an 
in situ experimental recovery pilot to investigate the 
feasibility of producing the heavy oil reserves in the 
McMurray formation of the Athabasca Tar Sands 
deposit. The pilot area is shown in Figure 1. One 
injection well was drilled, and three producing wells 
in a triangular pattern around the injector, ap-
proximately 40 meters from it.

the strong possibility of a horizontal fracture which 
would be preferred for the pilot. However, there 
was the distinct possibility of a vertical fracture or 
more likely a complex fracture geometry with both 
horizontal and vertical components. 

The first well (P-i) was fracture stimulated through 
perforations at the base of the McMurray formation. 
The treatment consisted of 113,000 gallons of 
X-linked gel injected at 34 barrels per minute plac-
ing some 572,000 pounds of radioactively tagged 
sand. Treating pressures, tiltmeter data, and obser-
vation well data indicated that a very complex frac-
ture geometry resulted during the stimulation. A 
contributing factor may have been the presence of a 
one meter deep erosional trough in the unconfor-
mable top of the underlying Devonian limestone. 
Seismic data outlined this trough which runs north-
south in the vicinity of the P-i well. 

lnjectivity tests	 indicated	 that fracturing	 would	 be 
required	 to accomplish	 communication between	 wells. 
Concurrent with	 the	 injectivity tests, in	 situ	 stress 
tests	 were also	 conducted	 to	 obtain fracture	 design 
data.	 The majority	 of	 these stress tests	 indicated 
closure	 pressures	 approximating the	 overburden pres-
sure.	 In	 some	 tests	 there	 was	 also evidence	 of	 a 
much	 lower closure	 pressure. These data	 suggested

The P-I well was completed as a producer and a 
central injection well (i-i) was drilled along with 
two other production wells (P-2 and P-3). 

As part of the program and prior to the fracture 
stimulation of th e i-i central Injection well, both 
the producers P-2 and P-3 were fracture stimulated 
through notched casing at the bottom of the McMur-
ray formation below gravel packed completions. 
These treatments were designed for near wellbore 
stimulation and not for communication with the 
central injector or the other producers. The 
P-3 well showed a declining treating pressure trend 
with time suggesting the possibility of a horizontal 
radially propagating fracture. 	 The treating pressure
of the P-2 well was inconclusive as to the orienta-
tion of the fracture. The bottomhole pressure of 
the I-i well showed no response during or after the 
stimulations of the P-2 and P-3 wells. 

After the fracture stimulation of all three producers, 
these wells (P-i, P-2 and P-a) were steam stimu-
lated. Seismic data showed that the heat from the 
steam injection was locally concentrated about each 
of the P-i and the P-3 wells, while the heat in the 
vicinity of the P-2 well appeared to be much more 
widespread covering an area larger than the im-
mediate wellbore vicinity. This was the first sign 
of communication between wells in the pilot area. 

I-i Well Fracture Treatment 

An elaborate data monitoring effort was planned for 
the fracture stimulation of the I-i central injection 
well to assist in describing the resulting fracture 
geometry. This included: (1) a tiltmeter survey to 
monitor surface tilts with time, (2) bottomhole pres-
sure measurements in each of the three producers 
(P-i, P-2 and P-a) as well as in 1-1, (3) the addi-
tion of a chemical tracer (calcium bromide) to the 
injected hot water, (4) temperature profiles in the 
three observation wells (0-1, 0-2 and 0-3) following 

FIGURE 1 
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hot water and steam injection into the 1-1 well, and 
(5) production of the pilot wells. 

Upon completion the well was notched at the base 
of the McMurray formation and then fracture stimu-
lated with some 50,000 gallons of X-linked 30 cps 
NEC polymer base fracturing fluid, 	 pumped at 
32 barrels per minute. The rate was cut back to 
ii barrels per minute toward the end of the treat-
ment, to facilitate hot water injection at one barrel 
per minute. The hot water injection continued fol-
lowing the treatment without any shut-down time. 

The bottomhole treating pressure profile during the 
fracture stimulation showed that the formation broke 
down within 1.0 minute and the pressure subse-
quently dropped, indicating unconfined fracture 
growth. 

Elevated pressures during the early stages of the 
treatment became apparent on a log-log plot usually 
used to characterize the type of fracture propaga-
tion behavior. The overall pressure behavior Indi-
cated unconfined fracture growth. However, an ad-
ditional loss of pressure was observed about five 
minutes into the treatment, which suggests a more 
complex fracture geometry.	 It appears that there 
are three stages of fracture propagation: (a) an 
unconfined fracture growth that leads to (b) a path 
of lesser resistance about five minutes into the 
treatment which in turn leads to (c) a last uncon-
fined stage of fracture growth after approximately 
19 minutes into the treatment.	 Two hypotheses 
were made which are compatible with this pressure 
behavior. In the first scenario, the fracture in-
itiates as a horizontal fracture and possibly migrates 
upwards evolving Into a "U"-shaped, "L"-shaped, or 
"S"-shaped fracture. The fracture geometry concepts 
included in this scenario, besides being consistent 
with treating pressure behavior, were found to be 
consistent with the temperature response of the ob-
servation well and tiitmeter, tracer, and production 
data. Consequently, It appears that this propagation 
scenario is quite probable. 

In the second scenario, the fracture initiates as a 
vertical fracture and evolves as a "T"-shaped frac-
ture.	 This scenario of a T-shaped fracture seemed 
to fit the pressure data equally weLl. However, it 
could not explain the temperature rise low in the 
McMurray as seen In the 0-3 observation well. 

Data from the 16 tiltmeter array used to monitor 
the 1-1 well fracturing treatment can support either 
a symmetric or non-symmetric fracture geometry 
("U"-shaped, "L"-shaped, or "S"-shaped fractures). 
This geometry could also resemble an inverted 'hat" 
with or without a "brim". 

Since the tiltmeter data Interpretation is non-unique, 
the tiltmeter data could only be evaluated in con-
junction with data from other observations 
(temperature, pressure, tracer and production). 

Temperature profiles were run in three observation 
wells (0-1, 0-2 and 0-3) following the initiation of

hot water and/or steam injection into the I-i 
central injection well. Figure 2 shows three tem-
perature profiles run in the 0-3 on separate days 
(February 6, 16 and 21, 1987). The temperature 
profiles in Figure 2 indicate that the 1-1 fracture 
communicated with the 0-3 observation well (some 
15 meters away) via two possible paths, one low in 
the section (hot water) and one higher in the sec-
tion (steam). This supports the first scenario 
presented earlier, i.e., that the fracture initiated as 
a horizontal fracture low in the section (allowing 
direct hot water communication) and migrated upward 
as the fracture geometry became more complex 
(allowing indirect steam communication via the 
depleted zone). 

During this time period no temperature response was 
detected from surveys run in the 0-1 or 
0-2 observation wells. 

A chemical tracer, calcium bromide, was injected 
with the hot water into the i-i central injected 
well. The intent was to detect communication be-
tween the central injector and the producers. 
Various concentrations of the tracer appeared at all 
three wells indicating that there was communication 
between the	 central	 injection	 well	 and	 the 
producers.	 This communication path appears to be 
compatible with both fracture scenarios. 

Pilot Production 

Table 1 compares the production from the three 
producers during a 20-day period prior to the frac-
ture stimulation on the I-i well and an 18-day 
period following the treatment. The total fluid 
Production increased in all three wells following the 
fracture treatment.	 Most of this was Increased 
water production.	 The oil production increased in 
the P-i well but decreased in the P-2 and 
P-a wells. The previous fracture treatment with 
proppant and the steam stimulation of the P-i well 
may be the reason for this increased oil production. 

However, the unpropped fracture stimulation and the 
steam stimulation on both the P-2 and P-3 wells dc 
not appear to increase oil production. Some of the 
water produced in the three wells is coming from 
the central injector, as confirmed by the tracer 
production. The production during this time frame 
indicates that there is communication between the 
central injector and all three producers. However, 
there is no positive evidence of communication low 
In the section due to the long completed intervals 
and therefore, both of the hypothesized fracture 
scenarios are compatible with production. 

It was concluded that the fracture stimulation of 
the central injection well (i-i) resulted in a complex 
fracture which initiated as a horizontal fracture low 
in the section and migrated upwards. Although it 
appears that a horizontal fracture can be propagated 
over short distances, It appears doubtful that a 
horizontal fracture can be propagated over the full 
well spacing of the pilot, using the well communica-
tion strategy employed.	 Amoco suggests that other 
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TABLE 1 

a. ISP P&flJCflj BEFORE AND AFTFJI FRACTURING OF THE I-i WELL 

Date Well 0-!jn4 %thange Water, ma %thange 
Jan.	 16 to Feb.	 5 11-3 13.5 180.9 

11-4 63.1 1.09.1 
11-5 40.7 136.5 

Feb.	 5 to Feb.	 23 11-3 28.4 110 180,9 85 
11-4 47,3 -47 109.1 42 
11-5 9.8 -82 136.5 86

well communication strategies should be investigated, 
such as: concurrent fracturing of two welts to in-
crease the chances of communication tow in the 
section; fracturing with proppant to create an effec-
tive communication path at the initial stages of 
steam stimulation; horizontal well drilling to maintain 
heat low in the section; and/or combinations of the 
above.

AMOCO PATENTS WATER DISPLACEMENT METHOD FOR 
EXTRACTION 

United States Patent Number 4,722,782, issued to 
Robert J. Graham et al., and assigned to Standard 
Oil Company, Chicago, Illinois Is titled "Method for 
Solvent Treating of Tar Sands with Water 
Displacement." 

Background 

One proposed method to recover bitumen from tar 
sands mixes tar sands with hot water and separates 
the sand from the formed mixture. This method 
suffers because of formation of an emulsion which is 
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very difficult to break, thereby resulting in con-
siderable loss of product, and use of large volumes 
of water. Other methods utilize solvent extraction 
which has the disadvantage of difficult separation of 
sand from the solvent extract phase. Still other 
methods use multisolvent systems wherein the tar 
sand is subjected to a series of solvents before it is 
finally recovered,	 which also exhibit the sand
separation problem. 

Some methods have combined solvent and water 
processing of tar sands. For example, United States 
Patent Number 4,229,281, Alquist et al., "Process for 
Extracting Bitumen from Tar Sands," discloses a 
method for the removal of sand fines generated 
during solvent extraction. In this method a solvent 
solution of bitumen which has been separated from 
spent sand is contacted with an aqueous solution of 
cationic surfactant to effect the removal of sand 
fines from the solution. 

United States Patent No. 4,342,639, Cagon, "Process 
to Separate Bituminous Material from Sand," discloses 
a method for treating tar sand with a halogenated 
organic solvent having a density greater than water 
to extract bitumen. The solvent containing the dis-
solved bitumen and depleted sand is continuously 
transferred to a conveyor system partially submerged 
in water. As the sands move through the water on 
the conveyor, the organic solvent containing the 
bitumen separates from the sand and forms a 
separate phase beneath the water. The depleted 
sands ultimately are moved upward on the conveyor 
for removal from the water, 

European Patent No. 81305751.0 1 'Process and Ap-
paratus for Extracting Bitumen Oil from Bitumen 
Containing Material," Randall, discloses forming a 
slurry of solvent, tar sand and hot water while ex-
cluding air to greatly reduce formation of emuisions 
Of fine particles, water, bitumen and air. 

United States Patent Number 3,459,653, Benson, 
"Filtration of Solvent-water Extracted Tar Sand," dis-
closes a method comprising slurrying tar sands and 
solvent in the presence of about one to about seven 
percent water by weight of tar sand, and then fil-
tering the slurry through a bed of tar sands to 
produce a tar rich solvent filtrate. The water 
maintains an easily filtered slurry through control of 
sand fines. 

None of the combination solvent and water extrac-
tion methods have focused on reducing the amount 
of solvent required to extract the bitumen from tar 
sands. None have disclosed using water to displace 
a bitumen rich extracting solvent phase from bitumen 
depleted sand. 

Description of the Invention 

The invention comprises a method for separating 
spent tar sand from a dissolved bitumen-solvent 
phase by a displacement with water, wherein forma-
tion of an emulsion of solvent, sand and water is 
minimized.	 The water displacement transfers spent

sand from the bitumen-rich solvent phase to the 
water phase from which it is more easily separated, 
for example, by filtration, while concomitantly dis-
placing absorbed solvent from the spent sand. 
Amoco has found that the water displacement of 
spent sand from the solvent phase and of solvent 
from the spend sand occurs without substantial emul-
sion formation. Thus the invention broadly comprises 
contacting a tar sand solvent slurry with a displac-
ing water phase under conditions sufficient to trans-
fer a substantial part of the spent sand into the 
water phase and to separate a solvent phase from 
the water phase without substantial emulsion forma-
tion. 

The water displacement involves mixing the displacing 
water phase with the solvent tar sand slurry and 
separating the bitumen solvent phase from the spent 
sand water phase. Mixing is needed to transfer the 
spent sand from the solvent phase to the water 
phase and to desorb solvent from the spent sand. 
The mixing and separation are preferably performed 
in separate stages and at a temperature from about 
100°F to about 5 0 F below the azeotropic boiling 
point of water and the solvent. Thus, for example, 
the solvent tar sand slurry is mixed with the dis-
placing water with an in-line mixer and the result-
ing mixture is sent to a separating vessel for 
gravity separation. 

In one aspect of the invention, the displacement is 
performed by adding water to the solvent tar sand 
slurry and charging the resulting mixture to a 
separating vessel such as that depicted in Figure 1 
to achieve a continuous separation of the solvent 
phase. In another aspect, the invention comprises 
contacting tar sands with greater than about 
1.0 pound of a hydrocarbon solvent per pound of tar 
sand; adding greater than about 0.50 pounds water 
per pound tar sand to the solvent tar sand slurry to 
produce a dissolved bitumen solvent phase and a 
spent sand water phase; separating the bitumen sol-
vent phase from the spent sand water phase; 
separating the bitumen solvent phase; stripping 
residual solvent from the spent sand water phase; 
and recovering bitumen from the bitumen solvent 
phase. 

The displacing water phase advantageously does not 
require additives, such as a surfactant or a base, 
which increase the cost of a tar sands process. 
The amount of displacing water used includes the 
amount of water present initially in the tar sands, 
which is generally below about 15 percent. Thus, 
the amount of displacing water phase used includes 
the amount present in the tar sand plus additional 
water to reach the desired amount. One void 
volume of displacing water is that amount sufficient 
to fill the voids between the sand grains of the tar 
sand after the tar sand has been reduced in size, 
and is about 0.20 to about 0.50 pounds water per 
pound tar sand. The amount of displacing water 
phase added to the slurry of tar rich solvent and 
bitumen depleted sand can be within about 0.20 to 
0.50 pounds water per pound of tar sand, or larger 
amounts. The advantage of these displacing amounts 
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FIGURE 1 
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Is that they displace solvent from spent sand and 
spent sand from solvent while minimizing formation 
of a stable emulsion during phase separation. 

The amount of solvent used depends on the amount 
of displacing water phase used. Where more than 
0.50 pounds water per pound of tar sand is used, 
the solvent to tar sand ratio is about 0.5 to 
4.0 pounds solvent per pound tar sand. Where about 
0.20 to 0.50 pounds water is used, the solvent 
amount Is preferably about 0.20 to 0.40 pounds per 
pound tar sand, although larger amounts can be 
used. Thus, one advantage of displacement with one 
void volume of water is that It reduces solvent 
usage. 

The apparatus preferred as a separating vessel In 
the water displacement Is a conventional thickener 
shown in Figure 1. The separating vessel Is 
designed to have a residence time greater than 
about 30 seconds, preferably about 2.5 minutes. In 
the separating vessel additional mixing of the phases 
occurs and the solvent and water phases are gravity 
Separated on a continuous basis. 

The slurry of water,	 bitumen-rich solvent,	 and
bitumen depleted sand is fed into the tank by a 
feed launder to a central feed well. 	 A powerful 
rake is rotated through the slurry,	 and the
bitumen-rich solvent phase floats to the top and 
into overflow launders. The overflow is sent for 
further processing to recover the bitumen. The rake 
sweeps water and the bitumen depleted sand phase 
containing residual amounts of solvent to a central 
discharge at the bottom of the tank.

Three ways to add the displacing water phase to the 
solvent and tar sand slurry are: (1) forming the 
mixture of the solvent, tar sand and water simul-
taneously; (2) forming the tar sand and solvent 
slurry and then adding water before introduction Into 
the separating vessel; and (3) feeding the solvent tar 
sand slurry Into the separating vessel filled with the 
desired amount of water. It Is preferred to use (2) 
because better solvent tar sand contacting and bet-
ter mixing of the water with the solvent/tar sand 
Occurs. 

After the bitumen solvent phase and spent sand 
water phase are separated, both are treated further. 
The spent sand water phase contains a residual 
amount of solvent absorbed to the spent sand which 
can be recovered. The residual solvent Is preferably 
recovered by stripping with steam, for example, in a 
rotary kiln or packed column. 

In addition to steam stripping to remove solvent, the 
spent sand can be treated by another stage of 
water displacement to desorb and float solvent from 
the sand. For example, the spent sand and water 
phase is mixed with more water and is sent to 
another thickener where the upper solvent phase Is 
again separated. 

The bitumen solvent phase is separated to produce 
product bitumen and solvent for reuse by, for ex-
ample, evaporative drying. Because the water dis-
placement with about one void volume of water 
lowers solvent usage, the evaporation does not need 
as much energy as in other solvent extraction 
processes. 

Examples 

In these examples, tar sand from Sunnyside, Utah 
and solvent were thoroughly mixed for about one-
half hour at room temperature, and any solvent loss 
was replaced. Water was added and the slurry 
stirred at 750 rpm at a temperature of about 1750F 
and one hour while cooling, and the solvent phase 
was decanted. The solvent was evaporated and the 
bitumen yield determined. 	 The sand was filtered 
from the water phase and analyzed. The solvent 
used, solvent/tar sand and water/tar sand ratios on 
a weight basis, bitumen (tar) content by weight per-
cent In the solvent phase, ash content by weight 
percent in the recovered bitumen, and organic 
residue by weight percent in the dried sand are 
shown in Table 1. 

As seen by the organic residue in the sand, the sol-
vent phase was substantially displaced from the sand 
by a displacing water phase of 2.0 pounds per pound 
sand	 at	 elevated	 temperatures	 with	 mixing. 
Moreover, no substantial emulsion formation was 
present during the settling; the emulsion present 
during mixing dissipated quickly. 

3-26	 SYNTHETIC FUELS REPORT, DECEMBER 1988



TABLE 1 

EXAMPLE OF SOLVENT DISPLACEMENT BY WATER 

Solv/ Water! Tar in Organic Example Solvent Sand Sand Solvent Ash Residue 
1 0% Cyclo-C6 

91% n-C 1.1 2.0 7.0 2.3 0.25 2 9% Cyclo-6 
91% n-C6 1.1 2.0 13.5 13.2 0.15 3 20% Cyclo-C6 
80% n-C6 1.0 2.0 7.0 2.5 - 4 30% Cycio-C6 
70% n-C6 1.0 2.0 7.0 17.1 0.24 5 Toluene 1.0 2.0 7.0 23.4 0.23 

HP PATENTS AND TESTS BOREHOLE MINING 
TECHNIQUES 

United States Patent 4,728,152, "Borehole Extraction 
of Minerals," has been Issued to W.C. Pike, et al., 
assigned to British Petroleum Company. 

This invention is a method for the extraction of 
minerals from underground unconsolidated formations 
and in particular for the recovery of bitumen from 
tar sands. 

Borehole mining is a known technique which com-
prises drilling and fixing a casing until the pay zone 
is reached. The ore is then hydraulically mined by 
directing high velocity water jets onto it to form a 
slurry and pumping the slurry to the surface. 

This technique suffers from the disadvantage that 
the casing cannot project into the pay zone without 
blocking off that section into which it projects. 
This means that the jet heads must at some time 
project considerably beyond the casing without sup-
port. During operations, the jet reaction forces will 
inevitably be out of balance and these will cause 
the unsupported jet head and its supply line to flex 
and vibrate. In deep pay zones breakage due to 
fatigue is likely and the jet head and supply line 
are liable to be trapped by subsidence.

BP	 has	 discovered	 that	 this	 problem	 may	 be over-
come	 if	 a	 movable	 casing	 is	 brought	 close to	 the 
jet head and moved in association	 with it. 

The total	 method comprises	 the steps of: 

a. Driving a	 casing	 through	 the	 overburden and 
into the mineral bearing pay zone 

b. Passing	 a	 high	 pressure	 water	 jet	 head and 
associated	 supply	 line	 down	 through the

casing so	 that	 an annulus is	 formed between 
the	 casing	 and	 the	 supply	 line	 and the jet 
head projects	 just beyond the casing 

c. Directing	 water	 from	 the	 jet	 head into the 
pay zone	 to	 cause	 disintegration	 of the lat-
ter 

d. Recovering	 desired	 product	 through the an-
nulus between the piping and the casing 

e. Moving the	 jet	 head	 to	 a	 different level in 
the pay zone when the previous	 level is ex-
hausted 

f. Moving the casing In association with the jet 
head so that the latter remains in the same 
operating position with respect to the casing, 
with the jet head projecting just beyond the 
casing 

Figure i is a frontal view in partial cross-section of 
a schematic apparatus, 

The jet head and its associated supply line are con-
tinuously supported by the casing and are therefore 
not subjected to flexing and vibration. 

The casing is preferably moved by subjecting it to 
vibration in the sonic frequency range. 

In	 practice, the	 casing will	 usually	 be driven	 ini-
tially	 to	 the bottom	 of the	 pay	 zone and	 raised 
with	 the	 water jet head during operation. However, 
the	 opposite situation	 is also	 within	 the	 scope	 of 
the invention.

When the casing is lowered, its own weight, together 
with the vibration, will normally be sufficient to 
cause it to move downwardly. 
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FIGURE 1 

TEST APPARATUS FOR 
BOREHOLE MINING 
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By the application of sonic vibration and tensile 
axial forces the casing may be raised either simul- 
taneously with the supply line and jet head or 
before or after, conveniently in stages for the 
detachment of sections. 

When no vibration is applied, the casing adheres 
firmly to the surrounding formation. 

Normally the casing will not be rotated and the jet 
head will be caused to move through 180 0 in either 
direction at controlled frequencies. 

The invention may be used for the extraction of al-
luvial gold and diamonds, and bitumen from tar 
sands. 

In the case of the latter, the product from the 
borehole may be recovered as a slurry of tar sand 
in water requiring further separation on the surface, 
or, more preferably, as a liquid mixture of water 
and bitumen with the sand being left down the hole.

In this particular treatment, the water Is preferably 
heated and, It desired, an alkali may be added to 
assist in the in situ stripping of bitumen from the 
sand. 

In this particular treatment, the water is preferably 
heated and, if desired, an alkali may be added to 
assist in the In situ stripping of bitumen from the 
sand. 

It Is a particular advantage of this mode of opera-
tion that only bitumen and water are raised to the 
surface. In principle, clean sand is left behind to 
fill the caverns produced by the water jets. 

Laboratory Example 

A tar sand bed was formed within a gloss-fronted 
box as shown In Figure 1, the tar sand being 
material mined In the region of Fort McMurray, Al-
berta and compacted by systematic tamping to 
achieve a packed density of 1.8-2.0. A vertical 
borehole partly cased with a retractable tube was 
created at one side of the box and a model mining 
tool	 comprising	 a	 single	 destructor	 jet	 of
1 millimeter diameter was Inserted such as to 
project a horizontal stream of leachant (hot water 
at 80°C) against the tar sand along the length of 
the box within about 25 millimeters of the face of 
the window.	 The destructor jet was lifted peri-
odically In order to extend the cavity. A lift pump 
extracted the leachant to an external weir and 
skimmer system which removed the bulk of the 
bitumen before returning the leachant to the pomp 
feeding the destructor jet. 

A jet velocity of 20 meters per second was used 
and time lapse photography used to record the 
growth of the cavern dimensions as seen in the ver-
tical plane. It was found necessary to provide 
three horizontal "anti-slump" bars on the window 
face and opposing face of the box to inhibit slipping 
of the tar sand down the vertical faces before the 
full cavity had been formed. 

With the above system it was found that the cavity 
formed progressively over a period of 40 minutes 
with its length in the direction of the jet increasing 
to 155 millimeters, the cavern height being ap-
proximately 50 millimeters. Cleaned sand accumu-
lated in the floor of the cavern. At this stage the 
model mining tool was raised by approximately 
50 millimeters and a further 40 minutes of jet 
leaching ensued.	 The additional increase In cavern
dimensions were further recorded during this period 
and	 established	 additional	 cavern	 height	 of 
75	 millimeters	 with	 length	 maintained	 at 
160 millimeters. A second lift of 50 millimeters 
created further cavern height of 70 millimeters and 
length maintained at 160 millimeters. 

The experiment proved that cavern generation and 
extension was possible and controllable providing that 
operators had knowledge of the cavern dimension 
and/or bitumen production rate and actuated the 
mining tool accordingly, a procedure which in full 
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scale operation would be facilitated by controlled 
retraction of the support casing as previously 
described. 

Field Tests 

BP Resources Canada Ltd. received approval in late 
1987 from the Alberta Energy Resource Conservation 
Board to conduct field trials of a new bitumen 
recovery tool. 

A small experimental, trial took place in the 
Athabasca Wabiskaw-McMurray oil sands deposit in 
March, 1988.	 Four wells were drilled 25 meters 
apart to a depth of 62 meters. The wells were 
cased to a depth of 53 meters and a jet leaching 
tool was used on the reservoir. 

The leachant jet was directed into the formation 
which consequently agitated the oil sands and even-
tually separated the oil from the sands. The sand 
remained in the reservoir and the tool moved up-
wards to continue the leaching process. However, 
some sand was produced and had to be deposited in 
settling tanks above ground. The leachant included, 
apart from hot water, sodium hydroxide and a sur-
factant. 

During this short three-week test, 10 cubic meters 
of bitumen were produced and the targeted jet 
leaching radius of approximately hail a meter was 
reached. A full scale operation Is hoped to reach a 
radius of 25 meters. The risk of subsidence when 
creating large cavities, as the tool is worked on a 
full scale, was examined.	 Geotechnical information
was gathered for this purpose during the field test. 

OSLO OPTIMISTIC ON BOREHOLE HYDRAULIC MINING 

In Borehole hydraulic Mining (BUM), access to mineral 
deposits is gained by a borehole and the actual cut-
ting of the mineral bearing rock is by a high pres-
sure water jet directed from a mining tool that is 
lowered into the borehole. The disintegrated mineral 
is slurried and pumped to surface. The pump is an 
integral part of the mining tool. In the case of oil 
sands, the bitumen recovery could take place either 
on surface or in the cavity itself. At the end of 
the cavity life, the cavity is backfilled with spent 
sands and the cavity is closed. During the mining 
and backfilling operations, the cavity integrity needs 
to be maintained so that optimum recovery of 
bitumen is realized from the cavity. 

The oil sands in OSLO's (Other Six Leases Operation) 
six leases (29, 31, 32, 40, 41, 78) in the Athabasca 
region of Alberta contain about 28 billion barrels of 
In situ bitumen resource. About 40 percent of the 
resource is surface mineable.. For the rest of the 
resource, which lies between 50 and 200 meters 
depth,	 no economic mining techniques exist at

present. In situ steam based techniques are not ap-
plicable at this shallow depth. OSLO, under its new 
technology program, started investigating new mining 
and extraction schemes In 1983. Canadian Occiden-
tal (an OSLO owner) offered for evaluation its 
scheme the "Cell Process" which was developed 
during 1978-1982. The patents on the "Cell Process" 
are now owned by OSLO. Esso Resources, the OSLO 
operator, recently described the process. 

The Cell Process is basically a borehole mining tech-
nique, the essential features of which are: drilling a 
borehole to the bottom of the oil sand; lowering a 
hydraulic mining tool containing a high pressure 
water jet for cutting oil sand; creating an initial 
round cavity; processing the tar sand in the cavity; 
and finally backfilling the cavity with spent oil sand 
and closing the cavity. The alternative to the cell 
process is full pump out of oil sand to the surface 
for processing. The cavity integrity in the Cell 
Process is maintained by pressurizing the cavity with 
air or a gas, the pressure being about equal to the 
principle stress at the cavity circumference. The 
Cell Process is only a conceptual scheme and has 
not yet been tried in oil sands. 

Hydraulic mining has gained momentum as a viable 
alternative underground raining method for coal and 
other low to medium hard mineral deposits. 
'hydraulic jets with pressure up to 350 negaPascai 
have been developed that can cut hard rocks such 
as sandstone, cut slots in well casing and cut steel 
pipe for removal from oil wells. To date, only two 
mining tools exist in North America, one of 
305 millimeters diameter belongs to the United 
States Bureau of Mines and the second of 
320 millimeters diameter is owned by Rocky Mountain 
Energy Company (now Union Pacific Resources). 
These tools have been used in small pilot studies in 
the United States to test borehole mining techniques 
in coal, uranium, phosphate and California oil sands. 
Only two tests have been carried out on Athabasca 
oil sands in shallow pits where a hydraulic jet was 
used to cut oil sand from the pit wall. 	 The test 
investigated the relationships between various 
parameters such as jet energy, water consumption, 
nozzle size, depth of cut and amount of tar sand 
erosion, etc. 

OSLO has developed over the past four years a 
potentially economic borehole hydraulic mining 
scheme for its leases. 

The BUM Scheme 

The general mining scheme is outlined in Figure 1. 
A 760 millimeter diameter borehole is drilled from 
the surface to the bottom of the oil sand zone. A 
mining tool with a high pressure water jet for oil 
sand cutting and a pump to remove the slurried oil 
sand to surface is lowered into the cavity. The oil 
sand mining starts at the bottom of the pay zone 
by rotating the mining tool in the borehole and con-
tinuously pumping the slurry to surface. The pump 
Is raised about 300 millimeters for the next slice 
and the process is repeated until a cylindrical cavity 
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to the full diameter (30 meters) and full height (30 
to 45 meters) of oil sand Is created. To obtain the 
required production, a number of cavities would be 
In operation as visualized In Figure 2. A possible 
sequence of mining the cavities is shown in 
Figure 3. The first pass mining will include cavities 
farther apart, 1. a., spaced at one to two cavity 
diameters.	 The mined out cavities are then back-



filled with spent sand from surface as shown In 
Figure 4. After the sand in the backfiLled cavities 
has gained strength by densifying, the in between 
cavities are mined, i.e., a cavity is mined only if 
the adjacent cavities are either backfilled or still 
unrnined.	 The entire cycle from setting casing to 
backfill may take about three months to complete. 

During the mining and backfilling operations of the 
cavity, the cavity would be stabilized by pressurizing 
with air or nitrogen. Gas pressure is deemed better 
as the water Jet can traverse farther to make 
larger cavities, however, the alternative to gas pres-
sure Is hydraulic head pressurization, he., filling the 
cavity and borehole with water right up to surface

3-30

and maintaining a hydraulic head during the excava-
tion of the cavities. 	 In the hydraulic head case, 
the Jet efficiency reduces considerably so smaller 
cavities would be created. 

The In situ stress state, and in particular the ratio 
of vertical to horizontal effective stress Ko, is a 
critical stability parameter.	 Reliable published data 
within the McMurray formation is sparse. Tests by 
OSLO at the Kearl L ak e mine site suggest that Ko Is 
about one at a depth of 150 meters. These results 
were obtained by hydraulic fracturing in coreholes at 
a shallower site than would be considered for BUM. 

The magnitude of pore fluid stress, or pore pressure, 
in the McMurray also influences cavity stability. 
Site information suggests that It is less than full 
hydrostatic pressure, especially at depths greater 
than 100 meters. 

The strength of oil sands is dominated by dense in-
terlocking structure and the presence of a variety 
of gases dissolved In the pore fluids. The major 
difficulty with quantitative geomechanical predictions 
is the presence of dissolved gas which, upon release 
or reduction of confining stress, comes out of solu-
tion.	 If a BUM cavity is pressurized then gas 
release effects may be substantially reduced. The 
stability of a BUM cavity relies heavily on the 
provision of a cavity support pressure. The applica-
tion of cavity pressure not only provides support but 
tends to inhibit gas release from the bitumen and 
pore fluid phases, helping to maintain high oil sand 
strength. It would be desirable for the cavity pits-
sure to be generated by gas In order to use the 
hydraulic tool. However, once the cavity Is mined 
it may be desirable to support the cavity with 
water.	 Water would provide a density gradient 
within the cavity, but gas pressure may be better 
due to cavity skin effects.	 However, gas leakage 
into the oil sands formation may be a critical issue 
and requires definition. 

The ma,dmum pressure that can be applied In a SlIM 
cavity is limited by the tendency for excessive 
cavity fluid pressure to initiate and sustain hydraulic 
fracturing. 

A cavity pressure around two megaPascal is felt to 
be sufficiently high to suppress gas release and 
Pr

event dramatic loss of strength to in situ oil 
sands. 

Mining will require multiple cavities to be excavated 
and eventually backfilled in sequence. Interactions 
between cavities will affect the sequencing of 
development and backfill, and final e'ctraction ratio 
and layout of the activities. 

After mining of a cavity, backfill would be placed 
to reduce long-term subsidence effects and to assist 
in maintaining cavity stability In operating areas. 

Feasibility Studies 

Recent OSLO feasibility studies have indicated that 
BUM	 techniques	 combined with	 OSLO's	 newly 
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FIGURE 2

COMMERCIAL PRODUCTION LAYOUT 
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FIGURE 3

CAVITY PROCESSING SEQUENCE 
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FIGURE 4 

BACKFILLING TECHNIQUE FOR BOREHOLE MINING 

DRAINAGE OF SAND FILL 

developed Cold Water Extraction Process have the 
potential to be economic at bitumen production 
levels of 1,500 to 2,000 cubic meters per day 
bitumen. According to Esso, the BHM technique of-
ten exciting opportunities for small scale operations 
as it requires only low capital outlays and low lead 
time to bring a project on stream. It also requires 
only small reclaimable ponds as most of the spend 
sands are filled back into the cavities. Above oil, 
the OHM system has minimum surface disturbance as 
compared to the surface mining techniques. 

The geotechnical studies to date support the 
feasibility of the OHM system. These analyses 
provide grounds for believing that with cavity sup-
port pressure it may be possible to hold open OhM

cavities in	 oil	 sands. For an overall	 assessment	 of 
OHM	 it is	 necessary to	 ensure that	 mechanical	 fac-
tors	 associated	 with cutting, provision	 of	 support 
pressure and so forth are	 also feasible.

OSLO is impressed with the potential economics of 
BUM and has initiated a four year $11 million 
program (1988-1991) to research and develop the 
techniques for commercialization. AOSTRA (Alberta 
Oil Sands Technology and Research Authority) and 
CANMET (Canada Mining and Energy Technology) have 
agreed to participate In the funding of the program 
on a yearly basis. The 1988 program is underway. 
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NATURAL RrnJMENS CAN PROVIDE MULTIPLE PRODUCT 
SLATE 

Relatively little attention has been paid to the mul-
tiplicity of products other than fuels which can be 
separated from, or manufactured from heavy oils and 
tar sands. The possibilities were addressed in a 
paper by V.V. Cribkov of the Soviet Union at the 
Fourth UNITAR/UNO p Conference on Heavy Crude and 
Tar Sands. He reminds that heavy oils and natural 
bitumens have generally been used only as low-
quality fuels and as feedstock for production of 
roadmaking materials. Due to high content of sul-
fur, nitrogen compounds, asphaltenes, resins and met-
als, their upgrading to higher-valued fuels is dif-
ficult and uneconomic because most of the above 
substances deactivate the catalysts employed in 
petroleum refining. 

The use of different modifications of fluid coking 
and flexicoking in heavy oil and bitumen upgrading 
makes it possible to produce synthetic crude oil, 
gaseous hydrocarbons and coke. The gasification of 
coke in flexicoking also yields low-BTU gases, sulfur 
and vanadium, whereas nickel is rarely recovered. 

However, says Gribkov, these traditional methods for 
upgrading of heavy oils and bitumens do not ensure 
full use of the raw material and of Its economic 
potential. Despite the fact that all oils contain 
most of the elements listed in the Periodic Table, 
current literature considers heavy oils and bitumens 
to be sources only of vanadium, and in lesser 
amount, also of nickel. 

This situation is most probably due to two facts. 
Firstly, vanadium and nickel are the most widespread 
and significant elements of heavy oils. Secondly, 
detailed studies of heavy oils and bitumens as pos-
sible source materials of rare and trace metals are 
rather scarce. This conclusion is supported by 
molybdenum concentrations discovered in the oil of 
the Boiyaka reservoir in Colombia. 

In addition to useful metallic components, heavy oils 
and bitumens contain a series of native heteroatomic 
compounds whose synthetic analogs are increasingly 
used in science and technology. 

Many oils and bitumens contain up to three 
kilograms per ton of vanadyl-porphyrins. With or 
without a suitable chemical treatment these por-
phyrins can be used in the production of catalysts, 
dyes, medicinal preparations, semiconductor films and 
components of new generation super computers, etc. 
The price of these vanadyl-porphyrins contained In 
one ton of heavy oil or bitumen can be 1,000 times 
higher than the price of vanadium contained in the 
same amount of heavy oil or bitumen. 

The oxygen-containing compounds of heavy oils and 
bitumens can also be used as a replacement for 
their synthetic analogs. Phenols found in oils can 
replace stabilizers, antioxidants, emulsifiers and de-
emulsifying reagents, siccatives, flotation agents, 
fungicides and insecticides, catalysts and plasticizers, 
etc.

The nitrogen-containing compounds of heavy oils are 
raw materials for fuel antioxidants, lubricating oils 
and polymers, and extractants of rare elements con-
tained in water solutions. 

Sulfur compounds of oils are suitable for production 
of various fuel and oil additives and are used to 
Improve their antioxidant, anticorrosive, thermo-
stabilizing and antlscufflng qualities as well as their 
detergent and flotation qualities. Sulfides present in 
oils and their derivatives, such as sulfoxides and 
sulfones, are efficient extractnnts of rare and noble 
metals. 

Natural mixtures of 5, N and 0 containing compounds 
called asphalt-resins possess numerous useful qualities 
and are used for the production of ion-exchange 
materials, solidiflers, stabilizers for polymers and 
various oil products. 

The peculiar character of physico -chemicaland 
rheological properties of heavy oils causes con-
siderable difficulties in their recovery and transpor-
tation. These problems become even more acute 
when metallic and organo-chemical components are 
to be extracted as byproducts. 

According to Cribkov, the method of extraction may 
be important.	 For example, fireflooding cannot be 
used in the recovery of such heavy oils. Research 
has revealed that up to 70 percent of vanadium 
contained in heavy oil will remain In the oil-bearing 
formation it fireflooding is used. 	 The same holds 
for heteroatomic compounds of heavy oils.	 These
compounds break down during fireflooding. 

Cribkov indicates that the exploration stage of heavy 
oil and bitumen reservoirs (involving a detailed study 
of their potential as fuels or building materials) 
should also include evaluation of their suitability as 
a source of rare and trace metals and of native 
heteroatomic compounds. Economic recovery of these 
materials should be taken into account when select-
ing optimum methods of transportation and upgrading. 

Individual evaluation of the economic potential of all 
heavy oil components and of their industrial applica-
tion indicates that the economic value of a geologi-
cally complex low-reserve reservoir can sometimes be 
higher than the economic value of a large reservoir 
with simple geological setting. Nevertheless, the 
latter type of reservoir has been always given 
preference In traditional fuel-energy evaluations. 

Some examples demonstrate how important it is to 
select optimum upgrading methods for heavy oils and 
suitable industrial uses for their associated com-
ponents. 

The petroleum coke produced during flexicoking con-
tains almost twice as much vanadium and nickel as 
the coke generated by delayed coking. In both the 
cases the same type of oil was used. 

In some reservoirs the recovery of vanadium por-
phyrins from heavy oils and bitumens Is much more 
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profitable than the recovery of pentoxyl vanadium as 
a byproduct.

ready provided novel ideas and technologies for 
prospecting, exploration, development, transportation, 
and upgrading of heavy oils and bitumens. 

The complex use of all useful elements and qualities 
of heavy oils and natural bitumens represents a new, 
potentially promising trend. 	 This approach has al-
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INTERNATIONAL 

ECONOMICS OF HEAVY OIL IN CHINA AND CANADA 
COMPARED 

There are great differences In the fiscal systems 
which apply to petroleum, and specifically heavy oil 
recovery, in Canada and the People's Republic of 
China. Some of these differences were outlined 
recently in a paper co-authored by Jiang Qi of 
BIPED, Beijing, China, and Frank Werth, of Alberta 
Oil Sands Technology and Research Authority, Edmon-
ton, Canada. 

H eavy oil production capacity in China has been In-
creasing rapidly since the Introduction of commercial 
steam stimulation In 1982. The annual oil produced 
was about three million tonnes In 1986 and 
4.5 million tonnes in 1987. The estimated production 
is 8.5 million tonnes by 1990. Thermal methods for 
heavy oil recovery are considered as the most 
economic and effective compared to other possible 
methods. Even so, the capital costs and operating 
costs for heavy oil recovery projects are still much 
higher than conventional oil recovery projects. 
Detailed economic analysis for several commercial 
steam cycling projects in China Indicated that most 
of projects operating In oil fields are economically 
marginal or uneconomic at present oil prices. The 
rigid Chinese fiscal system for conventional light oil 
is not completely suitable for heavy oil recovery. 

The factors affecting the economies of heavy oil 
recovery projects are stated to be mainly as follows: 

1. Tax systems; 

2. Domestic crude oil, natural gas and bitumen 
price; 

3. Price differentials between different quality 
grades of crude oil; 

4. Government policies for heavy oil recovery 
Projects; 

5. Market Influences; 

6. Profit shares from the projects. 

Heavy oil recovery projects in Canada are subject to 
mainly two kinds of taxes: royalty and income tax. 
The typical project is subject to a one percent 
royalty on gross revenue in the first year of 
production and the royalty Increases every 18 months 
by one percent until the project payout Is reached 
or until the royalty reaches five percent after six 
years. After project payout, the project is subject 
to a 30 percent royalty on net income. However, if 
30 percent net income royalty falls below the 
amount of which would be collected under a five 
percent gross revenue royalty, then the five percent 
gross revenue royalty is applied to the production of 
that period.	 Income tax to the provincial govern-
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ment varies	 between provinces	 ranging	 from 
10 percent to 17 percent of taxable income. 	 In-



come tax rate to the federal government is 
36 percent of taxable income. A surtax regulation 
has been Introduced temporarily. Taxable income is 
defined as gross revenue completely deducted for 
capital costs, operating costs, tax credits and other 
deductions. 

According to the tax regulations formulated by the 
Chinese government by the end of 1983, ii types of 
taxes apply in China. Petroleum exploitation 
projects nre mainly subject to products tax, business 
tax, resource tax, royalty, income tax and surtax. 
The products tax rate is based on the amount of 
annual oil production.	 The business tax rate is
determined based on income earned by the enterprise 
from selling of products. The resource tax rate is 
determined based on the rate of return from the 
project. No resource tax is collected when rate of 
return is less than 12 percent. Royalty paid by the 
Project is based on area occupied by the project. 
Income tax is 55 percent of net income and no in-
come tax Is paid by nonprofitable projects. 

With high capital and operating costs, heavy oil 
recovery projects lead to poorer economics than 
conventional light oil production. Specific policies 
such as low fuel oil prices, high incremental oil 
prices, tax reductions etc. have been taken by the 
Chinese government to provide Incentives to 
operators who undertake heavy oil recovery projects. 
Most of the on-going heavy oil recovery projects in 
China are uneconomic or economically marginal at 
the current domestic light oil price. 

Economics for a Chinese Heavy Oil Project 

An example of heavy oil economies was based on 
reservoir parameters selected from Block 3, 
district 9, Karamay oil field in China. 

The production performance prediction was based on 
three cycles of steaming followed by steam drive. 
Table I and Table 2 are production performance pre-
diction results with 100 meter injection-production 
well spacing and an inverted five-spot pattern. 

An assumed five square kilometers of reservoir area 
was considered. A total of 500 wells with 
100 meter injector-producer spacing (five-spot pat-
tern) is drilled during the project life. The produc-
tion rate depends on annual operating well numbers. 
Single well production life is six years. 

A curve extrapolation method was applied to es-
timate the capital costs for facilities which are re-
lated to project scale. Low well drilling costs and 
road access costs are taken into consideration be-
cause of shallow well and good surface conditions in 
this particular project.	 Capital costs were classified as	 nine	 items:	 surface	 facilities,	 well 
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TABLE 1 

SUns WELL P&flvrlaj PRWMWJE OF
STEAM CYU$3 AT KARAMiLY 

Cycle Number 1 2 3 
Production Tint (Days) 190 120 110 
Steam injected (Tonnes) 1,288 1,200 1,200 
Oil Produced (Tonnes) 1,552 695 494 
Water Produced (Tonnes) 453 518 685 
Oil/Steam, Ratio. 1.36 0.58 0.41 

TABLE 2

STEAM DRIVE PflFOBMAt4CE PRThICflG4 AT KARAMAY 

Tint (Years) 1 2 3 4 
Steam Injected	 (t) 14,600 11,864 21,235 21,850

4.5 
10,925 Oil Produced (t) L,081 2,472 7,831 4,185 1,836 Water Produced (t) 6,686 11,120 26,360 18,670 9,472 Transient OSR 0.074 0.208 0.369 0.192 0.168 Cumulative OSR 0.074 0.134 0.238 0.223 0.216

Table 3 Is a summary of capital costs and operating 
costs. 

In the accelerated development case, larger scale 
equipment and facilities are needed for steam gener-
ating, water and crude oil or bitumen treating, 
therefore, capital costs in the accelerated case are 
higher than in the constrained case. Table 3 also 
Indicates that the operating cost difference between 
the two cases is very small because most of the 
operating cost is related to total steam Injected. 

Two production profiles were studied to determine  
the effects on the economics of the project.	 Although the two cases generate the same gross 

revenue during the project life, the differences in 

TABLE 3 

CAPITAL COSTS AND OPERATING (X)STS FOR TIC CASES AT KARAMALY 

ConstrainedCase	 Accelerated Qaa 

drilling/completion, site preparation, crude oil treat-
ing equipment, steam generators, water treating 
equipment, gathering and transportation systems, road 
access and additional costs. The operating costs in-
elude fuel costs, steam catalyst, water treating, oil 
treating, diluent treating, well workover and opera-
tion and overhead. 

The financial analysis was carried out using the Al-
berta tax regime.

Wells Drilled 
Total Oil Produced 
Total Water Produced 
Total Steam injected 
Cumulative OSR 
Project Life 
Peak Oil Production/Year 
Average Oil Production 
Total Capital Cost 
Total Operating Cost 
Static Supply Price

500 
5,721,750 

18,905,000 m 
21,962,500 m3 

0.260 
22 y ars 

432,895 rn 
260,080 m3 

$70,183,000 
$299,962,0003 

$64. GD/rn

500 
5,721,750 ,3 

18,905,000 m3 
21,962,500 m3 

0.260 
16 yars 

609,895 m 
357,069 rn3 

$80,455,000 
$298,558,000	

3 $66.24/rn 
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production life, operating costs and capital costs 
result in different profit from the project. 

It was found that the royalty paid in the ac-
celerated case is slightly lower than in the con-
strained case because the accelerated case shortens 
the project life and the payout period. The supply 
Prices after tax between the two cases are very 
close in spite of different capital costs. 

Heavy oil produced in China is entirely consumed by 
the domestic market which is insulated from world 
market competition. The great demand for oil 
supply by the Chinese government encourages the 
field operators to produce heavy oil at as high a 
rate as possible, but the low local oil price is not 
profitable for heavy oil recovery projects. An In- 
cremental oil price which Is very close to or ex-
ceeds world market oil price would create bright 
prospects for Chinese heavy oil recovery projects. 

All the oil, gas reservoir and field systems are na-
tionalized in China. In determining If the projects 
are economically feasible for commercial operation, 
the Chinese mainly consider the social profit of the 
projects. It is round in Figure 1 that the example 
project generates 10 percent social rate of return 
when oil price Is $74 per cubic meter. This heavy 
oil reservoir development would be considered 
feasible in China when oil prices are over $74 per 
cubic meter. 

If the project Is subject to royalty tax and Income 
tax according to the petroleum fiscal systems in

Canada, Figure 1 shows that the project generates a 
10 percent rate of return after tax when the oil 
price reaches $84 per cubic meter. 	 Generally, 
taking interest rates, 	 risk factors and expected 
profit rate into consideration, a 15 percent to 
20 percent rate of return after tax is usually the 
target for the projects proceeding to commercial 
scale. Thus, under identical conditions, the Chinese 
project would be more likely to proceed. 

Proects of Upgrading Projects 

An upgrading project Involves significant capital and 
operating costs, which Increase the supply price of 
synthetic crude oil. The economics of a heavy oil 
upgrading project depends on the price differential 
between the feedstock oil and upgraded oil. Based 
on economic analysis of commercial in situ recovery 
Projects, upgrading projects in Canada would become 
marginally economic when oil price differentials be-
tween different quality grades of crude oil are in 
range of $35-50 per cubic meter. In fact, to a 
large extent, many forms of upgrading are currently 
uneconomic especially those which seek to produce a 
high quality, low sulfur synthetic crude.	 Current pricing structure	 favors some "mild' upgrading 
process such as de-asphalting and vis-breaking. 

In China, upgrading projects which only lighten the 
heavy crude and produce low viscosity and sulfur 
content synthetic crude would not be profitable be-
cause of very small price differentials between dif-
ferent quality grades of crude oil. More elaborate 
processing projects should be considered to produce 

FIGURE .1 
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products such as gasoline, liquefied petroleum gas, 
diesel oil, distillate oil, etc. to take advantage of 
the big price differentials between heavy crude and 
refined products. An economic evaluation for an in-
tegrated recovery and refining extra heavy oil 
project in Fencheng area, Karamay oil field, was 
made by Husky Oil. The results indicate that the 
integration of a recovery and refining project is 
commercially prospective with expected 14 percent 
to 17 percent rate of return during a 20 year 
project life. 

USSR/IIIJNGARY DEVELOP DOWNIIOLE STEAM 
GENERATOR 

The Institute for high Temperatures A.Sc., Moscow, 
and Hungarian Hydrocarbon Institute, Budapest, have 
developed in cooperation a new downhole steam gen-
erator system, the steam generating unit of which 
was manufactured in the Soviet Union, while other 
well equipment and the well-head equipment were 
manufactured In Hungary. Laboratory experiments 
have been carried out in the laboratories of the In-
stitute for High Temperatures of A.Sc., Moscow, 
USSR. Some of this work was described at the 
Fourth UNITAR/IJND p Conference on Heavy Crude and 
Tar Sands. 

Development of the downhole steam generator was 
motivated first of all by the fact that the heat-loss 
of wells can reach significant values with an in-
crease of the reservoir's depth. While in the case 
of reservoirs of low depth (300 meters) about 
10 percent of the energy for the generating of 
steam Is lost due to the heat-loss of the well, this 
value can multiply several times at greater depth. 

There are two possibilities for the elimination of 
heat-loss; the application of Insulated tubings, and 
the production of steam by downhole steam genera-
tors. 

The direct type downhole steam generators have an 
energy efficiency higher than that of the indirect 
ones, and also can be considered more advantageous 
due to their smaller size, their more concentrated 
heat distribution in the well, and the more simple 
well structure required. They are more advantageous 
from the point of view of environmental protection, 
too. Their greatest disadvantage Is that the burning 
of fuel is going on in a high-pressured area, there-
fore the cost of compressing the air and gas phase 
fuels increases operating costs. In the case of sur- 
face steam generators 35 percent of the energy 
taken for steam generating Is lost (20-25 percent 
leaves by flue gases, three to five percent is the 
energy loss of the surface pipeline system nnd 
10 percent is the heat-loss of the well itself), while 
the direct type downhole steam generators lose only 
about 20 percent of the total energy costs.
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In the Soviet Union there are excellent possibilities 
for the widespread application of the downhole 
steam generators, first In the deeper reservoirs, then 
in those territories where the frost line Is at a 
great depth (300-400 meters). In the latter case, 
steam injection from the surface can cause serious 
damage to the well. 

DcriptJa, of the Steam Generator 

The downhole	 steam	 generator	 that	 can be	 lowered into the	 well	 as	 a	 complete	 equipment consists	 of the following main units: 

- Surface cable connector 

- Concentrically	 located	 3.5	 or	 1.9 diameter 
gas tubing 

- Six vein cable 

- Cable connector 

- Upper connecting unit 

- Packer 

- Steam generating unit 

- Downhole check valve

Closing of the steam field in the well Is ac-
complished by a three-channel packer placed above 
the steam generator. This solution decreases the 
mechanical load on the steam generator, and is ac-
complished by a traditional type packer. 

The packer is mechanically operated, packing is en-
sured by rubber packing materials after closing in, 
and at operation temperature teflon packing 
materials serve to ensure tightness. Examination of 
the teflon packing materials have shown that the 
25-35 percent volume deformation needed for tile 
packers when applying teflon packing materials at n 
low temperature (10-80 0 C) can be guaranteed only 
with a high compacting strength (340 1(N). At a 
higher temperature 150-260 0 C) the deformation resis-
tance of teflon decreases, and it swells to a great 
extent at this temperature. Surface experiments In 
a well imitator examined different types of packing. 
Based on these examinations they developed a com-
bined packing system--from domestic raw 
materials--where at a low temperature rubber pack-
ing materials are applied, while at a temperature 
over 150 0 C, the volume increase of the teflon en-
sures the air tight closure of the annulus. The cold 
fluids flowing through the packer are continuously 
cooling the system, and the neighboring operational 
temperatures do not cause any damages In the pack-
ing materials. 

A filter placed above the packer ensures the 
mechanical cleanness of water getting into the steam 
generator. 
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The technical parameters of steam generator are: 

Thermal paver:	 2 MIV 
Capacity for gas-steam 
mixture production:	 5,500 kg/h 

Nominal quantities of 
some components: 
- oxydizing agent (air)	 2,800 kg/h 
- fuel (liquid and gas)	 200 kg/h 
- water	 2,400 kg/h 

Characteristic of steam-gas 
mixture in the nominal 
operation regime: 
- teirperature	 600 K 
- pressure:	 12 We 

The scheme of the steam generator unit can be seen 
in Figure 1.

FIGURE 1 

STEAM GENERATING UNIT 
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The fuel-air mixture is formed in the neighborhood 
of the burning area by carbureting the fuels into 
the air flow. 

The fuel-air mixture goes through a Lavelle type 
nozzle, a ring chamber and a ring diffusor to the 
burning area. At the smallest diameter of the 
nozzle at the nominal gas and air outputs a sonic 
speed flow comes into existence thus ensuring the 
output stabilized flow rate even if there is a pres-
sure fluctuation in the burning chamber. The ring 
chamber is formed so that it promotes the mixing of 
the fuels and air, increases the turbulent character 
of the flow, while preventing the propagation of 
upstream pressure waves arising at the moment of 
ignition. The ring diffusor functions as an axially 
symmetrical flame stabilizer. The combustion cham-
ber Is surrounded with copper having cooling chan-
nels and is placed into a sleeve pipe made of stain-
less steel. In the steam generating chamber the 
water is fed through the holes circularly located on 
the nappe into the combustion gases, here forming a 
steam-gas mixture at about 6000K.

The equipment operates with capacitive and inductive 
type spark ignition. 

Results of Experiments 

Experiments were carried out in an above-ground 
well simulator (Figure 2). 

FIGURE 2 

WELL-IMITATOR AT THE
INSTITUTE FOR HIGH TEMPERATURES 

The experiments have shown that the stable operat-
ing interval of the steam generator is wider with 
liquid fuels than with gas fuels. 

During experiments at an air mass flow of 
650 grams per second the mass flow of fuel was 
changed from 55 grams per second to four grams 
per second. Pressure of the burning area changed 
from eight megaPascal to 11.1 megaPascal. Combus-
tion went on In a pulsation regime under low fuel 
feeding. 

The temperature Increase of water flowing in the 
cooling cover of the steam generator is considered 
as an important characteristic. Its role Is sig-
nificant from the point of view of salt deposition 
taking place In the steam generator's channels. 

The test conclusions include: 

1. Tests were successful with the two megawatt 
gas-steam generator of IVTAN applying both 
liquid and gaseous fuels. 
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2. The examined steam generator operated with 
good stability both with gaseous and with 
liquid fuels. 

3. All components of the equipment were 
capable for operation; after stopping the sys-
tem it can be reliably put into operation 
again. 

4. Composition of the burning mixture can be 
well controlled by monitoring the temperature 
of the outcoming steam. 

S. Production cost of the complete system In 
Hungary is 50 thousand dollars; it can be 
operated simply, and field operation needs 
only the normal oil Industrial professional 
knowledge.

"fl 

CHINA TARGETS 200,000 BARRELS PER DAY OF 
HEAVY CRUDE 

In a recent speech, Li Tianxiang, Vice President of 
China National Petroleum Corporation, People's 
Republic of China, stated that China's economic 
reforms have provided the petroleum Industry with a 
broad domestic market. 	 This requires a steady in-
crease in production rate, 	 in 1987,	 total oil 
production was 940 million barrels. 	 In 1988, it Is
expected to increase by more than 20 million bar-
rels.	 Of the total production oniy 0,5 percent is
from offshore, 99.5 percent Is from onshore. 

Fortunately, all the onshore oil fields appear to be 
going well. in Daqing oil field a daily production 
rate of more than one million barrels has lasted for 
13 years. It is expected that this rate will be kept 
until the year 2000 and beyond.	 in Shengli oil
field, the daily production rate is 650 thousand bar-
rels, and will go up steadily.	 In the west part of 
China, the daily production rate is close to 
200 thousand barrels, which makes a surplus over the local demand. 

China's petroleum policy is to keep national oil 
production going up steadily In the long term, to 
promote domestic oil consumption, and to keep the 
offshore area and southern 11 provinces open to 
foreign oil companies, 

As for heavy crude production, exploration in the 
1960s found, In the Karamay oil fields of Xinjiang 
Autonomous Region, a series of heavy crude reserves, 
tar lakes and tar sands (It was called "black oil 
hill").	 First attempts tried to produce it by in situ 
combustion, but the result was unprofitable. 	 The
steam huff and puff technique has been adapted 
since the late 70's. In 1988, the heavy crude 
production in China is expected to be more than 
35 million barrels. Although this is only three per-
cent of the total oil production, Chinese officials
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already see a great future prospect for heavy crude. 
The heavy crude potential Is greater than conven-
tional oil by several magnitudes, and it will play an 
Important role In substituting for conventional oil in 
the future. 

Heavy crude reserves have been found in the 
hydrocarbon bearing areas of the rift type basins In 
eastern China, of the compressional basins In western 
China, and of the transitional basins in central 
China. Among them, some are mature heavy oil, 
others Immature. The heavy oil resources are widely 
distributed in the country.	 The burled depth of 
these reserves Is generally shallow, and their 
porosity Is between 25-35 percent or even higher. 
Thus, In most cases, their development appears 
feasible. 

China's opening policy to the rest of the world has 
injected new vitality into activities on heavy crude. 
China has signed an agreement with Canada's AOSTRA 
for heavy crude technical cooperation; the Alberta 
provincial government will help establish a petroleum 
technology training center in Beijing; an agreement 
has been signed with Venezuela's PDVSA for 
petroleum technical cooperation; the Trade Develop-
ment Program of the United States has funded a 
feasibility study on heavy oil development; some 
heavy oil reservoirs have been developed with a loan 
from the World Bank; three foreign oil companies 
have provided laboratory equipment and a feasibility 
study on thermal recovery of heavy oil; Chinese 
petroleum experts have attended many international 
conferences on heavy crude technology, and foreign 
counterparts have visited Chinese facilities. Last 
year, China together with AOSTRA, held a seminar 
on heavy oil technology. 

Chinese planners hope in the next few years to 
reach the target of a daily production rate of 
200 thousand barrels of heavy oil by thermal 
recovery. 

The government encourages the production of asphalt, 
because most roads in China are not paved, 	 if 
paved road system were available In China, the fuel 
consumption for road transportation would be reduced 
by at least 10 percent. 	 That is one reason why 
heavy crude production is rising. On the other 
hand, the naphthene base heavy oils with low sulfur 
and metal contents are particularly suitable for 
yielding high specific gravity jet fuel and medium or 
premium lubricating oil with very low pour point. 
Therefore, several processing plants are being set up 
to treat heavy crude. 

Recently, the Chinese government decided to reor-
ganize the Ministry of Petroleum Industry into China 
National Petroleum Corporation. it is no longer a 
governmental department, but a state owned oil 
company responsible for the exploration, development, 
transportation and marketing of oil and gas on the 
onshore area and all of China's Islands as well as in 
the shallow water area with water depth less than 
five meters,	 The State Council has appointed the
former Minister and two Vice Ministers as the Presi-
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dent and the Vice Presidents of this company. 
Cooperation with the international petroleum industry

and technical service Industry is expected to con-
tinue. 
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ENVIRONMENT 

SLUDGE PROBLEM REDUCED BY OLEOPHILIC 
SIEVE COPROCESSING 

Oleophilic Sieve	 Development	 of	 Canada	 Ltd. says 
that	 its	 process	 can	 consume oil	 sands	 fines and 
thereby do away with the severe sludge accumulation 
problem at oil	 sands	 extraction plants	 based on the 
Hot Water process.

More than 2.3 cubic meters of toxic sludge are ac-
cumulating in the tailings ponds of the current com-
mercial mined oil sands plants with every cubic 
meter of synthetic crude oil (SCO) produced by those 
plants. Huge amounts of sludge have accumulated to 
date, and even larger amounts will accumulate in 
future as SCO production Increases to meet progres-
sively larger demands. The amount of sludge that 
will be produced is plotted in Figure 1. Anticipated 
sludge generation is based on a high SCO production 
scenario, where the assumption is made that SCO 
production after 1995 will gradually increase to meet 
demand for oil in Canada and for export. 

Sludge generation is projected to reach 80 million 
cubic meters per year by the year 2005, less than 
17 years from now. This sludge will be discarded 
into tailings ponds and will have to be reclaimed, or 
else the water bodies of Northern Alberta will be-
come a huge store house of toxic sludge in per-
petuity. The amount of sludge that will be 
produced every year may be visualized by consider-
ing a wail of sludge which is 10 meters wide, 
12 meters high and over 500 kilometers long, all the 
way from the Alberta mineable oil sands area to 
Edmonton. These masses of sludge are generated as 
a result of mining the oil sands and commercially 
extracting the bitumen with a Hot Water process 
that uses sodium hydroxide to free bitumen from the 
oil sands. Bitumen is made to float and Is skimmed 
off the separation vessels, and careful control of 
fines content is required In this separation process, 
or else bitumen recovery suffers. As the tailings 
from that process are discarded at the beach of the 
tailings ponds, the tailings water, being a very ef-
fective sorting medium, causes the fines to segregate 
from the tailings sand. About 50 percent of the 
tailings fines Is trapped in between the sand grains 
at the beach and the remainder flows Into the tail-
ings ponds and settles as a sludge. 

The bulking of mined oil sands tailings, the ac-
cumulation and toxicity of the sludge generated, and 
the loss of bitumen, have been a concern of the 
Energy Resources Conservation Board (EaCH) for may 
years. Currently the Alberta government requires 
mined oil sands operators to annually provide a 
reclamation security deposit of $0.03 for every bar-
rel of SCO produced. This amounts to $0.08 per 
cubic meter of sludge generated. It is doubtful that 
this will provide much incentive to reduce the 
projected amount of sludge generated in the future 
In Alberta, unless new technology is used that will

clean up the sludge problem in a cost effective 
manner. 

The Oleophilic Sieve Approath 

The Oleophilic Sieve process represents new technol-
ogy for overcoming the sludge problem, either by 
consuming the fines that produce sludge from mined 
oil sands, or by consuming the sludge that has al-
ready been produced. Three methods of overcoming 
the sludge problem with the Oleophilic Sieve have 
been proposed: 

1. Processing mined oil sands with the Oleophilic 
Sieve with a net zero production of sludge. 

2. Co-processing existing tailings pond sludge 
from commercial plants with mined oil sands 
ore by an Oleophilic Sieve to consume the 
sludge that has been produced. 

3. Co-processing tailing run off from current 
commercial plants with mined oil sands ore 
by an Oleophilic Sieve to put the fines back 
between the sand grains. 

FIGURE 1 
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The Oieophilic Sieve is a patented process based 
upon the phenomenon that when a suspension of 
water, solids and bitumen is passed to an apertured 
conveyor process belt, that is made from an oil at-
tracting material such as high carbon steel, water 
and solids of the suspension pass through the belt 
apertures to disposal and bitumen is captured by the 
belt. Separation of bitumen from water and solids 
In this process Is done by the force of buoyancy 
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combined with the force of bitumen adhesion to 
steel surfaces. These combined forces are much 
stronger than the singular buoyancy forces of 
bitumen in water, and they facilitate separation un-
der operating conditions that are more economical 
than those used by the current commercial Hot 
Water Extraction process. 

The equipment design of the Oleophilic Sieve process 
has undergone revision during the past few years 
and there has been simplification of the apparatus 
used in the process. 

The concept of the Oleophilic Sieve separator is il-
lustrated in Figure 2. Two rollers or shafts with 
sprockets support a flexible Oleophilic Sieve high 
carbon steel process belt to form a horizontal top 
flight, and n bottom flight that hangs down in the 
form of a catenary. The bottom flight is immersed 
in the suspension and is the separation zone. The 
top flight is supported horizontally by diagonal bar 
grating or by banks of heated pipes, and is the 
recovery zone. The concept is further illustrated in 
Figure 3 which is an end view of the separator. 
Slurry, or sludge, suspension feed is pumped into the 
separation zone, passes through the apertures of the 
catenary portion of the Sieve and is discarded as 
the effluent or tailings. Bitumen captured from this 
feed is kept on the Sieve by adhesion forces, as-
sisted by buoyancy in the immersed separation zone. 
When it leaves the interface, it is conveyed almost 
vertically by Die Sieve in air until it reaches the 
horizontal flight of the recovery zone. It drips off 
the Sieve as it moves horizontally over a bank of 
heated pipes or over flat bar grating, and collects 
in an insulated tank from where it is pumped to 
storage as the bitumen product.

FIGURE 3 

END VIEW OF AN
OLEOPHILIC SIEVE SEPARATOR 
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Velocity of the Sieve is high enough that there is 
no net flow of bitumen down the Sieve into the 
separation zone. There is little tendency for 
bitumen to fall off the unirnmersed vertical portion 
of the sieve before it reaches the horizontal top 
fli ght. Fine sprays of wash water may be used to 
remove solids from the Sieve. Sieve velocity is 
kept low enough that not much free slurry or free 
water is dragged onto the top flight. Most of the 
bitumen drips off the Sieve surfaces, as it moves 
along the horizontal plane, before these surfaces 
return to the separation zone. Indirect heat, hot 
pipes, and air or steam knife, or warm water sprays 
may be used to speed up removal of bitumen from 
this horizontal top flight as required. 

The bitumen product is not n froth but it is a liq-
uid that can be pumped. Separation temperature 
may be varied from hot Water process temperatures 
down to Cold Water process temperatures, without 
the need for a solvent for the separation. Tailings 
pond sludge was separated with good success at very 
low temperatures, just above freezing. 

The Oleophilic Sieve can accommodate a wide range 
of bitumen content feedstocks simply by increasing 
or decreasing the Sieve velocity. Sieve velocity 
ranges of 100 to one may be accommodated. 
Upstream upsets from other processes are smoothed 
by the Sieve,	 and prevented from being felt 
downstream, as Sieve velocity adjustment is smooth 

3-44	 SYNTHETIC FUELS REPORT, DECEMBER 1988



and rapid, and the level of suspension in the 
separation zone can vary over a wide range without 
affecting performance In a majn way. 

Bitumen Recovery from Mined OH Sands 

According to Oleophilic Sieve Development, the 
Oleophilic Sieve achieves higher bitumen recovery 
from mined oil sands than the hot water extraction 
process (HWEP). For separating mined oil sands, the 
ore is pretreated by tumbling in a slurry condition- 
ing drum to disengage the bitumen from the sand 
grains. Steam is not required and only enough hot 
water Is used to break up the ore and remove 
tramp or oversize reject. 	 Very effective slurry
preparation has been achieved at 50°C and lower. 
Compared with the HWEP, the Oleophilic Sieve 
process can accommodate a higher tumbler slurry 
water content since the slurry does not have to be 
aerated to enhance bitumen flotation in subsequent 
separation. No sodium hydroxide is used; the 
separation temperature is much lower, and more 
fines can be accommodated in the slurry and tailings 
than is possible in the HWCP. With continued 
recycle of tailings fines to the Sieve, all the fines 
may be trapped eventually between the sand grains 
so that no net sludge is produced. 

Bitumen Recovery from Tailings or from Sludge 

Bitumen recovery is 70 percent or greater when this 
process Is used for extracting bitumen from mined 
oil sands tailings. Almost 95 percent total plant 
bitumen recovery may be obtained by using the 
Oleophllic Sieve as an add on process to a conven-
tional commercial Hot Water process plant. 	 This 
may be computed as follows With 92 percent total 
bitumen recovery in the UWEP, from 12 percent 
bitumen ore, the total bitumen loss is eight percent. 
One half this loss is due to the tailings. Recover-
lag 70 percent of the HWEP loss to the tailings with 
an Oleophilic Sieve increases the total plant bitumen 
recovery by 2.8 percent and bring It up to 
94.8 percent. Thus, either as a primary extraction 
process to recover bitumen from mined oil sand 
slurries, or as a support process to recover bitumen 
from tailings, the Oleophiuc Sieve can bring bitumen 
recovery from mined oil sands up to levels close to 
95 percent. Vast quantities of bitumen can also be 
recovered by processing cold tailings pond sludge 
with the Oleophilic Sieve. The cost of recovering 
bitumen from sludge with the Sieve Is said to be 
lower than the cost of mining oil sands and extract-
ing the bitumen. 

Co-Processing Sludge with Oil Sand Ore 

The concept of co-processing existing tailings pond 
sludge with mined oil sands, to consume sludge, is 
illustrated schematically in Figure 4. Mined oil sand 
ore is mixed in a tumbler with hot water to 
produce a slurry at approximately 50 0 C, which flows 
to a vibrating screen to remove the oversize reject. 
Tailings pond sludge and make up water are added 
to dilute the slurry for subsequent separation and to 
wash bitumen from the oversize before it is

FIGURE 4 

CO-PROCESSING OIL SAND ORE 
WITH TAILINGS POND SLUDGE 

LTER _ SLURRY PUMBUIER WATER 
OILSMID ORE	 SLURRY 	 £1	 OVERSIZE nEjacr 

;
. NFR 

CABNED SEPARATOR FEED 

rejected. Pilot plant bitumen recovery efficiency 
from tailings pond sludge of both Suncor Pond 2 and 
Syncrtnde pond sludge are shown in Figure 5, indicat-
ing that a large amount of bitumen is captured by 
such a separator. Total bitumen recovery from co-
processing is greater than 100 percent when based 
on original bitumen in the mined oil sands ore alone. 
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Tailings	 from mined	 oil sands	 plants	 are currently 
discarded	 at tailings	 ponds	 and	 in	 future may	 be 
discarded in mine	 pits. in either	 case,	 two products 
will	 result from	 the disposal	 of	 those tailings. 
Moist	 tailings remain	 on the	 beaches	 and are	 used
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to build the tailings pond dikes, or will be deposited 
in mine pits to form a solids back fill. Liquid tail-
ings runoff flows from the beaches into the ponds, 
or will be pumped from the mine pits for disposal 
to tailings ponds. About half of the tailings fines 
remains trapped in between the sand grains of the 
moist tailings. The other half of the tailings fines 
flows into tailings ponds and Is the source of the 
accumulation of sludge of the current mined oil 
sands plants. 

The results of co-processing tailings pond sludge 
with an equal amount of mined oil sands ore by the 
Oleophilic Sieve are shown in Figure 6. Fines from 
the oil sand slurry and from the tailings pond sludge 
accumulate in the tailings of the Oleophilic Sieve 
process. Thus, there will be a net reduction of 
fines in the pond when mined oil sands are co-
processed with tailings pond sludge. it Is this con-
cept that may make it possible to consume the 

FIGURE 6 

COMPOSITION OF STREAMS WHEN 
CO-PROCESSING TAILINGS POND 

WITH MINED OIL SANDS 

ENI 
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SLUDGE BITUMEN IS ALSO RECOVERED AS PRODUCT 
RESULTING IN APPARENT RECOVERY OVER 100%

sludge that Is currently accumulating in the tailings 
ponds of the commercial mined oil sands plants and 
open the way for tailings pond reclamation at no 
extra cost. 

Commerdal Development 

The Oleophilic Sieve is thought to have broad ap-
plications In oil sands development because It uses 
oleophilic adhesion forces, combined with buoyancy 
forces, to separate bitumen from slurries, sludges, 
and from other water based suspensions. These 
combined forces are much larger than the forces of 
buoyancy alone. Bitumen is very close in specific 
gravity to water at ambient temperatures, and aera-
tion or elevated temperatures, or lighter hydrocarbon 
solvents, are required in other processes to enhance 
the buoyancy forces for separation. This is not re-
quired with the Oleophilic Sieve. For example, 
bitumen was extracted efficiently from tailings pond 
sludge at temperatures close to freezing, and the 
high viscosity of bitumen at that temperature was 
no deterrent to the process. Also, oil wet oil sands 
ore from Utah Asphalt Ridge, containing very dense 
bitumen, was readily separated in this process after 
the ore was tumbled with water to inako the solids 
Water Wet. 

When 1,000 tonnes of mined oil sands ore per hour 
are co-processed with 1,400 tonnes of sludge per 
hour, the amount of tines consumed will be equiv-
alent to the fines that are currently produced and 
discarded as sludge by a IIWEP oil sands plant 
processing between 1,200 and 3,500 tonnes of mined 
ore per hour. The amount depends upon the tines 
retention of the dewatered tailings of co-processing. 
Pilo t testing and field demonstration of this applica-
tion of the Oleophilie Sieve are required to deter-
mine the bitumen product quality and the percent 
bitumen recovery; to determine how much of the 
sludge fines Is retained with the dewatered tailings 
of co-processing, and to evaluate the geotechmiieal 
stability of those produced moist tailings. 

BIT 

NOTE:
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RESOURCE 

USGS ANALYZES MINERAL CONTENT OF NATURAL 
BITUMEN DEPOSITS 

The United States Geological Survey (USGS) is under-
taking a program to analyze the reservoir rock 
mineralogy and hydrocarbon chemistry of samples 
from the major heavy oil and natural bitumen 
deposits of the world, Including Canada, Jordan, 
Trinidad and Tobago, 	 the United States,	 and 
Venezuela. As the program evolves, the agency 
hopes to add more samples from other countries and 
thus establish standards that will serve as hydrocar-
bon references and a reservoir rock definition. 

Twenty-five samples from seven heavy oil and 
natural bitumen deposits in the United States and 
three deposits outside the United States form the 
basis of the initial study. 

Each sample was treated with benzene to extract 
the hydrocarbons and leave the sediment as a 
residue. Mineralogical analyses were made on the 
sediment and the clay fraction of the sediment. 

The samples were analyzed by x-ray diffraction using 
copper (CuK) radiation.	 Small portions	 of	 sediment 
residue were ground	 with a	 mortar	 and	 pestle	 to 
ensure a uniform	 200-mesh size and were made Into 
wafers having minerals with random orientation.

To date, the reservoir rock mineralogy and hydrocar-
bon chemistry of samples from the bitumen deposits 
in California, Kentucky, New Mexico, Oklahoma, 
Texas, Utah, Wyoming, Canada, Venezuela, and 
Trinidad and Tobago have been analyzed. The 
mineralogical results are summarized in Table 1.

Wyoming 

Tar sand has been mined and processed at the Trap-
per Canyon deposits, located in Big horn. County, 
Wyoming. They occur in the upper three to 
12 meter eolian sequence of the Tensleep Sandstone 
over a total area of about 67 acres.	 Drilling by
Bronco Oil and Gas Company through the tar zone 
found it to be as thick as 11 feet. 	 The tar sand
deposits have an oil saturation ranging from 7.9 to 
15.1 weight percent. Some attempts were made In 
the past to develop the deposits, but due to leasing 
problems, only 7 9000 gallons of hydrocarbons had 
been produced from the tar sand as of September 
1981. There has been no production since then. 

The mineralogy of the Tensleep Sandstone reservoir 
rock Is shown in Table 1. The quartz and feldspar 
occur as rounded to subrounded grains, and the car-
bonates occur as cement between grains. The 
bitumen content for the Tensleep Sandstone Is 
15.4 weight percent. The bitumen extracted from 
the tar sand, analyzed by chromatography, contains 
15.5 weight percent asphaltenes, 7.5 weight percent 
saturated hydrocarbon, 41.5 weight percent aromatic 
hydrocarbon, and 35.5 weight percent polar com-
pounds. 

California 

The tar seeps and asphalt accumulations just east of 
the cities of Goleta and Carpinteria In Santa Barbara 
County have been known for many years as the 
largest bitumen deposits in southern California. The 
samples used for this study are from other bitumen 
deposits located approximately 45 kilometers west of 
Santa Barbara. 

TABLE 1 

MINE
R
AL OY4TIF OF NATURAL Dl 'flJMnJ DEPOSITS 

(Percent) 

Source Calcite
Dole- 

Quartz	 mite
Feld- Knoll- 
!2L nite lilite	 STcctite 

Trinidad, Parrylands -- 85	 -- 10 2 Venezuela, Orinoco -- 95	 -- S
2	 1 

Canada, McMurray -- 80	 -- 10
it 

8
tr	 tr 

Kentucky, Big Clifty -- 85	 -- 10 5
2	 --

Kentucky, Caseyvihle -- 85	 -- 5
tr	 --

Texas, Uvalde 100 it	 -- --
10 tr	 -- 

Oklahonn, Arbuckle -- 100	 tr tr
tr it -tr	 - 

Oklahoma, Viola 90 10	 -- tr
tr	 tr 

New Mexico, Santa Rosa -- 95	 -- it tr 
5

--	 --
-- Utah, Sunnyside 5 70	 10 20 --

--
Utah, Asphalt Ridge -- 90	 -- 10

tr	 --
Utah, Asphalt Ridge -- 70	 to 20

it 
--

--	 --
California, Monterey -- 75	 -- 15

tr	 --
Wyoming, Tens leep tr 95	 it 5

tr 
--

tr	 tr 
--	 --
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The samples of diatomaceous shale from the Miocene 
Monterey Shale are light to medium brown in color. 
The amount of tar in the Monterey Shale averages 
8.4 weight percent for four samples. 

Utah 

Four samples containing bitumen were obtained from 
two deposits in Utah. Two samples, from the Sun-
nyside deposit near Sunnyside in Carbon County are 
light brown sands from the Eocene Green River For-
mation.	 The bitumen averaged 12.8 weight percent 
in the Green River Formation. Two other samples 
arc from the Asphalt Ridge deposit near Vernal in 
Uintah County, Utah. The asphalt occurs in the Up-
per Cretaceous Rim Rock Sandstone of the Masaverde 
Group, which is a little more than 100 feet thick. 
Both samples are light gray to buff, very fine-
grained to fine-grained sand. The bitumen also 
averaged 12.8 weight percent in the Rim Rock 
Sandstone. 

New Mexico 

One sample of tar sand was obtained from the Tri-
assic Santa Rosa Sandstone in Guadalupe County. 
The sandstone contains asphalt over an area of 
about 14 square miles north Santa Rosa, the 
saturated zones varying in thickness from 10 to 
60 feet. The amount of tar in the brown sand was 
only seven weight percent. 

Oklahoma 

Two samples of tar sand were obtained from Murray 
County, and three samples were from Caner County. 
One sample from Murray County is from the 
Cambrian and Ordovician Arbuckle Limestone, the 
other is from the Ordovician Viola Limestone. The 
two samples from Murray County had an average 
bitumen content of 5.1 weight percent. 

The Caner County samples are from rocks of the 
Pennsylvanian Morrowan Series. The three samples 
averaged 18.4 weight percent bitumen. 

Texas 

One sample containing tar is from the Uvalde Dis-
trict in Uvalde County. The Upper Cretaceous 
Anacacho Limestone is 122 to 152 meters thick, but 
the asphalt-bearing zone ranges from three to 
23 meters thickness. The sample also contains very 
minor traces of kaolinite and illite. The bitumen in 
this sample was 6.6 weight percent. 

A second sample containing very heavy oil was ob-
tained from the Eagle Pass area in Maverick County. 
This sample, from the Upper Cretaceous San Miguel 
Formation, is a medium-gray fine-grained sand con-
taining bitumen at 1I.4 weight percent. 

Kentucky 

Two samples were analyzed from Kentucky. 	 One 
sample, In Logan County, is from the Big Clifty

Sandstone Member of the Mississippian Golconda For-
mation. This unit ranges in thickness from zero to 
23 meters. The sample, a fine-grained sand, had a 
bitumen content of 8.2 weight percent. 

The second sample is from Edmonson County, Ken-
tucky, and was taken from the Indian Creek quarry, 
part of the Kyrock Sandstone Member of the Pen-
nsylvanian Caseyville Formation. The brown asphaltic 
sand ranges in thickness from three to 27 meters. 
The bitumen content of this sample is 7.0 weight 
percent. 

Canada 

One sample of the Lower Cretaceous McMurray For-
mation from Alberta, Canada, was analyzed. Al-
though one sample cannot be considered representa-
tive of the entire deposit, it can be used as a 
comparison with the samples from the United States. 
The medium brown fine-grained sand sample's bitumen 
content was 14.7 weight percent. 

Venezuela 

One	 sample of	 heavy oil	 reservoir rock	 from 
Venezuela was also analyzed for comparison with	 the 
samples from the	 United States.	 This sample,	 from 
the	 Orinoco Oil	 Belt,	 was	 taken	 from the	 Oficina 
Formation. The	 gray medium-grained sand	 had	 a 
bitumen content of 17.3 weight percent.

Trinidad 

One sample of heavy oil reservoir rock from 
Trinidad, from the Parrylands area in St. Patrick 
County, was taken from an outcrop In the lower 
part of the Tertiary Mome L'Enfer Formation. The 
gray fine-grained sand had a bitumen content of 
12.0 percent. 

Comparison, 

The results of the study are said by the USGS to be 
preliminary, but several generalizations are possible 
from the data. The amount of bitumen in the 
reservoir rock appears to be somewhat dependent on 
the lithology.	 Limestones and shales do not contain 
as much bitumen as sandstones. From the samples 
collected in the United States, bitumen in limestone 
averaged 5.8 weight percent; in the shale, the 
average was 8.4 weight percent; in sandstone, the 
average was 11.6 weight percent but ranged from 
7.0 to 18.4 weight percent. Preliminary data indi-
cate that the type of clay minerals may not have a 
significant effect on the amount of bitumen, but the 
amount of	 clay may have a significant effect on
the amount of bitumen. 
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BLM ISSUES DRAFT RMP/flS FOR SAN RAFAEL 
RESOURCE AREA 

The United States Bureau of Land Management (BLM), 
Moab District, has issued a draft Resource Manage-
ment Plan/}lavironmental Impact Statement (RMP/EIS) 
for the San Rafael Resource Area (SRRA) In Utah 
(Figure 1). This area encompasses the San Rafael 
Swell Special Tar Sand Area. 

The San Rafael Resource Management Plan will guide 
management of all public lands and resources ad-
ministered by SRRA. The SRRA, part of the Moab 
District, covers the southern half of Emery County, 
Utah. The Forest Planning Unit (FPIJ), part of the 
Richfield District, covers the southeastern corner of 
Sevier County, Utah. These areas together make up 
the planning area shown in Figure 1. 

The RMP/ElS will provide decisions on livestock use 
for most of the public lands in the planning area, 
as well as some public lands in the Henry Mountain
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Resource Area, Richfield District, in Wayne County, 
Utah. 

This RMP also discusses fiLM's role in administering 
certain resources on lands administered by the 
United States Forest Service and the National Park 
Service. 

Hydrocarbon resources are scattered throughout the 
entire planning area, but are minimal in the FPU. 
The discussion therefore concentrates on SRRA. 

Oil and gas are found in both stratigraphic and 
structural traps.	 The planning area has many 
widespread sedimentary formations that either 
produce oil and gas or have potential for production: 
Devonian sandstones and limestones, M ississippian car-
bonates, Pennsylvanian carbonates, Permian carbonates 
and sandstones, Triassic sandstones, and Cretaceous 
sandstones. 

Tar	 sand	 deposits have not	 been	 identified in	 the 
FPU,	 but	 are	 found in the	 SRRA.	 The San Rafael 
Swell	 Special	 Tar Sand Area	 (STSA)	 covers about 
126,960	 acres	 of public land	 and	 contains an	 es-
timated 385 million barrels of	 oil.

The San Rafael STSA is located in the central por-
tion of the San Rafael Swell. Development of tar 
sand resources in the planning area before the 
year 2000 is considered unlikely. Future develop-
ment will depend entirely on demand; as the world 
supply begins to dwindle, more exploration for small 
deposits such as those found in the planning area is 
expected to occur. 

Oil and gas exploration has been active in SRRA 
since the first two wells were drilled in 1899. 
Federal production totals In Emery County for 1987 
were 21,336 barrels of oil and 77,059 thousand cubic 
feet of gas. Total 1987 production from lands ad-
ministered by SRRA was approximately 
44,738 thousand cubic feet of gas. 

Alternatives Aed 

Six alternative plans are considered in detail in this 
£15. Each plan presents guidance for all resource 
programs managed by fiLM in the planning area. Ex-
cept for alternative A, which presents continuation 
of current management, each plan presents different 
levels of management that would be applied to all 
public land uses. 

Special stipulations or conditions were developed for 
the other alternatives and are part of the alterna-
tives in the draft £15. 

Alternative A 

The goal of alternative A is to continue the present 
levels of management and use of public lands and 
resources directed by the existing management 
framework plans. Alternative A represents a fairly 
balanced combination of uses. 
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Alternative B 

Alternative B would attempt to maximize the amount 
of livestock grazing and mineral production while 
providing for right-of-way corridors to aid develop-
ment.	 Average grazing use would increase about 
71 percent. While it is expected that mineral ex-
ploration and mining would increase because of less 
restriction, little change in production Is expected. 

Alternative C 

Increasing opportunities for nonmotorized recreation 
and protection of wildlife habitat would be the 
Primary goals of alternative C. Scenic areas of 
critical environmental concerns (ACECs) at San Rafael 
Canyon, San Rafael Reef, Muddy Creek, Sellers Hole, 
Sids Mountain, and Gilson Buttes, totaling 
246,500 acres, would be established with management 
emphasis on primitive values (closed to off-road-
vehicle use). 

Alternative 0 

The goals of alternative D are to provide for the 
rna,dmum watershed condition by minimizing surface 
disturbance in critical watershed areas and to 
provide	 the	 maximum	 protection	 of	 cultural 
resources. Although grazing would be allowed to 
continue on all but 5,400 acres of the planning 
area, limitations on forage use to protect watershed 
values would substantially reduce the average live-
stock use to about half of that allowed under alter-
native A. Mineral exploration and development ac-
tivitIes would be restricted to protect critical 
watersheds and ACECs. 

Alternative E 

Alternative E was designed to maximize access and 
the opportunities for motorized recreation. Livestock 
and wildlife grazing would be managed to accom-
modate motorized recreation by adjusting grazing 
seasons and use levels where conflicts develop. 

Alternative P 

Alternative F Is the agency's preferred alternative. 
Its stated goals are (1) to provide for protection of 
critical soils throughout the planning area and scenic 
resources within San Rafael Swell; 	 (2) to protect 
crucial wildlife habitat; (3) to provide special 
management for certain vegetation and cultural 
resource values; and (4) to maintain existing live-
stock and mineral uses where no conflict with the 
other listed goals would occur. All but three of 
the ACECs nominated in other alternatives would be 
designated under alternative F. Alternative F would 
require more intensive management of all resources 
than is presently provided. 

Oil and Gas Management 

Oil and gas resources are allocated through leasing. 
The San Rafael Special Tar Sand Area within SRRA 
is available for tar sand or oil and gas development

only through combined hydrocarbon leases (CHIs). 
Other areas are available through regular leases. 
GilLs are issued by RLM's Utah State Office under 
competitive lease. Ail regular leases arc offered 
first competitively, then over the counter. 

Public lands within the planning area were 
categorized for oil and gas leasing through a 
programmatic environmental assessment in 1975 and 
the statewide tar sand EIS in 1984. 

Areas under wilderness review are not available for 
lease, if and when the areas are released from 
wilderness review, the category special conditions 
developed in the RMP will apply. Areas designed as 
wilderness will not be available for lease. Should 
Congress designate all or part of the area as wil-
derness, that action will constitute an amendment to 
the iU.IP. 

The fiLM policy requires that the least-limiting level 
of restriction be applied to oil and gas leases. Ac-
cordingly, the nature and extent of an actual or 
potential conflict must be determined, and the area 
must be placed under the least restrictive category 
that would serve to mitigate the conflict. 

Table I summarizes oil and gas management actions 
that would occur under the six alternatives. 

Under alternative F, the area open to lease would 
Increase by 116,140 acres compared to alternative A, 
but this increase would not affect production be-
cause most of the areas opened have low and 
moderate potential for oil and gas. 

Leasing category acreages under alternative F con-
pare to those under alternative A as shown in 
Table 2. 

The category 1 and category 2 changes under 
alternative F would result from inclusion of seasonal 
restrictions to protect habitat for wildlife such as 
desert bighorn sheep, mule deer, and elk, and 
restrictions for aquatic and riparian habitat, critical 
soils, R&PP leases, and cultural ACECS. These 
restrictions would increase operating and production 
expenses, but are not expected to affect production. 
The area in category 2 includes areas of high, 
moderate, and low potential for oil and gas. 

No surface occupancy (category 3) includes vegeta-
tion and scenic ACECs. 

The closures to leasing (category 4) would cover the 
Swasey Cabin ACEC, 1-70 Pictographs, and developed 
recreation sites. The areas that would be in 
categories 3 and 4 have mostly low and moderate 
potential for oil and gas. 

The production of oil and gas would be the same as 
in alternative A. 

Areas of Critical Envlraimenta3 Cmcen, 

The nominated Areas of Critical Environmental Con-
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Administer-
ing Program Area Name Acres by Alternative 

4333	 Gilson Buttes 
1-70 Scenic Corridor 

Muddy Creek 
San Rafael Canyon 
Segers Hole 
Sids Mountain

0 
52.150 

(SaRA 49,450) 
(FPU 2,700) 

0 
0 
0 
0 

52,150

TABLE 2 

OIL AND GAS LEASING C&TWDRIES 'UM)ER ALTERNATIVE F 

Change Frau 
Category	 Unit	 Acres	 Alternative A 

1	 SRRA 710,920 -419,360 
FPIJ 50,850 -920 
Subtotal 761,770 -420,280 

2	 SERA 505,430 +462,300 
FPU 21,210 +2,940 
Subtotal 526,640 +465,240 

3	 SaRA 242,520 +73,200 
FRI 3,290 -2,020 
Subtotal 245,810 +71,180 

4	 SRRA 4,970 -116,140 
FRI 0 0 
Subtotal 4,970 -116,140 

cern, and how they would be treated under each at- 	 The locations of the ACECs which would be enforced 
ternative, are listed in Table 3. 	 under the Bureau's preferred alternative are shown in 

Figure 2. 

TABLE 3 

NOKINATED AREA OF CRITICAL flIVI RG4MmTAL alit-ZEN DESIGNATIONS,
BY ALTERNATIVE (AI2ES) 

4322 Bowtnot Bend 
Hebes Mountain 
North Rig Flat Tops 
Big Flat Tops 

4322, 4333 San Rafael Reef 

4331 Copper Globeb 
Dry Lake Archaeological District 
1-70 PictographsC 
Pictographsd 
Little Black Mountain 
Swasey Cabin 
Temple Mountain Historical District 
Tomsich Butte Historical District0

0	 1,830	 1,830	 7,830	 1,830	 1,830 0	 0	 0	 960	 0	 0 0	 190	 190	 790	 790	 0 0	 0	 0	 0	 0	 2,640 

	

43,870	 67,520	 43,870	 0	 68,720 

	

0	 0	 0	 0	 220 

	

0	 16,990	 16,990	 16,990	 16,990 

	

30	 (30)	 0	 (30)	 0 

	

0	 0	 40	 0	 40 

	

0	 0	 2,160	 0	 0 

	

0	 0	 220	 0	 220 

	

0	 2,660	 2,660	 2,660	 2,660 

	

0	 2,040	 2,040	 2.040	 (2.040: 

	

0	 1,750	 1,750	 0	 0 

	

0	 52,150	 52,130	 52,150	 52,130 

	

(SaRA 49,450)	 (SRRA 49,430)	 (SRRA 49.450)	 (SRRA 49.430: 

	

(FPU 2,700)	 (FPU 2,700)	 (FPU 2,700)	 (FPU 2,100] 

	

0	 46,720	 22,540	 22,540	 24,540 

	

0	 58,510	 58,510	 58,510	 35,240 

	

0	 7,120	 7.120	 0	 7,720 

	

0	 89,060	 89,050	 0	 61,870 

	

45.920	 322,360	 302,070	 156.910	 274,260 
NOTE: All acreages are approximate and rounded to the nearest 10 acres. All acreages pertain to SRRA unless otherwise noted. 

Rationale for ACEC nominations and acreages appear in appendix B. 
a unde,. alternative F, the area name changes to Big Flat Tops. 	 cunder alternatives 0 and F. the Pictographs ACEC would 
blinder alternatives C and 0, the Copper Globe area is part of the	

include both the	 1-70 and Rochester pictograph sites. 
Sids Mountain ACEC. 	 dUnder alternative	 F, the Tomsich	 Butte Historic	 District would be include cunder alternatives C and E. the 1-70 Pictographs ACEC would be	 Muddy Creek ACECd

	 as a s pecial emphasis area within the 
. 

Included as a special emphasis area within the 1-70 Scenic Corridor. 

0 

0 
0 
0 
0 
0 
0 
0 
0 
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FIGURE 2

AREAS OF CRITICAL ENVIRONMENTAL CONCERN UNDER ALTERNATIVE F 
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UTAH LOWERS ROYALTY RATES ON STATE LANDS 

The Utah Board of State Lands and Forestry has 
given approval to the Division of State Lands and 
Forestry to offer certain lands for oil, gas and 
hydrocarbon (tar sands) leasing at a royalty rate of 
eight and one-third percent. 

Lands which may be offered are those which are not 
withdrawn from leasing, have previously been offered 
for leasing but were not leased and have remained 
unleased since October 1, 1986, for oil, gas and 
hydrocarbon purposes. 

This action is designed to stimulate oil and gas 
drilling activity In Utah and make Utah more com-

petitive with other Western states. Corresponding 
with a drop in oil and gas prices from a high in 
1981 to the present, there has been a substantial 
drop in drilling activity and oil and gas acreage un-
der lease. State oil and gas acreage under lease 
has fallen dramatically from approximately six million 
acres in 1982 to about 1.8 million acres currently 
under lease. 

The new rate takes effect October 4, 1988, and 
continues through October 3, 1990, at which time 
the rate will be evaluated. 
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RECENT OIL SANDS PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following papers on Tar Sands were presented at the 1988 Eastern Oil Shale Symposium November 30-
December 2, 1988 held in Lexington, Kentucky: 

Yurko, W. J., at al., "AOSTRA Underground Mining for In Situ Recovery of Bitumen and 
AOSTRA Rotating Kiln Technology for Processing Mined 011 Sand and Oil Shale." 

Pruden, B. B., et al., "Recent Technology Advances in the CANMET Hydrocracking Process." 

Omens, R., "Overview of the 1988 IJNITAR/IJNDP International Tar Sand and Heavy Oil 
Conference. 

Stosur, G. J., 'The Future of Heavy Oil and Tar Sands Technology--A Look at the Turn of the 
Century." 

Smith, A. L., "Extraction of Oils from Tar Sands and Oil Shale by Hydropyrolysis Using Coal 
Gasified Syngas." 

Reynolds, J. G., et al., "Programmable Temperature Pyrolysis Comparing Big Clifty (Kentucky) 
Tar Sand and Asphaltenes from Big Clifty Extracted Bitumen." 

Spiro, J. G., et al., "Investigation of Gasolines Containing Large Proportions of Non-
Conventional Components." 

Cha, C. Y., et al., "Recovering Oil from Tar Sand Using Will ROPE Process." 

Edmonds, G. A., at al., "Projected Economics of Producing Heavy Oils by Oxygen Injection at 
Various Well Depths." 

Babcock, B. B., "Solvent Extraction of Beneficlated Southern Tar Sands by the Wood-Beaver 
Process--an Update." 

Fernand, B. et al., "Mierofiltratlon Dewatering of De-Oiled Tailings Pond Sludge." 

The following articles appeared In The Journal of Canadian Petroleum Technology, July-August, 1988: 

Decker, R. M., et al., "Thermal Stability and Application of Emulsion Composed Blocking Agents 
for Steamfloodlng." 

Pu, C.-T., et al., "Gas Solubility of Methane and Ethane in Cold Lake Bitumen at In Situ 
Conditions." 

Kimber, K. D., et al., "New Scaling Criteria and their Relative Merits for Steam Recovery 
Experiments." 

The following articles appeared In Energy 	 Fuels September-October, 1988; 

Majid, A., et al., "Coagglomeration of Athabasca Petroleum Cokes with Sulfur Sorbents as a 
Means of Reducing Sulfur Emissions during Combustion." 

Neumann, A.W., at al., "Surface Tension of Bitumen from Contact Angle Measurements on Films 
of Bitumen." 

OIL SANDS - PATENTS

"Recycle of	 Secondary	 Froth	 in the Hot	 Water Process	 for Extracting Bitumen from Tar Sand," Teddy K. Kwong, Anthony H.	 Leung -	 Inventors, Alberta Energy Company, Ltd., Esso Resources Canada Ltd., Gulf Canada Ltd.,	 Pan-Canadian Petroleum Ltd., Petro-Canada Inc., Canadian Occidental Petroleum Ltd.,	 HBOG	 OH Sands Ltd. Partnership, Her	 Majesty	 Queen	 in	 Right of	 Canada	 Minister	 of	 Natural	 Resources,	 United	 States	 Patent 41776,949,
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November 1, 1988. Froth produced by induced air flotation in the hot water process circuit for extracting 
bitumen from tar sand, is recycled and added to the fresh slurry being introduced to the primary separation ves-
sel. An increase in bitumen recovered as primary froth from the circuit is produced. 

"Oxonated Poly (Alkylene Oxide) Surface Treatment Agents," Laurence R. Hervey - Inventor, United States Patent 
No. 4,766,030, August 23, 1988. An oxonated poly (alkylene oxide) substantially devoid of hydrocarbon chains of 
five or more carbon atoms is used to treat substances bearing negative electrostatic charges, so as to reduce 
such charges without rendering the substance hydrophobic. In this manner static electricity can be reduced In 
textiles, paper or plastic film; glass or glass fibers can be lubricated; wood pulp can be debonded; anti-self 
sizing or water -dispersible paper can be made; clays, pigments and other minerals can be hydrophilized; bitumen 
can be recovered from oil or tar sands; and petroleum can be recovered from underground wells by secondary or 
tertiary recovery techniques. 

"Freatment of Carbonaceous Materials," Long-Kuan Jang, Jih-Fen Kuo, Kazem Sadeghi, Mohammad-Ali Sadeghi - In-
ventors, Eneresource Inc., United States Patent 4,765,885, August 23, 1988. Hydrocarbon liquids are recovered 
from carbonaceous materials such as tar sands utilizing a separation reagent farmed 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.	 When tar sands are added to the sonicated 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 sta-
bilized within the micelle structure. The lighter, non-polar hydrocarbon oil fraction separate from the emulsion 
and rise to the top and is 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 
rate of separation of bitumen can be significantly increased by adding a small amount of a free radical initiator 
such as benzoyl peroxide to the separation reagent.
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since September 1M) 

01-PROVINCIAL PROJECT - UPORADER FACILITY - Husky Oil Operations Ltd. (F-35) 

Husky Oil is planning a heavy oil upgrader to be located near the Alberta/Saskatchewan border at Lloydminster, Saskatchewan. 
The facility will be designed to process5400D barrels per day of heavy oil and bitumen from the Lloydminster and Cold Lake 
deposits. The primary upgrading technology to be used at the upgrader will be H-Oil ebullated bed hydrocracking followed by 
delayed coking of the hydrocracker residual. 

Engineering and design of the plant was initiated in June 1984 under terms of an agreement between Husky Oil Operations Ltd. 
and the governments of Canada, Alberta, and Saskatchewan. 

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 May 1988 a tentative agreement was announced invoking $650 million of government aid, but requiring Husky to obtain addi-
tional equity participation. In Se ptember. Husky and the aovernments of Canada. Alberta and Saskatchewan, aimed a binding 

Detailed Engineering will be gin early 1989. Project completion is targeted for late 1992. 

Project Cost:	 Upgrader Facility estimated at C1.267 billion 

BITUMOUWF PROJECT - Sotv-Ex Corp. (T-03) 

Shell Canada has dropped out of the Athabasca Project and Solv-Ex has renamed it the Bitumount Proiect. The nroiect will be a 
Phased development of an open nit mine and an extraction plant using Solv-Ex's process for recovery of bitumen and metals. 

Solv-Ex will use a naphtha solvent to boost the power of hot water to separate oil from sand. The increased efficiency of the 
Process increases oil yield and also allows metals such as gold, silver and titanium to be extracted from the very clean sand. 

Solv-Ex has proposed a $02 million dollar feasibility study based on a 10-000 barrel per day plant that would also produce 30,000 
tonnes per year of titanium dioxide pigment. 

The Bitumount lease covers 5,874 acres north of Fort McMurra y, Alberta. 

BtJRNF LAKE PROJECT - Suncor Inc., Alberta Energy Company Ltd. and Canadian Hunter Exploration Ltd. (17-04) 

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 avenge 12,500 barrels per day. 

According to the companies, the Burnt Lake project is  milestone because it is the first commercial development of these heavy oil 
resources on the Primrose Range. This required the close cooperation of Canada's military. Several other heavy oil development 
activities are underway on the 2,000 square-mile Primrose Range. 

The pipelines division of AEC is expanding its Cold Lake Heavy Oil Pipeline to boost shipping capacity from AEC's La Corey Oil 
Terminal near Bonnyville to Edmonton. AEC Piplines has obtained regulatory approval for a lateral pipeline from the new Burnt 
Lake project to La Corey. Burnt Lake daily production would increase the pipeline's current daily throughput by some 10 percent. 

The multi-phase Burnt Lake project, which will involve cyclic steaming, was put on hold in 1986 due to low oil prices. 

According to initial plans, the project was supposed to be designed after the thermal recovery project Suncor operates 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 estimatedt to contain over 300 million barrels of 
recoverable heavy oil. 

Project Cost: aso million through 1990 
C$470 million over 25 years
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1988) 

COMMERCIAL PROJECTS (Continued) 

CALIFORNIA TAR SANDS DEVELOPMENT PROJECT - California Tar Sands Development Corporation (TM6) 

California Tar Sands has developed a downhole hydraulic mining system whereby oil sands occurring at depths from 100 to 600 feet 
will be mined using a hydraulic mining tool. Bitumen will be extracted from the sand using a surface removal process. Operations 
will take place in California, Canada and China. 

Project Cost: $547 million 

COLD LAKE PROJECT— Esso Resources Canada limited (T-20) 

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. 

In September 1983 the Athena Energy Resources Conservation Board (AERCB) granted Esso Resources Canada Ltd. approval to 
proceed with construction of the first two phases of commercial development on Esso's oil sands leases at Cold Lake. Subsequent 
approval for Phases 3 and 4 was granted in June 1984 and for Phases 5 and 6 in May 1985. 

Shipments of diluted bitumen from Phases I and 2 started in July 1985, augmented by Phases 3 and 4 in October, 1985 and Phases S 
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 will add 19,000 barrels per day by year-end 
1988, at a cost of $45 million. 

The AERCB approved Esso's application to add Phases 7 through 10, which will eventuall y add another 44,000 barrels per day. 
decision has been made not to com plete the facility at this time. 

However, all construction will be completed on the central processing plant and Partially completed for the field facilities. The con-
struction is 70% completed. 

Project Cost:	 Approximately $770 million for first ten phases 

DAPIINE PROJECT - Petro-Canada (17-25) 

Petro-Canada is studying a tar sands mining/surface extraction project to be located on the Daphne leases 65 kilometers north of 
Fort McMurray, Alberta. The proposed project would produce 75,000 barrels per day. The project is expected to cost $3.8 billion 
(Canadian). 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. 

Project Cost:	 $3.8 billion (Canadian) 

DIATOMACEOUS EARTH PROJECT - Texaco Inc. (17-30) 

Texaco has placed its Diatomite Project, located at McKittrick in California's Kern County, in a standby condition. The Project will 
be reactivated when conditions in the industry dictate. The Company stressed that the Project is not being abandoned, but is being 
put on hold due to the current worldwide energy supply picture. As of March, 1988, the Lurgi pilot unit is being maintained in con-
dition for future operations. 

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 

ELECTROMAGNETIC WELL STIMULATION PROCESS - Uentech Corporation, A Subsidiary of ORS Corporation (T-252) 

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-weilbore 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.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1988) 

COMMERCIAL PROJECTS (Continued) 

The first field test with a commercial well, producing about 20 barrels per day, was put into production in December 1985 in Texas, 
on property owned by Coastal Oil and On Corporation. In June 1986, ORS received permits from the Alberta Energy Resources 
Conservation Board, and stimulation started in a well in the Uoydminster area in Alberta, Canada. This well was drilled on Husky 
Oil Operations Limited acreage 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 productivity of the well is expected to increase somewhat more as 
the stimulation operations proceed. The economic parameters of the operation are said to be within the range expected. Process 
energy costs have been demonstrated at around $1/bbl. 

Additional work utilizing ORS's system is being undertaken in Canada. An estimated 20 wells will have systems installed in Canada 
during 1988. Twenty wells are also forecast for 1989 in Canada. This work is being performed by Electromagnetic Oil Recovery 
Limited, a Calgary headquartered ORS affiliate. 

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, Pope Oil Recovery Technologies, drilled an additional well in 1987 on 
the White Wolf farmout from Tenneco Oil, The White Wolf lease, 260 acres, is estimated to contain 28 million barrels of 14-16 de-
gree API oil-in-place. Operations are currently underway and testing continues. 

A demonstration field test began in Brazil in late 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 will be ap-
plied to an additional 3 wells before a decision is made to expand the well stimulation program to potentially several hundred oil 
producing wells in Brazil. 

Project Cost:	 Not disclosed 

ELK POINT PROJECT - Amoco Canada Petroleum Company, Ltd. (1'-21) 

The Elk Point Project area is located approximately 165 kilometers east of Edmonton, Alberta. Amoco Canada holds a 100 percent 
working interest in 6,600 hectares of oil sands leases in the area. The Phase 1 Thermal Project is located in the NW 1/4 of 
Section 28, Township 55, Range 6 West of the 4th Meridian. 

The primary oil sands target in the area is the Lower Cummings sand of the Mannville Group. Additional oil sands potential is in-
dicated in other Mannvilte zones including the Colony, Clearwater, and the Sparky. 

Amoco Canada has several development phases of the Elk Point Project. Phase 1 of the Project will involve the drilling, construc-
tion, and operation of a 13-well Thermal Project (one, totally enclosed 5-spot pattern), a continuation of field delineation and 
development drilling and the construction of a product cleaning facility adjacent to the Thermal Project. The delineation and 
development wells are drilled on a 16.19 hectare spacing and are cold produced and/or huff-puff stimulated during Phase 1. 

Construction of the Phase I Thermal Project and cleaning facility was initiated in May 1985. The cleaning facility has been opera-
tional since October 1985. Steam injection into the 13-well project was initiated in July, 1987. 

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. Further drilling in Sections 28 and 29 is expected to continue in 
1989. 

Oil production from current wells at Amoco's Elk Point field totals 900 cubic meters per day. Production with these new wells will 
gradually increase totals to approximately 1,280 cubic meters per day. 

Further development of the Project to the planned second phase will depend on future heavy oil market demand and pricing 

Project Cat: Phase I - $50 Million (Canadian) 

ELK POINT OIL SANDS PROJECT - PanCanadian Petroleum Ltd. (1-29) 

PanCanadian received approval from the Alberta Energy Resources Conservation Board (ERCB) for Phase I of a proposed 
3 phase commercial bitumen recovery project in August, 1986.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1988) 

COMMERCIAL PROJECTS (Continued) 

The Phase I project, costing C$90 million, would involve development of primary and thermal recovery operations in the Lindbergh 
and Frog Lake sectors near ElkPoint in east-central Alberta. Phase 1 operations include development of 16 sections of land where 
119 wells were drilled by the end of April, 1988. The steam simulation processes is being evaluated in two sections. 

An additional 160 Phase I wells would be drilled over the project's 20 years life. PanCanadian requested permission to develop two 
sections for steam stimulation of the Cummings sand formation. The wells would be drilled in a seven-spot pattern on 4 hectare 
(10 acre) spacing. PanCanadian expects to develop one-quarter section every two years. Phase I would also include primary 
development of the remaining 14 sections. Of the remaining 14 sections, nine will be developed on 16 hectare (40 acre) spacing, 
and an application to reduce the spacing to 8 hectare (20 acre) on the remaining rwe sections is currently awaiting approval by the 
ERCB. 

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 III would go into operation in the late 1990's, and 300 new wells would be drilled on six sections. Production would increase 
to 12,000 barrels per day. Phases II and Ill would be developed as thermal recovery projects. After cyclic steaming, the patterns 
would be converted to steamfloods or firefloods. 

The schedule originally proposed to the ERCB in 1986 has slipped about three years. 

Project Cost: 	 Phase I = C$90 Million 

FOREST HILL PROJECT— Greenwich Oil Corporation (T-26) 

Greenwich Oil Company is developing a project which entails modification of existing, and installaton of additional, injection and 
production wells to produce approximately 1,750 barrels per day of 10 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 now has 21 injection wells taking 150 tons per day of 90 percent pure oxygen. The current oil produc-
tion rate is 1,200 barrels per day. 

Project Cost:	 Estimated $423 million 

LINDBERGH COMMERCIAL PROJECT - Dome Petroleum Limited (T-32) 

Dome Petroleum received approval from the Alberta Energy Resources Conservation Board for a commercial project in 
Lindbergh. The project will cover r sections and and was planned to be developed at a rate of one section per year for five, 
years. It will employ "huff-and-puff" steaming of wells drilled on 10 acre spacing, and will require capital investment of ap-
proximately $158 million (Canadian). The project is expected to encompass a period of 12 years and will result in peak production 
of 12,000 barrels of oil per day, which when coupled with production from two experimental plants and additional wells will raise 
the daily area production to about 15,000 barrels per day. 

Due to the dramatic decline of oil prices, drilling on the first phase of the commercial project has been halted after 31 wells were 
completed. These wells have been placed on primary production. Steaming, gathering, and processing equipment was committed 
prior to the oil price decline, and is being stored for use when the oil price recovers. 

Project Cost:	 $158 Million 

LINDBERGH COMMERCIAL THERMAL RECOVERY PROJECT - Murphy Oil Company Ltd. (T-33) 

Murphy Oil Company Ltd., has completed construction and startup of a 3,000 barrel per day commercial thermal recovery project 
in the Lindbergh area of Alberta. Project expansion to 10,0DO barrels per day is planned over nine years, with a total project life of 
30 years. The first phase construction of the commercial expansion involved the addition of 53 wells and construction of an oil 
plant, water plant, and water source intake and line from the north Saskatchewan River. 

Murphy has been testing thermal recovery methods in a pilot project at Lindbergh since 1974. Based on its experience with the 
Pilot project at Lindbergh, the company expects recovery rates in excess of 15 percent of the oil in place. Total production over the 
life of this project is expected to be in excess of 12 million cubic meters of heavy oil. 

The project uses the a huff-and-puff process with about two cycles per year on each well. Production is from the Lower Grand 
Rapids zone at a depth of 1,650 feet. Oil gravity is 11 degrees API, and oil viscosity at the reservoir temperature is 
30,000 centipose. The wells are directionally drilled outward from common pads, reducing the number of surface leases and roads 
required for the project.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1988) 

COMMERCIAL PROJECTS (Continued) 

Capital cost was $30 million (Canadian) for the initial installations, with about $12 million in capital additions expected for each 
succeeding year to drill and tie in additional wells. Operating expenditures will be in the order of $12 million per year. 

Project Cat:	 $34) million (Canadian) initial capital cost 
$12 million (Canadian) operating costs plus $12 million capital additions annually 

NEWGRADE HEAVY OIL UPGRADER - NewOrade Energy, Inc., a partnership of Consumers Co-Operative Refineries Ltd. and 
the Saskatchewan Government (1-35.2) 

Construction and commissioning of the up2rader was completed in October, 1988. 

The 50,0 barrels per day heavy oil upgrading project was originally announced in August 1983. 

Co-Operative Refineries will provide  percent of the costs as equity, plus the existing refinery, while the provincial government will 
provide 15 percent. The federal government and the Saskatchewan government will provide loan guarantees for 80 percent of the 
costs as debt. 

NewOrade has selected process technology licensed by Union Oil of California for the upgrader. The integrated facility will be 
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 ini-
tial case, some combination of these two scenarios. 

Project Cost:	 $700 million 

OSLO GROUP - Esso Resources, Petro-Canada, Canadian Occidental, Gulf Canada, PanCanadian Petroleum, Alberta Oil Sands 
Equity. (1W.3) 

The OSLO group will develop a 77.000 barrel per day oil sands mining and extraction plant 80 kilometers north of Fort McMurray. 
Production is scheduled to besin in 1996. 

percent). To date some $20 million has been spent on project 

The Canadian federal novernmcnt and the Province of Alberta have signed a Statement of Princi ples with members of the OSLO 
consortium to proceed with the development of the $4.1 billion inte grated oil sands proiect. 

Project Cost: L4.1 billion estimated 

PEACE RIVER COMPLEX - Shell Canada Limited (1-353) 

Shell Canada Limited expanded the original Peace River In Situ Pilot Project to an avenge production rate of 10,000 barrels per 
day. The Peace River Expansion Project, or PREP I, is located adjacent to the existing pilot project, approximately 55 kilometers 
northeast of the town of Peace River, on leases held jointly by Shell Canada Limited and Pecten Canada Limited. 

The expansion, at cost of $200 million, required the drilling of an additional 213 welts for steam injection and bitumen production, 
plus an expanded distribution and gathering system. Wells for the expansion were drilled directionally from eight pads. The com-
mercial 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 will be diluted and marketed as a blended heavy oil. The diluted bitumen will be transported by pipeline and ini-
tially would be exported to the northern tier refineries in the United States for asphalt production. 
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COMMERCIAL PROJECTS (Continued) 

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. This expansion is only the first step of 
Shell's long-term plan to develop the Peace River oil sands. 

On January 25, 1988 the ERCB approved Shell Canada's application to expand the Peace River project from 10,000 barrels per day 
to approximately 50,000 barrels per day. 

PREP II, as it will be called, entails the construction of a stand-alone processing plant, located 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 nrices and continual uncertaint y alone with the lack of im proved fiscal terms the project has been Postponed indefinitely. 

Some preparatory site work was com pleted in 1988 consisting of the main access road and drillin g pads for PREP II. This work 
would enable a quick start should the decision to proceed occur in the near term. 

Project Cost:	 $200 million for PREP I 
$570 million for PREP II 

PRIMROSE LAKE COMMERCIAL PROJECT - Dome Petroleum Ltd. (T-38) 

Dome has proposed a 25,000 barrels per day commercial project in the Primrose area of northeastern Alberta. Dome is earning a 
working interest in certain oil sands leases from Alberta Energy Company. Following extensive exploration, the company under-
took 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 degrees API oil in 1984. 

The agreement with Alberta Energy contemplates that Dome can earn an interest in an additional 225,ODD acres of adjoining oil 
sands lands through development of a commercial production project. The project is estimated to carry a capital cost of at least 
$C1.2 billion and annual operating cost of $040 million. Total production over a 30 year period will be 190 million barrels of oil 
or 18.6 percent of the oil originally in place in the project area. Each year for the first five years Dome will start a new 400 well, 
5,000 barrels per day stage. Each stage will cover four sections with sixteen 26 well slant-hole drilling clusters. Each set of wells 
will produce from 160 acres on six acre spacing. The project received Alberta Energy Resources Conservation Board approval on 
February 4, 1986. 

Due to the dramatic decline in oil prices, the proposed 1986 drilling schedule has been postponed. The project will proceed when 
oil prices return 

to levels which make the project viable. 

In January 1984, Dome entered into an agreement with Pangaea Petroleum Ltd. and Canadian Hunter Exploration Inc., which per-
mits those companies to earn a total of 25 percent of Dome's interest in the Primrose pilot recovery project and the proposed com-
mercial production facility. Under this agreement, the two companies have reimbursed Dome for approximately $20 million of its 
costs for the pilot recovery project and will pay one-half of future expenditures on the commercial production project. The two 
companies also have the right to earn a 15 percent working interest in any subsequent projects for the recovery of bitumen from the 
Alberta Energy lands. 

Project Cost: 	 $1.2 billion (Canadian) capital cost 
$140 million (Canadian) annual operating cost 

SARNIA-LONDON ROAD FIELD MINING ASSISTED PROJECT— Devian Petroleum Ltd. and Shell Canada Ltd. -39) 

Devran and Shell Canada are proceeding with a project to recover 2 million barrels of oil from a long-dormant oil field near the 
southern tip of Ontario. Devran operates the mining-assisted oil recovery project near Sarnia, Ontario. Devran and Shell Canada 
jointly lease approximately 3,900 acres with 1,200 acres in the active field. Known as the Sarnia-London Road Field, the area was 
drilled by Imperial Oil from 1898 to 1901. Production rates from individual wells of two or three barrels of oil per day were re-
corded, with some wells reported to have initial producton rates of over 10 barrels per day. The Sarnia-London Road Field 
produced for 25 years, yielding a significant amount of natural gas with the oil. 

Unit A is the first production project, designed to produce oil from approximately 600 acres. A shaft has been sunk to a depth of 
430 feet, and two production stations have been established, one for each of two oil-bearing layers. Facilities to collect the oil and 
pump it to surface are included in these production stations. Conventional surface production facilities including a heater treater, 
tanks for storage of the oil, a service building, and a mine shaft house are in place. 
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COMMERCIAL PROJECTS (Continued) 

A total of 120,000 feet of horizontal drilling in the two oil layers will allow oil to flow freely along the paths provided by the holes. 
Production rate is expected to be on the order of 600 barrels daily. Satisfactory results from Unit A could lead to follow-up 
development of a second production facility based around a second shaft on Unit B to be located approximately 1 kilometer 
northwest of Unit A. 

Unit A is being financed by Devran and Shell Canada. Devrnn received a $475,000 grant From the Federal Ministry of Energy, 
Mines and Resources and a $100,000 grant from the Ontario Provincial government. Financing is also facilitated by the quali-
fication of this project under Federal government tax incentives encouraging investment in Canadian petroleum exploration. 

The procedure being applied involves three major steps. First, a mine shaft is sunk to the oil layer. Next, a production station is 
excavated where the shaft passes through or reaches the oil layers (the pay zone). Finally, the production station becomes the site 
from which holes are drilled horizontally in a radial or "wagon wheel' pattern into the pay zone. Each production station with its 
set of wells drains by gravity several hundred acres. The length of these horizontal wells is determined by the formation geometry 
and geological conditions. 

First production from the project commenced in November, 1986. 

Project Cost: 	 $63 million 

SCOTFORD SYNTHETIC CRUDE REFINERY - Shell Canada Limited (F-40) 

The project is the world's first refinery designed to use exclusively synthetic crude oil as feedstock, located northeast of Fort Sas-
katchewan in Strathcona County. 

Initial capacity is 50,000 barrels per day with the design allowing for expansion to 70,000 barrels per day. Feedstock is provided by 
the two existing oil sands plants, 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. 
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 Oil Company (722 percent), Ontario Energy Resources Ltd. (25 percent), publicly (2.2 
percent) (F-SO) 

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 estimated remaining reserves of synthetic crude oil are 370 million barrels. 

In October, 1987, production was interrupted by a fire which started on a conveyor belt. Partial production was resumed in January 
1988, with nearly full production of 55,000 barrels per day in April. However, rebuilding will not be complete until September 1988. 
At that time, an expansion of capacity to 63,000 barrels per day will be finished. Suncor will also increase its upgrading capacity by 
an additional 10,000 barrels per day to a total of 73,000 barrels per day. Total cost of this expansion is $150 million. Production 
levels For third quarter 1988 averaged 55,647 barrels rtr da y, a new record. 

In 1988 Suncor's Board of Directors approved the expenditure of another $50 million on a debottlenecking project. The project 
will increase the plant's primary production capacity to 71,000 barrels per day when completed in 1991. 

Suncor has also entered into preliminary discussions with the Alberta and Federal governments on the feasibility of a further sig-
nificant expansion of the oil sands plant in the early 1990s. 

Project Cost:	 Not disclosed
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COMMERCIAL PROJECTS (Continued) 

SUNNYSIDE PROJECT - Amoco Production Company (T-600) 

Amoco Corporation is continuing to study the feasibility of a commercial project on 1,120 acres of fee property and 9,600 acres of 
combined hydrocarbon leases in the Surrnyside 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 is continuing 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 - (INC Tar Sands Corporation (T-590) 

A 240 tons per day (120 barrels per day) tar sands pilot was built by (INC in 1982 in Salt Lake City, which employs ambient water 
flotation concentration which demonstrated that tar sands could be concentrated by selective flotation from 8 percent bitumen as 
mined to a 30 to 40 percent richness. 

Chevron in 1983 built and operated a solvent leach unit that, when added in back of a flotation unit at Colorado School of Mines 
Research Institute in Denver, produced a bitumen dissolved in a kerosene solvent with a ratio of 1:3 which contained 5 percent ash 
and water. Chevron also ran a series of tests using the solvent circuit first followed by flotation and found it to be simpler and 
cheaper than the reverse cycle. 

Kellogg, in a series of tests during 1983/1984, took the product from the C.SMRI tests and ran it through their Engelhard ARTCAT 
pilot plant in Houston 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 BLM 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 $452,419,000. Construction would 
start in the third quarter 1986 with first production in the first quarter 1989. On November 19, 1985 the SEC determined that the 
project was a qualified candidate for assistance under the terms of the solicitation. 

On December 19, 1985, the SEC was cancelled by Congressional action. (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 SUNKYSIDE PROJECT - Synco Energy Corporation (17-56) 

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 (jet fuel), diesel fuel, gasoline, other gases, and heavy ends. 

The syngas from the gasifier is separated from the oil product, the sulfur and CO, removed and the gas burned in a gas turbine to 
Produce electricity. The hot exhaust gases are then used to make steam and cogedêrated electricity. 

Testing indicates that the hydrogen-rich svngas from the aasified coal lends to good crackinit and hvdroren upgrading in the kiln. 
Synco holds process patents in the U.S., Canada and Venezuela and is looking for a compan y to ioint venture with on this nroiect. 

The plant would be built at Sunnyside, Utah, near the city of Price.
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COMMERCIAL PROJECTS (Continued) 

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. 

Project Cost: $350 million 

SYNCRUDE CANADA, LTD. - Esso Resources Canada limited (25.0 percent); Petro-Canada Inc. (17.0 percent); Alberta Oil Sands 
Equity (16.74 percent); Canadian Occidental Petroleum Ltd. (13.23 percent); Alberta Energy Company (10.0 percent); Gulf Canada Cor-
poration (9.03 percent); HBOG Oil Sands Limited Partnership (5.0 percent); PanCanadian Petroleum Limited (4.0 percent) (T-60) 

Located time 
Port McMurray, the Syncrude surface mining and extraction plant produces 137,000 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 $750 billion investment program in plant capacity was completed to 
bring the production capability to over 135,000 barrels per calendar day. Included in this investment program are a 40,000 barrel 
per day LC Pining hydrocracker, additional hydrotreating and sulfur recovery capacity, and auxiliary mine feed systems as well as 
debottlenecking of the original processes. 

In early 1987 Syncrude filed an application with the Alberta Energy Resources Conservation Board for a $4 billion Phase Three ex-
pansion. The company submitted the application to get the ERCB's preliminary approval, but a decision to go ahead with the third 
expansion phase is probably still several months away. The decision will be based on oil prices, crude reserves and royalty agree-
ments. 

If Syncrude decides to go with the project, it would be completed in 1993 and boost the plant's output by 50 percent to over 230,000 
barrels per day, which would be 15 percent of Canada's total crude production. 

Project Cat:	 Total cost $2.3 billion (1978 cost) 

THREE STAR OIL MINING PROJECT - Three Star Drilling and Producing Corp. (T-60) 

Three Star Drilling and Producin g Corporation has sunk a 375 foot deep vertical shaft into the Upper Sithns sandstone of the Sir-
gins oil field in Illinois. 

The initial plans call for drilling one to four levels of horizontal boreholes. There would be unto 25 horizontal holes per level. 

Proiect Cost: 	 Three Star has budgeted $33 million for the first shaft. 

WOLF LAKE PROJECT - BP Canada Resources Ltd. and Petro-Canada (T-680) 

Located 30 miles north of Bonnyville near the Saskatchewan border, on 75,000 acres, the Wolf Lake commercial oil sands project (a 
joint venture between B? Canada Resources Ltd. and Petit-Canada) was completed and began production in April 1985. Produc-
tion at designed capacity of 7,000 barrels per day was reached during the third quarter 1985. The oil is extracted by the 'huff-and-
pufr method. Nearly two hundred wells were drilled initially, then steam injected. As production from the original wells declines 
more wells will be drilled. 

Twenty-two wells were drilled in 1981 to determine a site for the plant. Application to the ERCB was approved in September 1982. 
An EPC contract for the Central Plant was awarded to Saturn Process Plant Constructors Ltd., in August 1983. Construction was 
complete in the first quarter 1985,53 months ahead of schedule. Drilling of wells began October 15, 1983 and the initial 192 wells 
were complete in early July 1984, 73 months ahead of schedule. 
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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. 

The project is going ahead largely due to tax and royalty concessions by both federal and provincial governments. In early 1983 the 
Canadian federal government announced that new oil sands and heavy oil projects would be exempted from the Petroleum and Gas 
Revenue Tax until capital costs have been recovered. The Alberta government has indicated that during the early years of the 
project the province will levy only a nominal royalty. This royalty initially could be as little as 1 percent, possibly increasing to as 
much as 30 percent of net profits once the project sponsors recover their investment. 

BP and Petro-Canada ate now exploring options for future plants on the Marguerite Lake leases. During the winter of 1984/1985 
an extensive delineation drilling program was carried out which identified possible areas for future developments. 

Wolf lake Phase 2 would be followed by Phases 3 and 4. BP's production target is 7,000 cubic meters per day in the 1990s 
(44,000 barrels per day). In January, 1987 the Alberta ERCB approved BP Canada's application for Phase 2. In June 1987 the 
companies announced their intention to proceed. 

In November 1987, the project was producing bitumen and a program designed to expand production by 2,400 cubic meters per day 
to 3,70 cubic meters per day, total bitumen production was well advanced. The major contract for the central plant was let to 
Fluor Corporation in October, 1987. 

Project Cost: Wolf Lake I
$114 million (Canadian) initial capital 

Wolf Lake 2 (Additional $750 million over 25 years for additional drilling) 

$200 million (Canadian) initial capital 

R & D PROJECTS 

ABC COLD LAKE PILOT - Alberta Oil Sands Technology and Research Authority (AOSTRA), Bow Valley Industries Ltd., ('F-as) 

The project is operated by Bow Valley Industries Ltd. The process utilizes superheated steam, carbon dioxide, and chemicals to 
recover bitumen from the Clearwater formation. This technology was developed by Carmel Energy of Houston, and partially 
tested in heavy oil fields in the United States. 

The first phase involved drilling seven wells directionally from a single pad, in a hexagonal configuration. A second phase consist-
ing of a 9-well pad has been in operation since early 1987. 

The project is located on a Gulf Canada lease in the Cold Lake area of Alberta, Canada on which Gulf operated a 6 well pilot 
several years ago. Bow Valley has a farm-in arrangement with Gulf and utilizes some of the surface facilities built for the Gulf 
pilot. 

Steam injection began in mid-January 1985. Steam, carbon dioxide, and other chemicals are injected and the well is left to soak for 
a period of time. Gas migrates out of the heated zone into the cold oil zone, goes into solution in the oil, reducing its viscosity. 
The well is then put on production with back pressure and the gas comes out of solution to provide a gas depletion drive 
mechanism. After the individual wells achieve stink-up with this cyclic procedure, the pilot may be converted to a steam drive. 
Carbon dioxide is trucked in to the pilot facility. 

Project Cost:	 $13 million for the first phase 
$13 million for the second phase 

ATHABASCA IN Sf11) PILOT PROJECT (Kearl Lake) - Alberta Oil Sands Technology and Research Authority, Husky Oil O pera-
tions Ltd.. Tenneco Energy Ltd. (F-lao) 

The operator of the Athabasca In Situ Pilot Proiect is Husky Oil Operations Ltd. 
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The 9-snot nattern was started up in 1985. The two 5-snot vatterns were started up in 1987. Results from all three patterns con-
tinue to be encoura2lng. 

Project Cost:	 $125 million (estimate) 

BATFRUM IN SITU WETCOMBUSTION - Mobil Oil Canada, Ltd. Unocal Canada Limited, Saskoil, Husky Oil Ltd., Hudson's Bay 
Oil and Gas (T-135) 

Mobil Oil Canada initiated thy combustion in the Battrum field in the Swift Current producing area of Saskatchewan in 1965 and 
convened to wet combustion in 1978. 

In 1987 Mobil began a $32 million expansion program to increase oil production from three in situ wet combustion units. 

This expansion includes drilling additional wells; convening some of the wells to air/water injection; recompleting existing wells, 
and upgrading surface production and air injection facilities. 

At Battrum Unit I the drilling of 14 new wells and ignition of 8 new burns has been completed. In addition, 14 existing wells have 
been recompleted. Overall completion is expected in mid-1988. At Unit 2, the drilling of 11 new wells and ignition of one new 
burn has been completed. Surface production facilities serving both units are also being upgraded. 

In total, $16 million is being spent on these two projects. Cats will be shared by the companies participating in these projects. At 
Unit 1, participants are: Mobil Oil Canada, Ltd. 49 percent; Unocal Canada limited 31 percent; and Saskoil 20 percent. At Unit 
2, participating companies are; Saskoil 46 percent; Mobil Oil Canada, Ltd. 27 percent; Unocal Canada Limited, 16 percent; and 
Husky Oil Ltd. 11 percent. 

The Unit 3 expansion, which involved drilling 21 wells and 3 new burns is near completion with a projected cost of $12 million. The 
unit enlargement involved adding four eighty acre tracts to the unit. Unit participation is as follows: Mobil Oil Canada Ltd. 35 
percent; Unocal 31 percent; Saskoil 14 percent; and Hudson's Bay Oil & Gas 20 percent. 

The air injection plant is also being upgraded to meet the increased demand. Work is expected to be completed by August 1988. 

The expansions have increased total oil production from the three units by more than 2,300 barrels per day. 

Project Cat:	 $32 million 

BEAVER CROSSING THERMAL RECOVERY PILOT - Chevron Canada Resources (T-140) 

The original project, a single-well experimental in situ project located at 36-61-2-W4M, was terminated in 1975. ERCB approval No. 
2269 was issued April 18, 1977 for a 7-well cyclic experimental scheme for the recovery of crude bitumen from the Cold Lake Oil 
Sands Deposit. This approval was amended to locate the pilot in Section 31-61-1 W4. Construction began in early May 1977 with 
operation commencing in March 1978. Approval was further amended in November 1981 to convert to drive operation and extend 
expiration to 12/31/1984. Project consists of six producing wells, one steam injection well and eight temperature observation welts. 
A steam drive-producing well stimulation procedure is followed utilizing a 25 million BTU per hour generator. Ceased steam injec-
tion at end of 1984. Started heat scavenge phase in January 1985, by injecting all produced and make-up water. 

The project was finally shut-in October 1, 1985 and is presently in suspended status 

Project Cost:	 $14 million (estimated) 

CANMET HYDROCRACKING PROCESS - Petro-Canada and Partec Lavalin Inc. (T-175) 

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 (CANMET). 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 degrees C. (Pitch is 
defined as material boiling above 524 degrees 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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R & I) PROJECTS (Continued) 

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 which could be prepared in a single stage operation. Since 
March 1987 the demonstration unit has been operating with this simplified additive scheme at pitch conversion greater than 85 
weight percent. Up to February 1988 data has been collected for two different feedstocks (pitches from Western Canada Crude 
blend and Cold Lake heavy oil). Pitch conversion of 86 weight percent has been achieved with the Cold Lake Feed. A long term 
test run at high conversion is currently in progress. 

Two scheduled shutdown and subsequent unit inspections show, no corrosion or material problems. The onstream factor was 907o 
for 1987 and is Projected to be higher for 1988, 

The high conversion Contact HC process has been successfully demonstrated and is now, available for commercial application. 
Patent protection and process guarantees are provided by the licensors. 

Project Cost:	 Not disclosed 

CARIBOU LAKE PILOT PROJECT - Husky Oil Operations Ltd. and Alberta Energy Co. (T-180) 

Two existing wells are currently producing 155 barrels of oil per day with a peak production rate of 200 barrels per day expected. 

A decision whether to resume construction is expected in June 1989. 

CELTIC HEAVY OIL PILOT PROJECT - Mobil Oil Canada, Ltd. (T-200) 

Mobil's heavy oil project is located in 152 and R23, W3M in the Celtic Field, northeast of Lloydminster. The pilot consists of 25 
wells drilled on five-acre spacing, with twenty producers and five injectors. There is one fully developed central inverted nine-spot 
surrounded by four partially developed nine-spots. The pilot was to field 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 and operations are 
continuing. 

Project Cost: 	 $21 million (Canadian) (Capital) 

C-I-I SYNFUELS DREDGING PROJECT - C-H Synfuels Ltd. (T-202) 

C-H Synfuels Ltd. plans to construct an oil sands dredging project in Section 8, Township 89, Range 9, west of the 4th meridian 

The scheme would involve dredging of a cutoff meander in the Horse River some 900 meters from the Fort Mc Murray 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 solidi', 
then transported, via truck and barge, to either Suncor or the City of Fort McMurray. Tailings treatment would employ a novel 
method combining the sand and sludge, thus eliminating the need for a large conventional tailings pond. 

C-H proposes to add lime and a non-toxic polyacrylamide polymer to the tailings stream. This would cause the fines to attach to 
the sand eliminating the need for a sludge pond. 

Project Cat: Not disclosed
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CIRCLE CLIFFS PROJECT - Kirkwood Oil and Gas (17-220) 

Kirkwood Oil and Gas is presently forming a combined hydrocarbon unit to include all acreage within the Circle Cliffs Special Tar 
Sand Area, excluding lands within Capitol Reef National Park and Glen Canyon National Recreational Area. 

Project Cast: Not disclosed 

COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada, Ltd. (T-230) 

A stratigraphic test program conducted on Mobil's 75,0 hectares of heavy oil leases in the Cold Lake area resulted in ap-
proximately 150 holes drilled to date. Heavy oil zones with a total net thickness of 30 meters have been delineated at depths be-
tween 290 and 460 meters. This pay is found in sand zones ranging in thickness from 2 to 10 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 eleven single wells in 1985. Various zones are being 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 was constructed with operations beginning in March, 
198& 

Only three wells, all multi-zone completions, are still in operation in 1988; the remaining wells were suspended at the conclusion of 
their testing programs. Beginning in July, 1988, Mobil plans to test three additional multi-zone wells in the from River area. 

Project Cost: 	 Not disclosed 

DONOR REFINED BITUMEN PROCESS - Gulf Canada limited, the Alberta Oil Sands Technology and Research Authority, and 
L'Association pour ta Valorization des Huiles Lourdes (ASVANL) (T-247) 

An international joint venture agreement has been signed to test the commercial viability of the Donor Refined Bitumen (DRB) 
process for upgrading heavy oil or bitumen. 

About 12,000 barrels of Athabasca bitumen from the Syncrude plant were shipped to the ASVAHL facilities near Lyon, France. 
Beginning in October 1986 tests were conducted in a 450 barrel per day pilot plant. Engineering and economic evaluations are to be 
completed by the end of 1987. 

ASVAHL is a joint venture of three French companies—Elf Aquitaine, Total-Compagnie Francaise de Raffinage, and Institut Fran-
caise du Petrole. The ASVANL 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 

ENPEX SYNTARO PROJECT— ENPEX Corporation, Texas Tar Sands, Ltd. (Getty Oil Company, Superior Oil Company, M. H. Whit-
tier Corporation - Limited Partners; ENPEX Corporation and Ray M. Southworth - General Partners) (17-260) 

ENPEX Corporation has operated Texas Tar Sands, Limited's 400 barrels per day San Miguel tar sands recovery project. The 
project has been on-line since January 1984 and produced San Miguel tar at rates of above 500 barrels per day. The project utilizes 
a 50,000 pound per hour fluidized bed coal combustor to provide steam for a steam drive process. Daily production rates in excess 
of 500 barrels per day were achieved. Tar sales were approximately 150 to 200 barrels per day. 

The plant is shut down due to current oil prices. The fluidized bed combustion system and oil processing unit are available for 
operations elsewhere. 

Project Cost: 	 Not disclosed 

ESSO COW LAKE PILOT PROJECTS - Esso Resources Canada Ltd. (T-270) 

Esso 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 
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pilot uses several different patterns and processes to lest 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 16,000 barrels per day. By 1986, the pilots had 500 operating 
wells. Approved capacity for all pilot projects is currently 3,100 cubic meters per day-4e., about 19,500 barrels per day of bitumen. 

Major prototype facilities for the commercial-scale Cold Lake Project will continue to be tested including three 175,000 pounds per 
hour steam generators, and a water treatment plant to convert the saline water produced with the bitumen into a suitable feedwater 
for the steam generators. Additionally, the pilots serve as a testing area for optimizing the parameters of cyclic steam stimulation 
as well as on follow-up recovery methods, such as steam displacement and horizontal wells. 

(See Cold Lake in commercial projects listing) 

Project Cat:	 $260 million 

EYEHILL IN SITU STEAM PROJECT - Canadian Occidental Petroleum, Ltd., Texaco Canada Resources Ltd. and Murphy Oil Com-
pany Ltd. (T-280) 

The experimental pilot is located in the I3yehill 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 art 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. 

Project Cast:	 $152 million 

FT. KENT THERMAL PROJECT - Suncor, Inc. and Worldwide Energy Corporation (T-290) 

Canadian Worldwide Energy Ltd. and Suncor, Inc., have developed heavy oil deposits on a 4,960 acre lease in the Von Kent area of 
Alberta. Canadian Worldwide holds a 50 percent working interest in this project, with Suncor as operator. This oil has an average 
gravity of 123 degrees API, and a sulfur content of 33 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 identified. Approximately 2 wells are now operating, with production averaging j barrels per 
day. Further development work, including tying-in the Swells 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 date is approximately $35 million (Canadian). 

Project Cost: See Above 

FOSTERTON N.W. IN SITU WET COMBUSTION - Mobil Oil Canada Ltd. (T-295) 

Mobil operates a pilot in the watered-out Fosterton Northwest reservoir. The dry combustion scheme, commenced in 1970, was 
converted to wet combustion in 1977. The pilot was expanded to two burns in 1983, and injection rates were increased. 

Project Cost:	 Not Disclosed 

CIL!SP PROJECT - Amoco Canada Petroleum Company Ltd., AOSTRA, and Petro-Canada Ltd. (r.297) 

The Gregoire Lake In Situ Steam Pilot (GLISP) Project is an experimental steam pilot located at Section 2-86-7W4. The par-
ticipants are Amoco (125 percent), AOSTRA (75 percent), and Petit-Canada Inc. (123 percent). Other parties may participate 
by reducing AOS'FRA'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 
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(0.68 acres) and includes three observation wells. The process is testing the use of steam and steam additives in the recovery of 
highly viscous bitumen (1 x 10 million cP at virgin reservoir temperature). Sophisticated seismic methods and other techniques are 
being used to monitor the in situ process. 

Reservoir selection, evaluation studies, and construction are complete. The project began operation in September 1985 and was 
onstream in the Fall 1986. 

Project Cost: 	 $22 million (Canadian) 

GROSMONT THERMAL RECOVERY PROJECT - UNOCAL Canada Limited (T-300) 

Since 1975, Union has operated seven in situ steam tests and two in situ combustion tests in the Grosmont formation of Alberta's 
carbonate heavy oil deposit. In 1982, a new single five spot pattern was tested using stimulation and drive processes in section 28- 
87-19 W4. At present 2 single well huff and puff pilots are still in operation. Participants in this project include the Alberta Oil 
Sands Technology and Research Authority (50 percent), Canadian Superior Oil Ltd. (25 percent) and Union Oil Company of 
Canada Limited (25 percent). The project has now been mothballed. 

At the pilot site, the Grosmont formation is a consolidated, highly porous dolomite of Devonian age. 

Project Cost: 	 Not disclosed 

HANGING STONE PROJECT - Petro-Canada, Canadian Occidental Petroleum Ltd., Esso Resources Canada Limited and Japan 
Canadian Oil Sands (T-700) 

The Hanging Stone Project is located 50 kin south of Fort McMurray, Alberta. The project involves single well tests of in situ 
bitumen recovery by steam stimulation. Three wells have been tested for injection and recovery. Ten additional wells were drilled 
in the winter of 1987-88 to further delineate the zone of interest. Although continuous production has been achieved, the 
project/process is not commercial at this time. 

Total land holding for the project is one-half million hectares. 

Project Cat:	 Not formulated. 

IRON RIVER PILOT PROJECT - Mobil Oil Canada Ltd. (F-690) 

The Iron River Pilot Project commenced steam stimulation operations in March 1988. It consists of a 10 acre pad development 
with 23 slant and directional wells on eight and four acre spacing within a 160 acre 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 1450 barrels 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 100 million BTU/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. The fuel is supplied from Mobil's fuel gas supply system and the treated 
oil is trucked to the nearby Husky facility at Tucker Lake. 

Project Cost:	 $14 million 

3FF LEACHING PROJECT - BP Resources Canada Ltd. (17-396) 

BP Resources Canada Ltd. began in February 1988 an experimental in situ bitumen separation project at the Ells River area north 
of Fort McMurray, Alberta. 

The press, called jet leaching, involves high-rate injection of water into a tar sand formation so that the agitation of the injected 
fluid cuts the tar sand and separates the bitumen. The injected water contains chemicals that cause the sand particles to ag-
glomerate, further aiding the separation process. 

The bitumen-laden fluid is brought to the surface in a typical production well while the sand particles remain in the formation. BP 
expects the fluid to be in the form of a froth in which the bitumen will float to the surface. Excess fluid will be discarded. 
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The project involves drilling four wells, in which casing will be run to the top of the formation. The jet injection device will be 
lowered into the uncaused bottom for injection of the water. A single jet is pointed into the formation, and is rotated during injec-
tion in order to contact the entire formation exposed in the wellbore. 

The fluid injection rate probably will be in the range of 15-25 barrels per hour at a fluid temperature of 175 degrees E 

The pilot targets the McMurray tar sands at a depth of 220 to 260 feet. 

Project Cost: C$500,000 

KENOCO PROJECT - Kenoco Company (1-340) 

The Kenoco Company, the successor to the Kensyntar Company, is developing a heavy oil project in Western Kentucky. INC prin-
cipals of Kenoco acquired the interests of Pittston Syafuels, 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 corn data on the test pattern. Sixteen core holes were 
drilled and analyzed. 
Plans are 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. Timing is not yet finn pending stabilization of oil prices. 

Project Cost: 	 Not disclosed 

LINDBERGH STEAM PROJECT - Murphy Oil Company, Ltd. (T-360) 

Experimental in situ recovery project located at 13-58-5 W4, Lindbergh, Alberta, Canada. The pilot produces from a 60 foot thick 
Lower Grand Rapids formation at a depth of 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 continues. Production rates from the seven-spot area have been encouraging to 
date, and a 9 well expansion was completed August 1, 1984, adding two more seven spots to the pilot. Oil gravity is 11 degrees API 
and has a viscosity of 30,000 Cp at 70 degrees F. Porosity is 33 percent and permeability is 2500 and. 

(Refer to the Lindbergh Commercial Thermal Recovery Project (17-33) listed in commercial projects.) 

Project Cost: 	 $7 million to date 

LINDBERGH THERMAL PROJECT - Dome Petroleum Limited (1-370) 

Dome Petroleum Limited has completed a 56 well drilling program in section 18-55-5 W4M in the Lindbergh field in order to 
evaluate an enriched air and air injection fire  flood scheme. The project consists of nine 30 acre, inverted seven spot patterns to 
evaluate the combination thermal drive process. The enriched air scheme involves three 10-acre patterns. 

Air was injected into one pattern to facilitate sufficient burn volume around the wellbore prior to switching over to enriched air in-
jection in July 1982. Oxygen breakthrough to the producing wells resulted in the shut down of oxygen injection. A concerted plan 
of steam stimulating the producers and injecting straight air into this pattern was undertaken during the next several years. En-
riched air injection was reinitiated in this pattern in August 1985. The blend-up process has been completed with present injection 
rate at 110 million cubic feet per day of 100 percent pure oxygen. The burning in this pattern is proceeding without any oxygen 
breakthrough. 

When the oil price recovers, the two additional patterns will be ignited and blended to 100 percent pure oxygen. 

Project Cost: 	 $22 million 

MARGUERITE LAKE 'B' UNIT EXPERIMENTAL TEST —Alberta Oil Sands Technology and Research Authority 
-33-1/3 percent; BP Resources Canada Ltd. - 33-1/3 percent; Petro-Canada - 33-1/3 percent (1-395) 

BP Resources Canada Ltd. and Alberta Oil Sands Technology and Research Authority (AOSTRA) entered into an agreement in 
1982 whereby they would test the potential for producing bitumen from the heavy oil deposits in the Cold Lake area of north-
eastern Alberta. The project consists of one cyclic steam stimulation well and two observation wells in the BlO sand of the Lower 
Grand Rapids Formation (B Unit), and commenced in 1982. Initially only one cycle of steam stimulation was considered. The 
project deadline was extended to the end of 1986, consisting of four cycles. The results of the single-well test proved that the BlO 
sand has significant cyclic steam potential. (See Wolf Lake Project listed in commercial projects.) 
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This test has now been completed and the project has been suspended. 

Project Cat:	 $4.2 million (Canadian) 

MINE-ASSISTED PILOT PROJECT - (see Underground Test Facility Project) 

MORGAN COMBINATION THERMAL DRIVE PROJECT - Dome Petroleum Company (T420) 

Dome Petroleum Limited has completed a 44 well drilling program in Section 35-514 W4M in the Morgan field in order to 
evaluate a combination thermal drive process. The project consists of nine 30-acre seven spot patterns. Currently, 40 wells have 
been steam stimulated. The producers in these patterns have received multiple steam and air/steam stimulations to provide for 
production enhancements and oil depletion prior to the initiation of burning with air as the injection medium. To date, six of the 
nine patterns have been ignited and are being pressure cycled using air injection. 

Project Cost: $20 million 

PCEJ PROJECTS - Canada-Cities Service Ltd., Esso Resources Canada, Ltd., Japan Canada Oil Sands, [Ad., and Petro-Canada (1460) 

Project is designed to investigate the extraction of bitumen from Athabasca Oil Sands using an in situ recovery technique. A three 
phase 15 year farmout agreement has been executed with Japan Canada Oil Sands, whereby Japan Canada Oil Sands could earn an 
undivided 25 percent in 34 leases covering 1.2 million acres in the in situ portion of the Athabasca Oil Sands by contributing a mini-
mum of $75 million. Japan Canada Oil Sands has completed its interest earning obligation for Phase I by contributing $30.8 mil-
lion. 

Phase II, designed initially to further test and delineate the resource, is now underway. This phase includes a multi-cycle single well 
steam simulation test at 16.27-84-11 W4 in its eighth production cycle. A second multicycle single well steam stimulation test at 
4-35484-I1 W4 is in its sixth cycle. Operation of the third single well test at 13-27 was suspended after completion of its fourth 
Cycle. 

Project Cost: 	 Not disclosed 

PELICAN LAKE PROJECT - Gulf Canada Corporation, LASMO Canada Inc.. and CS Resources (T425) 

The Pelican Lake program is designed to initially test the applicability of horizontal production systems under primary r,roduction 
methods, with a view to ultimately introducing thermal recovery methods. 

L&SMO and CS Resources Ltd., entered into a maior 58 square-mile farmout and option agreement with Gulf Canada Resources 
Ltd. at Pelican Lake. Gulf Canada is operator of the Project. 

Four horizontal wells have been successfully drilled at the proiect site in north central Alberta. The Grou p utilizes an innovative 
horizontal drilling technique which allows for the penetration of about 1 j00 feet of oil sands in each well. With this technique, a 
much hither production rate is expected to be achieved without the use of ex pensive secondary recovery processes. 

Drilling was commenced on the first horizontal well on January 30. 1988 and drillin g of the fourth well was com pleted in mid-
March. An additional four wells drilled and all were placed in production by August, 1988. 

Proiect Cost: 	 Not disclosed 

PELICAN-WABASCA PROJECT— Gulf Canada Corporation and CS Resources (1480) 

Construction of fireflood and steamflood facilities is complete in the Pelican area of the Wabasca region. Phase I of the project 
commenced operations in August 1981, and Phase II (fireilood) commenced operations during September 1982. The pilot consists 
of a 31-well centrally enclosed 7-spot pattern plus nine additional wells. Oxygen injection into two of the 7-spot patterns was in-
itiated in November 1984. Six more wells were added in March 1985 that completed an additional two 7-spot patterns. In April 
1986, the fireflood operation was shut down and the project convened to steam stimulation. Sixteen pilot wells were  cyclic 
steamed. One pattern was converted to a steam drive, another pattern convened to a water drive. Remaining wells retained 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 
74pot steamflood project south of the pilot continues and startup of the steamflood was initiated in fall 1987. 

Project Cost: Not Specified
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PROVOST UPPER MANNVILLE HEAVY OIL STEAM PILOT PROJECT - Noreen Energy Resources Limited (P482) 

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. This pilot operation will continue under its current approval until December 31, 1986. 

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. Primary production operations will be maintained at 
all but three wells until start-up of the permanent steam and production facilities in December 1985. 

Project Cat: Not Disclosed 

PR SPRING PROJECT - Enervor and Solv-Ex Corporation, (T485) 

The PR Spring Tar Sand Project, a joint venture between Solv-Ex Corporation (the operator) and Enercor, was formed for the 
purpose of mining tar sand from leases in the PR Spring area of Utah and extracting the contained hydrocarbon for sale in the 
heavy oil markets. 

The project's surface mine will utilize a standard box-cut advancing pit concept with a pit area of 20 acres. Approximately 
1,600 acres will be mined during the life of the project. Exploratory drilling has indicated oil reserves of 58 million barrels with an 
average grade of 7.9 percent by weight bitumen. 

The proprietary oil extraction process to be used in the project was developed by Solv-Ex in its laboratories and pilot plant and has 
the advantages of high recovery of bitumen, low water requirements, acceptable environmental effects and economical capital and 
operating costs. Process optimization and scale-up testing is 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,ODD under the United States Synthetic Fuels 
Corporation's (SFCs) solicitation for tar sands mining and surface processing projects. On November 19, 1985 the SFC deter-
mined that the project was qualified for assistance under the terms of the solicitation. However, the SEC was abolished by Con-
gress on December 19, 1985 before financial assistance was awarded to the project. 

The sponsors are evaluating various product options, including asphalt and combined asphalt/jet fuel. Private financing and equity 
participation for the project are being sought. 

Project Cost: 	 $158 million (Synthetic crude option) 
$90 million (Asphalt option) 

RAPAD BITUMEN UPGRADING PROJECT - Research Association for Petroleum Alternatives and Ministry of International 
Trade and Industry (T-520) 

The Research Association for Petroleum Alternatives (RAPAD), supported by the Ministry of International Trade and Industry, 
has adopted bitumen upgrading as one of its major research objectives. Three approaches are under investigation: thermal 
cracking-hydrotreating, thermal cracking-solvent deasphalting-hydrotreating, and catalytic hydrotreating. 

A pilot plant of the series of hydroprocessing, i.e., visbreaking4emetallation.crackjng, was completed in 1984. Its capacity is 
5 barrels per day, and operation is continued 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. A 10 barrels per day pilot plant with suspended-bed reactor, designed by the 
M. W. Kellogg Company, was completed in 1985 and is in operation. 

Project Cost: Not Disclosed
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RAS OHARIB THERMAL PILOT— General Petroleum Company of Egypt and Improved Petroleum Recovery (T-527) 

The tar sand thermal pilot lies onshore in the Ras Oharib field on the West Coast of the Gulf of Suez, Egypt. Three wells, spaced 
approximately 50 meters apart, delineate a triangular pilot area which was drilled during 1984. 

The tar sand formation at Ras Gharib covers an area of approximately 1,300 acres with an average thickness of about 90 meters in 
the tar saturated section. 

The tar-in-place at reservoir conditions is estimated to range from 290 to 624 million barrels. This is equivalent to 700 to 
1,600 barrels per acre-foot. Based on a recovery efficiency for the cyclic steam process of 10 percent, the recoverable reserves 
would range from 29 to 62 million barrels. 

A 50 million BTU per hour single pass steam generator was purchased. The first 3 cycles recovered nothing but water from the 300 
foot deep zone. A fourth attempt in 1986 included a monitor well which showed that the steam was over-riding the tar zone. 

Project Cost: Not Disclosed 

Rfl PILOT PROJECT - RTh Oil Sands (Alberta) Ltd. (F440) 

The Oil Sands Extraction pilot plant is situated on the Suncor, Inc., property, north of Fort McMurray, Alberta. The pilot plant 
was operated in cooperation with Gulf Canada Resouces Inc., during the second half 1981. 

The evaluation of the data from the operation has demonstrated the technical viability of this closed circuit modified hot water 
process. The process offers good bitumen recoveries and solid waste which is environmentally advantageous due to the substantial 
reduction in waste volume. 
Pilot data indicate that the total RTR/Gulf process (extraction and tailingsmanagement) offers a substantial economic advantage 
over conventional hot water technology. This is particularly true for a remote plant in which energy requirements must be genera-
ted. 

Project Cost:	 Undisclosed 

SANDALTA - Gulf Canada Corp., Home Oil Company, Ltd., and Mobil Oil Canada Ltd. (T-550) 

Home Oil Company Limited, in October 1979, announced the farmout of its Athabasca oil sands property to Gull Canada Corp. 
The property, Oil Sands Lease #0980090001 (formerly BSL #30) consists of 15,6 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 more 
recently in 1985. Engineering studies on commercial feasibility are continuing. 

Project Cat: Not Specified 

SOARS LAKE HEAVY OIL PILOT - Amoco Canada (T-552) 

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. 

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 55 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 meters. 

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 injection scheme calls for steaming three wells simultaneously with the project's single 15 megawatt generator. The unit will 
convert 2,300 barrels per day of water into steam for injection in the wells. 

Amoco expects initial production from the pilot wells to be about 1,050 barrels per day. 

Project Cat: $33 million through 1988

SYNTHETIC FUELS REPORT, DECEMBER 1988 
3-75



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1988) 

R & D PROJECTS (Continued) 

SOUTH K1NSELL& (KINSELLA B) - Dome Petroleum Ltd., PanCanadian Petroleum, and Petro-Canada (T-565) 

The project is a test of oxygen combustion in a waterflooded field. The pilot consists of five wells drilled in an inverted five spot 
configuration with two observation wells. Oxygen injection began in April 1985 and both oxygen and water were injected. 
Problems with oxygen breakthrough have occurred and the pilot has been shut in. 

Project Cost:	 $4.5 million 

SUFFIELD HEAVY OIL PILOT - (SHOP) - Alberta Energy Company Ltd., AOSTRA, Dome Petroleum Limited, Westcoast 
Petroleum Ltd. (T-580) 

An in situ combustion project located in southeastern Alberta within the Suffield Military Range and operated by Alberta Energy 
Company. Phase Aol the project consists of one isolated five-spot pattern. The reservoir is a Glauconitic sand in the Upper Man- 
nville formation which is underlain by water. The wells, including three temperature observation wells, were drilled during the 
summer of 1980. Completion of facilities construction occurred in the fall of 1981 and injection started in early 1982. AOSTRA 
holds a 50 percent interest in the project. Alberta Energy Company holds a 333 percent interest and Westcoast Petroleum holds a 
16.6 percent interest. 

The pilot fulfilled its technical objectives in 1986. The technology is now planned to be implemented in selected regions of the 
South Jenner field. 

Project Cost: 	 $11 million (Canadian) 

TACIUIC PROCESSOR PILOT - AOSTRAfI'he UMA Group Ltd. (17-620) 

A pilot of an extraction and partial upgrading process located in Southeast Calgary, Alberta. The pilot plant finished construction 
in March 1978 at a cost of $1 million and has been in operation since. The process was invented by William Taciulc of The UMA 
Group. Development is being done by UMATAC Industrial Processes Ltd., a subsidiary of The UMA Group. Funding is by the 
Alberta Oil Sands Technology and Research Authority (AOSTRA). The processor consists of a rotating kiln which houses heat ex-
change, cracking and combustion processes. The processor yields cracked bitumen vapors and dry sand tailings. Over 4,300 tons of 
Athabasca oil sand have been processed. 

Information agreements have been made with a major oil company and with a joint-venture company between two majors. The in-
formation agreements provide, in exchange for a funding contribution to the project, full rights for evaluation purposes to the in-
formation generated by the project during the current phase. 

A substantial increase in coke burning capacity and in the length of pilot run was demonstrated in the 1982 season. Recycle of the 
heaviest fraction of the extracted oil to produce an oil suitable for hydrotreating has been practiced. The oil product is similar to 
that of a fluid colter, so the process would replace both the extraction and primary upgrading steps of the process (hot water and 
coking) used at existing commercial plants. 

AOSTRA approved a $43 million, two-year extension to the project. The principal objective of this continuation is to carry out the 
process design and sufficient detailed engineering to develop a definitive estimate for a 200 ton per hour Demonstration Plant lobe 
constructed and operated in the Athabasca region. 

Consultive participation by industry in this new phase of the project is invited. Interested parties should contact AOSTRA. 

Project Cost:	 To Date:	 $53 million 
Outstanding	 $4.8 million 
Authorization:	 $10.1 million (AOSTRA) 

TANGLEFLkGS NORTH - Sceptre Resources Limited and Murphy Oil Company Ltd. (F426) 

The project, located some 35 kilometers northeast of Uoydminster, Saskatchewan, near Paradise Hill, involves the first horizontal 
heavy oil well in Saskatchewan. Production from horizontal oil wells is expected to dramatically improve the recovery of heavy oil 
in the 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 steamflood technology is expected to increase recovery at the Tangjeflap North Pilot Project from less than one per-
cent of the oil in place to up to 50 percent.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1988) 

R & D PROJECTS (Continued) 

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. 

The Tangleflags project is designed for an early production response so that expansion potential can be evaluated by 1990. Current 
estimates indicate sufficient reserves exist in the vicinity of the pilot to support commercial development with a peak gloss produc-
tion rate of 6,2(1) barrels of oil per day. Project life is estimated at 15 years. 

The Tangieflags pilot has advanced to the continuous steam in jection phase. With one well in place, the proiect is producinc 140 
barrels of oil per day. Once a production response is seen, production rates are expected to increase to 1,000 barrels of oil per day 
by the end of 1989. At that time a decision will be made with respect to expanding the pilot to a commercial operation involving 
five horizontal wells or more. 

Project Cost: $10.2 million by 1990 

TAR SAN!) ThANGLE - 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 Tri-
angle Special Tar Sand Area (STSA). 

Kirkwood is also active in three other STEM as follows 
Raven Ridge-Rimrock—Kirkwood Oil and Gas has received a combined hydrocarbon lease for 640 acres 
in the Raven Ridge-Rim Rock Special Tar Sand Area. 
Hill Creek and San Rafael Swell—Kirkwood Oil and Gas is also in the process of converting leases in 
the Hill Creek and San Rafael Swell Special Tar Sand Areas. 

Kirkwood Oil and Gas has applied to convert over 108,000 acres of oil and gas leases to combined hydrocarbon leases. With these 
conversions Kirkwood will hold more acreage over tar sands in Utah than any other organization. 

Project Cost: 	 Unknown 

TUCKER LAKE PILOT PROJECT - Husky Oil, Ltd. (T-655) 

Husky began operating a cyclic-steam pilot project at Tucker Lake in February 1984. The location of Husky's 18,000 acre lease is 
approximately three miles southwest of Esso's Cold Lake project. Four wells were initially put into operation and seven wells were 
added during 1985. To determine the most productive area the test wells are widely spaced over a 3,ODO acre section of the lease. 

Approximately 1,250 barrels per day of 80 percent quality steam are injected into each well daily. Two portable natural gas-fired 
steam generators rated to 2,700 psi are in use at the pilot. Water for the steam generators will be provided by fresh water wells at 
the site. 

Preliminary estimates indicate that oil in place at the project area exceeds 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 md. 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. 

Project Cost: 	 Not Disclosed 

UNDERGROUND TEST FACILITY PROJECT - Alberta Oil Sands Technology and Research Authority, Federal De partment of 
Energy, Mines and Resources (CANMET). Chevron Canada Resources limited. Texaco Canada Resources Ltd.. Mobil Oil Canada Ltd., 
Petro-Canada Inc.. Shell Canada Ltd., Amoco Canada Petroleum Company, Ltd. (T-410) 

In early 1984 AOSTRA proposed a test facility consisting of a pilot tunnel system, steam plant, and process unit. The project in-
volves drilling two parallel vertical shafts. Horizontal tunnels off the shafts allow drilling of access wells to permit heated bitumen 
to flow by gravity into the tunnels. 

AOSTRA refers to the technology as Shaft and Tunnel Access Concept (SATAC). Injection and production wells, 500 to 
600 meters in length, will be installed in the oil sand by drilling horizontally from tunnels in the sand, or by drilling up and deviating 
to the horizontal from tunnels in underlying limestone. Recovery schemes which might be considered include steam assisted 
gravity drainage, electrical preheat, carton dioxide steam flood, or solvent processes. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1988) 

R & D PROJECTS (Continued) 

A test site was selected 12 miles west of Syncnide with reserves on the lease estimated at 325 million barrels. Exploratory drilling 
was done in the winter of 198511986 to expand the data base. Construction of a 22 mile access road started early in January 1984. 
A $23 million contract was signed with Patrick Harrison and Company Ltd. and Saturn Process Plant Constructors Ltd. for the 
sinking of two 3-meter diameter vertical shafts and 300 meters of preliminary tunnel work. The shafts have been completed and 
approximately 1 kilometer of tunnel is in place. 

An innovative underground drilling machine has been designed and fabricated by Drill Systems for the project. After undergoing 
surface testing at Exshaw, Alberta, the rig was moved to the UTF site and reassembled in the mine. It has now drilled the initial 
underground test wells. 

Recovery processes will be tested in conjunction with drilling tests. Two processes have been selected for testing: a steam-assisted 
gravity drainage process promoted by AOSTRA as the Phase A program, and a joint test with Chevron Canada Resources of the 
Proprietory Chevron HASDrive process. 

Process facilities construction was completed in October 1987 and steaming started on both tests that November. Both pilot 
programs are processing well and it is expected that the test work will be extended to March 1990. 

Project Cost:	 $I® million 

WOLF LAKE OXYGEN PROJECT (Formerly Marguerite Lake Phase A) — BP Canada Resources, Petro-Canada (T-390) 

BP Canada, Hudson's Bay Oil and Gas, and PanCanadian Petroleum entered into arrangements in 1977 whereby Hudson's Bay 
and PanCanadian joined B? in a pilot in situ project to produce 900 barrels per day bitumen from the Cold Lake heavy oil deposit 
of northeastern Alberta. At the end of 1985 the first phase of the project was completed. The second phase lasted from 1986 to 
April 1, 1987, when the project agreement expired. The project is located at 7-66-R5-W4M. In view of the earlier success of the 
Marguerite Lake 'B' Unit experimental test, a multi-well cyclic-steam test is being conducted in the Bill reservoir. The test is being 
carried out in a maintenance satellite of the Wolf Lake project. However, the test is considered to be experimental since no prior 
multi-well cyclic-steam stimulation has been carried out in this formation. Also, some of the wells in this pad are testing the 
producibility of other sands in the B-Unit. The project utilizes cyclic steam stimulation followed by in situ combustion in the Man-
nville C zone at a depth of about 450 meters. The pilot initially consisted of four 5-spot well patterns with 5-acres per well spacing, 
plus four out-of-pattern test wells. Five iafill wells were drilled in 1981 and five additional infill wells were drilled in 1984. Initial 
steam injection (Phase A) commenced in mid-1978 and continued through the mid-198. Preliminary testing of the in situ com-
bustion stage began in several special test wells located immediately adjacent to the main pilot wells, using air- Oxygen injection was 
successfully tested on an experimental basis in March 1983, and the main pilot area was converted to oxygen injection in October 
1983. The nroiect was susnendad in flnrbn 1QRR Pun), et t*ct,no nt rnn,h,,etin,, Il K. 	 a :.. flt.ar, .1-----

(See Wolf Lake Project listed in commercial projects.) 

Project Cost: 	 $50 million (Canadian) 

YAREGA MINE-ASSISTED PROJECT— Union of Soviet Socialist Republics (17-665) 

The Yarega oilfield (Soviet Union) is the site of a large mining-assisted heavy oil recovery project. The productive formation of 
this field has 26 meters of quartz sandstone occurring at a depth of 200 meters. Avenge permeability is 3.17 mKm2. Temperature 
ranges from 279 to 281 degrees K; porosity is 26 degrees; oil saturation is 87 percent of the Pont VOIUMC or 10 percent by weight. 
Viscosity of oil varies from 15,0 to 20,000 mPa per second; density is 945 kilograms per cubic meter. 

The field has been developed in three major stages. In a pilot development, 69 wells were drilled from the surface at 70 to 
100 meters spacing. The oil recovery factor over 11 years did not exceed 1.5 percent. 

Drainage through wells at very close spacing of 12 to 20 meters was tested with over 92,00) 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. Over the past 15 years, 10 million tons of steam 
have been injected into the reservoir. 

Three mines have been operated for over ten years. An area of the deposit covering 225 hectares is under thermal stimulation. It 
includes 15 underground slant blocks, where 4,192 production wells and 11,795 steam-injection wells are operated. In two 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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COMPLETED AND SUSPENDED PROJECTS 

Project Sponsor Last Appearance in SFR 

Aberfeldy Project Husky Oil Operations, Ltd. March 1983; page 3-33 

A.D.I. Chemical Extraction Aarian Development, Inc. December 1983; page 3-56 

A]sands Project Shell Canada Resources, Ltd. September 1982; page 3-35 
Petro-Canada 
Gulf Canada 

Aqueous Recovery Process Globus Resources, Ltd. December 1984; page 3-44 
United-Guardian, Inc. 

Ardmore Thermal Pilot Plant Union Texas of Canada, Ltd. December 19&3; page 3-56 

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. 

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 

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 

Chaparrosa Ranch Tar Sand Project Chaparrosa 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 

Deepsteam Project Sandia Laboratories March 1984; page 3-41 
United States Department of Energy 

Falcon Sciences Project Falcon Sciences, Inc. December 19115; page 3-38
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HOP Kern River Commercial [add Petroleum Corporation June 1983; page 3-51 
Development Project 

Ipiatik Lake Project Alberta Energy Company and December 1986 page 3-63 
Petro-Canada 

Kentucky Tar Sands Project Texas Gas Development June 1985; page 3-52 

Uoydminster Fireflood Murphy Oil Company, Ltd. December 1983; page 3-63 

Manatokan Project Canada Cities Service September 1982; page 3-43 
Westcoast Petroleum 

Meota Steam Drive Project Conterra Energy Ltd June 1987; page 3-60 
Saskatchewan Oil & Gas 
Total Petroleum Canada 

Mine-Assisted In Situ Project Canada Cities Service December 1983; page 3-64 
Esso Resources Canada Ltd. 
Gulf Canada Resources, Inc. 
Husky Oil Corporations, Ltd. 
Petro-Canada 

MRL Solvent Process C & A Companies March 1983; page 3-41 
Minerals Research Ltd. 

Muriel Lake Canadian Worldwide Energy June 1987; page 3-61 

North Kinsella Heavy Oil Petro-Canada June 1985; page 3-58 

Peace River In Situ Pilot Amoco Canada Petroleum June 1987; page 3-61 
AOSTRA 
Shell Canada Limited 
Shell Explorer Limited 

Porta-Plants Project Porta-Plants Inc. September 1986; page 3-50 

Primrose Project Japan Oil Sands Company September 1984; page T-16 
Noreen Energy Resources Ltd. 

Primrose-Kirby Project Petro-Canada June 1986; page 3-56 

Resdeln Project Gulf Canada Resources Inc. March 1983; page 3-43 

It F. Heating Project ITT Research Institute March 1983; page 3-43 
Halliburton Services 
United States Department of Energy 

Rio Verde Energy Project Rio Verde Energy Corporation June 1984; page 3-58 

Santa Fe Tar Sand Triangle AMex Oil Corporation December 1986; page 3-60 
Santa Fe Energy Company 

Santa Rosa OR Sands Project SOIV-EX Corporation March 1985; page 3-45 

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 3-43 

Wabasca Fireflood Project Gulf Canada Resources, Inc. September 1980 page 3-61 

Whiterocks Oil Sand Project Eneivor December 1983; page 3-55 
Hinge-line Overthrust Oil & Gas Corp. 
Rocky Mountain Exploration Company
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Wolf Lake Oxygen Project 	 BP Canada Resources 	 September 1988; page 3-70 
Petro Canada 

'2 Sand Steamflood Demon-
stration Project

Santa Fe Energy Company 
United States Department of Energy

June 1986; page 3-62 
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STATUS OF OIL SANDS PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Organization Project Name 

Alberta Energy Company Burnt Lake Project 3-57 
Suffield Heavy Oil Pilot 3-76 
Syncnide Canada Ltd. 3-65 

Alberta Oil Sands Equity Oslo Group 3-61 
Syncrude Canada Ltd. 3-65 

Alberta Oil Sands Technology ABC Cold lake Pilot 3-66 
and Research Authority (AOSTRA) Athabasca In Situ Pilot Plant 3-66 

Donor Refined Bitumen Process 3-69 
GLISP Project 3-70 
Marguerite Lake "W Unit Experimental Test 3-72 
Suffield Heavy Oil Pilot 3-76 
Taciuk Process Pilot 3-76 
Underground Test Facility Project 3-77 

Amoco Canada Ltd. Elk Point 3-59 
GUSP Project 3-70 
Soars Lake Heavy Oil Pilot 3-75 
Underground Test Facility 3-77 

Amoco Production Company Sunnyside Project 3-64 

Bow Valley Industries, Inc. ABC Cold Lake Pilot 3-66 

BP Resources Canada Ltd. Jet Leaching Project 3-71 
Marguerite Lake B" Unit Experimental Test 3-72 
Wolf Lake Project 3-65 
Wolf Lake Oxygen Project 3-78 

California Tar Sands Development Corp. California Tar Sands Development Project 3-58 

Canada Centre For Mineral & Energy CANMEF Hydrocracking Process 3-67 
Technology Underground Test Facility 3-71 

Canada Cities Service, Ltd. Eyehill In Situ Steam Project 3-70 
PCEJ Project 3-73 

Canadian Hunter Exploration Burnt Lake Project 3-57 

Canadian Occidental Petroleum, Ltd. Syncrude Canada Ltd. 3-65 
Hanging Stone Project 3-71 
Oslo Group 3-61 
Eyehill In Situ Steam Project 3-70 

CANMET Underground Test Facility 3-77 

C-Il Synfuels Ltd. C-H Synfuels Dredging Project 3-68 

Chevron Canada Resources Ltd. Beaver Crossing Thermal Recovery Pilot 3-67 
Underground Test Facility 3-77 

Cold Lake Heavy Oil Ltd. ABC Cold Lake Not 3-66 

Consumers Cooperative Refineries Ltd. NewOrade Heavy Oil Upgrader 3-61 

CS Resources Pelican-Wabasca Project 3-73 
Pelican Lake Project 3-73 

Devran Petroleum Ltd. Sarnia-London Road Field Mining Assisted Project 3-62 

Dome Petroleum Canada Ltd. Lindbergh Commercial Project 3-60 
Lindbergh Thermal Project 3-72
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Company or Organization Project Name 

Morgan Combination Thermal Drive Project 3-73 
Primrose Lake Commercial Project 3-62 
South Kinsella (Kinsella B) 3-76 
Suffield Heavy Oil Pilot 3-76 

Enercor PR Spring Project 374 

Enpex Corporation Enpex Syntaro Project 3-69 

Esso Resources Canada Ltd. Cold Lake Project 353 
Esso Cold Lake Pilot Projects 3-69 
Oslo Group 3-61 
PCEJ Project 373 
Syncnrde Canada Ltd. 3-65 
Hanging Stone Project 3-71 

General Petroleum Company of Egypt Ras Gharib Thermal Pilot 3-75 

ONC Tar Sands Corporation Sunnyside Tar Sands Project 3-64 

Greenwich Oil Corporation Forest Hill Project 3-60 

Gulf Canada Resources Ltd. Donor Refined Bitumen Process 3-69 
Oslo Group 3-61 
Pelican-Wabasca Project 373 
Sandalta 3.75 
Syncrude Canada Ltd. 3-65 
Pelican Lake Project 373 

HUOG Oil Sands Partnership Synenide Canada Ltd. 3-65 

Home Oil Company Sandalta 3-75 

Hudson's Bay Oil and Gas Battrum In Situ Wet Combustion Project 3-67 

Husky Oil, Ltd. Battrum In Situ Wet Combustion Project 3-67 
Bi-Provincial Project Upgrader Facility 3-57 
Tucker Lake Pilot Project 3-77 
Athabasca In Situ Pilot Project 3-60 
Caribou Lake Pilot Project 3-68 

Improved Petroleum Recovery Ras Gharib Thermal Pilot 3-75 

Japanese Ministry of International RAPAD Bitumen Upgrading Project 3-74 
Trade and Industry 

Japan Canada Oil Sands, Ltd. PCEJ Project 373 
Hanging Stone Project 3-71 

Kcnoco Corporation Kenoco Project 3-72 

Kirkwood Oil and Gas Company Circle Cliffs Project 3-69 
Tar Sand Triangle 377 

LkSMO Canada Inc. Pelican Lake Project 3-73 

L'Association pour Is Valorization Donor Refined Bitumen Process 3-69 
des Huila Lourdes (ASVAI-IL) 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 3-67 
Celtic Heavy Oil Wet Combustion 3-68 
Cold Lake Steam Stimulation Program 3-69 
Fosterton N.W. In Situ Wet Combustion 3-70 
Iron River 3-71 
Sandalta 3-75 
Underground Test Facility 3-77
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Company or Organization Project Name 

Murphy Oil Canada Ltd. Eyehill In Situ Steam Project 3-70 
Lindbergh Commercial Thermal Recovery Project 3-60 
Lindbergh Steam Project 3-60 
Tangleflags North 3-76 

Neworade Energy Inc. NewOrade Heavy Oil Upgrader 3-61 

Noreen Energy Resources Ltd. Provost Upper Mannville Heavy Oil Steam Pilot Project 3-74 

Ontario Energy Resources Ltd. Suncor, Inc. 3-63 

ORS Corporation Electromagnetic Well Stimulation Process 3-58 

PanCanadian Petroleum Elk Point Oil Sands Project 3-59 
Oslo Group 3-61 
South Kinsella (Kinsella B) 3-76 
Syncrude Canada Ltd. 3-65 

Part" Lavalin Inc. CANMEF Hydrocracking Process 3-67 

Petro-Canada CANMET Hydrocracking Process 3-67 
Daphne Project 3-58 
GLISP Project 3-70 
Hanging Stone Project 3-71 
Marguerite Lake B Unit 3-72 
Oslo Group 3-61 
PCEJ Project 3-73 
South Kinsella (Kinsella B) 3-76 
Syncrude Canada Ltd. 3-65 
Wolf Lake Project 3-65 
Underground Test Facility 3-77 

Research Association for RAPAD Bitumen Upgrading Project 3-74 
Petroleum Alternatives 

RTR Oil Sands Alberta, Ltd. Rfl Pilot Project 375 

Saskatchewan Government NewGrade Heavy Oil Upgrader 3-61 

Saskoil Battrum In Situ Wet Combustion Project 3-67 

Sceptre Resources Ltd. Tangleflags North 3-76 

Shell Canada Resources, Ltd. Peace River Complex 3-61 
Sarnia-London Road Field Mining Assisted Project 362 
Scottiord Synthetic Crude Refinery 3-63 
Underground Test Facility 377 

Solv-Ex Corporation Bitumount Project 3-57 
PR Spring Project 374 

Soulhworth, Ray M. Enpex Syntaro Project 3-69 

Suncor, Inc. Burnt Lake Project 3-57 
Fort Kent Thermal Project 3-70 
Suncor 3-63 

Sun Oil Company Suncor, Inc. 363 

Synco Energy Corporation Synco Sunnyside Project 3-64 

Tenneco Oil of Canada, Ltd. Athabasca In Situ Pilot Project 3-66 

Texaco Inc. Diatomaceous Earth Project 3-58 

Texaco Canada Resources Ltd. Eyehill In Situ Steam Project 3-70 
Underground Test Facility 3-77
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Company or Organization Project Name 

Texas Tar Sands, Ltd, Enpex Syntaro Project 3-69 

Uentech Corporation Electromagnetic Well Stimulation Process 3-58 

Underwood McLellan & Associates Taciuk Processor Pilot 3-76 
(UMA Group) 

Unocal Canada Battrum In Situ Wet Combustion Project 3-67 
Grosmont Thermal Recovery Project 3-71 

Union of Soviet Socialist Republics Yarega Mine-Assisted Project 3-78 

West Coast Petroleum Ltd. Suffield Heavy Oil Pilot 3-76 

Whittier, M. H. Enpex Syntaro Project 3-69 

Worldwide Energy Fort Kent Thermal Project 3-70
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PROJECT ACTIVITIES 

COOL WATER PLANT LIKELY 'TO CLOSE 

The Cool Water Integrated coal gasification combined 
cycle power plant at Daggett, California has been a 
shining technical success by all measures. Barring 
unforeseen developments, however, the plant will 
cease operation early in 1989 and be completely 
shut down by June 1989. 

The California Public Utilities Commission has denied 
Southern California Edison permission to operate Cool 
Water as a commercial electric power plant. And a 
proposal to demonstrate a once-through 
methanol/electricity coproduction scheme at Cool 
Water failed to win backing from the United States 
Department of Energy's Clean Coal Technology 
program.	 After five years of successful operations, 
Cool Water has nothing left to prove. 

The $263 million plant, owned by Texaco and five 
equity partners, has been sustained by federal syn-
thetic fuels subsidies in the five years since It 
opened. 

It gasified more than one million tons of coal its 
first four years, and generated 2.5 million megawatt 
hours of electrical power. 

Texaco, in announcing the closing, said that the 
plant had attained the "noteworthy" capacity factor 
projections set for the plant at startup of its 
demonstration. It ran at a 98 percent capacity fac-
tor for the month of July, 1988. Plant capacity and 
on-stream factors for the last six months of 1987 
were 85.3 percent and 87.6 percent, respectively. 
For all of 1987 the factors were 70.5 percent and 
79.3 percent,	 compared with 56.7 percent and 
65.9 percent in	 1986 and 49.9 percent and
61.5 percent In 1985. 

The steady increase in plant reliability was brought 
about by refining plant operating procedures and by 
Improving plant equipment.	 Particularly important 
were changes to the slurry feed system.	 For the
first 21 months of operation, charge pump shut-
downs caused most of the gasifier trips. The 
original design allowed operation of only one pump 
at a time, with no provision for switching pumps 
on-line. Modifications completed in April 1986 allow 
both pumps to operate simultaneously. Because each 
pump Is capable of supplying 100 percent of the 
gasifier's slurry throughput capacity, one pump may 
be taken off-line for maintenance (and later be 
returned to service) while the other delivers the 
gasifier feedstock. Since the change was imple-
mented, there have been no charge pump-related 
outages. 

Refinements In slag handling at Cool Water have im-
proved the plant's reliability and will help reduce 
the capital cost of second-generation Integrated 
Gasification Combined Cycle (IGCC) plants while

similarly improving their reliability. Dump chutes 
have been developed that allow the discharge of 
slag from the lockhopper directly to the slag pit 
during periods when the slag conveyors are out of 
service for maintenance. The carbon conversion nor-
mally achieved by the Texaco gasifier on the 
projects Utah coal (>98 percent) eliminated the need 
for slag recycle; this will reduce the capital re-
quirements for future plants. 

Efficiency has also been improved considerably. In 
recent tests with Utah coal, the plant's heat rate 
was 10,950 BTU per kilowatt hour, compared with a 
1986 performance of 11,550 OTU per kilowatt hour 
and a design heat rate of 11,306 BTU per kilowatt 
hour. 

Operators of commercial Texaco-based IGCC plants 
can expect heat rates of about 9,000 Ufli per 
kilowatt hour by incorporating a combination of cur-
rent and advanced technology into the plant design, 
primarily in the combined-cycle area. The greatest 
improvements would come from using a reheat steam 
cycle and an advanced gas turbine with a nominal 
2,300°F firing temperature. 

Alternative Coal Testing 

The testing of three alternative coals--Illinois No. 6 
(sponsored by EPRI), Pittsburgh No. 8 (sponsored by 
Empire State Electric Energy Research Corporation), 
and Lecnington, an Australian coal (sponsored by the 
Japan Cool Water Project Partnership)--has 
demonstrated the flexibility of Cool Water In han-
dling a variety of feedstocks and its environmental 
superiority over conventional coal-fired technology 
when running on high-sulfur coals. 

For all four of the coats ran at Cool Water, carbon 
conversions above 95 percent were easily obtained at 
temperatures corresponding to a two-year refractory 
life. Gasifier performance on each test coal is 
shown in Table 1. 

The	 Lemington coal test	 demonstrated	 the	 plant's 
ability to use n coal with an ash fusion temperature 
above 2,600 0 F. A fluxing	 agent	 (limestone)	 was 
mixed with	 the coal slurry	 to	 reduce	 the slag	 vis-
cosity In	 the	 gasifier.

The run with the Lemington coal (early 1988) also 
demonstrated the plant's maturity In terms of its 
ability to handle different feedstocks. The switch 
from the usual Utah coal to the high-ash-fusion-
temperature coal and back was made while the plant 
was operating. Electricity production was essentially 
constant through both transition periods. 

Environmental Performance 

Cool Water has easily met Environmental Protection 
Agency New Source Performance Standards (14SPS) for 
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TABLE 1 

COOL WATER GASIFICATION PFSmBa4N(E WITH FOUR GOALS 

Illinois Pittsburgh 
Sufco No.	 6 No.	 8 Lamlngton 

Dry Coal 
Feed Rate (T/D) 1000 1000 934 980 
Composition, Dry (Wt%) 

Carbon 71.9 72.2 77.7 72.4 
Hydrogen 4.9 4.9 5.3 4.7 
Sulfur 0.4 3.1 2.7 0.5 
Nitrogen 1.2 1.3 1.5 1.6 
Ash 8.8 11.3 7.4 13.4 

Higher Heating Value 
(BTU/Lb)	 12,360 12,970 14,100 12,730 

Oxygen 
Flow Rate (1000 seth) 888 910 933 988 
Purity (%) 99.5 99.5 99.5 99.5 
Clean Syngas 
Flow Rate (1000 seth) 2,942 2,940 3,016 2,940 
Composition (Vol%) 

Carbon Monoxide 43.0 44.8 44.3 44.2 
Hydrogen	 ( 112) 38.1 38.4 39.4 36.9 
Carbon Dioxide 18.1 15.5 15.5 18.0 
Methane 0.2 0.2 0.2 0.1 
Nitrogen (N2 ), Argon 0.6 1.1 0.7 0.9 
Hydrogen Sulfide, 

Carbonyl Sulfide 0.0 0.0 0.0 0.0 
Higher Heating Value 

(8Th/set) 264 271 272 262 
Syngas Cooler Steam 

Proct,ctjoa (1000 Lb/h) 250 256 235 289 
Overall Carbon Converslcm 

(%) 98.9 97.2 97.8 98.0

coal-fired power plants with all the coals tested. 
SO 2 and NO x emissions were 10-15 percent of those 
allowed under NSPS. Sulfur removal efficiency was 
96-98 percent on both the low- and high-sulfur 
coals, and 99.5 percent of the sulfur removed from 
the synthesis gas was recovered as a salable 
byproduct. 

Increased Throughput 

At the request of the Cool Water Coal Gasification 
Program, the plant's regulatory agencies increased 
the maximu,n permitted coal feed rate from 1,008 to 
1,200 (dry) tons per day on April 29, 1988. During 
a	 test,	 the	 plant	 was	 able	 to	 produce
134 megawatts at an ambient temperature of 60°F, 
compared	 with	 its	 design	 capability	 of 
120 megawatts.	 The design tiring temperature of
the combustion turbine was reached at the 134-
megawatt production level. Since the combustion 
turbine's output Is affected by outside air tempera-
tore, the plant's maximum throughput will be a func-
tion of ambient conditions, increasing at lower out-
side air temperatures and decreasing at higher tem-
peratures.

EASTMAN GASIFICATION COMPLEX AVERAGES 
97% ONSTREAM FOR 3-YEAR PERIOD 

Tennessee Eastman Company operates a "chemicals 
from coal" complex at Kingsport, Tennessee. The 
major product of the complex is acetic anhydride, 
with coproduction of acetic acid and methanol. Ac-
cording to Eastman's J.B. Windle, the gasification 
facility has averaged over 97 percent onstream 
availability for the last three years. 

Construction of the facility began In July, 1980. 
Startup of the first gasifier occurred on June 19, 
1983. 

Chemicals from Coal Complex 

The plant Is designed to use about 1,000 tons of 
coal per day. The anhydride facility is designed to 
produce 500 million pounds per year of acetic 
anhydride. This represents about half of the total 
required for Tennessee Eastman processes. The other 
half is	 still produced	 from	 the	 conventional
petroleum-based process. The acetic anhydride plant 
also coproduces approximately	 20	 percent	 of 
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Eastman's acetic acid requirements. The production 
of the methanol plant supplies the requirements of 
Eastman Chemicals Division, with some additional 
methanol occasionally available for outside sales. 

The gasification complex consists of nine interrelated 
plants as seen In Figure 1. 

It is divided geographically into two areas: syn-
thesis gas production and chemicals production. The 
two areas are joined by pipelines carrying synthesis 
gas to the methanol plant and carbon monoxide to 
the acetic anhydride plant. 

The gasification plant utilizes two Texaco gasifiers 
to produce both shifted and unshifted synthesis gas 
streams. Either gasifier can supply 100 percent of 
the gas required for the complex. 

Scrubbed raw syngas is split to form two raw gas 
streams: (1) shifted gas, which has been through 
the shift reactor, cooled, and dried to produce a 
hydrogen-rich stream and (2) process gas, which has 
only been cooled and separated from the condensate. 
Steam generators in the two cooling trains produce 
200,000 pounds per hour of process steam for use in 
the chemical plants. 

Hydrogen	 sulfide and	 carbon	 dioxide are	 removed 
from the shifted gas and process gas streams by two 
chilled	 methanol absorbers	 In	 the Rectisol gas 
cleanup	 plant. Part	 of	 the	 process gas	 is mixed 
with	 the	 shifted gas	 to	 control	 composition In	 the 
feed	 gas	 stream to	 the	 methanol plant. The 
remainder of	 the process	 gas	 Is	 sent to	 the CO/112 
separation plant for processing. 

The CO/Il 2 separation plant cryogenically separates 
the process gas to produce carbon monoxide which is 
then compressed and fed to the acetic anhydride 
plant.	 Hydrogen separated by the cold box makes

FIGURE 1 
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up the remainder of the feed gas for the methanol 
synthesis plant. 

The methanol plant, Ucensed from Lurgi, supplics 
methanol to produce the methyl acetate requirements 
of the complex. The remainder is used for other 
processes in Eastman Chemicals Division. The methyl 
acetate plant reacts methanol and acetic add in a 
proprietary TEC process to produce methyl acetate 
for use in the acetic anhydride plant. 

The methyl acetate and the CO gas then react in 
another proprietary catalytic process to produce 
500 million pounds per year of acetic anhydride. 

Gtfler Experience 

The first gasifier was started on June 10, 1983. 
During the start-up phase of three and a half 
months, onstream time was 50 percent. This in-
cluded a three-week outage to repair faulty expan-
sion joints on heat exchangers. 	 These exchangers
have since been replaced. 

The period between October 1983, and July 1084, 
was a shakedown period to Identify major problems. 
The gasifiers were onstream 85 percent of this time. 
During the planned shutdown in July 1984, many 
modifications were added and known problems cor-
rected. During the remainder of 1984, the onstreatn 
time was 95 percent. 

During 1985 and 1986, a large number of reliability 
and cost savings projects were installed which 
resulted in reducing down time and extending in-
dividual gasifier run lengths. 

There was a planned shutdown in October 1985 for 
pressure vessel inspection and general maintenance. 
Onstream time for 1985 was 95 percent Including the 
planned shutdown and 08 percent excluding the 
planned shutdown. 

There was not a planned shutdown during 1986. 
Onstream time during 1986 was 08 percent. 

There was another planned shutdown in 1087 for in-
spection and maintenance. Onstream time for 1987 
was 97 percent including the planned shutdown and 
over 90 percent excluding the planned shutdown. 

Onstrearn time for the first half of 1988 was 
96 percent. Early in 1988, several gasifier shut-
downs were caused by various equipment problems. 
These were corrected,	 and onstream time since 
March has been over 99 percent. 

Onstream time Is maintained by alternating runs on 
the two gasifiers. The non-operating gasifier is 
prepared for service, and put on hot standby. When 
needed, the standby gasifier is started, placed on 
line in parallel to the operating gasifier. 	 The first
gasifier is then isolated and shutdown. 

The gasifier typically operates between 
100-105 percent design rate. Eastman has operated 
up to 108 percent design rate on the gasifiers. 

4-3
	 SYNTHETIC FUELS REPORT, DECEMBER 1988 



The three longest single gasifier runs have been 54, 
45, and 44 days respectively. Two items have had 
the greatest Impact on gasifier run length. First 
was the Installation of a water spray nozzle in the 
gas outlet line of the gasifier to prevent plugging in 
the outlet line. The second was the installation of 
strainer pots in the quench water feed to the 
gasifier to catch line scale and other material to 
P revent plugging of the internal quench flow pas-
sages. 

Table 1 shows the causes of gasifier shutdowns or 
switchovers for 1985, 1986, 1987, and the first half 
of 1988.

and replace the end plate on the burner tip before 
the burner Is used again. 

Windle told the Pittsburgh Coal Conference that 
Eastman would expect to build on its experience 
with coal gasification and CO chemistry. Although 
no firm plans have been made, the next logical ex-
pansion of the existing facility would involve the 
production of the other half of the acetic anhydride 
demand.	 Eastman also hasa.an active research and 
development effort to explore the possibility of 
producing other chemicals using CO chemistry. Ex-
pansion of the coal gasification facilities would oc-
cur as the proper economic incentives are developed. 

TABLE 1 

GASIFIER

1985 

Sealing/Plugging 11 
Leaks at Welds, Flanges, 

and Packing 10 
Gasifier Burner or Other 

Internal Problems 6 
Slurry Feed Problems 4 
Electrlcal/lnstrunent 

Problems S 
Procedural Problems 3 
Planned 
Individual Problems 3

Total	 43

CAUSES

1988 

	

1986	 1987	 (6/88) 

	

0	 1	 1 

	

7	 1	 0 

	

6	 4	 5 

	

2	 4	 1 

	

3	 0	 1 

	

o	 i	 i 

	

o	 3	 1 

	

2	 3	 2 

20	 17	 12 

The last three years have seen a virtual elimination 
of shutdowns due to quench flow plugging or gasifier 
outlet plugging. This is due to the outlet sprays 
and strainer pot installation. 

Leaks at welds, flanges, and packing are much 
reduced due to identification and correction of pipe 
stress problems, line support problems, vibration 
problems, and burner alignment problems. 

An active program to increase the life of the bunter 
tips and general burner improvements have resulted 
in longer runs before problems develop. Burner tip 
leaks and other internal gasifier problems continue 
to limit some of the longer flirts. 

Most shutdowns in the slurry feed category have 
been caused by instrument problems or other system 
related problems. The slurry feed pumps have been 
very reliable. 

Some switchovers are due to self-imposed limits on 
run time for an individual burner tip. Burners are 
retipped after each gasifier run of significant dura-
tion. They currently limit a run to around 50 days

BASIN SUBSIDIARY TAKES POSSESSION OF 
GREAT PLAINS 

In an October 31 ceremony In Washington, D.C., the 
United States Energy Department and the Basin 
Electric Power Cooperative Association signed the 
final legal and financial documents to transfer 
ownership of the Great Plains Coal Gasification 
Plant. Deputy Secretary of Energy Joseph F. Salgado 
and Robert II. McPhail, general manager of Basin, 
signed the last of 70 documents completing the sale 
of the coal-to-synthetic gas plant located near 
Beulah, North Dakota. Included in the documents 
was a cheek for $85 million given to the govern-
ment as the initial payment called for in the sales 
agreement. 

The transaction could return to the government ap-
proximately $1.8 billion in immediate and long-term 
payments, tax credit waivers, and income taxes. 
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The Energy Department selected Basin on August 6, 
1988. It chose the Blsmarck-headquartered power 
cooperative, which has member rural power genera-
ting systems in eight states, as the best of nine of-
ferors that had submitted bids earlier in the year. 
After choosing Basin as its preferred purchaser, the 
department and the consumer-owned regional 
cooperative negotiated a series of agreements, 
license transfers, deeds and other documents that 
transfer title and rights to the coal gasification 
plant and its adjacent lignite mine. 

The initial $85 million payment will be followed In 
later years by a return of $105 million from the 
projecls cash reserve fund and payments which could 
amount to as much as $049 million in projected 
revenue sharing from the sale of the project's syn-
thetic natural gas. The revenue sharing provisions 
call for the government to receive all of the gas 
sole profits (revenues over costs) for the next 
15 months and then for the years 1995 through 
2004. Basin would retain all of the revenues in the 
years 1990 through 1994, and the two parties would 
share revenues over costs equally from 2005 until 
2009. 

Also, Basin agreed to waive $590 million of available 
tax credits and	 Is	 expected	 to pay	 another 
$367 million in	 federal	 income	 taxes. The	 actual 
value of	 the agreement will	 vary with inflation	 and 
gas prices, although	 the	 department estlmate.s	 its 
current value as approximately $600 million.

The sales agreement includes a commitment to keep 
the facility operating through the year 2009, as long 
as revenues exceed expenses. 

Two new Basin subsidiaries, Dakota Gasification Com-
pany and Dakota Coal Company, will operate the 
plant and mine, respectively. 

The department and Basin also established an account 
in the Norwest Bank of Bismarck to hold $30 million 
for environmental improvements at the facility and 
$75 million to offset any short-term losses should 
revenues from gas sales dip below operating ex-
penses. Basin also has agreed to provide a 
$30 million line of credit to pay for any cash 
shortfalls. Basin and its two subsidiaries also signed 
an agreement waiving any future benefits from the 
Production Tax Credit. 

As a final action in the settlement, the stock of 
the current plant operator, ANG Coal Gasification 
Company, was transferred from Its parent companies 
(American Natural Resources and the Coastal Cor-
poration) to the Dakota Gasification Company and 
Dakota Coal Company. The stock, along with the 
plant assets, had been pledged as collateral to the 
original government loan. 

Basin Electric established Dakota Gasification Com-
pany (DGC) as a wholly owned for-profit subsidiary 
specifically to own and operate the gasification 
plant.

The second subsidiary, Dakota Coal Company, will 
finance and direct the operation of the Freedom 
Mine, which provides lignite to the Great Plains 
plant and the Antelope Valley Station (AVS). AVS Is 
part of Basin Electric's power supply system. 

Figure 1 shows the relationship between Basin 
Electric and Its subsidiaries. Basin Cooperative 
Services was incorporated in 1981 to supply coal to 
the Leland Olds Station. 

FIGURE 1 

RELATIONSHIP OF BASIN 
ELECTRIC TO SUBSIDIARIES 

Cooperative 
Membership 

Basin Electjlc 
Board of 
Director. 

Basin 
Electric 

I __ I 

	

Basin	 Dakota	 Dakota Cooperative	 Coal	 Gasification 

	

Service.	 Company	 Company 

The major reason for Basin Electric's decision to buy 
the plant was the impact a closing of the plant 
would have on consumers in member systems. 

This Is because Basin Electric receives revenues for 
supplying a large block of electric power to the gas 
plant. The Cooperative also receives reimbursements 
for investments made In facilities shared by the gas 
plant and the Antelope Valley Station. Large-scale 
joint development of the Freedom Mine also results 
In economies for Basin Electric. 

For these reasons, if Great Plains were closed, Basin 
Electric's member systems would face a wholesale 
power rate increase of at least 12 percent. 
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The purchase gives control of operational decisions 
for the gas plant to the new subsidiary (DCC). 
Basin Electric's directors believe that under DGC's 
ownership, the gas plant has the best opportunity 
for long-term operation. 

The Board and management of DCC do not believe 
that the plant can rely solely on revenues from syn-
thetic gas sales for long-term success. 

This is largely because of the volatility of oil and 
natural gas prices used to determine pricing for the 
synthetic gas.

DCC intends to aggressively pursue plans to develop 
byproducts of synthetic gas production. The pur-
chase agreement provision for DCC to receive all 
profits from byproducts offers a strong incentive for 
byproduct sales. 

Some byproducts that generally require little or no 
additional processing are currently sold. However, 
to develop other byproducts the economical and 
technical feasibility must be assessed. In these 
cases, additional investments will be required to 
produce additional marketable byproducts. 
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CORPORATIONS 

ICT STEPS UP FUEL CELL RESEARCH 

The Institute of Gas Technology's latest Annual 
Report notes a significant increase in fuel-cell-
related research with implications for coal gasifica-
tion, although direct work on coal gasification Is 
dropping off. 

Molten Carbonate Fuel Cells 

The signing of a two-year $10.8 million contract 
with the Department of Energy (DOE) is a major 
milestone in lOT's molten carbonate fuel cells (MCFC) 
program and the beginning of the commercialization 
phase. LOT is the prime contractor, with M-C Power 
and Combustion Engineering Company (CE) acting as 
subcontractors. M-C Power is a new corporation 
chartered to manufacture, sell, and service MCFC 
power plants using Institute of Gas Technology (lOT) 
technology in the United States. The focus will be 
on the continued development of the IMHEX 
concept--a design in which the feed gases are in-
ternally manifolded and which LOT believes provides 
the only cost-effective avenue to MCFC commer-
cialization.	 The first prototype stack using this
design was operated in a new lOT test facility in 
September under joint sponsorship of DOE, the 
Electric Power Research Institute (EPRI), and CDC, 
Inc. 

The successful fabrication of porous stack com-
ponents was demonstrated in an In-house research 
and development program. The components are 
formed by tape casting--a simple ceramic-forming 
technique used to produce thin flat substrates that 
are then sintered to obtain the desired microstruc-
ture and strength. 

Under subcontract to M-C Power In an EPRI program, 
lOT is developing components for the IMIIEX MCFC 
stack design and will test such a stack to 
demonstrate its endurance. The [MHEX design offers 
case of stack assembly and operation, but It requires 
strong and reliable components. This is why a 
creep-resistant ocide -disperslon -strengthened 
nickel/aluminum anode and a novel cathode with low 
solubility, high strength, and good electrolyte reten-
tion properties are also being developed under this 
program. 

In the fuel cell, the cathode gradually dissolves in 
the electrolyte. Understanding the mechanism is im-
portant for implementing technical solutions to 
cathode dissolution. Results in a DOE program sug-
gest that a more predominant transport mechanism 
than solubility may be in effect at high current 
densities with rich oxidants. In another Department 
of Energy program, LOT selected, tested, analyzed, 
and recommended several alloys and/or clad-alloys 
suitable for long-term stack verification testing.

In addition to ongoing research sponsored by DOE 
and EPRI in the areas of corrosion, anode creep, 
sulfur tolerance, and cathode dissolution, lOT began 
work to develop a statistical failure analysis of fuel 
cell stacks, evaluate a nickel/iron alloy as a de-
pendable, low-cost anode material, and Investigate 
mechanical strengthening of the cathode by 
microstructural modification and by second-phase ad-
ditives. 

lOT	 is also	 developing	 sulfur-tolerant	 anode 
materials. Laboratory-scale	 fuel	 cell	 tests	 were 
performed and candidate	 materials were selected and 
evaluated for	 performance,	 stability,	 and	 sulfur 
tolerance. Lithium	 ferrate,	 Identified	 as	 the	 best 
candidate, was	 used	 to	 fabricate	 bench-scale	 fuel 
cell	 anodes.	 Tests	 showed	 no	 performance	 loss	 by 
the celis when hydrogen sulfide at	 the	 10-ppm level 
was introduced Into the fuel--a promising result.

Other Types of Fuel Cells 

lOT received DOE contracts to study solid oxide fuel 
cells (SOFC), where the electric charge is transferred 
by oxygen ions, and solid-state proton-conducting 
fuel cells (SSPC), where the charge is transferred by 
hydrogen ions, lOT is subcontractor to a ceramic 
materials manufacturer for work on the SOFt, con- - 
sidered the next generation fuel cell after the 
MCFC. LOT will model and experimentally test 
SOFC-systems, drawing upon experience in MCFC. 

The SSPC has been called the ultimate fuel cell be-
cause the only charged species moving through the 
cell are protons and electrons. lOT will work on 
developing crystalline forms of proton -conducting 
electrolytes made of mixtures of ceramic compounds 
known as perovakites that could permit the SSPC 
fuel cell to operate efficiently at temperatures as 
much as 700°F cooler than a conventional SOEC. 

Mild Gasification of Coal 

Teaming with Peabody Holding Company, Inc., Bechtel 
National Inc., and Caterpillar, Inc., lOT received a 
contract from DOE to develop an advanced mild 
gasification process for the production of coproducts 
from coal.	 In the first phase of the three-phase 
program, LOT conducted surveys to identify the 
value-added uses for the coproducts and also to 
evaluate the available technologies to produce a 
slate of coproducts that could offer new oppor-
tunities for coal utilization. 	 To produce these 
coproducts from Eastern high-volatile bituminous 
coals, LOT developed a single hybrid reactor consist-
ing of fluidized- and entrained-contacting systems. 
Work began on the second phase of the program to 
design, build, and operate a one-ton per day process 
development unit.	 If successful, lOT will build and
test a 24-ton per day demonstration unit. 
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Under contract to the Illinois Center for Research 
on Sulfur In Coal (CRSC), JOT will evaluate the con-
tribution of various rnacerals (coal components) to 
the yloith and properties of coproducts under mild 
gasification conditions. 

The U-GAS Proee 

LOT continued its activities to commercialize the 
U-GAS process worldwide. They tested samples of 
coal for China and India to determine their 
suitability for use in the process and have prepared 
Preliminary designs for three potential clients. 

lOT also completed the second year of an ex-
perimental program to study the reaction kinetics for 
In situ sulfur capture during coal gasification using 
limestone. In this project, jointly funded by Gas 
Research Institute (CR1) and the CR50, the sulfide-
tion reaction of lime was studied at the operating 
pressure of a gasifier in a specially designed ther-
rnobalance reactor. 

Ash Chemistry 

In a continuing DOE-sponsored study, IGT researchers 
are investigating the effects of viscosity, tempera-
ture, particle velocity, and rate of particle entrain-
ment on the formation and growth of ash ag-
glomcrntes in the jet region of a fluidized-bed 
gasifier. These studies are instrumental in examining 
the behavior of coal mineral matter during gasifica-
tion in a fluidized bed. They are also assessing the 
effects on coal ash behavior of the use of limestone 
in the gasifier for in situ sulfur capture and the 
addition of sulfur dioxide from the regeneration of a 
hot-gas desilfurization unit to the fluidization gases. 

Advanced Gasification Research 

lOT completed two studies of the primary reactions 
occurring during the initial stages of coal gasifica-
tion, using a novel experimental technique developed 
by LOT and the University of Chicago. For DOE, 
they investigated how the nitrogen, oxygen, and sul-
fur contained in coal are incorporated Into the coal 
structure and are evolved in the gasification 
products. A CR1 study focused on the production of 
methane from the different hydrocarbon groups in 
coal. Deuterium and carbon-13-iabeled groups were 
introduced into the coal matrix, making it possible 
to determine their disposition during gasification. 
This information was used to deduce the reaction 
pathways of various functional groups In the early 
stages of gasification. 

In an ongoing DOE study, LOT is evaluating the com-
bination of conditioning and catalytic devolatiiization 
Of coals to enhance the yield and selectivity of 
condensable hydrocarbons. LOT designed and built a 
quartz, rapid heat-up, free-fall, devolatilization 
reactor to handle corrosive metal halide catalysts. 
Tests with a high-volatile bituminous coal have 
begun.

Catalysis 

The JOT Catalysis Research Group participated in an 
underground coal gasification test In Hanna, Wyoming, 
as part of the continuing development of the direct 
methanation process for OR!. Gas produced from an 
underground coal gasification test site was success-
fully processed without any cleanup for 41 days In 
two parallel isothermal reactor systems. In addition, 
kinetic design data were obtained in an adiabatic 
reactor system with the same gas. 

Hot Gas Cleanup 

lOT completed a project for DOE to develop 
processes for the desulfurization and dechlorination 
of hot coal-derived fuel gases for molten carbonate 
fuel cells and Integrated gasification/combined-cycle 
power plant applications. The mixed metal oxide 
desuifurization sorbent that was developed produces 
elemental sulfur directly and can also reduce the 
sulfur content in a fuel gas from 5,000 ppm to less 
than 50 ppm. The molten carbonate-based 
dechlorination sorbent developed can reduce the 
hydrogen chloride content of coal-derived gases from 
300 ppm to below one part per million. As part of 
this project, 101' designed and built a 3 1 000 standard 
cubic feet per hour skid-mounted hot gas cleanup 
test until that was shipped to the DOE Morgantown 
Energy Technology Center for testing various hot gas 
cleanup process sorbents. 

KELLOGG TO STUDY HYBRID GASIFIER, FLUID BED 
COMBUSTOR 

An advanced "hybrid" power system is the subject of 
a new $1.1 million United States Department of 
Energy contract awarded to the M.W. Kellogg Com-
pany of Houston, Texas. Kellogg will team with 
Southern Company Services, Inc., of Birmingham, 
Alabama; DIPAC Associates of Monte Sereno, Caiifor- 
nia; and Linnhoff March of Leesburg, Virginia, to 
design a power system that would use both a coal 
gasifier and a pressurized fluidized bed coal combus-
tor to drive a gas turbine-generator to produce 
electricity. The concept relies on a Kellogg "high 
velocity transport" process that sweeps the coal 
rapidly, in a circular motion, through the gasifier-
combustor combination. 

Kellogg engineers project that the dual configuration 
might cut the cost of electricity by at least 
20 percent. The lower power costs would come 
from a substantial boost in power generating ef-
ficiency.	 Efficiencies of 45 percent may be pos-



sible. 

Coal would first be seat to a gasifier that con-
verts only part of a coal into a gas, which, after 
cleaning, would be sent to the gas turbine to be 
burned to produce power. 
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The coal that remains In the form of char Is 
transported to a pressurized fluidized bed combustor 
where It is burned to produce a second source of 
hot gas for the gas turbine. 

In both vessels, a sulfur absorbing substance, such as 
limestone, would be added to remove much of the 
sulfur pollutants. Remaining pollutants, such as par-
ticles of ash, would be removed by high temperature 
cleanup systems positioned between the reactor ves-
sels and the gas turbine. 

The gasifier-combustor combination offers another 
advantage. The two main vessels used In the system 
are relatively smaller and less costly than the high 
pressure vessels envisioned for initial pressurized 
fluidized bed plants. 

Working with Kellogg In the 15-month design study, 
Southern Company Services will advise on designs

that will make the system most suitable as a "power 
island"	 for	 future electricity	 production. Southern 
Company	 Services is	 the engineering	 arm of	 The 
Southern	 Company which owns	 utilities in	 four 
southeastern states.

DIPAC Associates will review certain proprietary 
combustion concepts used in the system, and Llnnhoff 
March will analyze alternative configurations using a 
computer-based technique to find the one that offers 
the highest potential heat transfer efficiencies. The 
Llnnhoff March approach is based on an analytical 
technique used by the chemical industry but not 
previously applied to utility power plants. 

The concept appears to be similar to that developed 
by Lurgi and discussed In an article in the 
'Technology" section of this Issue. 
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GOVERNMENT 

WESTERN PARTICIPATION URGED IN CLEAN COAl. 
TECHNOLOGY PROGRAM 

In an effort to encourage greater western participa-
tion in its Clean Coal Technology Program, the 
Department of Energy Invited prospective proposers 
and other interested participants from the West to a 
meeting In Cheyenne, Wyoming, on December 2, 1988. 

The day-long discussion was to focus on ways to 
improve the department's next solicitation for clean 
coal projects, due to be issued in May 1989. 
Specific attention was to be given to issues that 
may have impeded western projects from competing 
or being selected in the most recent competition. 

"If there was any disappointment in the latest clean 
coal competition, it was the scarcity of western 
projects," said J. Allen Wampler, the Energy 
Department's Assistant Secretary for Fossil Energy. 
The competition, which concluded on September 28, 
resulted in the selection of 16 projects valued at 
more than $1.3 billion. However, only one of the 
projects, a venture proposed by Southwestern Public 
Service of Amarillo, Texas, was located west of the 
Mississippi River.	 Of the 55 proposals submitted in 
the competition, 10 involved western projects. 

Additional meetings in other cities may be scheduled 
early in 1989. 

The Clean Coal Technology Program is expected to 
total $2.5 billion in government funds between 1988 
and 1992. Congress has appropriated $575 million 
for 1989's third round of competition. 

MORE vua CELL. WORK UNDER WAY 

To enhance the efficiency and operation of molten 
carbonate fuel cells (MCFC's), the United States 
Department of Energy has awarded a new research 
contract to Energy Research Corporation (ERC), Inc. 
of Danbury, Connecticut. Under the contract, ERC, 
Inc. will assess the combined effort of MCFC perfor-
mance of trace elements and other compounds that 
are found in coal-derived fuel gas streams. in ad-
dition, ERC, Inc. will conduct analyses to understand 
the chemical interactions that occur between the 
MCFC components and the gaseous trace elements 
and other compounds. 

The primary contaminants that are being considered 
are sulfur compounds, halogen compounds, nitrogen 
compounds, trace elements, hydrocarbon compounds, 
and particles. 

Under the $460,000 contract, the effect of at least 
three trace elements on MCFC performance will be

investigated individually before the combined effect 
of trace elements as well as other compounds is as-
sessed. Subsequently, researchers will determine the 
MCFC tolerance levels for a combination of at least 
eight contaminants. They will accomplish this by 
conducting tiler mogravi met ric, half-cell, and bench-
scale experiments that use a simulated fuel gas from 
a coal gasifier. The effect of the combined trace 
elements and compounds will be mathematically 
modeled, and the model predictions will be compared 
with the experimental results. 

To conduct the bench-scale experiments, researchers 
at ERC, Inc. will use a bench-scale MCFC that has 
an area of 100 to 300 square centimeters. 

Both the MCFC combined tolerance levels and the 
model will be used to develop cost analyses for fu-
ture work. The combined tolerance Levels will also 
be used to determine if advanced, hot gas cleanup 
control technologies need to be developed to in-
tegrate the coal gasifier/MCFC system. 

DOE DEVELOPS GASIFICATION DESULFUWZATION 
SORBENTS 

In an effort to develop hot gas desulfurization sor-
bents, the Department of Energy (DOE) recently 
awarded two new contracts. These sorbents can be 
used to clean the fuel gas produced in a coal 
gasifier without cooling it before it is burned to 
produce electricity. The contracts were awarded to 
the Research Triangle institute (Rn) of Research Tri-
angle Park, North Carolina and the GE Corporation 
Research & Development (GE-CRD) Center of 
Schenectady, New York. 

The RTI contract is worth $419,469 and the value of 
the GE-CRD contract is $267,276. 

The sorbent specified for study is zinc ferrite (a 
combination of zinc and iron oxides). A number of 
zinc ferrite based sorbents will be formulated, tasted 
and screened in the laboratory. From these results, 
several formulations will be selected for bench-scale 
testing. 

RT1 will concentrate on developing sorbents for use 
In a fluidized-bed reactor. R71will modify an ex-
isting bench-scale reactor to be used for the tests. 
This portion of the contract is expected to last 
24 months.	 Two additional six-month options could
be exercised. 

GE-CRD's contract work concentrates on moving-bed 
reactors. The sorbents In a fluidized-bed reactor 
are smaller and move raster than sorbents in a 
moving-bed reactor where the sorbent moves slowly 
down through the reactor bed.	 The GE-CRD con-
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tract also	 includes	 options	 which	 would last 38	 months. These	 options	 are	 for improving other types of desulfurizatlon	 sorbents such	 as zinc titanate (a combination	 of	 zinc	 and titanium oxide) for use in hot, packed-bed processes.

Research at DOE's Morgantown Energy Technology 
Center has identified zinc ferrite as a leading can-
didate sorbent for high-temperature desulfurization of 
coal gases. The zinc ferrite sorbent was shown to 
reduce sulfur dioxide emissions to levels far below 
that required by the New Source Performance stan-
dards for coal-fired power plants. 

DOE SELECTS 15 WINNERS IN ROUND 2 CLEAN COAL 
TECHNOLOGY PROGRAM 

The United States Department of Energy In Septem-
ber selected 16 winning proposals out of 54 sub-
mitted under the Round 2 Clean Coal Technology 
solicitation. The program provides federal cost-
sharing funds for advanced "demonstration projects" 
that employ as yet uncommercialized technologies for 
reducing air pollution from coal use. Descriptions of 
the 16 winning projects follow. 

Ame,jcna Electric Power Service Crpratia, 

The proposer intends to repower two commercially 
operating 150 megawatt electrical pulverized coal 
tired electric generating units of early 1950s vintage 
by replacing the two boilers with a single pres-
surized fluidized bed (PFB) combustor/gas turbine 
module capable of generating 330 megawatts electri-
cal. The net thermal efficiency of the repowered 
plant will be about 38 percent (with SO 2 and NOx 
control). The units to be repowered are located at 
the Philip Sporn Plant in Mason County, West Vir-
ginia. 

Bethlehem Steel Ccrporation 

This proposal Involves retrofitting tile existing coke 
gas cleaning plant (coal chemicals plant) at the 
Bethlehem Steel Sparrows Point (Maryland) steel plant 
which consists of two coke batteries. Currently, the 
coke oven gas (COG) from the smaller of the two 
batteries Is recycled directly to the coke ovens 
without chemical recovery or cleanup. The COG 
from the larger of the two batteries undergoes both 
chemical recovery and cleanup prior to its use as a 
fuel gas in various plant operations. 

Under the proposed project, the COG would be 
cooled using a recirculating liquor with a (closed) 
indirect cooling tower thus eliminating the benzene 
and other emissions associated with the atmospheric 
final gas cooling tower now in use, 

Combustion Engineering, Inc. (Dry Sorbent Injection) 

This project is a demonstration of three dry sorbent 
injection technologies: 	 In-Duct Injection, In-Duct

Spray Drying, and Convective Pass Injection for flue 
gas desulfurization. The technologies involve injec-
tion of a calcium-containing sorbeat either into the 
convective pass of the furnace or into the duct be-
tween the air preheater and the particulate control 
device. The sulfur dioxide in the flue gas reacts 
with calcium sulfite and calcium sulfate, which are 
removed in the particulate control device along with 
fly ash. 

This 180 megawatt electrical (MWe) demonstration in-
volves the retrofit of Virginia Electric and Power 
Company's Yorktown Plant Unit 2 in York County, 
Virginia. The objectives of this program are to 
demonstrate reduction in sulfur oxide emission by 
fifty percent or greater. 

Combustion Engineering, Inc. (Rq,owering) 

This project will demonstrate Combustion Engineering's 
Pressurized, airblown, entrained-flow coal gasification 
repowering technology on n commercial scale. T'ne 
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 (IIRSG). Steam from the gasification 
process and the HRSG will be used to power an ex-
isting steam turbine (25 MIVe). 

The proposed 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. 

Combustion Engineering, Inc., and 
Snampmgetfl U.S.A., Inc. 

The proposed project is for the purpose of 
demonstration the WSA-SNOX technology for catalyti-
cally removing both SO 2 and NO from flue gas and 
producinga salable byproduct, concentrated sulfuric 
acid. No sorbents are used; consequently waste 
byproducts which normally result from their use are 
not formed. 

The 35 Mile demonstration will be conducted by 
retrofitting a too MWe existing power plant, Ohio 
Edison's Niles Station Boiler No. 2 In Trumbull 
County, Ohio. 

Ott,ea Industries, Ltd. 

The purpose of the proposed project is to 
demonstrate the manufacture, storage, handling, and 
utilization of an ultra clean coal water slurry, 
known as Otisca Fuel. The core of the manufactur-
ing process for Otisca Fuel is the Otisca-T Process, 
which consists of reducing the raw particle size to 
effect the releases of mineral matter from the coal, 
and recovering the ultra clean coal via a selective 
agglomeration process that employs pentane as the 
agglomerating agent. 
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The Otisca Fuel will be retrofitted to industrial 
boilers that are used for the production of steam. 
The proposed program will support the conversion of 
up to seven industrial boilers in the central New 
York State area (Syracuse, Jamesville and Oneida) 
from their existing configuration to one that allows 
the combustion of Otisca Fuel. 

Passa maquoddy Tribe 

The Passamaquoddy Tribe intends to demonstrate a 
scrubbing system for removing $02 emissions from 
existing coal-burning cement kilns. The project fea-
tures the Tribe's "Recovery Scrubber," which can 
reduce SO  emissions by over 90 percent, uses kiln 
waste dust as the scrubbing reagent, produces a 
recycle stream for feeding to the kiln and two 
potentially salable byproducts (potassium-based fer-
tilizer and distilled water), and generates no new 
wastes. 

The demonstration involves retrofit of the Tribe's 
cement plant, Dragon Products Company, which is lo-
cated in Thomaston, Maine. 

Pure Air 

This retrofit project is for a commercial scale ad-
vanced limestone scrubber flue gas desulfurization 
system.	 A single, 529 Mile absorber module will 
clean the flue gas from four existing boilers. The 
system design will use a high velocity, concurrent 
flow absorber with direct injection of pulverized 
Limestone. The system design includes a new, and 
innovative, single-loop process which produces com-
mercial gypsum, using in situ forced oxidation ac-
complished by a rotary air sparger. 

The proposed demonstration site is the Northern In-
diana Public Service Company's Dean H. Mitchell 
Station located in Gary, Indiana. 

Southern Company Services, Inc. (Chiyoda-121) 

The proposed project is for the demonstration of the 
Chiyoda Thoroughbred-121 flue gas desulfurization 
process. This process uses a unique absorber design 
known as the jet bubbling reactor which combines 
limestone flue gas desulfurization (FGD) reactions, 
forced oxidation and gypsum crystallization in one 
process vessel. 

A 2.9 percent sulfur coal will be used for the 
demonstration which will be conducted by retrofitting 
Georgia Power Company's 100 MWe Yates Newman 
Plant Unit 1, near Atlanta, Georgia. 

Southern Company Services, Inc. (Selective Catalytic 
Reduction) 

This	 retrofit project	 is	 for the purpose of
demonstrating that a combination of combustion 
modification technology and Selective Catalytic 
Reduction (SCR) provides the most cost effective 
means of reducing nitrogen oxide emissions from 
power plants, The demonstration will focus on the 
application of SCR to high sulfur coals.

The demonstration plant will be located between 
Unit 5 (75 MWe) and 6 (320 MWe) of Gulf Power 
Company's Plant Crist near Pensacola, Florida. 

Southern Company Services, Inc. (Tangential-fired 
NO,) 

The project proposed by Southern Company Services 
will demonstrate three advanced NO control tech-
nologies for retrofit applications to tangential-fired, 
Pulverized-coal boilers: (1) advanced overfire air 
which consists of deep stage high rate air Injection, 
(2) low NO x concentric fired systems, and (3) ad-
vanced tangential-fired systems. The advanced NOx 
control technologies will be Sequentially applied to a 
single tangential-fired boiler at Unit 2 of Gulf 
Power Company's 180 MWe Plant Smith In Lynn 
Haven, Florida. 

Southern Company Services, Inc. (Wall-Fired NO,) 

Southern Company Services, Inc. intends to 
demonstrate three advanced NO x control technologies 
for retrofit applications to wall-fired pulverized-coal 
boilers. The three NO control technologies are Ad-
vanced Overfire Air (AOFA) which consists of deep 
stage high rate air injection, second generation low 
NO burner (LNB), and LNB with AOFA. The ad-
vanced NO  control technologies will be sequentially 
applied to a single furnace, sib-critical, wail-fired 
boiler at the Georgia Power Company's 500 MWe 
Hammond Plant Unit 4 at Rome, Georgia. 

Southwestern Public Service Company 

Southwester Public Service Company (Si'S) is propos-
ing to repower an existing 256 Mlle steam turbine 
generator at the Nichols Station Power Plant, located 
near Amarillo, Texas, using a circulating fluidized 
bed (CFB) boiler. This repowcring project is in-
tended to demonstrate the use of a scaled-up CPU 
boiler in order to promote commercialization of 
larger size CFB boilers than are presently available. 
The boiler will generate 1,800,000 pounds per hour 
of steam at 2,005 psi and 1,0050F. 

The largest CFB boiler now under construction is the 
Combustion Engineering boiler for the 150 rIwe 
lignite-fueled unit at Texas-New Mexico Power's 
(TNP) Plant. SPS's proposed demonstration is ap-
proximately 1.6 times larger than the TNP boiler. 

The Babcock & Wilcox Company (Cyclone Rebinting) 

The objective of this project is to demonstrate that 
coal can be used as a reburning fuel for reducing 
nitrogen oxides on a coal-fired cyclone boiler. 
Reburning technology is the only in-furnace NO 
control technology that has been shown to be tech 
nically feasible for cyclone boilers. 

A coal reburning retrofit will be designed, fabricated 
and installed in Wisconsin Power & Light Company's 
Nelson Dewey Plant Unit #2 which is located along 
the Mississippi River in Cassville, Wisconsin. 
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The Babcock a Wilcox Company (SOX-NOX-ROX Box) 

This project Is a post-combustion flue gas cleanup 
demonstration of combined removal of S021 NO  and 
particulates. Ammonia and a calcium-based sorbent 
are Injected upstream of a high temperature 
baghouse.	 The sorbent reacts with 502 and is 
removed in the baghouse. In the presence of the 
selective catalytic reduction (SCR) catalyst, NO  Is 
reduced by Nil 3 to nitrogen and water. 

This SOX-NOX-ROX Box concept will be demonstrated 
by retrofitting a five megawatt electrical slipstream 
of flue gas at Ohio Edison's R.E. Burger Station in 
Belmont County, Ohio. 

TramAlta Resources Investment Corporation 

For this project, TransAlta proposes to retrofit and 
demonstrate a low N0 /SO 2 (LNS) Burner on the

33 MWe cyclone boiler at Southern Illinois Power 
Cooperative's Marion Plant In Marion, Illinois. Two 
LNS burners, each rated al 200 million BTU per 
hour, will be retrofitted to the existing Babcock & 
Wilcox cyclone boilers, and tre expected to reduce 
both NOX and 502 emissions y up to 90 percent. 

The LNS Burner Is a three-stage, entrained flow 
slagging combustion system. Sulfur is captured by 
Injecting limestone at a calcium to sulfur ratio of 
two or less in a very fuel-rich primary stage. In 
the second fuel-rich stage, gaseous nitrogenous com-
pounds, including NO,, are converted to molecular 
nitrogen. Finally, in the third stage excess air is 
added to complete combustion and to obtain full 
heat release. 

4-13	 SYNTHETIC FUELS REPORT, DECEMBER 1988



ECONOMICS 

AMOCO Li' PREDICTS $15 MilLION/YR BYPRODUCTS 
PROFIT AT GREAT PLAINS 

The Great Plains Coal Gasification Plant in Beulah, 
North Dakota, produces about 145 million standard 
cubic feet per day of synthetic natural gas (5MG) 
from lignite. The plant also produces three liquid 
byproducts: about 2,900 barrels per day of tar oil, 
830 barrels per day of crude phenols, 	 and 
650 barrels per day of naphtha.	 Currently, the
byproducts are burned in the plant's boilers and su-
perileaters to produce steam. The profitability of 
the plant might be Improved by producing marketable 
products, rather than steam, from these byproduct 
liquids. To this end, Amoco Oil Company and Lum-
'nus Crest, under a contract with the United States 
Department of Energy, investigated the technical and 
economic feasibility of converting the byproduct li-
quids to Jet fuels or other salable products. Jet 
fuels are of particular Interest because of the close 
proximity to Great Plains to the Minot and Grand 
Forks United States Air Force bases and are the 
focus of this study. 

Amoco's Linear Programming (LP) refinery model was 
used to evaluate the relative economies of various 
liquid upgrading schemes. Amoco described the 
results at the August American Institute of Chemical 
Engineers meeting in Denver, Colorado. 

Feedstock Characterization 

The tar oil stream is the most attractive of the 
byproduct streams as a feedstock for the production 
of jet fuel. About two to six percent of the 
material boils at less than 300°F and eight to 
twenty boils above 800°F on a weight basis. 

The tar oil contains 90 to 95 percent aromatics; the 
remainder is paraffins. Significant amounts of Jet 
fuel can be made from this stream, but only at 
severe processing conditions (2,000 psig) and high 
hydrogen consumption (3,000-4,000 standard cubic 
feet per barrel) (SCFB). Most of the hydrogen is 
used to saturate aromatics in order to meet Jet fuel 
specifications (less than 25 percent aromatics). 

The naphtha stream contains significant amounts of 
methanol, acetone, and methylethylketone from the 
Great Plains Rectisol Unit, as well as thiols, mercap-
tans, and thiophenes. The boiling range of the 
naphtha stream is too low to produce significant 
amounts of Jet fuel. Aromatics can be recovered 
from this stream, but only after hydrotreatment to 
reduce sulfur and nitrogen levels. 

The phenolic stream is composed almost entirely of 
single-ring hydroxyaromatics. The oxygen content of 
this stream is 15-20 weight percent. The crude 
phenol can be easily hydrogenated to produce highly 
naphthenje JP-4 blendstock, but the hydrogen con-
sumption is very high, around 5,000 SCFB. As with

the tar oil, the 3000 E- fraction of the phenolic 
stream (about 10 percent of the total) should not be 
hydrotreated because it contains water which may 
damage catalysts. 

Process Modeling 

Many alternative processes to upgrade the byproduct 
streams can be proposed. To evaluate all possible 
processes, Amoco Oil Company developed a linear 
Program for the Great Plains byproducts. 

The Great Plains LP contains 1,450 equations and ap-
proximately 2,400 variables. The equations describe 
process and utility constraints, mass and energy 
balance constraints, blending options, capital and 
operating costs. 

Using the Great Plains LP, conceptual upgrading 
schemes were developed for several cases making 
various grades of jet fuel and profitable chemicals 
sales. Two cases were outlined to show the variety 
of processes selected: maximum .JP-4 Jet fuel and 
maximum profit. 

The maximum JP-4 case hydrotreats the Great Plains 
tar oil and phenol streams, while leaving the naph-
tha for plant fuel needs. The hydrotreated 500°F+ 
stream is hydroeracked to produce additional jet fuel 
blending stocks. Combined JP-4 production is 
4,270 barrels per day, along with 560 barrels per 
day of naphtha stocks. 

The "maximum profit" case is shown in Figure 1. 
This case processes only the Great Plains naphtha 
Old phenol streams. The tar oil stream is used as 
plant fuel.	 The naphtha is fractionated to remove 
undesirable heteroatoms boiling below 160°F. The 
160 0 F+ naphtha is hydrotreated and then aromatic 
components (benzene, toluene, and xylene, or DTX) 
are recovered for sale. The remaining naphtha com-
ponents are blended to gasoline. A small pressure 
swing absorption unit recovers 0.2 million standard 
cubic feet per day of hydrogen from the Great 
Plains Rectisol gas stream to provide the hydrogen 
for this hydrotreating step. 

The	 Great	 Plains	 phenol stream	 goes to a 
P henoraffin/ANG	 extraction	 unit	 to	 recover purified 
phenol and cresylic acids. 	 The	 remaining neutral oil stream	 is	 burned	 for	 plant fuel.	 Some of the 
cresytic acids	 are fractionated to	 make o-, m-, and p-cresol,	 and	 xylenois,	 which are	 available for sale up	 to	 an	 arbitrary	 market limit	 (10	 percent of United States	 market).

Table 1 summarizes the economies of the cases, 
broken down by cost component. Th e maximum jet 
fuel ease shows a loss (negative profit) because the 
total cost of upgrading the feed to jet fuel and of 
replacement fuel exceeds the revenue generated by 
Jet fuel sales.	 But, oxygenated chemicals and BTX 
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are valued highly enough above feed prices that the	 15 million dollars per year to the Great Plains an-
"maximum profit" case generates a profit. The max-	 nual profits; significantly more if the 10 percent 
imum profit case could potentially add about	 limit on chemicals sales Is relaxed. 

FIGURE 1 

GREAT PLAINS CASE BLOCK FLOW DIAGRAM FOR MAXIMUM PROFIT 
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TABLE 1 

(BEAT PLAINS LIQUID BY-PaixIers EQflMIC StARY 

BCD Max Profit M1$ BCD Max JP-4 MM$ 
Feedstocks, DO) 
G. P. Naphtha 660 0 C. P. Phenol 833 833 C.	 P. Tar Oil 0 2,896 Syngas,	 SUSCFD 0.4 30.4 Process units 
Aroma tics Rec. 444 12.3 0 
Phenoraffin/ANG 833 19.4 0 
Hydrocrack. 0 1,159 13.2 Hydrotreat. 0 3,729 28.1 Naphtha 01st. 660 0.2 0 
Naphtha Hydrotreat. 478 4.5 0 
PM, M\ISCFD 0.4 0.5 30.4 10.5 Paver 01st. 0.1 1.4 Total 37.0 53.1 Cash Flow, Ms/CD 
Net Sales	 (1) 79.9 104.3 Fuel	 (2) -14.6 -65.4 Cat and Chen -0.5 -3.5 Utilities	 (3) -0.9 -6.5 MTIO (4) -4.1 -5.8 Fixed Costs	 (5) -2.6 -2.8 Capital Recov.	 (6) -16.4 23.5 Total	 Profit 40.8 -3.2 Profit, NIW$/Yr 14.9 -1.2
Notes; 
(1) Includes naphtha, gasoline, BTX, and chemicals, less the cost of 

purchased gasoline blending stocks (e.g., butane). 
(2) Includes Great Plains naphtha, tar oil, phenol, and hydrogen renoved 

from syngas, as well as purchased fuel, less credit for fuel returned 
to the Great Plains pool. Hydrogen is priced at a premium over fuel 
value. Replacement fuel is assumed to be LPG at $2.t5/ITbIBTIJ. 

(3) Includes power, process water, and cooling water. Steam costs and 
credits are allocated to fuel and catalysts and chemicals. 

(4) Maintenance, taxes, insurance, and overhead charges. 
(5) Prlrmri ly operating labor. 
(6) 10% real rate of return, 5% inflation, 2-year construction, 1-year 

startup. 

ADVANCES IN DIRECT LIQUEFACTION WOULD COMPETE 
WITH $25 OIL 

Studies by the MITRE Corporation show that improve-
ments in two-stage processing since the early 
demonstration of the Lummus Integrated Two-stage 
(ITSL) process in 1980 have reduced the required ini-
tial selling price of gasoline from coal liquids by 
about 16 percent.	 Further process Improvements, 
which	 offer	 the	 potential	 for	 an	 additional 
16 percent reduction, have been identified by MITRE. 

Two-stage coal liquefaction research and development 
efforts have yielded significant increases in distillate

quantity and quality over the last few years. The 
Lummus ITSL process experience showed that high 
yields of good quality coal liquids can be produced 
from bituminous coals using a combination of short 
contact time (SOT) thermal processing, anti-solvent 
deashing and LC- Fining of deashed cool extract. 
Since then the concept has undergone several 
modifications. 

At the Wilsonville Advanced Coal Liquefaction 
Research and Development Facility, both the thermal 
processing and the hydrotreating have generally been 
of longer duration than at Lumrnus. The critical 
solvent deashing system has been more efficient at 
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recovering coal extract and has thus rejected less 
soluble material than the Lummus anti-solvent 
process. The ITSL concept itself, where the thermal 
first stage and catalytic second stage are separated 
by the deashing step, has been modified so that the 
topped thermal effluent Is hydrotreated before 
deashing.	 This configuration is called the Recon-
figured ITSL (RITSL) mode of operation. More 
recently the RITSL mode has been modified so that 
the first and second stage reactors are directly 
coupled together and the entire thermal effluent is 
hydrotreated.	 This Is the close-coupled operation 
(CC-ITSL). In even more recent tests a portion of 
the ash-containing effluent from the hydrotreater is 
recycled to the first stage, the so called ash-
recycle mode.	 Catalytic-catalytic configurations 
have also been tested at Wilsonville. 

Sandia National Laboratories, which Is supported by 
the United States Department of Energy contracted 
with MITRE to develop a method to quantify the im-
pact of these modifications on the cost of coal U-
quids. 

Table 1 summarizes the results of using the MITRE 
coal liquefaction cost model. The table shows 
economic and technical data for four conceptual 
commercial two-stage plants processing Illinois No. 6 
coal. The baseline plant (Lummus ITSL) can produce 
raw liquid product for $41.52 per barrel, which is 
equivalent to crude selling for $35.82 per barrel. 
The Wilsonville integrated two-stage liquefaction con-

figuration can produce product at an equivalent 
crude value of $35.36 per barrel, i.e., very similar 
to the Lummus results. However, the close-coupled 
configuration shows a significant reduction in product 
cost. The final column In Table t shows results ob-
tained using data from Wilsonville run 250-G, which 
is a close-coupled run with ash-recycle. Again this 
shows a further decrease In product cost. Raw 
product cost reductions of about 16 percent have 
been realized In going from Lummus ITSL to the 
ash-recycle close-coupled Wilsonville configuration. 
This product cost decrease is brought about by the 
combination of a significant yield improvement 
(26 percent increase on a raw product basis) and 
only a slight increase in capital required to obtain 
that gain (about five percent capital increase). Dis-
tillate yields are now approximately five barrels per 
ton of moisture and ash free coal. Therefore, It is 
estimated that raw coal liquids could be produced 
for approximately $35 per barrel; this is equivalent 
to crude oil at about $30 per barrel. 

Potential Improvements studied by MITRE include 
using cleaned coal and eliminating the denshing sys-
tem, increasing coal slurry concentration, and in-
proving catalyst activity, selectivity and life. The 
model predicts that an additional cumulative reduc-
tion in required selling price of products of ap-
proximately 16 percent Is possible by Incorporating 
all of the above Improvements into the current 
ash-recycle	 Wilsonville	 two-stage	 configuration 
processing Illinois No. 6 coal. 	 Table 2 shows that 

TABLE 1 

&*ERC1AL LIQUEFACTION COST ESTIMATES FOR ILLINOIS #6 (XML 

Close- Ash 
LIJI'&WS Wilsonville Coupled Recycle 
ITSL ITSL RITSL RITSL 

EcmaoIc Data (Million $) 
Plant Capital Cost 4,418 4,859 4,670 4,658 Coal Cost 271 290 314 330 Other Operating Cost 337 389 380 374 Byproduct Credit 79 69 126 150 Hydrotreating Cost 227 330 190 209 Total Operating Cost 756 939 758 762 Plant Coal Requirements TN) (AR) 
Coal to Liquefaction 33,232 33,232 33,232 33,232 Coal to Steam Plant 2,564 1,980 2,433 2,626 Coal	 to Gasification Plant 371 3,441 6,276 8,162 Total Coal to Plant 36,166 38,652 41,941 44,019 
Plant Product Outputs (RN)) 
Raw Product 92,400 106,900 112,200 116,900 Hydrotreated Product 103,800 122,800 124,400 127,700 Gasoline 111,100 131,400 133,100 136,600 
Required Selling Price ($/BRL) 
Raw Product 41.52 40.27 36.40 34.52 Hydrotreated Product 43.61 43.21 37.46 36.56 Gasoline 45.75 45.26 40.07 39.30 
Equivalent Crude Value ($/BRL) 35.82 35.36 30.40 29.66
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TABLE 2 

CUMULATIVE EFFECT OF PROCESS K7FflITIAL lMPROVFJIft5 

Catalyst Catalyst 
Selectivity Life Clean Coal Slurry Coal 

Improved Doubled No Deasher 36 Percent 

Ecaximic Data (MI llia, $) 
Plant Capital Cost 4,510 4,501 4,619 4,457 Coal Cost 330 330 376 376 Other Operating Cost 368 348 395 395 Byproduct Credit 57 57 88 88 Hydrotreating Cost 149 149 174 174 Total Operating Cost 790 770 857 857 Plant Coal Raiuiramnta TPD (AR) 
Coal to Liquefaction 33,232 33,232 33,596 35,596 Coal to Steam Plant 2,630 2,630 3,075 3,075 Coal	 to Gasification Plant 8,162 8,162 11,574 11,576 Total Coal to Plant 44,023 44,023 50,245 50,245 Plant Product Outputs (8Th) 
Raw Product 128,672 128,672 147,663 147,663 Hydrotreated Product 135,270 135,270 155,500 155,500 Gasoline 144,739 144,739 166,385 166,385 Required Selling Price (l/BEL) 
Raw Product 32.83 32.34 29.85 20.14 Hydrotreated Product 34.57 34.10 31.73 31.07 Gasoline 37.64 37.20 34.98 34.36 Equivalent Crude Value ($IBBL) 28.07 27.66 25.53 24.94

these additional cost reductions result In production 
of coal liquids for about $29 per barrel, which is 
equivalent to crude at about $25 per barrel. 

MITRE concludes that, over the past decade, con-
tinued research in the production of liquid fuels 
from coal has substantially increased both the quan-
tity and the quality of distillate from a ton of coal. 
This increase of distillate, which amounts to ap-
proximately 35 percent, has resulted in a significant 
real decrease in the cost of liquid products from 
coal of about 25 percent, compared to earlier 
processes such as Il-Coal and EDS (Exxon Donor 
Solvent). Continued research Is expected to further 
reduce the cost of coal liquids. 

MELD GASIFICATION OF COAL TO OFFER ATTRACTIVE 
ECONOMICS 

An industrial consortium composed of the Institute of 
Gas Technology (IGT), Peabody Coal Company, Bechtel, 
Inc., and Caterpillar, Inc. Is studying, under the 
United States Department of Energy funding, options 
for producing chemical feedstocks and fuels from 
coal via mild gasification. A report on the team's 
activities was given at the "Coal-Targets of Oppor-
tunity Workshop" sponsored by the United States 
Department of Energy in July.

The Department believes that opportunities for coal 
to displace oil exist in the light industrial, commer-
cial, transportation, and large multifamily residential 
sectors. A coal conversion technology that Is affor-
dable in the present economic climate, which could 
be commercialized within the next five to 10 years, 
would significantly benefit the nation and the coal 
industry. 

Mild gasification is defined as a low-severity thermal 
coal decomposition process, conducted in the 
Presence of inexpensive reactive or non-reactive 
gaseous media, to produce a slate of coproducts 
consisting of char, oils and tars, and fuel gas. The 
operating conditions for the low pressure (<50 pslg) 
process could be selected from a variety of gas-
solid contacting methods, heat transfer methods, and 
from a temperature range of 900 0 to 1,300°F to 
selectively maximize the production of coproducts 
which are In demand at present. 

To initiate the project, lOT carried out a literature 
search on the devolatilization of coal, mild coal 
gasification processes, and upgrading and utilization 
of the coproducts. The literature review showed 
that the highest condensible yields are obtained in 
the temperature range of 1,100 0 to 1,300 0 F. Rapid 
heating, enabled by the use of small particle size, 
minimizes secondary decomposition reactions, thus 
favoring the production of valuable condensible 
aromatic hydrocarbons. The literature review also 
showed that low operating pressures favor the yield 
of condensible hydrocarbons. 
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The analyses of published results for vertical fixed-
bed, vertical moving-bed,	 horizontal moving-bed, 
fluidized-bed, and entrained-bed low-temperature 
carbonization processes show that the higher heat-up 
rate characteristics of fluidized- and entrained-bed 
reactors result in a higher yield of condensible 
hydrocarbons and lower yield of char. The results 
suggest that this rapid heat-up may produce conden-
sibles with a higher pitch content but lower yields 
of light oils. The survey also revealed that there is 
no fully-developed commercial technology to process 
high volatile caking coals under rapid heat-up condi-
tions to favor the production of condensibles. 

The concurrently conducted market survey for char 
Identified the production of formcoke, smokeless fuel, 
and adsorbent char as the targeted value-added uses. 

The market survey for condensibles showed that, at 
present, there is a good demand for pitch, naph-
thalene, creosote oil, phenols, and BTX (benzene 
toluene xylene). 	 Currently, transportation fuels can 
be derived more economically from petroleum. On 
the basis of these observations, it is apparent that 
a reactor system capable of rapidly heating coal 
should be developed to increase the yield of 
aromatics and pitch, which are expected to be in 
demand for the foreseeable future. 

Following a review of the most recent experience 
with gasification of caking high-volatile bituminous 
coals at IGT and elsewhere, a gasifier consisting of 
fluidized-bed and entrained-bed stages was selected. 
The primary reason for selecting a combination of 
the two gas-solid contacting schemes Is to provide 
optimum reaction conditions for widely differing coal 
particle sizes and to facilitate product selectivity. 

For preliminary engineering evaluation purposes, a 
1,000 tons per day mild gasification reactor, heated 
with 2,000°F flue gases, was estimated to require a 
fluidized-bed stage of 12 feet Inside diameter 
coupled to an entrained-bed stage six feet inside 
diameter.	 Three of these reactors will be required 
to process one million tons per year of coal. 	 The
current reactor concept provides all the heat input 
via hot gas recycle. Design development will ex-
amine whether a portion of the heat input to either 
or both of the reactor sections should be derived 
from char recycle. The projected process yields 
from a one million tons per year mild gasification 
plant are shown in Figure 1. These yields are supe-
rior to slow heat-up carbonization processes. 

Market Survey for Solid Coprodueta 

The concept of integrating a mild gasification 
process with a mine-mouth coal preparation plant 
was analyzed to assess the techno-eeonomic benefits 
of utility fuel production. A case was analyzed in 
which the coal fines from the preparation plant are 
fed to the mild gasification reactor, and the result-
ing char is again blended with the preparation plant 
coal product.	 Several benefits could be realized 
from this integration scheme. These benefits include 
conservation of energy in drying.	 in addition, it Is
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possible to reduce the amount of fines when some 
of the coal passes through the plastic range as it 
comes In contact with the 1,200°F char. 

FIGURE 1 

MILD GASIFICATION PROCESS YIELDS 
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1,000,000
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A second potential major market is metallurgical 
coke. An increasing fraction of the blast furnace 
coke is expected to be imported into the United 
States. This Is caused mainly by the shutting down 
of coke ovens primarily due to the aging of the 
United States coke batteries. A possible solution to 
meet the United States coke demand lies in 
processes to make formcoke. By mixing the hot 
mild gasification char with raw coal, the coal heats 
up, begins to soften, and the tar resulting from coal 
devolatilization could serve as the binder for the 
subsequent briquetting step. 

IGT's market survey shows that the average price in 
1980 for import and export coke was $78 to 
$80 per ton. These prices are f.a.s. (free alongside 
ship). 

A third solid coproduct option, assessed is for the 
production of a smokeless domestic fuel. The 
product would be similar to formcoke but it would 
be adjusted in composition to achieve acceptability 
as a substitute for anthracite coal or cordwood. 
The feedstock for the smokeless fuel could be the 
char/coal mixture obtained by integrating the mild 
gasification process with existing	 coal preparation
plants.
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The market price for the smokeless fuel can be 
determined from the relative prices for other similar 
domestic fuels. The cost of anthracite ranges from 
about $65 to $125 per ton delivered for a residen-
tial size and grade (cost depend on distance from 
mines and retailing practices). Commercial grades of 
anthracite cost $40 to $50 per ton. 

While the acceptability of smokeless domestic fuel 
may face problems in the United States, the export 
market could be significant. Countries with a 
shortage of firewood, or fossil fuels are candidate 
markets. 

Smokeless fuel briquettes made from mild gasification 
char containing limestone to capture sulfur will 
provide the added benefit of significantly reducing 
sulfur emission upon combustion. These briquettes 
will have a heating value of about 10,000 BTU per 
pound with 30 percent ash. The Sulfurtain process 
development work conducted with preparation plant 
wastes and a high sulfur Ohio coal at the Coal 
Research Bureau of West Virginia University has 
shown	 that	 briquetted	 coal	 with	 a	 Ca/S
stoichiometric ratio of two could be burned with 
nearly complete SO 2 capture. Smokeless briquettes 
made in Korea, for example, with Korean coal, 
United States anthracite, and a clay binder, have a 
lower heating value, 8,000 BTU per pound, and a 
higher ash content of 40 percent. 

The final solid coproduct considered is a solid adsor-
bent carbon or char product that could be made by 
steam activation of the mild gasification char. A 
powdered form and/or a granular form could be 
produced.	 The present prices are about $0.50 to
$1.00 per pound in bulk for the powdered and 
granular activated carbon forms, respectively. Ab-
sorbent carbons are now made from a variety of 
carbonaceous materials including coal. 

Market Assessment of Condensible Hydrocarbons 

Since the low-temperature tar from mild gasification 
is closer to crude oil than is high-temperature coke 
oven tar, many have promoted mild gasification oils 
and tars as a substitute liquid fuel. However, be-
cause of the aromatic nature, high ash, high sulfur, 
high oxygen content, high nitrogen content, and 
lower heating value, the coal liquid will have to be 
filtered and It should be subjected to severe 
hydrotreatment to adequately reduce the oxygen, sul- 
fur, and nitrogen contents. Even though recent 
claims advocate the direct use of the coal derived 
liquids along with diesel fuel, lOT points out there 
is not any experience with the extended performance 
of internal combustion engines with these fuels. 

Pitch is derived by the fractionation of the conden-
sible hydrocarbons produced during mild gasification. 
Depending upon the processing conditions, the pitch 
fraction can be from 25 percent to 55 percent of 
the coal tan Pitch can be used as a binder for 
electrode manufacture for the steel and aluminum 
industries.	 Pitch is also useful as protective coat-
ings and sealants for roofs and roads. 	 The price

for	 pitch as an	 electrode binder	 Is	 about $250	 per 
ton	 and about $150	 per ton	 for	 roofing and	 road 
pitches. The United States production of pitch from 
coal has been declining as a	 result	 of	 the declining 
production of metallurgical coke. 

The heavy oil fraction from coal represented by 
creosote oil is used mainly as a wood preservative 
and to produce carbon black for the rubber industry. 
Carbon black is produced by incomplete combustion 
of creosote oil. The use of creosote oil as a wood 
preservative Is declining due to environmental con-
cerns. The present price of creosote oil Is 
$1.00 per gallon. 

The major extractable components of middle oil from 
coal are phenol and naphthalene. Recent prices for 
phenol ore $0.34 per pound and $0.22 to $0.30 per 
pound for naphthalene. 

The supply and price of these products are deter-
mined by petroleum prices. The demand for phenol 
may increase because of its increasing use in 
manufacturing fireproof phenolic foam insulation. 

The major extractable components of the light oil 
fraction from coal are benzene, toluene, and xylene 
(13TX). Recent prices for these products have been 
$0.95 per gallon for benzene, $0.77 per gallon for 
toluene, and $0.78 per gallon for xylene. Petroleum 
derived BTX dominates the present supplies. 

Based on the information obtained from the major 
coal tar processors, lOT concludes that the lion-fuel 
uses for the condensible coproducts will generate 
sufficient additional revenues to improve the 
economics of conceptual commercial mild gasification 
processes. Of the markets surveyed, the highest 
value-added uses for the major components in the 
condensible fraction are as follows: 

-	 Pitch for electrode	 binders	 and graphite 
blocks 

- Heavy creosote	 oil	 for	 carbon	 black produc-
tion 

-	 Middle oil to	 produce	 phenols	 and	 naph-
thalene 

-	 Light oils to	 produce	 BTX	 for chemical 
feedstocks

Economic Analysts 

An order of magnitude capital and operating cost 
estimate for a one million ton per year conceptual 
mild gasification plant was prepared using estimated 
product prices for the following three char utiliza-
tion options: 

- Char blended with coal for utility fuel 

- Char briquetted with coal fines and then 
carbonized to metallurgical formcoke 
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- Char briquetted with coal fines for use as a 
smokeless domestic fuel 

Table 1 illustrates the approximate economics for 
these process options. Options II and Ill for the 
two char-derived fuels show potential for an attrac-
tive simple return on investment in the 25 percent 
to 30 percent range. Option I for char blending 
with the preparation plant washed coal products 
shows a much smaller return. However, this assess-
ment reflects a very conservative evaluation of the 
char fuel value contribution to the total fuel 
product. The estimated net operating profit does 
not Include debt service charges, taxes, or facility 
amortization. 

The literature and market surveys identified several 
technology development needs which are now under

Investigation. The process engineering studies consist 
of design, construction, and operation of a half-ton 
per day mild gasification reactor and concurrent 
char upgrading and utilization methods. The result-
ing process data will be used to revise the prelimi-
nary technical and economic evaluation. Assuming 
that the detailed engineering and economic analysis 
shows the process to be technically and economically 
viable, Peabody folding Company, Inc., will consider 
taking the initiative to build a demonstration plant 
with cofunding from the Department of Energy. The 
plant would be built at Peabody's southwestern Il-
linois coal preparation facility, where over five mil-
lion tons of coal are mined annually. This location 
is approximately 30 miles southeast of the St. Louis 
metropolitan area, where markets for the coproducta 
exist. 

TABLE 1 

&Xfl1C &AEY OF ThREE MILD GASIFICATION PROCESS OPTIONS 
($ Million) 

Total	 Annual	 Annual	 Simple 
Capital	 Operating	 Plant	 Return on 

Requirement	 Costs	 Revenue	 Investment 

Option I 
Char to Utility Fuel	 150	 91.8	 99.6	 5% 

Option 11 
Char to Form Coke	 230	 60.4	 117.5	 25% 

Option Ill 
Char to Smokeless Fuel	 170	 58.5	 110.0	 30% 
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TECHNOLOGY 

LURGI DEVELOPS CPU COAL GASIFIER 

Lurgi Ombli has applied circulating fluidized bed 
(CPU) technology for over 20 years to aluminum cal-
cining, reduction processes and coal and refuse corn-
bastion. The technology has now been applied to 
gasification. After several years of gasification test 
work in a three megawatt pilot plant in Frankfurt, 
Lurgi's first commercial CPU gasification unit came 
on line in 1986/87. 

Atmospheric CPU Gasification 

The low pressure air blown CR3 gasification technol-
ogy is now considered to be commercially available 
for gasification of biomass, coals, and ROF (Refuse 
Derived Fuel. A commercial 27 megawatt bark 
gasification unit Is in operation at a pulpmill in 
Pods, Austria. 

CFB reactors operate in the	 velocity regime between 
the	 classical fluidized beds	 and pneumatic	 lift pipes. 
Particulates entrained	 in the	 gas	 leave	 the reactor 
and,	 after gas/soilds separation	 in	 the recycle 
cyclone,	 are recycled to the	 bottom of	 the reactor 
(Figure	 1).

This principle of operation yields the following ad-
vantages: 

- Intensive mixing of gas and solids 

- High heat and mass transfer rates 

- High gasification reaction rates

- Largely uniform temperature through the 
reactor 

- Zero tar and oil production 

As seen in Figure 1, a typical CPU gasification unit 
comprises the cylindrical refractory lined reactor, 
the recycle cyclone, the air preheater and the 
secondary cyclone. 

The gasification reactions occur in the vertical reac-
tor. The fuel fed to the bottom of the reactor by 
a screw feeder, the recycle material (mainly ash) 
and the gasification agent mix and react rapidly 
above the nozzle grate. 

The solids are carried upward and out of the 
gasifier by the product gas. In the recycle cyclone 
the solids are separated from the product gas and 
returned to the reactor bottom through a standpipe 
and a seal. The gas then passes through the air 
preheater and cools down to approximately 1,0800F. 

After final dedusting in the secondary high ef-
ficiency cyclone the product gas Is ready for im-
mediate use or further treatment. 

In the air preheater the gasification air is heated 
to approximately 1,020°F before it Is Injected into 
the reactor bottom through a nozzle grate. The ash 
Is withdrawn through the central outlet of the 
nozzle grate. 

In the Lurgi three megawatt pilot plant, biomasses 
like wood, bark, other agricultural wastes, RDF, lig-
nite, bituminous and subbituminous coals, and 
petroleum coke have been successfully gasified. 
Selected results are given in Table 1. 

Some of the test work was sponsored by the 
Electric Power Research Institute on North Dakota 
lignite and redwood, both of which had very promis-
ing results. The German Ministry for Research and 
Technology sponsored tests with German bituminous 
and brown coals. 

For economic reasons 10 megawatts Is regarded as 
the minimum capacity for commercial CPU gasifica-
tion units. 

Depending on feedstock and/or product requirements 
CPU gasification units can be air or oxygen operated 
at near atmospheric or elevated pressures. The hit-
ter Is, however, still in the demonstration phase and 
will be available on commercial terms In a few 
years. 

High Preasure CPU Gasification 

Lurgi has embarked on a development program for a 
pressurized CPU gasifier. Key reasons for this deci-
sion were a number of factors that are advantageous 
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TABLE 1 

RESULTS FWt LUI CIaaJIsTItc FIJI!!) B) GASIFIER 

N. D. 
rue I	 Bark	 Wood	 RDF	 Lignite 

React. Teip. °C 800 820 920 840 
11 2 VoI% 20,2 14,2 19,3 13,5 
CO Vol% 19,6 18,8 15,2 17,2 
C114 + CnlIm Vo!% 3,8 4,8 5,6 1,3 

Voi% 13,5 14,8 133 12,2 
N2 Vol% 42,9 47,3 46,6 55,8

In particular for integrated gasification combined 
cycle (ICCC) applications. The pressurized CFB 
process: 

- Is very tolerant of fuel quality variations 
and is thus suitable for practically all kinds 
of coal, including waste coals. 

- Requires no elaborate coal preparation; in 
most cases crushing to six millimeters minus 
will do. 

- Enables air blown gasification which entails 
reduced investment cost, simpler process con-
trol, improved efficiencies on partial toad. 

- Enables partial gasification. This results In a 
high carbon-content of the circulating solids 
which In turn makes for safe operation, in 
particular during rapid toad changes. Fluc-
tuations in fuel quality and feed rate can be 
absorbed. 

- Operates at the relatively low temperature 
level of 1,652-1 1 832 0 F (partial gasification). 
Formation of tar as well as problems through 
the deposit of solids are avoided. 

- Enables In situ desutfurization within the
gasification reactor, by limestone injection. 

In the first step of a combined cycle system 
(Figure 2) coal and limestone are fed to a pres-
surized CFI3 reactor, for partial gasification at some 
320 psig, using air and steam as gasification agents. 
By the addition of limestone, in situ desulfurizatlon 
is effected,	 resulting In a sulfur capture of 
95-97 percent of the coal sulfur. Crude gas and 
entrained solids (coke and ash) enter a recycle 
cyclone where they are separated; the solids are 
then, controlled by a seal leg, recycled to the reac-
tor. The crude gas is passed to a waste heat 
boiler where its temperature is lowered from some 
1,688°F to about 662 0 F, with high pressure steam 
being raised in the process. 

The next two steps are designed to dehalogenate the 
gas by injecting CaO/Ca(O11) 2 , and to remove dust to

the very tow level required by the gas turbine, by 
way of a hot-gas titter. Following dust removal, 
the gas is combusted In the gas turbine, with flue 
gases expanding across the turbine. The gases are 
then sent to a heat recovery steam generator (uRsa) 
for the raising of reheat steam for the steam tur-
bine. As the flue gases have already been desul-
furized, they are then directly released to the at-
mosphere. 

The residual coke resulting from partial gasification, 
along with the CaS formed on desulfurization of the 
gas, are transferred to an atmospheric CFB combus-
tor. The high pressure steam raised in this unit is 
also sent to the steam turbine. 

Based on detailed investigations that have been 
carried out so far, the investment costs of a pres-
surized CFB based [CCC plant are about 10 percent 
below those of a conventional plant with flue gas 
desulfurization and NO  control. In addition, be-
cause of its higher efficiency, It uses less coal per 
kilowatt hour generated. Under German conditions, 
this translates into a 10-12 percent savings in the 
cost of electricity. 

The BEWAG Project 

BEWAG AG of Berlin, In cooperation with Brown 
Boverl and Cie and Lurgi, have started to evaluate a 
project called "Erection and testing of a CCC based 
demonstration plant." 

The project's ultimate goat is the erection of a 
180 megawatt pressurized CFB combined cycle power 
plant, with 40 megawatts obtained from the gasifica-
tion, and 140 megawatts from Vie combustion sec-
tion. 

As both sections may be operated individually, the 
following partition can be obtained: 

180 MW on operation of the total plant 

100 MW on operation of the combustion section 
only 

40 MW on operating the gas turbine on oil or 
natural gas 
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FIGURE 2 

CFB BASED IGCC PLANT 
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Based on the above and the turn down capabilities 
of both the gasification and combustion sections, the 
total plant will exhibit outstanding partial load 
capability. 

The split of 40 megawatts/140 megawatts for the 
gasification and combustion sections Is not the op-
timum if efficiency were to be maximized, but this 
split was chosen to enable meeting of special re-
quirements of the Berlin grid, and to enable 
demonstration of the smallest commercial size gas 
turbine. 

An engineering/process study to investigate the 
general feasibility of both pressurized CFB gasifica-
tion and the coupling of pressurized CFII gasification 
with atmospheric CFB combustion was supported by 
the German Ministry of Research and Technology, and 
concluded in 1986. 

A second phase component testing program, costing 
DM12 million and supported by the German Ministry 
of Research and Technology, Is being carded out by 
a working group made up of BEWAG/EAB (Berlin), 
Ruhrkohle Oel and Gas GmbH (Bottrop), and Lurgi 
Gmbll (Frankfurt), under the project leadership of 
EAB Energie-Anlagen Berlin Gmbll.

coAl. LIQUIDS MAY BE VALUABLE AS ASPHALT 
AD D V ES 

Research by H.H. Voon and A.R. Tarrer of Auburn 
University has been directed toward finding higher-
value uses for what are normally low-valued streams 
produced in many coal liquefaction processes. 

Typical objectionable properties of certain coal li-
quefaction streams are: 1) high molecular weight 
distribution, 2) high heteroatornic content, and 3) 
high metals content. It was thought that these ob-
jectionable properties could actually prove to be ad-
vantageous as a high value antistripping additive for 
asphaltic pavement cement. 

Stripping of asphaltic cement from pavement ag-
gregates has long been recognized as a major cause 
of failure in asphaltic concrete pavements. The 
cause of stripping Is attributed to water or moisture 
penetrating the asphalt -aggregate matrix. Stripping, 
which is the loss of adhesive bond between the as-
phalt and aggregate surface, results in a loss in in-
tegrity of the asphaltic concrete and subsequent 
failure, requiring early and costly maintenance. 

A number of methods have been developed for 
reducing stripping damage in asphaltic concrete 
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pavements. Of these methods, the addition of a 
chemical antistripping (AS) additive has become the 
most widely practiced method for maintaining pave-
ment durability, because of its relatively low cost 
and ease of implementation. A large number of AS 
additives, which are normally surfactants, are com-
mercially available today. 

Most AS additives are mixtures of proprietary chemi-
cals; however, most of the active compounds are 
probably amines or chemical compounds derived from 
ammonia. Usually these compounds • act as cationic 
surfactants to reduce surface tension at the ag-
gregate surface. However, it has been shown that 
many AS additives are susceptible to heat and thus, 
with storage in hot asphalt cement, the effectiveness 
of these additives could be severely reduced. 

In	 addition,	 it has	 been	 shown	 that only a small 
fraction	 of	 the AS	 additive	 migrates to the	 ag-
gregate	 surface and	 acts	 to	 improve the asphalt 
cement /aggregate bonding:	 most	 of the additive 
remains	 In	 the	 bulk	 of the asphalt and never comes 
in contact with the aggregate surface.

In order to minimize AS additive dosage require-
ments, direct application of AS additive to the ag-
gregate surface was investigated. Based on ex-
perimental results, the Auburn researchers calculated 
that direct application of AS additive to the ag-
gregate surface requires only about five percent of 
the amount of additive which would be required to 
provide an equivalent effective amount of additive 
at the aggregate surface when the additive Is added 
In the asphalt. 

However, with direct application, the commercial AS 
additive, a polyamine-type additive, appeared to 
degrade at high temperatures (250 0 C) and become in-
effective. The temperature of combustion gases and 
air used to dry aggregate in a commercial dryer 
ranges from about 250 to 3150C. 

In an earlier work, it was found that stripping sus-
ceptibility of asphalt cement depended on the ag-
gregates used. The aggregates which had a rela-
tively high surface charge (Zeta Potential) were 
found to be more susceptible to stripping as 
measured by the boiling water test. 

It was thought that by impregnating the aggregate 
surface with an easily Polymerized compound prior to 
its being dried, It would become coated with 
molecular layers of polymerized (coked) material. 
This could serve to reduce the surface charge of 
the aggregate surface and make it easier for the 
asphalt to absorb (or bond) to the aggregate. 

Aggregate surfaces were assumed to interact strongly 
with high molecular weight, aromatic compounds In a 
manner similar to how coke forms on catalyst sur-
faces. high molecular weight aromatic compounds 
such as are found in coal liquids have high coking 
propensities.	 For this reason, a granite aggregate was	 precoated with	 a phenanthrene solution
(10 weight percent in toluene) and then preheated at

135, 250 and 350 0 C. Figure 1 shows that the ef-
fectiveness of the phenanthrene pretreatment in-
creased as the preheating temperature was increased. 
A similar result was obtained for an actual coal liq-
uid (10 weight percent toluene), as is shown in 
Figure 1.	 The coal liquid was obtained from the 
Wilsonville coal liquefaction plant. It was therefore 
thought that the formation of coke-like compounds 
on the aggregate surface during the aggregate 
preheating (drying) period could be the primary cause 
of the observed pretreatment effect of phenanthrene 
and/or heavy coal liquid on the asphalt-aggregate 
bond, as was measured here using the boiling water 
test. 

It appears then that compounds having a high coking 
Propensity, like phenanthrene and heavy coal liquid, 
have potential usage as an asphalt antistripping ad-
ditive.

FIGURE 1

EFFECTIVENESS OF PHENANTHRENE 
AND COAL LIQUID AS

ASPHALT ADDITIVES AT DIFFERENT 
PREHEATING TEMPERATURES 

Z100- 
-j 
0

60 
I-
II. 
C 

C

60	 I HEAVY COAL LIQUID 
C 
I-UI	 0 PHENANTERENE I

40 

dc 
I-

PREHEATING TIME: 1 HOUR 

20 
Z	 CONTROL 

O-----------o -------0 
a 
UI IL 0

135	 250	 350 

AGGREGATE PREHEATING (DRYING) 
TEMPERATURE, C 

4-25	 SYNTHETIC FUELS REPORT, DECEMBER 1988 



ADVANCED 10CC CONCEPTS ANALYZED - Mild Gasification Combined with Simplified 
16CC 

The United States Department of Energy's program in 
hot gas cleanup technology and how it supports ad-
vanced integrated gasification combined cycle systems 
(16CC) was summarized by J. Notesteln at the 
Electric Power Research Institute (EPRI) Eighth An-
nual Conference on Coal Gasification, held in Palo 
Alto, California in October. 

The Department's philosophy of enhancing the com-
mercial viability of coal gasification-based systems 
through system simplification --the minimization of 
the number of separate process steps/units--has con-
tinued to be validated. The achievable reductions in 
system capital cost are impressive and result prin-
cipally from two general sources: (1) Improvements 
and refinements in hot gas cleaning approaches and 
(2) combining functions in one process block, e.g., 
combined sulfur and particulate control. 

The simplified approach to 46CC systems using hot 
gas cleanup systems has attracted much attention 
and industrial interest. Several development 
programs are based on gasification and hot gas 
cleanup technologies. For example, Texaco has in-
itiated a new cost-shared project with the Depart-
ment of Energy to explore high-temperature desul-
furization in entrained gasifier systems. in addition, 
a large number of commonalties have appeared and 
the system configurations have begun to look some-
what similar. The direct coal-fired turbine programs 
at Allison, Westinghouse, and Solar are using in- 
tegrated cleanup approaches such as a sub-
stoichlo,netric combustor followed by gas cleanup and 
then final combustion--a system not unlike the 
simplified 16CC approach. Advanced pressurized fluid 
bed combustion (PFBC) systems utilize the same basic 
approach--pyrolysis followed by char combustion and 
final ('topping") combustion of the pyrolysis product 
gas. Mild gasification approaches which coproduce 
gas, hydrocarbon liquids, and a usable byproduct char 
under moderate temperature and pressure conditions 
and employ hot gas cleanup approaches are being 
seriously considered. The cleanup requirements for 
these new system configurations are quite similar, as 
are many of the problems presented. 

Notestein presented results of comparative baseload 
analyses of four 16CC systems, two of which produce 
coproducts; an advanced PFBC system, and a direct 
coal-fueled gas turbine. The PFBC, mild gasification, 
and direct-fired gas turbine systems utilize hot has 
cleanup technology common to simplified 16CC sys-
tems. The systems analyzed were: 

- Simplified 16CC 

- Advanced PFBC with a Topping Combustor 

- Mature Cool Water 

- Mature Cool Water Utilizing Once Through 
Methanol Coproduction

- Direct Coal-Fueled Gas Turbine 

Simplified IGCC 

The "simplified" IGCC system grew out of an ex-
amination of (1) whether it was possible to more 
closely match the temperature/pressure characteristics 
through the system and (2) would there be a sig-
nificant benefit to doing so.	 The answer to both 
questions was yes. it was shown that numerous 
process operations found in conventional 16CC sys-
tems could be eliminated. To illustrate, keeping the 
gasifier product steam hot results in the elimination 
of the whole condensate wastewater treatment sec-
tion found in most plants and the concomitant waste 
disposal problems. Parallel developments in the gas 
turbine area, increased firing temperature and the 
steam-injected gas turbine in particular, have offered 
new options and enhancements which have made the 
simplified 46CC system even more attractive. The 
steam-injected gas turbine, with its associated heat 
recovery steam generator (HRSG), can supply steam 
for both the gasifier and the gas turbine and results 
In a very well balanced system. In addition, the 
steam-injected gas turbine has the potential (with 
intercooling) to achieve combined-cycle levels of ef-
ficiency in a single machine, i.e., without a separate 
steam turbine /generator unit. 

Tests have confirmed that a significant fraction of 
the coal-borne sulfur can be captured within the 
gasifier's reacting bed--for all types of gasifiers--
and even exceed 90 percent in the case of fluid-bed 
gasifiers. This allows the consideration of three al-
ternatives for sulfur removal; conventional 
"downstream of the gasifier" capture (or "bulk" 
mode), gasifier in-bed capture, and a combination of 
the two. Downstream capture Is usually preferred 
when there is a market for the byproduct sulfur or 
sulfuric acid which can be produced and/or "ash" 
disposal is a problem. The advantage of in-bed 
capture is that it further simplifies the system; 
however, it appears likely to achieve gas stream 
sulfur levels which are environmentally acceptable 
only with fluidized-bed gasifiers. The combined, or 
"polishing" mode, approach achieves the low gas 
stream sulfur levels of the "bulk" mode approach but 
does so with lower desulfurization system costs, a 
lessor quantity of regeneration gases to deal with, 
and/or less frequent regeneration. 

For external desulfurization, zinc ferrite or more ad-
vanced mixed metal oxides utilized in fixed-, 
moving-, or fluidized-bed desulfurizatlon vessels are 
all credible. The current technology is a fixed bed 
of zinc ferrite at 900 0 to 1,200°F effectively ab-
sorbing virtually all gas phase sulfur species to 
result in a 10 to 50 parts per million (ppm) total 
concentration in the outlet stream. 

With respect to gasifier in-bed sorbents, essentially 
the only question is whether the solid effluents are 
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stable enough for direct disposal. With fixed- and 
fluidized-bed gasifiers, the solids exit the gasifier 
through a hot, oxygen-rich zone and It is an-
ticipated this will result in complete oxidation of 
the calcium compounds to the stable sulfate form. 
However, the degree to which this actually occurs is 
currently not well known. If needed, the envisioned 
solution is to add a "bottom ash oxidizer" to the 
gasifier.	 Mixed-metal oxides as used in external
desulfurization are regenerable. 

Generally, the level of particulate control which 
satisfies the needs of downstream equipment Is 
somewhat greater than the level required for en-
vironmental compliance. The degree of difficulty as-
sociated with this area is basically a function of 
the gasification technology, with fixed-bed gasifiers 
being the easiest to accommodate both In terms of 
particulate loadings and stream temperature. 
Cyclone technology has Improved and high-efficiency 
units with 1,600°F capability are available. There is 
hope for advancements with high-temperature, high-
pressure electrostatic precipitators (ESP) but dimen-
sional and cleanliness Issues for long-term operation 
are of serious concern. Current work on "barrier 
filters" has shown strong promise of Improved 
economics with excellent filtration capability at tem-
peratures up to 1,300 0 F. The more promising barrier 
filters are: "candle" filters, granular-bed filters, 
and ceramic cross-flow filters. Long-term mechani-
cal integrity and permeability are areas currently 
being pursued. 

The single most critical technical area in a 
simplified IGCC system Is the regeneration of the 
sulfur sorbent In an external desulfurization system. 
The sorbent must be kept within acceptable tempera-
ture limits, It should not be over-regenerated to 
form a mixture of sulfates (a. g., "reductive" 
regeneration should be the last step in the zinc fer-
rite regeneration cycle), 	 and the 802 In the
regeneration offgas must be accommodated In an en-
vironmentally acceptable manner. Routing the 
regeneration offgas back to the gasifier so that the 
sulfur is captured by the In-bed sorbent is an ob-
vious syste:n approach. 

Figure 1 provides a block diagram of a simplified 
10CC system.	 In this system, bituminous coal Is 
gasified in an air-blown, fluid-bed gasifier. Par-
ticles are removed from the product fuel gas by use 
of cyclones and an advanced particulate-removal 
device such as ceramic cross-flow filters. The fuel 
gas Is then quenched to 1,140°F and desulfurized In 
a zinc ferrite hot gas desulfurization process to 
produce an essentially sulfur- and particulate-free 
fuel gas. The clean fuel gas is then combusted and 
expanded in an intercooled steam-injected gas 
turbine-generator (ISTIG). The exhaust gas flows 
through a heat recovery steam generator where 
steam is produced for use in the gasification 
process, zinc ferrite regeneration, and ISTIG steam 
injection. The sulfur dioxide produced In the 
regeneration of the zinc ferrite is returned to the 
bottom of the fluid-bed gasifier where limestone is 
fed with the coal and captures the sulfur dioxide 
gas to form a disposable solid.

Advanced Pressurized Fluid-Bed Combustion 

The advanced pressurized fluidized-bed combustion 
(PFBC) combined-cycle plant is depicted in Figure 2. 
It utilizes a gas turbine with a nominal 14 to one 
pressure ratio, a pressurized coal carbonizer, a 
1,600°F circulating pressurized fluidized-bed combus-
tor (CPFBC), and a conventional 2,400 psig/1,0000F 
steam cycle. Coal and lime-based sorbents are fed 
to a pressurized carbonizer that produces it low-BTU 
fuel gas and a char/lime mixture. The product fuel 
gas is low in sulfur content and Is physically 
cleaned by passing through a cyclone and cross-flow 
filter in series. The carbonizer's product char/lime 
mixture is burned In the CPFI3C with high excess air 
to produce an oxygen-rich, low-sulfur, high-pressure 
flue gas. This flue gas is physically cleaned and 
combined with the fuel gas and the mixture is 
burned in a "topping" combustor to produce the hot 
gas stream required to power the gas turbine. The 
gas turbine drives a generator and the compressor 
that feeds air to the carbonizer and the CPFBC. 
Steam Is produced in a heat recovery steam genera-
tor downstream of the gas turbine in a fluidized-bed 
heat exchanger associated with the CPFOC and is 
used to drive the steam turbine generator that fur-
nishes the balance of electric power delivered by 
the plant. 

An efficiency of abut 45 percent is projected for 
this system and is based on the CPFBC operating 
with very high excess air (over 100 percent) and gas 
turbine inlet temperatures of 2,100 0 F. The use of 
lime-based sorbents In the carbonizer is expected to 
catalytically enhance tar cracking, capture some of 
the coal-borne sulfur as calcium sulfide, and reduce 
coal agglomeration tendencies. Since the lime is 
transferred with the char to the CPFBC, the bullc of 
the sulfur capture and oxidation of the suLfides to 
sulfates occurs in situ in the CPFBC. 
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FIGURE 2 
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The Cool Water plant used for comparison was con-
sidered to be a mature 200-megawatt electrical ver-
sion of the Cool Water IGCC power plant located In 
Daggett, California. 

Cool Water with Methanol Coproduction 

Several investigators have advocated the use of 
oxygen-blown gasification systems which would 
provide a capability of serving base toad and also 
producing a methanol product that can be stored for 
later use as peaking turbine fuel. The main ele-
ments of the concept are shown in Figure 3. The 
bnseload system coproduces 200 megawatts of 
electricity and 45,000 pounds per hour of methanol. 
Economic studies have shown that "once through," 
methanol is competitive with other peaking fuels and 
could become the fuel of choice in the near- to 
mid-term time frame. 

Mild Gasification Plus Simplified 10CC 

A "mild gasification' plus simplified 10CC system 
configuration is shown in Figure 4. Mild gasification 
is a devolatilization process that decomposes coal 
into simpler compounds at relatively low tempera-
tures (900° to 1,200°F for eastern coals) and essen-
tially atmospheric pressure to produce three 
products: solid char, a coal liquid which is a com-
plex mixture of hydrocarbons, and fuel gas which 
consists of both gas and uncondensed hydrocarbons 
and moisture. By contrast, coal gasification em-
phasizes the production of purely gaseous fuels by 
utilizing higher temperatures (1,800 0 to 2,800 0 F) and 
pressure to maximize the carbon conversion, and 
condensible hydrocarbons are considered undesirable 
byproducts. This approach is envisioned as a means 
to accommodate both baseload and peak generation

requirements with a single advanced coal conversion 
system configuration. The example configuration 
simplifies the overall process by elimination of the 
cold gas cleanup and catalytic methanol synthesis 
steps and Is potentially more cost effective than 
once through methanol.

FIGURE 3 
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In this concept, coal is blended with lime or lime-
stone and processed In an atmospheric pressure mild 
gasification step which produces a highly reactive 
(and high sulfur) char-limestone solid effluent stream, 
a blend of liquid hydrocarbons for peaking turbine 
fuel, and fuel gases. The use of limestone In the 
mild gasification reactor is desirable from two 
standpoints. It reduces the sulfur levels in both the 
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product fuel gas (primarily) and the hydrocarbon li-
quids (somewhat) and also provides for In-bed sulfur 
capture in the pressurized gasifier. In addition, 
limestone has been found to enhance the mild 
gasification process, resulting In higher yields of 
lower molecular weight hydrocarbons. In this ap-
proach, the atmospheric pressure fuel gases are used 
to supply heat to the mild gasification step and the 
char-limestone stream from the mild gasification step 
becomes the feed stream for the pressurized gasifier 
which generates low-BTU gas. The viability of this 
approach is primarily dependent upon the partitioning 
of the feed coal sulfur between the mild gasification 
output product streams and the relative magnitudes 
of these streams. 

Direct Coal-Fueled Turbine 

The direct coal-fueled gas turbine (DCFT) baseload 
plant is considered to be a mature 200-megawatts 
electrical, combined-cycle configuration. The plant 
Includes on-site preparation of a beneficlated coal-
water slurry. In this plant coal is ground to 
100 mesh, beneficlated, mixed with water and fur-
ther ground to 325 mesh, and Is then mixed with 
stabilizing chemicals to produce the slurry fuel. 

Low capital cost is a DCFF system characteristic 
which makes It potentially attractive for peaking ap-
plications. This is slightly offset by the cost of 
preparing a beneficlated coal-water slurry. 

Financial Summary 

The summary level financial characteristics for these 
advanced coal conversion, power generation systems 
at 200-megawatts electrical scale are compared In 
Table 1. Table 1 provides projected costs for both 
baseload and peaking applications; for the baseload 
application, cost of electricity (COE) expressed in 
mills per kilowatt hour, is the primary unit of com-
parison. COE reflects combined capital, operating 
and maintenance costs, and fuel , costs. 

In the peaking applications, the principal unit of 
comparison is capital cost. Since the capacity fac-
tor of peaking plants Is low, In the range of one to 
10 percent, operating and maintenance and fuel costs 
are small relative to the capital investment. A unit 
size of 200 megawatts electrical is also a relevant 
size for peaking units and corresponds to the entries 
in Table 1. In the peaking cases which Include 
10CC or a mild gasification system, the capital cost 
of those systems Is borne by the "baseload' portion 
of the plant and the liquid fuel is "sold" to the 
peaking units. The differences between peaking unit 
costs in Table 1 reflect differences in the additional 
costs of handling unconventional gas turbine fuels, 
particle cleanup of the exhaust streams, and any 
turbine derating due to the use of unconventional 
fuel. 

Conclusions 

The analysis by the Department of Energy shows that 
the simplified LGCC approach continues to look very

attractive. Further, the technologies and concepts 
utilized In the simplified 10CC have led to the 
development of new and attractive options for other 
system approaches. Concerns over the potential fu-
ture unavailability of premium fuels used In peaking 
turbines (and the possibility of enhancing overall 
system economics) has spurred interest In the 
coproduction of liquids. The example analyzed 
utilizing a mild gasification system to make turbine 
fuel and feedstock for a simplified 10Cc system, 
while at a somewhat more developmental stage, had 
more attractive economic characteristics than a con-
figuration based on a once through methanol system. 
Similarly, the advanced PFBC systems have shown 
that with use of a mild gasification--like first 
stage, they can look very attractive. A concept 
based on a direct coal-fueled gas turbine (using a 
combustor having features borrowed from entrained-
gasification technology), while very developmental, 
showed attractive economics and a good match to 
both baseload and peaking applications. 

TABLE I 

PARI SW OF COSTS FOR ADVANCED POI'IER 

cn4ATIa4 SYSTEMS 

	

Baseload	 Peaking 
Cost of Electricity Capital Cost 

	

(Mills/kWh)	 ($/kwe) 

Simplified IGOC 70.6 
Advanced PFJ 77.2 * 
Cool Water 98.6 * 
Cool Water and Methanol 103.4 213 
Mild Gasification and 

Simplified IGOC 92.0 213 
IFF 79.0 314

This system is not well suited to peaking usage. 

The most influential aspect in a simplified 10CC sys-
tem is hot gas cleanup and the key to hot gas 
cleanup is the regeneration of the sulfur (and par-
ticulate) removing units. The options for sulfur 
removal revolve around use/non-use of gasifier in 
bed sorbents and "polishing/bulk" mode desulfuriza-
tion. The primary advantage to use of In-bed sor-
bents is a general system/operability simplification 
(and, potentially, no external desulfurizatlon units 
with fluidized-bed gasifiers). The disadvantages are! 
a gasifier solid waste stream which is approximately 
doubled in size relative to no sorbent usage (and 
likely without cash value), an additional gasifier 
solids feed stream, and little likelihood of bettering 
new source performance standards (NSPS) sulfur emis-
sions levels (however, a system enhancement by ad-
dition of a polishing unit would result In sig-
nificantly bettering NSPS sulfur emissions leveis). 
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Mixed metal oxides continue to offer the best over-
all potential with zinc ferrite still the most ad-
vanced. A 200°F increase in temperature capability 
and still lower product fuel gas sulfur levels are of-
fered by zinc titanate. The need to go above a 
1,600°F capability, for gasification systems, does not 
appear to be great. This level has been reached by 
a number of highly effective particulate removal

technologies: 	 candle filters, cross-flow filters, and 
granular-bed filters. The principal issues with par-
ticle removal devices are increasing gas throughput 
capability with good mechanical integrity and stable 
permeability over time. 	 These devices are all
capable of bettering NSPS particulate emission levels. 
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INTERNATIONAL 

GREECE ABANDONS LIGNITE GASIFICATION PLAN 

Nitrogenous Fertilizer Industry's (Aeval) long-discussed 
plans to build an ammonia/urea complex appear to 
be going ahead. The Greek producer has been 
authorized by the government to proceed with the 
scheme which will involve an investment of 
$180-200 million. 

According	 to European	 Chemical r^m	 the	 concept 
of	 building a lignite-based ammonia plant	 has	 been 
abandoned	 in favor	 of	 a natural gas-based	 unit. 
This	 follows an agreement between Greece	 and the 
Soviet Union on natural gas supplies.

To be located at Ptolemais In northern Greece, the 
complex will comprise units to produce 230,000 tons 
per year of ammonia and 150,000 tons per year of 
urea. 

The scheme is tied to Greece's natural gas develop-
ment project which Involves the construction of a 
pipeline network to carry Soviet natural gas into 
Greece. 

Initially Aeval planned to build facilities based on 
xylltic lignites. The company cooperated with Tech-
reexport of Czechoslovakia, which was due to supply 
its gasification technology.

Some experts have predicted that the region will be 
China's most important center of the coal-chemical 
industry and the ceramic industry in the next cen-
tury. 

The lh 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. 

BRAZIL DEVELOPS CIGAS GASIFICATION PROCESS 

The CIGAS Process for the generation of medium 
BTU gas is being developed by researchers of Fun-
dacao de Ciencia e Tecnologia--CIENTEC (Science and 
Technology Foundation) in Rio Grande do Sul State, 
Brazil. The project is aimed at efficient technologi-
cal alternatives suitable for Brazilian mineral coals 
of high ash content. The average characteristics of 
Brazilian coals are presented in Table 1. No 
gasification techniques are known to be available 
and commercially tested for Brazilian coals. 	 This 
fact	 constitutes a major hurdle for initiatives 
regarding coal gasification plants in Brazil. Existing 
technologies are expected to be applicable to only a 
minor fraction of Brazilian coals. 

MONGOLIAN ENERGY CENTER TO INCLUDE FERTILIZER 
FROM COAL 

One of China's largest energy and chemical materials 
centers is under construction in the southwestern 
part of Inner Mongolia. 

An annual production capacity of 2.5 million tons 
has been put Into operation recently in the 
Dongsheng Coal Mine, which has a total reserve of 
95.3 billion tons. By 1995, the 'nine will have a 
yearly output of 16 million tons. 

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 Beijing central government has given priority to 
the development of the region since the issuance of 
the Seventh Five-Year Plan (1986-90). 

The State has decided to build two railways, two 
highways and two or three power stations there. 
The railway from Baotou to Shenmu will open to 
traffic by the end of the year according to the 
China	 N.

TABLE 1 

(BN1ACrERI STICS OF BRAZIL IAN GOALS
USED IN THE CIGAS, PILOT

Percent,
Solid Basis 

Hygroscopic humidity 8,0 
Ash 34,3 
Volatile Matter 27,0 
Fixed Carbon 38,7 
Sulfur 2,6 
Carbon 48,5 
Hydrogen 2,6 
Nitrogen 0,9 
Oxygen + Halogen 13,0 
Heat Paver	 (Cal/g) 4561 
Grain Average Diameter 465 m

The CIENTEC researchers have chosen the technology 
of pressurized fluidized bed gasifiers possessing high 
output capabilities. 
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The CIGAS Process allows the generation of medium 	 - Operational pressure: 20 atmospheres 
BTU gas suitable for different uses depending on 
selected operational conditions and further gas	 - Heat content of gas: 2,600 kilocal per cubic 
processing. It can be used to produce:	 meter 

- Fuel gas for industrial consumption and to be 
distributed in urban gas networks for domes-
tic use, or to be used in thermoelectric 
combined cycle plants; 

- Synthesis gas for several goals: ammonia, 
methanol, liquid fuels (gasoline, diesel oil), or 
a natural gas substitute; 

- Reducing gas for the production of iron-
sponge through direct reduction of iron ores 
or for use as reducing fuel in coke blast 
furnaces. 

Research and Development Program 

The CIGAS Process research and development program 
has been planned for the interval from 1976 to 
1998.	 In 1977 an atmospheric bench scale reactor 
was built,	 from which were obtained the first
gasification data for Brazilian coals in a fluidized 
bed reactor. In 1078 a feasibility study was com-
pleted for the utilization of gas generated as in-
dustrial fuel. 

Next the first pressurized reactor in Latin America 
was built in bench scale, and the first results for 
pressurized coal gasification were obtained. 

In 1079 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 in-
volving a pressurized unit for oxygen and Steam 
began (20 atmospheres and 6.5 tons per day of 
coal). The plant was fully operational in 1982. 

In 1984 the pressurized plant capacity was enlarged 
to 2.5 tons per day of processed coal and at the 
same time air was replaced by oxygen in the atmos-
pheric plant. This unit started processing 17 tons 
per day of coal. A schematic of the pilot plant is 
shown in Figure 1. 

In 1986 a unit was built to treat the liquid ef-
fluents generated throughout the process and studies 
on hot gas desulfurization were started in bench 
Scale. 

By the end of 1988 pilot scale studies will be 
finished.	 As the result of this stage, a conceptual 
design for a prototype unit will be made. 	 Design
data for this prototype unit include: 

- Coal consumption: 3.0 tons per hour 

- Oxygen consumption: 1.4 tons per hour 

- Volume of gas generated: 3,700 cubic meters 
per hour 

- Operational temperature: 050 degrees Celsius

FIGURE 1 
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Present Stage of Development 

At the moment the economical evaluation of the 
process is uncertain, as it depends on the economic 
performance of other sources of energy, such as 
petrol and electric power, which are currently used 
in Brazil. 

A more accurate evaluation of economical competi-
tiveness for the process will be made by the end of 
the prototype program in 1994. The data from that 
unit will be semi-industrial scale. However, a 
preliminary economical and technical feasibility study 
for the process will be completed before making the 
investment in the prototype unit. Up to the end of 
1988 the program will have spent US$4.7 million, 

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 operation in 1998. 
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from which US$3.0 million was financed by the 
Brazilian federal financing agency FINEP--Financiadora 
de Estudos e Projetos (non refundable resources) and 
the amount of US$1.7 million received from the 
government of Rio Grande do Sul State. The next 
stage of development of the CIGAS Process will re-
quire an investment of US$15 million. 

The researchers hope to form a pool of companies 
which can contribute to the investment and par-
ticipate in the generated technology.	 They state 
that a country like Brazil, whose mineral coal 
resources are large, cannot afford to ignore this al-. 
ternative, which in the medium term can be one of 
the main national sources of energy. 

It is believed that medium BTU gas can compete 
with petrol in the medium term, I.e., exactly In the 
same period of time required to finalize the CIGAS 
technology. 

Used as reducing gas, the medium BTU gas presents 
several advantages, since the growth of the national 
metallurgical industry in Brazil will otherwise have 
to depend on Imported coke. It could use the gas 
output of the CIGAS Process instead. 

As a national energy alternative, coal is Brazil's 
surest option, because it constitutes the largest 
Brazilian resource. 

TARGET LIQUEFACTION YIELDS ACHIEVED BY 
NEDOL PROCESS 

Japan's New Energy Development Organization has 
sponsored bench scale development work for several 
years on the bituminous coal liquefaction process 
named the NEDOL process (New Energy Development 
Organization Liquefaction). The integrated process 
utilizes a donor solvent, and a highly effective iron 
catalyst liquefaction system. The process is charac-
terized by: 

- Distillate	 to	 538°C	 boiling	 point	 is
hydrotreated and used as recycle solvent. 

- Various types of coal from subbiturninous to 
low ranked bituminous coal can be processed. 

- Maximized light oil (C 5 -220 0 C) and middle oil 
(220350 0 C) yields are obtained under rela-
tively mild process conditions (430-460 0 C and 
150-200 kilograms per square centimeter). 

Data were reported to the 1988 Australian Coal 
Science Conference on five different coals processed 
in the bench-scale unit under standard conditions. 
The coals were: 

- Wandoan (Australia), design standard coal 
- Illinois # 6 
- Wyoming

- Battle River (Canada) 
- Taiheiyo (Japan) 

Proximate and ultimate analyses of the five coals 
are listed in Table 1. Raw coals were crushed to 
minus 100 mesh (0.147 millimeter) screened and dried 
to two to four percent moisture before use. 

Creosote oil or decrystallized anthracene oil was 
used as a startup solvent. The catalyst used was 
CGS dust (byproduct of an iron bath gasifier). 
Figure 1 shows the process flow diagram for the 
0.1 tons per day bench scale unit. 

This coal liquefaction system comprises a coal slurry 
preparation section, gas and slurry feed section, 
reaction section, and product recovering section. 
The reactor consists of three Identical units measur-
ing	 60	 millimeters	 in	 inside	 diameter	 and 
2,000 millimeters In height,	 having an Identical 
volume of 5.3 liters per unit. The reactor can be 
operated at a maximum reaction pressure of 
320 kilograms per square centimeter and a maximum 
temperature of 4800C. 

A heated gas mixture of pressurized fresh hydrogen 
gas and recycle gas is mixed with the coal, catalyst 
and solvent slurry at the inlet of the reactor. 

Coal Liquid Distillation System 

The solids-heavy oil slurry from the liquefaction sys-
tem is pumped to a vacuum tower for separation. 
Side-cut oil and a portion of top distillate are 
mixed and fed to the hydrotreating system. 

The solvent hydrotreating reactor is a fixed bed 
type, packing Ni-Mo/Al 20 3 catalyst. Treated oil is 
recycled as the solvent to the liquefaction system, 
leaving some light product oil and gas. 

Illinois I 6 Coat Results 

Illinois $1 6 coal from the River King mine was 
Processed In seven solvent circulations. In the 
Product gas composition, hydrogen sulfide, carbon 
mono- and di-oxides were high, which is considered 
to be due to components of the coal feed. 

Wyoming Coal Results 

Wyoming coal from the Black Thunder mine was 
processed In 13 solvent circulations. Compared with 
other coals, stable operation was more easily con-
tinued. The residue from the vacuum tower was the 
lowest In yield among the coals. 

Battle River Coal Results 

Battle River coal from the Paintearth mine in 
Canada was tested In five solvent circulations. The 
ash content of the coal was highest (15.5 weight 
percent) among the five coals. Hydrogen consump-
tion and gas yield were higher than for any other 
coal.	 At the fourth solvent circulation, the tem-
perature in the liquefaction reactor began to flue-
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TABLE 1

ANALYSES OF WALS USED IN Nfl)OI. PROCESS 

Coal Illinois	 #6 Wya-ning Battle River Taiheiyo Wandoan 

Proximate Analysts 
Moisture (Wt%) 2.0 3.3 3.9 2.8 2.4 

Dry Basis	 (Wt%) 
Volatile Matter 39.5 44.0 38.9 48.7 45.2 
Fixed Carbon 49.6 49.6 45.6 43.8 45.2 
Ash 10.9 6.4 15.5 7.5 9.6 

Ultimate Analysis 
Daf Basis	 (Wt%) 

Carbon 78.3 74.8 73.6 77.4 77.6 
Hydrogen 5.4 5.2 5.1 6.3 6.0 
Nitrogen 1.32 0.93 1.38 1.13 0.87 
Sulfur 3.86 0.51 0.65 0.24 0.33 
Oxygen (Din.) 11.12 18.56 19.27 14.93 15.20

FIGURE 1 

PROCESS FLOW DIAGRAM OF 0.1 t/d BENCH SCALE UNIT 
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tuate slightly, and the withdrawal of vacuum residue 
was unstable until milder conditions were adopted. 

Tatheiyo Coal Rilts 

Taiheiyo, a Japanese domestic coal, was processed in 
nine solvent circulations. Hydrogen consumption, gas 
Yield and 220°C- distillate yield were lower than for 
any other coal. 

Wanijoan Coal Roaults 

Australian	 Wandoan	 coal	 was	 processed In 
15 circulations. Paraffin concentration In the 
recycle solvent was the highest among the five 
coals.

Interpretation of Results 

Product yields for five runs are summarized in 
Table 2. Changes in hydrogen consumption and gas 
yields due to solvent circulation were almost con-
stant after three or four solvent circulations. 
NEDOL's target of a 350°C- product oil yield of 
50 weight percent on dry ash free coal was 
achieved and maintained in every case. 

It was found in general that the higher the 
hydrogen content of coal, the smaller the hydrogen 
consumption, within the limits of the experiments. 

About three fourths of total hydrogen is consumed in 
the liquefaction system and one fourth in the sol-
vent hydrotreating system. Roughly half of total 
light and middle product oil (C 5-350°C) is produced 
in the liquefaction system. The rate ranged from 
45 weight percent (Tathelyo coal) to 63 weight per-
cent (Battle River coal). 

TABLE 2 

NThOL PIXJCF YIELD GI VARIOUS COALS 
(Kg/100 Kg-Bag Coal) 

Coal Type Illinois	 ItO Wynifing Battle River Taiheiyo Wandoan 
H2 Consumption 6.67 6.81 7.62 5.26 5.91 Gas 15.7 16.5 19.1 14.6 15.8 C	 - C4 12.6 11.0 13.0 11.2 11.3 cxi,	 2 1.1 4.8 .4 2.8 3.7 H2 s 2.0 0.7 0.7 0.6 0.8 Water 11.6 15.2 15.5 13.1 11.6 011 52.9 54.0 55.7 53.7 54.4 C5 - 220°C 25.7 25.4 27.2 19.5 27.0 220 - 350 0 C 24.0 24.6 27.4 29.8 23.7 350°C+ 3.2 4.0 1.1 4.4 3.7 Residue 26.5 21.1 17.4 23.9 24.1 Calculated at ## 
Solvent Circulates 6 12 3 9 11

SWEDEN DROPS POSSIBILITY OF COAL GASIFICATION 
POWER PLANT 

Plans for a 600 megawatt coal based power plant 
and district heating system were shelved after Sep-
tember elections in Sweden. Vattenfall, the govern-
ment power board, has decided not to continue with 
plans for construction of the power plant at 
Oxelosund, 90 kilometers south of Stockholm. 

In local elections, Social Democrats in the area lost 
their majority for the plant, and four other parties 
oppose construction. Public opinion in the area has 
been against construction because of expected en-
vironmental pollution.

The plant was to have been one of the alternatives 
to nuclear power and would have been the largest 
coal-fueled plant in Sweden. Coal technology under 
consideration for the plant were the Asea Brown 
Boveri pressurized fluidized bed combustion system, 
coal gasification, and conventional pulverized coal. 

Natural gas seems to be the prime candidate for re-
placement of much of the energy to be lost through 
Sweden's decision to phase out all nuclear power. 
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DUTCH UThJTY ORDERS GASIFICATION STUDY 

SEP, the Central Dutch electricity generating com-
pany, has submitted to the government a plan which 
includes a DF1,700 million project to build a 
250 megawatt coal gasification plant, to be ready in 
1993. SEP's previous electricity plan, approved early 
In	 1987,	 contained	 a	 project	 to	 build	 a 
600 megawatt coal gasification unit at an un-
specified site.	 The site has now been chosen--
Maasvlakte, near Rotterdam--but construction for 
startup in 1997 will now be based on experience 
gained from the smaller plant. 

The previous plan also envisaged the building of two 
conventional 600 megawatt coal-fired power plants 
which are now under construction. The first at 
Gecrtruidenberg, owned and operated by utility EPZ, 
will begin production in 1993; the second in Amster-
dam, owned and operated by Una, is due for startup 
in 1994. 

The new electricity plan reiterated that SEP still 
hopes to achieve the target of splitting electricity 
generation equally a third between nuclear, coal and 
gas, although not until the 21st century. At 
present, nuclear provides only four percent while gas 
takes about 60 percent and coal 25 percent of 
power supply. 

SEP has given Comprlmo Engineering Consultants in 
Amsterdam the order to study the gasification tech-
nologies of Shell, Texaco and British Gas/Lurgi. 

The location of the gasification/combined cycle 
demonstration station is likely to be in Buggenum, in 
the province of Limburg, on the same site where 
EPZ, the generating company of the southern 
provinces, operates a conventional coal station. 

If the minister of economic affairs agrees with the 
electricity plan, the construction of the plant will 
begin Immediately. SEP expects that this will be in 
February 1989. 

The power production company expects the 
250 megawatt plant to be operational by 1993 and 
that two years later the construction of full-scale 
commercial gasification/combined cycle stations can 
begin. 

JOINT JAPANESE/ENGLISH EFFORT DEVELOPS 
MRS PROCESS 

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 
coproduct.s by the direct thermal reaction of 
hydrogen with coal. High temperatures and pressures 
at relatively short residence times are required. A 
novel reactor, the MRS (for Midlands Research Sta-
tion) incorporating internal gas recirculation in an

entrained flow system has been developed to provide 
a means of carrying out the process without the 
problem of coal agglomeration, having to deal with 
excessive coal fines, or excessive hydrogenating 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 (Gall) reac- 
tor that British Gas developed to full commercial 
application for oil gasification. 

Reactor Design 

A reactor for direct hydrogenation of coal must en-
sure very good contact between the hydrogen and 
the finely ground coal particles. Fluidized bed types 
can achieve this and allow the exothermic heat of 
reaction to be used to preheat the reactant 
hydrogen, resulting in easier heat exchange arrange-
ments. However, major drawbacks are the ag-
glomeration in the bed with many types of coal as 
the particles heat up and a restriction on the coal 
size range as very fine particles are rapidly 
elutriated from the bed at practical fluidization 
velocities. These considerations led British Gas to 
Investigate entrained reactor systems In which the 
coal particles have much less opportunity to stick 
together. The drawback of a conventional once-
through entrained flow reactor Is that there is no 
possibility within the reactor of heat exchange be-
tween the hot reaction products and the incoming 
reactants. In commercial practice this leads to an 
expensive product gas cooling system and the need 
to preheat the hydrogenating gas to a high tempera-
ture, about 1,000°C. As this cannot be done with 
conventional fired heaters, owing to materials limita-
tions, other techniques need to be used such as 
pit-reacting part of the hydrogen with pure oxygen. 

British Gas devised the MRS (Figure 1) to overcome 
this problem. it is an entrained flow reactor with 
internal recirculation of hot product gas induced by 
the flow of the feed hydrogen which enters the 
reactor by means of a special injector. A further 
advantage of this reactor is that the coal is heated 
very rapidly in a turbulent region so that it passes 
extremely quickly through the temperature range in 
which it is sticky before it has the opportunity to 
reach a surface. The coal reacts within the central 
draught tube yielding a char, some of which leaves 
the reactor at the bottom and the remainder with 
the product gas. 

The ungasified char from the hydrogenator is com-
pletely consumed In a steam-oxygen entrained flow 
gasifier to produce a syngas which, alter CO-shift 
conversion and purification, provides the hydrogen 
for the process. it is necessary to feed into the 
hydrogenator more hydrogen than is needed by the 
reaction stoichiometry. Cooling of the product gas 
with the recovery of any hydrocarbon liquid products 
Is followed by purification stages and a hydrogen 
separation unit. 
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FIGURE 1

THE MRS COAL HYDROGENATOR 
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Initial studies of this route indicated a high thermal 
efficiency in the range 70-75 percent for synthetic 
natural gas production and a tower plant capital 
cost than for the more conventional steam-oxygen 
gasif ication/methanatjn route in which the methane 
is made via carbon monoxide-hydrogen syn gas and 
not directly from coal. 

The pilot plant was designed to the following key 
parameters: 

Coal feedrate 200 kgjh 
Hydrogen feedrate 550 m 
Pressure 60 bar 
Residence time 30 S 
Operating temperature i,000°c

Following successful commissioning of the plant in 
October 1987, a test program designed to establish 
the operability of the reactor and to obtain process 
data was started. Changes to the internal design of 
the reactor to confirm the effects of different in-
jection velocities and gas recycle ratios have been 
incorporated in the test program. The test program 
was scheduled to be completed by the end of 1988. 

In the chosen synthetic natural gas scheme, condi-
tions are preferred where only about half of the 
coal is gasified In the hydrogenator.	 The char
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residue is then further gasified with steam and 
oxygen in a second gasification stage. The gasiflers 
being considered for this duty are dry feed types 
such as being developed by Shell or Krupp-Koppers. 

EAST GERMAN PILOT PLANT GASIFIES NIGH 
SALT COAL 

According to representatives of the German 
Democratic Republic (GDR, or East Germany) at the 
1988 World Gas Conference, both economic analyses 
and analyses of problems of environmental protection 
have shown that gasification of coal and the con-
version of the produced gas into electrical energy, 
SNG (synthetic natural gas) or synthesis gas is be-
coming more and more attractive. This Is especially 
true for those countries which have deposits of coal 
with high ash and sulfur contents as well as high 
salt content, the conversion of which has been ex-
tremely difficult so far. 

Since 1983 a 30 tonne per day gasification complex 
has been In operation at Gaskombinat Schwarze 
Pumpe (GSP) in the ODE. It produces more than 
50,000 cubic meters raw gas per hour. 

Practical results and experience gained during opera-
tion of this system are planned to be applied to the 
construction of a large-scale gas works, five to 
10 times larger, with an annual output of two to 
four billion cubic meters raw gas. 

The environmental compatibility of the GSP coal 
gasification process is said to meet the highest re-
quirements even if coal that is rich In ash and sul-
fur and contains salt is used. 

The GSP process Involves the gasification of pul-
verized coal under pressure, using the brown coal of 
the German Democratic Republic. The conversion of 
native coal by gasification Is of great importance in 
the ODE. The plants of Gaskombinat Schwarze 
Pumpe alone produce 25 million cubic meters city 
gas per day, which Is distributed via a pipeline net-
work over the entire country. Some 500 million 
cubic meters of city gas is kept in underground gas 
storage terminals to cover the peak demand during 
the winter. The city gas mainly comes from the 
fixed-bed pressure gasification of brown coal bri-
quets and lump raw coal as well as from brown coal 
and hard coal carbonizing plants. 

Further research work is still being done in order to 
increase the efficiency of the process and develop 
reactors with a higher output. 

However, the second line of coal gasification will be 
implemented by the development of the GSP process 
for the gasification of pulverized coal under pres-
sure. This method is being developed to achieve a 
high flexibility with respect to synthesis gas for the 
production of ammonia, methanol and hydrogen, for 
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use In combined cycle power plants and for produc-
tion of reducing gas for the metallurgical Industry. 

The (ISP process is planned to be flexible enough to 
accept coal of different origin (brown coals, hard 
coals, anthracites, cokes). In particular, coals that 
are difficult to handle by other processes were in-
tegrated Into the scope of fuels. The output of a 
commercial reactor is expected to He within the 
range from 50,000 to 100,000 cubIc meters her hour 
raw gas (dry) in order to allow a suitable coupling 
to synthesis gas lines and combined cycle power 
plant blocks. 

For developing the (ISP process, the following steps 
were taken which were partially implemented simul-
taneously: 

- Development, construction and operation of 
small-scale plants for testing individual 
stages of the process 

- Development, construction and operation of 
pilot plants. For this purpose, a gasification 
plant with a pulverized coal rate of 100 to 
300 kilograms per hour was set up, and a 
plant was built for testing the dry feeding 
system for pulverized coal at a coal rate of 
10 tons per hour 

- Development, construction and operation of a 
pilot plant with a pulverized coal rate up to 
30 tons per hour 

System Components 

The system for supplying the fuel dust to the reac-
tor is a pneumatic system of lock hoppers using 
dense phase flow. 

The bottom part of the metering tank is provided 
with a porous base through which the transport gas 
(nitrogen or carbon dioxide) is supplied. This gas 
creates a pseudo-fluid state in the metering tank. 
The conveying line leading to the reactor is im-
mersed Into this pseudo-fluid layer. The pressure 
difference between the metering tank and reactor 
causes the pulverized coal to be passed through the 
pipeline in a dense flow. The mass flow is deter-
mined by radiometric density and velocity measure-
ments. 

The feeding system Is suitable for use with any solid 
fuel which can be worked into dry dust. As a rule, 
pulverized brown coal Is fed in with a water con-

tent of about 10 percent. For pulverized hard coals 
and cokes a water content of less than five percent 
has proven to be acceptable for the total system. 
In general, the grain size Is 80 percent by weight 
less than 0.2 millimeters. 

The cylindrical reaction chamber, in which fuel dust 
Is converted with oxygen and steam at retention 
times of three to ten seconds, forms the core of 
the reactor. Flame temperatures lie between 1,800 
and 2,000°C, and the pressure can be selected 
within a range from one to five megaPascal depend-
ing on the overall concept. The reactants are 
axially supplied via special burners; the reaction 
products, hot raw gas and molten slag leave the 
reaction chamber downward via a special outlet. 

The reactor is water cooled. The cooling tubes are 
covered with a special castable refractory. When 
molten slag comes Into contact with the cooled cast 
refractory a solidified slag layer is formed which 
eventually goes over into a film of liquid slag run-
ning off.	 Cast refractory and solidified slag layer 
form a strong and rigid bond. 

The raw gas leaving the reactor together with liquid 
slag is passed Into a quenching chamber located 
directly below the reaction zone. 

Operating Results 

The large-scale pilot plant was placed Into operation 
in December 1983. Since 1985 it has been in 
operation as a commercial production plant at YEB 
Gaskombinat "Fritz Selbmann" Schwarze Pumpe. The 
plant consists of a pulverized coal feeding system, 
reactor with quencher, gas scrubbing, add gas 
removal and mixing station for supply to the com-
munity network (Figure 1). 

Until	 1986 the plant	 had been	 running under normal 
production conditions	 using	 pulverized	 brown	 coal 
from	 the East	 Elbe	 area.	 For	 the	 purpose	 of 
evaluating the	 gasification	 behavior	 of	 GDR	 brown 
coal	 with high	 sulfur	 and	 with	 salt	 content,	 coal 
from	 the Merseburg	 area	 was	 first	 mixed	 In	 at	 a 
50/50	 ratio.	 Since	 1987	 the	 plant	 has	 only	 been 
operated with this kind of coal.	 The West Elbe coal 
has a chlorine content of about 0.9 percent.

The raw-gas analysis results in Table 1 show, with 
35 to 39 percent 11 2 and 46 to 50 percent CO, the 
typical composition of a raw synthesis gas from 
which synthesis gas for any purpose can be 
produced. 
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TABLE 1

RAW GAS ANALYSES FOR GSP PROCESS WITH TWO BR(W4 GOALS 

Raw Gas 
Analysis 
(Dry, % By Brown Coal! Brown Coal/West Elbe Area Volume ) East Elbe Area With Flux Without Flux 

H 2 35-39 39-42 36-41 
CO 46-So 39-43 36-41 

10 - 12 11 - 13 15	 - 19 
2.5 2.5	

: : 
85 85 79

AMMONIA FROM PEAT PLANT TO BE BUILT IN FINLAND 

Kemira, the largest chemical enterprise In 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 9 000 tons per year.	 The in-
vestment cost amounts to F1M225 million. 
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Currently Kemira operates in Oulu a minor ammonia 
plant based on the gasification of heavy fuel oil. 
Ammonia production in Oulu was started in 1952 on 
the basis of coal gasification. in order to establish 
an ammonia production resting on domestic raw 
material a research program aiming at the gasifica-
tion of peat was started In the middle of the 1970s. 
Peat is the only realistic domestic raw material for 
synthesis gas in Finland. 

In chemical and physical properties peat resembles 
lignite. However, the volumetric weight of peat is 
very small, ranging from 0.2 kilogram per cubic 
meter to 0.45 kilograms per cubic meter. The mois-
ture content is to 40-60 percent and the type, com-
position and ash content of peat varies widely. 
Moreover, the Finnish peat contains fibers, wood and 
stones. Due to these factors peat is difficult to 
handle with the feeding equipment of a conventional 
gasifier. 

Tests with crushed peat pellets were made with the 
German IITW-gasifier in Berrenrath near Cologne, as 
well as with the Swedish Mino-process in Sweden. 
The American IGT (Institute of Gas Technology) 
process was also tested using dried and crushed sod 
peat. On the basis of these test runs the HTW 
fluidized bed gasifier was chosen. 

Because either milled peat or sod peat dried by the 
sun require some processing to be suitable for feed 
into the gasifier, a study of pretreatment processes 
was started at the Finnish Technical Research in-
stitute. 

The drying, pelletizing and crushing of milled peat 
resulted in good particle physical properties, but the 
treatment had an injurious effect on the reactivity. 

The crushing and drying of sod peat proved to be a 
more interesting alternative. The reactivity of the 
particles is clearly better, even if the physical 
properties do not match those of crushed pellets. 
The moisture content of sod peat is 30-40 percent, 
whereas that of milled peat is 45-55 percent. This 
is an important advantage for drying. 

Peat Ga,Iftcatjon Plant 

The gasification plant under construction includes as 
integrated individual processes: peat transfer, screen-
ing, crushing, drying, pressurized iiTW fluidized bed 
gasification, soot removal, raw gas compression and 
three-stage gas purification. The existing Pyroflow 
boiler plant serves for energy supply and waste in-
cinerator. 

Sod peat is transported to the plant by lorries. The 
loads are dipped into unloading pockets, from which 
peat is passed by belt conveyors to the screening. 
A two-deck disc screen separates the oversized wood 
material as well as the fine peat powder, which are 
sent to the power plant to be burned.	 The

screened sod peat is carried into a 2,000 cubic 
meter storage silo. 

From the storage silo, sod peat Is fed at a rate of 
42 tons per hour to the crusher. Crushing takes 
place in a three-screw biomass crusher with a bot-
tom screen.	 The size of the material coining from 
the crusher is 0.5-10 millimeters. After that the 
crushed product is sent Into the feeding silo for the 
drier. 

Peat must be dried to a moisture content of 
15 percent.	 This is done in a counter-pressure 
steam drier designed by Mode Chemetics. Crushed 
peat Is fed by means of a lock hopper and a screw 
into the drier, where superheated steam is flowing 
at a pressure of four bar. Steam with peat flows 
through a set of heat exchangers. Additional steam 
at a pressure of 11 bar is introduced into the heat 
exchangers.	 This evaporates further the water in 
peat and superheats the steam. The dried peat Is 
then separated by a cyclone and passed into the 
two feeding silos of the gasifier. 

D ried peat is fed through two lock hopper feeding 
lines and screw feeders Into the fluidized bed reac-
tor at a pressure of 16 bar. Oxygen and 35 bar 
water vapor serving as reaction and fluidization gas 
are Introduced into the reactor through nozzle sys-
tems. 

The result is a gas mixture containing 70-90 percent 
Of utility gas (11 2 + CO) and various contaminants. 
Ash Is removed from the bottom of th e reactor and 
wi th two dust cyclones from the gas flow. Raw gas 
Is cooled with gas coolers generating steam of 2.5 
and 35 bar. The carbon residual in gasifier ash is 
burnt in the dust recycle reactor of the power 
plant. 

The raw gas Is pressurized to 35 bar and passed to 
the CO-conversion unit, where CO reacts with water 
vapor to form carbon dioxide and hydrogen. 

Methane and carbon monoxide are removed by 
methanol and nitrogen washes. The result is pure 
hydrogen gas for the ammonia synthesis. 

The power plant has a 55 megawatt steam boiler 
fired by a fluidized bed dust recycle reactor. The 
emissions of gasification, e.g., ash, ammonia, 
hydrogen, sulfide, hydrocyanic acid, benzene, naph-
thalene and odorous gases, are burned in the dust 
recycle reactor. 

The resulting sulfur dioxide is absorbed by time 
added to the fluidized bed. 

Moreover, water for district heating is used for 
cooling in the gasification unit, which improves the 
thermal efficiency of the plant. 
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ENVIRONMENT 

PILOT TESTS POINT TO PARTIAL SOLUTIONS FOR 
GREAT PLAINS EMISSIONS 

The Great Plains Coal Gasification Project has been 
a great engineering success with respect to synthetic 
gas production rate. The plant capacity factor has 
been 80, 99, 103 percent for the last three years. 
Part of this success Is due to the fact that the 
plant can be operated without difficulties at least 
10 percent above the original design capacity of 
137.5 million standard cubic feet per day of syn-
thetic natural gas production. 

Although the initial start-up of the facility had its 
share of difficulties, all significant problems were 
resolved In a timely fashion and at reasonable cost 
except for the problems in the Sulfur Recovery Unit. 
This unit had been designed based on Stretford tech-
nology. Waste gas streams containing 11 2 5 were to 
be first contacted with Stretford solution In venturis 
followed by a fixed bed absorber. Residual 11 2 5 was 
to be less than 100 ppm by volume. The unit was 
to treat three mar feedstreanis: (1) The main CO2 
waste gas stream originating In the Rectlsol Unit; (2) 
The non-condensibles from the Phosam Unit, an am-
monia recovery process; and (3)	 The fuel gas
originating from the Lurgi gasifier coal lock gas 
recovery system.	 Of the three, the Rectisol waste 
gas stream provides the bulk volume. Table 1 
provides a composition for these three streams. Un-
fortunately, soon after admission of either of the 
Phosam or fuel gas feedstrearns, the Stretford Unit 
experienced severe upsets. Excessive foaming of the 
solution occurred when processing Phosam-W off-
gases and the lock gas caused severe problems in 
the sulfur melter operation. Upsets in sulfur flota-
tion occurred with both feedstreams.	 As a result,
these two process streams had to be bypassed and 
left untreated. Another disappointment was the 
removal efficiency obtained for treating the Rectisol 
waste gas. The venturi efficiency was less than ex-
pected and the absorber packing was plugged with 
sulfur in a matter of days. This problem could not 
be resolved and, in order to continue operation, the 
packing had to be removed. 

The net effect of these difficulties, together with a 
higher than expected concentration of organic sulfur 
species in the plant's liquid fuels and waste gas, 
was that sulfur emissions substantially exceeded the 
original projected emission figures (Table 2). 

At the time that these overall plant emission figures 
were established, the Great Plains project was in 
serious difficulties. Finally, however, a pilot scale 
test program was established to Investigate solutions 
to the sulfur emissions problem. This work was dis-
cussed by Great Plains personnel at the 
"Opportunities in the Synfuels Industry" conference In 
Bismarck, North Dakota last August.

Six-Inch Pilot Plant 

In 1986, a small Stratford pilot plant was built In-
cluding a six-Inch absorber,	 reaction tank, four 
oxidizers,	 a sulfur slurry tank as well as a 
centrifuge and a balance tank. The absorber was 
made of glass, permitting observation of irrigation 
patterns, fouling tendencies, packing behavior, etc. 

As in the commercial unit, processing the raw 
Phosam off-gas in the pilot plant caused uncontrol-
lable foaming in the absorber and produced a very 
aerated structurally stable froth on the oxidizers. 
Feeding raw fuel gas produced very finely dispersed 
sulfur particles in the wash liquor. This sulfur, if 
left In an unagitated state, would settle to the bot-
tom of the vessels forming a slurry layer having the 
consistency of latex paint. In these tests, both gas 
streams tended to raise the carbon content of the 
melted product sulfur and increased the odor 
problems around the oxidizers and with the melted 
sulfur product. In addition, the problem of solids 
forming on the surface of the column packing was 
observed when processing these streams. After suf-
ficient time, growth of solids In the lower stages of 
packing caused the absorber to flood. 

Cooling and chilling the Phosam off-gas to 40°F 
produced a condensate, which contained significant 
quantities of organic substances. Removal of these 
hydrocarbons reduced the severity of foaming in the 
absorber and also reduced the odor problems around 
the oxidizers. 

Refrigeration of the fuel gas to 40°F produced less 
discernible effects. However, the apparent benefits 
were larger sulfur particles in the Stratford solution 
and froth production was better than when raw fuel 
gas was treated. Both sets of refrigerated gas tests 
were inconclusive regarding the Impact on Improved 
sulfur quality and sulfur matter operation. Plugging 
of absorber packing continued to occur while operat-
ing with these refrigerated feedstreams. 

Plugging of absorber packing when operating on Rec-
tisol waste gas was determined to be related to the 
high CO 2 content of the gas. 

A number of tests were performed to determine if 
changes in the Stretford chemistry, or additives such 
W citrate, thiocyanate and surfactants could reduce 
this plugging tendency. Out of a long list of runs, 
only citrate addition showed some benefit towards 
prolonging run times, although absorber plugging was 
still frequent.	 As the research program matured,
the pilot plant was also used to explore alternative 
Redox technologies. Two processes were tested, 
Hiperion and Suifolin. The iliperlon process allowed 
for much longer run length than when using Stret-
ford solution and showed comparable 11S removal 
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TABLE 1 

TYPICAL ANALYSES FOR GREAT PLAINS WASTE GASES 
(Volume Percent) 

Reetisol Phosam Gas ifier 

Waste Gas Of f-s Goal Lock Ga s 

H2 - 2.56 39.70 
GO 0.18 1.36 14.40 
00 2 95.11 67.77 31.58 
GIl4 1.00 1.09 13.00 
C2 !]4 0.20 0.01 
C2 11 6 1.39 0.026 0.47 
C3 H 6 0.14 0.04 
C3 118 0.25 0.009 0.31 
C411 0.03 0.03 
C4 11 10 0.03 2.55 0.03 
C5 + 0.02 - 0.08 
H2 S 0.79 1.13 0.23 

79 ppm - - 
CH.1 SI! 0.02 0.009 0.013 
C2 R5 511 <10 pn 0.004 0.003 
Cs 2 
(C113 ) 2 Sii

(10 ppm 
25 ppn

- 
0.006

- 
- 

NH 3 <10 ppm 10.20 - 
HCN <10 ppm - - 
N 2 0.79 0.702 0.02 
02Ar 0.01 - 0.08 
Benzene 0.01 0.26 0.048 
Toluene 0.01 0.022 0.022 
Ethyl Benzene - 0.008 0.001 
Xylene - - 0.003 
Phenol - - 1 ppm 
Acetone/rdEl( 0.01 3.31 - 
Methanol 0.01 7.67 - 
IPE - 0.837 - 
Propanol - 0.031 - 
2-Butanone - 0.556 - 

TABLE 2 

EMISSIONS AT GREAT PLAINS 

Current 
Original Plant Alter Proposed 

Design Basis @ Max S Changes (Max 5) 

Coal Feed lID 14,000 16,700 16,700 
SNG Production r.T,ISCFD 137.5 152.5 152.5 
502 Emissions 

From Org. S Lb/Hr 955 2,105 2,105 
From 112 8 Lb/Hr 385 6,525 1,837 
Total Lb/Hr 1,340 8,630 3,942
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efficiencies. The sulfur product, however, did not 
appear to be of equal quality as Stretford sulfur, 
and foaming problems were encountered when make-
up chemicals were added. 

The Sulfolin process provided good H 2S removal ef-
ficiencies and seemed to produce a sulfur that was 
less sticky than that made by Stretford. Plugging 
of the absorber still occurred although cleaning was 
possible without requiring caustic washing. The sul-
fur that was produced by the Sulfolin process 
resembled that made by Stretford in both color and 
flotation characteristics. 

Based partly on these pilot plant results and partly 
on the feedback received from SASOL's coal gasifica-
tion plants in South Africa, Great Plains converted 
Its Sulfur Recovery Unit from Stretford to Sulfolin 
chemistry in the fall of 1987. Making this change 
has improved the removal efficiency of the Sulfur 
Recovery Unit by about two to three percent and 
reduced 50 2 emissions by about 600 pounds per hour. 
Implementation of chilling of the Phosam off-gas and 
the fuel gas will reduce the plant 502 emissions by 
about another 1,200 pounds per hour (at maximum 
sulfur coal). 

Commercial-Scale Venturi Testing 

Since encountering plugging problems with the packed 
towers, Great Plains was interested in exploring the 
benefits of multistage venturi arrangements. During 
the last several years, a number of single and two-
stage venturi performance tests were carried out, 
initially with Stretford solution and more recently 
with Sulfolin solution. The data (Figure 1) show 
various predicted removal rates near the expected 
ultimate plant capacity. The Sulfolin solution offers 
about two percent higher removal rate than the ear-
lier Stretford operation. Two-stage venturi opera-
tion, with solution in countercurrent flow arrange-
ment, would raise the 1125 removal rates to the 
90 percent level. 

Adding a second set of venturis such as con-
templated for the countercurrent arrangement, re-
quires pumping the total solution flow to elevated 
pressure for the second set of venturis. in addition 
to capital intensive plant modifications, the cor-
responding yearly operating expense would be in-
creased by over $1 million to cover the increased 
solution pumping requirement. 

Alternative Absorber Designs 

When absorber plugging problems were first ex-
perienced in the commercial unit, a number of pack-
ing modifications were briefly explored. Plastic ver-
sus stainless steel pail rings and Glitsch grid showed 
no long term improvement. Reduction in packed bed 
height and addition of sprays provided no satisfac-
tory solution. After a series of unsuccessful com-
mercial scale tests, the packing was removed from 
all absorbers.

FIGURE 1 

EXPECTED H2S REMOVAL
EFFICIENCY VS. GREAT PLAINS 

PRODUCTION RATE 
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One Stag. Venturi
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C 901
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C)	
-
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. V.nturl Stntforj Solution 
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On a pilot scale, mobile bed columns were studied 
with hollow bails and Tripack spheres used as the 
packing. 

Performance of the tower was found to be very 
promising. Pressure drop was less than expected, 
using about one-half of that available, and measured 

removal was better than anticipated. Overall 
absorption efficiency for the system was increased 
from around 76 percent to about 90 percent 
(Figure 1). Initially, some degradation of the column 
packing was observed and this factor still remains 
one of the primary unknowns for complete accept-
ance of the technology. At this time, the moving 
bed packed tower with 11 feet of packing promises 
a slightly better removal efficiency than a two-stage 
countercurrent venturi arrangement (Figure 1). 

Conclusions 

At Great Plains the following options have been 
tested and demonstrated to reduce SO 2 emissions: 

- Convert to Sulfolin technology. 
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- Chill Phosam gas to permit processing in Sul-
fella. 

- Chill fuel gas to permit processing in Sul-
folln. 

- Improve II 2 S removal efficiency either by: 
- Two-stage venturi, 
- Moving bed absorber. 

In spring of 1988, the Department of Energy flied 
with the North Dakota State Department of Health 
for an operating permit based on Sultolin perfor-
mance data for a two-stage countercurrent venturi 
arrangement. The goal would be to achieve the 
emission figures shown in Table I, which is based on 
a 93 percent removal efficiency for the main and 
Phosam waste gases and processing fuel gas in the 
existing venturis. 

A final comparison of the two-stage venturi versus 
moving bed absorber was put off for a longer 
operating period for data collection and investigation 
of the cost of modifications. 

COAL GASIFIER PROPOSED FOR HAZARDOUS WASTE 
DESTRUCTION 

A modified coal-gasifier for destroying PCBs and 
other toxic materials has been developed at the 
University of Missouri. 

In the proposed scheme, coal is first pyrolyzed to 
char; the hazardous-waste sludge is added to the 
char and gasified in high pressure air. 	 The char 
absorbs	 and	 reacts	 with	 the	 polychlorinated
biphenyls, and the reactants are then gasified into

hydrogen chloride, carbon monoxide, hydrogen and 
water. The residue, a glassy ash, can then be 
safely disposed of at a waste site. 

The process probably will be more expensive than 
Incineration, the usual method of PCB disposal. But, 
say the developers, compared with conventional in-
cinerators, the gasifier produces fewer emissions, and 
can handle wastes contaminated with both PCBs and 
heavy metals such as lead. 

CLEANUP OF OLD UTAH COAL GASIFICATION SITE 
UNDER WAY 

Mountain Fuel Supply Company has begun a 
$2 million environmental reclamation project at its 
old coal gasification site in Salt Lake City. 

Dames and Moore will provide the design and con-
struction management for the project. 

The project involves on-site containment of coal tar 
residuals and removal and treatment of contaminated 
ground waste from a gasification plant which 
operated at the site for 21 years. 

Dames and More plaits to dig a 28-foot-deep 2,700-
foot long trench around the perimeter of the site. 
It will be filled with a mixture of soil and ben-
tonite clay to form a slurry wall. 

Then 11 extraction wells will be drilled to intercept 
groundwater outside the slurry wall. 
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RESOURCE 

INTERIOR TO SHARE IWI'EREST ON LATE ROYALTIES 
Writ STATES 

A new law allows the Interior Department to share 
with states interest collected on late royalty pay-
ments from federal coal leases, offshore leases, and 
other situations not covered by the Federal Oil and 
Gas Royalty Management Act (FOGRMA). The new 
law will result in millions of dollars in additional 
revenue for some western states. 

FOGRMA specifically provides for sharing late pay-
ment interest for onshore oil and gas leases, but 
does not cover offshore leases, solid mineral leases, 
geothermal leases, certain categories of federal 
lands, or revenues due before FOGRMA was enacted 
in 1983, according to Interior Assistant Secretary 
J. Steven Griles.	 This newly enacted legislation 
covers these situations. 

While the new law Is effective from July 1, It also 
recognizes that in some cases late interest payments 
were shared in the past through inadvertent misin-
terpretation of FOGRMA. Those payments, including 
about $3 million paid to states for interest on coal 
and geothermal royalties, will not be recouped. 

One known impact involves readjusted coal leases. 
The Department anticipates that royalties on some 
lease readjustments under review will be paid in the 
near future, and the accrued interest on those 
royalties now approximates $27 million. Under the 
authority of this newly enacted legislation, half of 
that amount will be paid to the States of Colorado, 
Utah, and Wyoming. 

The Interest-sharing provision was initiated by the 
Interior Department's Minerals Management Service 
and is part of Public Law 100-524, which was signed 
by President Reagan October 24, 1988. 

INTERIOR RULE AFFECTS READJUSTMENT OF TERMS 
FOR FEDERAL COAL LEASES 

Under a final rulemaking announced by the Interior 
Department's Bureau of Land Management (flLM), 
federal coal lessees will no longer be able to file 
routine objections with BLM, if they object to stan-
dard lease terms and conditions at the time of lease 
readjustment. However, federal coal lessees would 
still retain the right to appeal BLM's final lease 
readjustment action to the Interior Board of Land 
Appeals (IBLA). 

Coal leases issued before 1976 become subject to 
the standard lease terms and conditions set by the 
Federal Coal Leasing Amendments Act of 1976 
(PCLAA) upon their first adjustment under the Act.

The rulemaking also would require the lessee to 
make rental and royalty payments at the readjusted 
rates as of the effective date of the lease readjust-
ment. This will ensure that the standard lease 
terms and conditions conform to the requirements of 
the FCLAA immediately upon readjustment. 

The United States Court of Appeals for the 10th 
Circuit has held that the mandatory terms and con-
ditions established by Section 6 of FCLAA are re-
quired to be Included in federal coal leases at the 
time of readjustment. Objections to readjusted terms 
and conditions required by either law or provisions 
of existing regulations routinely have been dismissed 
by BLM. IBLA also routinely dismisses appeals con-
cerning standard terms and conditions. 

POWDER RIVER REGIONAL COAL TEAM MEETS 

The Powder River Regional Coal Team (RCT) held a 
public meeting on December 15, 1988, in Miles City, 
Montana. This was the team's first meeting in over 
a year. The primary purpose of the meeting was to 
develop a recommendation for the Secretary of the 
Interior on whether or not to resume regional coal 
leasing activities. 

One specific regional issue which the RCT requested 
public comments on Is the removal from the region 
of Musselshell,	 Yellowstone,	 and Golden Valley 
counties, all in Montana.	 The Powder River Coal 
Production Region was established by the Bureau of 
Land Management (BLM) on November 9, 1979, 
together with a number of other regions contained 
in 43 CFR Part 3420. The Region includes the fol-
lowing counties: Big Horn, Golden Valley, Mussel-
shell, Powder River, Rosebud, Treasure, and Yel-
lowstone, all in Montana: and Campbell, Converse, 
Crook, Goshen, Johnson, Natrona, Niobrara, Sheridan, 
and Weston, all in Wyoming. The RCT will consider 
current and projected market conditions, potential 
for emergency leasing, level of Industrial interest, 
administrative efficiencies, and public comments prior 
to making any recommendation to the Director. 

Musselshell, Yellowstone, and Golden Valley Counties 
have contributed very little coal production to 
regional production levels and leasing levels. Only 
one small surface mine currently operates In Mussel-
shell County producing approximately 15,000 tons an-
nually. There are two 80-acre coal leases in Mus-
selshell County.	 One was issued In 1928 and the 
other in 1962. Future mining ventures for other 
than local use would likely be by underground 
methods and have smaller production than surface 
mining in the remainder of the Region. Impacts 
from smaller underground mines would likely be less 
than regional in nature. 
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On May 3, 1988, Meridian Minerals Company sub-
mitted an application to exchange 3,674 acres of 
federal coal in the Bull Mountains for surface lands 
in other parts of the State of Montana. The Bureau 
of Land Management is preparing an environmental 
I mpact statement (EIS) as announced in the Notice of 
May 16, 1988. A leasing alternative to the ex-
change proposal is being analyzed in the EIS. Yel-
lowstone Coal Company, through leasing agreements 
with Meridian, has announced plans to open an un-
derground mIne In the Bull Mountains and is prepar-
ing an application to obtain a mining permit from 
the State of Montana. Mining could begin in early 
1991 if the exchange with Meridian Is completed or 
if the federal coal is made available for competitive 
leasing. 

The BLM says It cannot respond in a timely fashion 
or economically to Yellowstone Coal Company's cur-
rent development and leasing interest. It would 
take at least three years to prepare for a regional 
coal lease sale through the activity planning process. 
There Is no current regional leasing schedule. Coal 
market conditions and projected production levels 
suggest no Immediate need to begin a new round of 
activity planning.	 It Is doubtful that leasing Inter-



est In the Bull Mountains Is sufficient reason to 
begin a new round of activity planning. However, 
processing a lease-by-application could take as little 
as 12 months. A similar savings in preparation cost 
would also be expected. Removal of Musselshell, 
Yellowstone, and Golden Valley counties from the 
region would provide for teasing-by-application in 
accordance with 43 CPR 3425 in these three 
counties. Accordingly, competitive teasing, In 
response to an application, could be considered on 
the proposed Bull Mountain exchange area. 

#41fl 

CHINA FACES ACUTE COAL SHORTAGE 

China is facing an acute shortage of coal, despite 
increases in coat production since the beginning of 
1988. 

Many	 factories in	 East, Central, Southwest	 and 
Northeast	 China have had to	 stop producing or are 
Producing below capacity for	 want of coal.	 One 
example	 is	 Jiangsu	 Province, where power generator 
units	 with	 a combined capacity of	 one	 million 
kilowatts	 were idle	 in	 September. This	 Is	 one-
quarter	 of	 the province's total	 generating	 capacity, 
said	 the	 head of	 China General Corporation	 of 
State-run Coal Mines.

Between January	 and	 July,	 China	 produced 
530 million tons of coal, 23.43 million tons more 
than in the same period of 1987. 

This represented an increase of 4.6 percent. 
Nevertheless, the power, iron and steel, chemical 
fertilizer and cement industries burned anywhere be-
tween 9.6 and 13 percent more coat.

There are two reasons for the situation: inadequate 
capacity of railway transport and the rapid growth 
of industrial development. 

A lot of coat is piled up in mines in the west 
which have rich coal resources. Some of the mines 
have had to cut production because of lack of 
transport. 

On the other hand industries in the energy-short 
eastern regions of the country have grown at a rate 
of 17.2 percent this year, far in excess of the na-
tional increase In coat output. 

Governors of Jiangxi and Zhejiang Provinces have ap-
pealed directly to the central government to In-
crease their supply of coal. By the end of June, 
coat stocks were down 17.2 percent over last year. 

The situation is expected to get worse. By 1990, 
12 coastal provinces and municipalities will need a 
total outside coal supply of 200 million tons, 
20 percent more than in 1987. 

Supply shortage at China's largest coat mine joint 
venture has also made it difficult for China National 
Coal Import and Export Corporation to fulfill con-
tracts w ith overseas clients. 

The corporation, which was asked by the Antalbao 
Coat Mine, a Sino-United States joint venture in 
Shanxi Province, to sell about five million tons of 
coat overseas, has signed contracts with more than 
20 clients In Europe and Asia according to the 
mine% early production plans. 

But the Antaibao mine has been unable to supply the 
promised amount. 

Foreign coal importers who have signed contracts to 
buy Antaibao coal are complaining about being un-
able to receive the coal deliveries as scheduled. 

The Helsinki News,̂ recently cited China's failure to 
deliver 400,000 tons of coal that three Finnish com-
panies contracted to import from China this year. 

The major cause Is that the Antaibao mine is not 
running according to Its plan. The mine is produc-
ing less than anticipated in its first year of opera-
tion. 

China's early endeavor to compensate foreign clients 
by supplying coal produced by other mines also 
failed because of the limited transport capacity. 

Foreigners have agreed to receive coal produced in 
Datong, also in Shanxi Province, at lower prices. 
The quality of the coal produced in Datong is better 
than that in Antaibao. 

The coat mine officially started production a year 
ago and Is now operating at 50 percent of its 
designed capacity.	 With a total investment of 
$649 million,	 Antaibao Is designed to produce
15.3 million tons of coal a year. 
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Antaibao, is a Joint venture between China and the 
Occidental Petroleum Corporation of the United 
States. 

A collapsed coal depot containing 1,500 tons has 
been renovated. Occidental has also upgraded three 
of the four coal washing systems, and these should 
now be able to process 3,000 tons of coal an hour, 
or 26.28 million tons a year. The renovation 
program is expected to be completed by the end of 
the year. 

Transport is another critical problem for the Joint 
venture. Antaibao officials have been discussing 
possible solutions with the ministries of Railways and 
Communications.

Although the Joint venture has been beset by 
problems in its first year of operation, both the 
Chinese and American partners are optimistic about 
future cooperation at the mine, in the Pingshuo area 
of Shanxi Province. 

In a letter to Chinese leader Deng Xiaoping, Oc-
cidental chairman Armand Hammer said he hoped to 
continue cooperation with China on the second phase 
of Antalbao's development--another mine with an an-
nual capacity of 15 million tons. 
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RECENT COAL PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following articles appeared in Energy & Fuels for September/October 1988: 

Furimsky, E., at al., "Iron-Catalyzed Gasification of Char in CO2.' 

Nomura, M., et al., "Performance of MoCl 3 -LiCl-KCI and N1Cl2-Licl-ICCI Catalysts in Coal 
ilydroliquefaction with a Hydrogen Donor Vehicle." 

Painter, P.C., et al., "thermodynamics of Coal Solutions." 

Sliadman, F., at al., "Aluminosilicate Sorbents for Control of Alkali Vapors during Coal Combus-
tion and Gasification." 

The following papers were presented at the American Chemical Society Division of Fuel Chemistry meeting 
in Los Angeles, California, September 25-30, 1988: 

Gibbons-Matham, J., at al., "An Investigation of Heating Rate and Pressure Effects in Coal 
Pyrolysis and Hydropyrolysis." 

Yun, Y., at al., "Simultaneous Thermogravimetric and Mass Spectrometric Observations on 
Vacuum Pyrolysis of Argonne PCSP Coals." 

Winans, R.E., et al., "Characterization of the Argonne Premium Coal Samples by Pyrolysis High 
Resolution Mass Spectrometry." 

Serio, M.A., at al., "Pyrolysis Modeling of the Argonne Premium Coals." 

Rao, S.N., et al., "Advances and New Directions in Direct Liquefaction." 

Lee, J.M., et al., "two-Stage Coal Liquefaction Process Developments at Wilsonville." 

Cray, D., at al., "Progress in Direct Coal Liquefaction: The Economic Perspective." 

Winschel, R.A., et al., "Recycle Oils from Fluid Coking of Coal Liquefaction Bottoms." 

Derbyshire, F., "Catalysis in Direct Coal Liquefaction: Status and Directions for Research." 

Mororti, E.C., "Direct Coal Liquefaction: Distinction Between Reactants and Catalysts." 

Miller, T.J., et al., "Coprocessing of Coal with High Metal Content Resids." 

Stohl, F.V., at al., "Studies of Deactivating Species on Coal Liquefaction Catalysts." 

Adkins, 8.0., at al., "Nitrogen Base Poisoning of NiMo Liquefaction Catalysts: 	 A KineticStudy." 

Rhea, J.A., et al., "Effect of Pore Structure on Catalytic Coal Liquefaction." 

Tarrer, A. R., at al., "Deactivation of Hydrogenation Catalyst: Importance of Mass Transfer." 

Wang,	 H.P.,	 at al.,	 "Spectroscopic Study of Catalysis by Zinc Chloride of CoalD epo ly me riz ati on." 

Shin, S.-C., et al., "Correlation of Bituminous Coal Hydroliquef action Activation Energy with 
Fundamental Coal Chemical Properties." 

Ross, 0.5., et at., "C oal Structure and Behavior -- Interfacial Chemistry in Coal." 

Horiuchi, A.l{., et al., "Amphoteric Reactions of Supercritical Water with Coal Models." 
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Kamiya, Y., at al., "Additive Effects of Solvent Refined Coal Fractions and Nitrogen-Containing 
Aromatic Compounds on the Hydrogenolysis of the Diarylmethane." 

Aida, T., et al., "Coal Gel Chemistry 2. Coal Liquefaction by Binary Solvent System." 

Seehra, M.S., "Studies of Coal Pyrolysis and Coal Extraction Using In Situ ESR Spectroscopy." 

rAamotra, R., at al., "The Impact of Liquefaction Solvent Composition on Hydrogen Utilization 
Efficiency." 

Bockrath, B.C., et at., "Investigation of Liquefaction Mechanisms Using Molecular Probes." 

Keogh, B.B., et al., "Coal Liquefaction: 	 Impact of Alkyl Substitution in Naphthalene Model
Solvents," 

Ha, B.C., et al., "Hydroliquefaction of Coal-Oil Agglomerates." 

Snape, C.E., et al., "high Liquid Yields from Bituminous Coal Via Hydropyrohysis with Dispersed 
Catalysts." 

The following papers were presented at the Fifth Annual International Pittsburgh Coal Conference, held 
September 12-16, 1988 in Pittsburgh, Pennsylvania: 

Shannon, R.H., "The Ontario Ohio Clean Fuels, Inc. Coat-Oil Co-Processing Project in Ohio." 

Bryan, B.G., et al., "Results of In Situ Desulfurization Tests in the U-Gas Coal Gasification 
Process." 

Staiger,	 R.P.,	 Jr.,	 "The United States Congress and Alternative Transportation Fuel
Development." 

Weber, W.H., et al., "Methanol Coproduction: 	 Strategies for Effective Use of IGCC Power 
Plants." 

Muter, 11.8., "Methanol as a Transport Fuel - Present and Future." 

Schwartz, M.]., "Mine Mouth Production of Methyl Fuels." 

O'Hare, T.E., at al., "The Logic of Methanol." 

Lambertz, J., et al., "The High-Temperature Winkler Process for Gasification and Its Applica-
tion for the Production of Synthesis Gas and Low-BTU Gas." 

Thompson, B.H., et al., "The Application of the BGL Gasifier for Combined Cycle Power 
Generation." 

Schellberg, W., et al., "The PRENFLO Coal Gasification Process." 

Sobreiro, L.E.L., et al., "Pressurized Coal Gasification-CIGAS Process," 

Wlndie, J.B., "Operational Summary: 	 Tennessee Eastman Company, "Chemicals from Coal" 
Facility." 

Cover, A.E., et al., "IGCC Economics Using the KRW Gasifier with Hot Gas Clean Up." 

Clark, E.V., et al., "Cool Water Coal Gasification Program. - Project Update." 

Sabin, V.P., "Great Plains - Looking More Like A Utility." 

Henley, J., et al., "Operational and Performance Data of the Dow Coal Gasification Plant - 
First 1-1/2 Years." 

Mastral, A.M., et al., "Depoiymerization as a Pretreatment in Coal Liquefaction." 

Ihnatowicz, M., at al., "Solvent Extraction of Hard Coals from Upper Silesia Basin." 
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Matula, W., "Research Works on Coal Hydrogenation on the Unit with Capacity of 2 t/d." 

Dohms, IC.-D., et al., "Selected Results Obtained During Operation of the Bottrop Pilot Plant.' 

Janczak, C., et al., "Hydrogenation of High-Temperature Tar with First-Stage Iron Catalysts." 

Burke, P.P., et at., "Donor hydrogen Depletion in Coal Liquefaction." 

Iluffman, G.P., "Overview of the Consortium for Fossil Fuel Liquefaction Science Research." 

Farcasiu, M., et al., "Advanced Coal Liquefaction at the U.S. Department of Energy." 

Lee, J.M., et al., "Recent Developments in Coal Liquefaction at Wilsonville." 

Kim, H.-G., et al., "Interactive Chemistry of Coal-Oil Reactions Using Model Systems." 

Peng, F.F., et al., "Effect of Particle Structure Changes on the Gasification Rates of In Situ 
Formed Char and N 2-Char in Steam at High Temperature." 

Nizinska-Bazanjalc, B., et al., "The Effect of Nickel and Potassium Carbonate Catalysts on Coal 
Gasification." 

Khan, M.R., "Overview of the Fundamentals of Mild Gasification of Coal." 

Carty, R.H., et al., "Experimental and Theoretical Investigation of the Formation and Growth of 
Ash Agglomerates." 

Piotrowski, A., et al., "Mechanisms of Coal Char Gasification." 

Baxter, L., "Overview of Pulverized-Coat Combustion and Gasification Modeling: Current Status 
and Needed Improvement." 

de Souza-Santos, FiLL.., et al., "Comprehensive Modeling and Simulation of a Fluidized fled 
Boiler or Gasifier for Coal." 

Strickland, L.D., "Design Features and Early Operating Experiences with .IETC 6" Diameter 
Fluidized Bed Gasifier." 

Singleton, A., et al., "A Commercial Underground Coal Gasification Project in Wyoming." 

Seibert, R.C., "Great Plains Coal Gasification Plant: A Project Update." 

Greenbaum, M.A., "Overview of DOE's Fossil Energy International Activities." 

Swink, D.F., "Leveraging Coal Exports with Technology." 

Siegel, J.S., "International Coal Research and Development Cooperation - A Technological 
Review." 

Ma, R.I., et al., "Analogue Calculation and Experimental Results from a Two-Stage Fluidized 
Pyrolyzer/Gasifier." 

Zhou, J.L., et al., "Development of Fischer-Tropsch Synthesis In China." 

Zhang, B., "Development of Coal Gasification Technology for Low Grade Coal with Fixed Bed 
Under Atmospheric Pressure." 

Tang, N., et al., "The Present State of Research and Utilization of Coal Generated Gas in 
China's Main Coal Fields."
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COAL - PATENTS 

"Two-Stage Pyrolysis of Coal for Producing Liquid Hydrocarbon Fuels," Robert A. Graff - Inventor, Research Foun-
dation of City University of New York, United States Patent Number 4,778 1 585, October 18, 1988. Increased 
yields of liquid hydrocarbon are obtained from a carbonaceous material (e.g., coal) by a two-stage process com-
prising pretreatment of the carbonaceous material with an appropriate gas in a first stage, followed by pyrolysis 
of the pretreated carbonaceous material, in a second stage. 

"Method and Apparatus for Fluidizing Coal Tar Sludge,: Kenneth D. Burnside, Daniel C. Deer, Ill - Inventors, 
United States Patent Number 4,778,115, October 18, 1988. A method and apparatus fluidizes solid deposits of 
coal tar sludge, such as coal tar decanter sludge or coal tar tank sludge to a relatively homogeneous mixture of 
solids dispersed in liquid. The coal tar decanter sludge received from the coke oven, including approximately 10 
to 50 percent by weight coal and coke solids, is conveyed into a sludge mixing vessel where it is deposited 
onto a liquid-permeable support member or screen having a predetermined maximum screen size. A suitable coal 
tar solvent in the sludge mixing vessel is heated to a temperature sufficient to partially solubilize and reduce 
the viscosity of the coal tar portion of the coal tar decanter sludge to provide a pumpable dispersion of solids 
dispersed In a diluted coal tar mixture. Agglomerates of coal and coke solids held together with coal tar fall 
through the screen when sufficient coal tar has solubilized and the solid agglomerates then are reduced in size 
for recirculation to the sludge mixing vessel. The diluted coal tar mixture Is pumped to recirculate It to the 
sludge mixing vessel after impacting and shearing the solid agglomerates to reduce the solids particle size. 

"Simultaneous Upgrading of Tar Sand Bitumen and Coal by Corefining," William I. Donaldson, Richard C. Hsieh - 
Inventors, Chevron Research Company, United States Patent Number 4,764,270, August 16, 1988. An improved tar 
sands derived bitumen and coal liquefaction process is disclosed wherein substantial percentages of subdivided 
coal particles and tar sands derived bitumen liquids are mixed and then corefined with hydrogen under 
hydrocracking conditions, but In the absence of a separate catalyst, at a temperature range of 800 0 to 900°F 
and a pressure of about 2,400 pslg. The resulting fluid after removal of residual solids is a suitable liquid 
feedstock for conventional refinery equipment to produce petroleum fractions useful as transportation and heating 
fuels. Preferably, a portion of the corefined bitumen-coal liquid product may be recycled for mixture with the 
bitumen liquid and coal. Raw or native tar sands may also be mixed with the liquid bitumen and coal in the 
process. 

"Process for the Preparation of Micro Inorganic Foamed Granules," Waichi Kobayashi, Kinzi Uehorl, Kouji Usui - 
Inventors, UBE Industries Ltd, Japan, United States Patent Number 4,764,218, August 16, 1988, A process for the 
preparation of micro inorganic foamed granules characterized In that amorphous particles having particle size of 
not greater than 150 microns recovered from particles of an amorphous residue produced by partial oxidation of 
coal is heated by introducing the same Into a flame or gas at a high temperature, whereby foaming the amor-
phous particles. 

"Apparatus for the Gasification of Coal," Philippus J. Meyer - Inventor, SASOL Operations Proprietary Ltd., United 
States Patent Number 4,764,184, August 16, 1988. A fixed-bed coal gasifier includes an upright cylindrical wall 
providing a fixed-bed coal gasification chamber for gasifying coal to produce synthesis gas, with an end-piece 
closing off the upper end of the cylindrical wall. A coal Inlet opening is provided in the end-piece, and a gas 
outlet leads from the chamber at a high level. A gas collection device Is provided within the gasification 
chamber below the inlet opening, and provides a central gas collection zone operatively connected to the gas 
outlet of the gasification chamber so that synthesis gas produced in the chamber can pass from the gas collec-
tion zone to the gas outlet. The device is spaced with clearance from the cylindrical wall so that coal can 
pass through the gap between the device and the cylindrical wall. A plurality of horizontally spaced coal dis-
tribution means, for distributing coal from an upper zone above the gas collection device into a lower zone im-
mediately below the gas collecting device, are also provided. 

"Fluid Fuel from Coal and Method of Making Same," Eric H. ReichI - Inventor, United States Patent 
Number 4,762,528, August 9, 1988. Coal is gasified to produce carbon monoxide which is converted to carbon by 
a reverse Boudouard reaction 200 -> CO2+C the carbon dioxide Is recycled and reacted with coal to create 
more carbon monoxide by the boudouard reaction CO2+C -> 2CO the resulting carbon Is recovered and mixed 
with a liquid to form a liquid slurry of particulate carbon which is useful as a fluid fuel. The liquid may be 
water or hydrocarbonaceous liquids. The process optimizes recovery of carbon from coal in a usable form, sub-
stantially free of sulfur, hydrogen, ash and nitrogen. 

"Process for Deashing Coal,"	 Tatichi Funaji, Haruo Iso, Hideto Mitsui, Toshiaki Murata, Kenichi Nagata, .iisaku 
Tanimichi - Inventors, Tokyo Electric Power Company Inc., Japan, United States Patent Number 4,762,526, 
August 9, 1988. Disclosed is a process for deashing coal, which comprises the following steps (a) to (e): 
(a) crushing coal to form crushed coal having a particle size distribution of 0.05 to 15 millimeters and an 
average particle size of 0.5 to two millimeters, (b) producing an aqueous slurry comprising the crushed coal, one 
to four weight percent of a binder based on the crushed coal, and water, (c) feeding the aqueous slurry of the 
crushed coal to a cylindrical agglomerator provided with disk impellers in a multistage manner and effecting col-
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lision and agglomeration among the crushed coal particles by the rotation of the impellers and effecting tumbling 
and agglomeration of the agglomerate to produce an aqueous slurry of spherical or spheroidal hard agglomerated 
coal, (d) separating the aqueous slurry of the agglomerated coal by treating with a solid-liquid separator into 
first agglomerated coal on the separating medium and an aqueous slurry of second agglomerated coal and ash 
which have passed through the separation medium, and (e) adding a frother or a frother-based flotation reagent 
to the aqueous slurry of the second agglomerated coal and the ash and recovering the second agglomerated coal 
by lotation. 

"Coal Gasification Installation," Jean Cordier, Marcel Lemaire - Inventors, Union Siderurgique du Nerd et de Vest 
do France, France, United States Patent Number 4,775,392, October 4, 1988. The installation comprises mainly a 
reactor for the gasification of powdered coal on a bath of liquid iron, a cooling flue constituting a boiler con-
necting the outlet of the reactor to a vapor superheater fed with vapor Issuing from the boiler, a dust-removing 
cyclone connected to the outlet of the superheater, a thermal exchanger connected to the outlet of the cyclone 
in which a drying fluid is heated by thermal exchange with the combustible gas, a conditioning tower connected 
to the outlet of the thermal exchanger, the conditioning tower being connected to a dry electrofiiter which 
feeds a storage gasometer through a three-way valve. The heated drying fluid and the vapor issuing from the 
superheater are employed in the Installation for preparing and conveying the fuel and the comburent fed to the 
reactor. 

"Sulfur Removal and Comminution of Carbonaceous Material," Hand K. Narain, John A. Ruether, Dennis N. Smith 
- Inventors, United States Department of Energy, United States Patent Number 4 1 775,387, October 4, 1988. Finely 
divided, clean coal or other carbonaceous material is provided by forming a slurry of coarse coal in aqueous 
alkali solution and heating the slurry under pressure to above the critical conditions of steam. The supercritical 
fluid penetrates and is trapped in the porosity of the coal as it swells in a thermoplastic condition at elevated 
temperature. By a sudden, explosive release of pressure the coal Is fractured into finely divided particles with 
release of sulfur-containing gases and minerals. The finely divided coal is recovered from the minerals for use 
as a clean coal product. 

"Coal Gasification Burner," Charles V. Sternling - Inventor, Shell Oil Company, United States Patent 
Number 4,775,314, October 4, 1988, A transportation-protected burner for coal gasification in which a gas such 
as steam, product synthesis gas or nitrogen is introduced through a porous wall immediately surrounding the 
openings through which coal and oxygen are introduced. 

"Use of Smelter-Grade Sulfuric Acid as True heavy-Liquid Media in Coal Cleaning," Mahesh C. Jim, Deepak 
rtlalhotra, Frank J. Smit - Inventors, AMAX Inc., United States Patent Number 4,775,106, October 4, 1988. A 
method is provided for removing contaminating minerals from coal by true heavy-liquid media. The coal is corn-
minuted to liberate a substantial portion of the minerals from the coal, the method comprising forming a slurry 
of the comminuted coal in a solution of smelter-grade sulfuric and of specific gravity ranging from about 1.2 to 
1.7, the specific gravity of the sulfuric acid solution selected being greater than that for the liberated coal but 
less than that of the contaminating mineral to be separated, thereby effecting substantial separation between the 
liberated coal and the contained minerals. The coal is removed from the solution and then washed to remove 
occluded acid therefrom. 

"Process for Beneficiating Coal by Means of Selective Agglomeration," Nello Passarini, Antonio Vetter - Inventors, 
Eniricerche, S.P.A. Italy, United States Patent Number 4,776,859, October 11, 1988. A process is disclosed for 
the beneficiation of coal by means of selective agglomeration, wherein an agglomerating blend is used, which is 
constituted by: one or more main agglomerating agent(s), selected from the light hydrocarbons having a boiling 
temperature not higher than 70 0 C, one or more non-Ionic additives(s), selected from oil-soluble ethoxylated com-
pounds; one or more heavy co-agglomerating agent(s) selected from oils deriving from the distillation of coal-tar, 
having a boiling temperature comprised within the range of from 200 0 to 400 0 C or the residual products from oil 
processing or blends thereof. 

"r.lethod and Apparatus for Conversion of Coal In Situ," Ottfried J. Hahn - Inventor, University of Kentucky 
Research Foundation, United States Patent Number 4,776,638, October 11, 1988. A method for the electro-
thermal and electrochemical underground conversion of coal into oil and byproducts comprises the steps of insert-
ing an underground probe into a bore hole until the probe is in close proximity to a coal seam. A mixture of 
air, steam, an electrolyte and a suitable catalyst is supplied to the probe, and the mixture is then sprayed 
directly on the coal seam through a passage in a nozzle. The probe is also energized with electricity applied 
to the nozzle to produce an are between the coal and the probe, simultaneous with the spraying of the mixture 
on the coal seam. Heat of the combustion from the are and the steam combine to produce a pyrolysis, oxida-
tion, and reduction of the coal, thereby converting the coal into a gaseous combination of oil and byproducts. 
The are can be rotated to increase the tunnel diameter.	 An apparatus for performing the method is alsoprovided. 

"Method of Protecting a Coal Gasifier Part from Attack by Liquid Slags," Hans-Jurgen Gulas, Josef Horak, 
Gera Papst, Horst Sulzbacher - Inventors, United States Patent Number 4,766,098, August 23, 1988. Coal gasifiers 
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for	 the	 production	 of	 reducing gas are	 protected at	 least In parts	 by	 a refractory	 lining	 of	 unburned,	 car-bonaceous magnesia bricks having a carbon content of	 five to	 30 percent by weight.	 The	 component	 of these magnesia	 bricks	 consisting	 of	 sinter and/or	 fused magnesia suitably	 has	 a Fe2 03 content	 below	 six percent	 by weight, preferably 	 below 1.5 percent by weight,	 and a S102 content below three percent	 by weight, preferably below one percent by weight.

"Method for the Desulfurization of Hot Product Gases from Coal Gasifier," Thomas Grindley - Inventor, United 
States Department of Energy, United States Patent Number 4,769,045, September 6, 1988. The gasification of 
sulfur-bearing coal produces a synthesis gas which contains a considerable concentration of sulfur compounds 
especially hydrogen sulfide that renders the synthesis gas environmentally unacceptable unless the concentration 
of the sulfur compounds Is significantly reduced. To provide for such a reduction In the sulfur compounds a 
calcium compound Is added to the gasifier with the coal to provide some sulfur absorption. The synthesis gas 
from the gasifier contains sulfur compounds and is passed through an external bed of a regenerable solid absorb-
ent, preferably zinc ferrite, for essentially completed desulfurizing the hot synthesis gas.	 This absorbent Is, in 
turn, periodically or continuously regenerated by passing a mixture of steam and air or oxygen through the bed 
for converting absorbed hydrogen sulfide to sulfur dioxide. The resulting tall gas containing sulfur dioxide and 
steam is injected into the gasifier where the sulfur dioxide is converted by the calcium compound into a stable 
form of sulfur such as calcium sulfate. 

"rime-Controlled Processes for Agglomerating Coal," William M. Burry, Douglas V. Keller, Jr. - Inventors, Otisca 
Industries Ltd., United States Patent Number 4,770,766 1 September 13, 1988. Methods of recovering agglomerated 
particles of a carbonaceous constituent such as coal from a composite of that constituent and mineral matter. 
An additive is incorporated into a slurry of the composite to control the agglomeration time and/or to Insure 
that the carbonaceous particles will agglomerate. Appropriate additives are: naturally occurring hydrocar-
bonaceous substances such as road asphalts, gilsonite, pentane extracts of coals, tar sands oils, coal tars, and 
alcohols having six or more carbon atoms, castor oil, isopropyl ether, hydrolized linseed oil, 2-ethylhexyl acetate, 
ionic dispersants such as ammonium salts of lignosulfonates, nonionic dispersants such as dextrins, a compound 
having the formula R-O-fl, R2-CO, R-COOH or R-COOR where R Is an aliphatic moiety having at least six carbon 
atoms. 

"Fixed Bed Gasification Process,"	 Dieter Sauter, Udo Zentner - Inventors, Metnllgesellschaft, AG DE, United 
States Patent Number 4 1 773 9 919, September 27, 1988.	 Gasification Is performed under pressures in the range 
from five bars to 150 bars with oxygen, steam and/or carbon dioxide as gasifying agents.	 Pellets are fed to
the top of a fixed bed in the gasification reactor. The gasifying agents are introduced into the fixed bed from 
below. Mineral constituents are withdrawn as solid ash or liquid slag from the lower end , of the fixed bed. 
The pellets are made from fine-grained hard coal which has a particle size below one millimeter and contains 
three to 10 weight percent of fines having particle sizes not in excess of two micrometers and 70 to 90 weight 
percent of particles not In excess of a fraction not in excess of 63 micrometers. The fine-grained hard coal Is 
nixed with bentonite to obtain a mixture which contains one to eight weight percent bentonite. With an addi-
tion of water, the mixture is shaped to form pellets which contain 15 to 25 weight percent water. The pellets 
are fed in an undried, moist, plastically deformable state to the top of the fixed bed. 

"Coal Gasifier," Yukio liishlnuma, Syuntaro Koyama, Mitsuhiro Matsuo, Hiroshi Miyadera, Atsushi Morihara, 
Shunsuke Nogita, Yoshiki Noguchi, Jinichl Tomuro - Inventors, Hitachi Ltd., Babcock Hitachi, ICE., United States 
Patent Number 4,773,917, September 27, 1988. An entrained bed coal gasifier constructed so as to conduct 
two-stage reactions In a single gasification zone can be operated with high gasification efficiency by feeding 
coal and a gasifying agent through upper burners located at an upper portion from the half of the gasification 
section along the vertical direction and lower burners located at a lower portion from the half of the gasifica-
tion section so as to make rotational flow respectively, the ratio of the amount of gasifying agent to the 
amount of coal at lower burners being larger than that of at the upper burners, the rotating circle diameter 
formed by the coal and gasifying agent injected from the upper burner being larger than that formed by the 
tower burner.
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STATUS OF COAL PROJECTS 

COMMERCIAL AND R&D PROJECTS (Underline denotes changes since September, 1988) 

ADVANCED COAL LIQUEFACTION PILOT PLANT - Electric Power Research Institute (EPRI) and United States Department 
of Energy (DOE) (C-is) 

EPRI assumed responsibility for the 6 tons per day Wilsonville, Alabama pilot plant in 1974. This project had been initiated by 
Southern Company and the Edison Electric Institute in 1972. Department of Energy began cofunding Wilsonville in 1976. 

The initial thrust of the program at the pilot plant was to develop the SRC-I process. That program has evolved over the years in 
terms of technology and product slate objectives. Kerr-McGee Critical Solvent Deashing was identified as a replacement for filtra-
tion which was utilized initially in the plant and a Kerr-McGee owned unit was installed in 1979. The technology development at 
Wilsonville continued with the installation and operation of a product hydrotreating reactor that has allowed the plant to produce a 
No. 6 oil equivalent liquid fuel product as well as a very high distillate product yield. 

The Wilsonville Pilot Plant was subsequently used to test the Integrated Two-Stage Liquefaction (ITSL) process. In the two stage 
approach, coal is first dissolved under heat and pressure into a heavy, viscous oil. Then, after ash and other impurities are removed 
in an intermediate step, the oil is sent to a second vessel where hydrogen is added to upgrade the oil into a lighter, more easily 
refined product. A catalyst added in the second stage aids the chemical reaction with hydrogen. Catalytic hydrotreatment in the 
second stage accomplishes two distinct purposes; (1) higher-quality distillable products are produced by mild hydroconversion, and 
(2) high residuum content, donor rich solvent is produced for recycle to the coal conversion first stage reactor. Separating the 
process into two stages rather than one keeps the hydrogen consumption to a minimum. Also, mineral and heavy organic com-
pounds in coal are removed between stages using Kerr-McGee's Critical Solvent Deashing unit before they can foul the catalyst. 

1TSL 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 MAF coat 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 concentrated on testing both types of coals with the deashing step relocated downstream of the catalytic hydrotreatment. 
Results showed that previous improvements noted for the two-stage approach were achievable (no loss in catalyst activity). Lower 
Product cost was indicated for this reconfigured operation in that the two reactor stages may be coupled as part of one system. The 
results from the reconfigured operation also indicated the potential for further improvements in product quality and/or produc-
tivity through use of the coupled-reactor approach. This was confirmed in tests which used a truly coupled, two-stage thermal-
catalytic reaction system in conjunction with an improved hydrotreatment catalyst. The nickel based catalyst (AMOCAT 1-C) was 
developed by Amoco Corporation, a program co-sponsor. In that test, coal space velocity was increased by 60 to 90 percent over 
previous operations, while catalyst productivity doubled. Furthermore, an improved configuration was developed and proven out, 
whereby only the net vacuum bottoms are deashed, thereby reducing the equipment size substantially. 

The improved deashing configuration also resulted in additional product recovery attributable to recycling ashy bottoms. For 
bituminous coal, conversion of the incremental product was achieved by adding another catalyst (cobalt-based Ainocat 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. 

Current work emphasizes 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. However, additional efforts with regards to optimizing catalyst properties 
and use are required. 

Project Cat: Construction and operating costs (through calendar 1995):$9r7 million 

AECI AMMONIA/MEHIANOL OPERATIONS - AECL LTD. (C-17) 

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 Koppets-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-
sure process, has been running since 1976. The plant is operating very satisfactorily at full capacity. 
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1998) 

COMMERCIAL AND R&D PROJECrS (Continued) 

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. 

AEC1 has also pursued development programs to promote methanol as a route to transportation fuel. Test programs include 
operation of a test fleet of vehicles on gasoline blends with up to 15 percent methanol, operation of other test cars on neat 
methanol, and operation of modified diesel trucks on methanol containing ignition promoters, trademarked DIESANOL' by 
AECI. DIESANOL' has attracted worldwide interest and 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 and the second phase of this project 
has now been implemented. This involves an accurate definition of project scope and the preparation of a sanction grade capital 
cost estimate. The project has the potential for recovery of ethylene and other petrochemical feedstocks, co-production of am-
monia and extraction of methanol for development of the methanol fuel market in South Africa. 

Project Cost: Not disclosed 

APPALACHIAN PROJECF - The M. W. Kellogg Company; Bechtel Development Co.; and United States Department of Energy (C-
19)

At the Appalachian Project the applicants will demonstrate an advanced integrated coal gasification combined cycle (1(1CC) sys-
tem. The project will feature Kellogg's KRW ash agglomerating fluidized-bed gasification process. One KRW gasifier operating 
in the air-blown mode will convert 485 tons per day of bituminous coal into a low-BTU fuel gas for use in an advanced combustion 
turbine generator. Steam generated from the combustion turbine exhaust and from the gasifier heat recovery system will be fed to 
a steam turbine generator. 

The nominal 60 megawatt demonstration project will feature a hot gas cleanup system which delivers clean fuel gas at 1,000 degrees 
to 1,200 degrees F to the combustion turbine, thus avoiding inefficient lower temperature cleanup processes. This system uses in-
bed desulfurization and a hot-sulfur-removal polishing step consisting of a zinc ferrite sorbent bed. Particulates will be removed by 
a filter. 

The system, if demonstrated as proposed, would be highly efficient with heat rates around 7,800 BTU per kilowatt hour. Various 
sizes of commercial plants can be configured by using the 60 megawatt module that will be demonstrated. Other applications for 
the system are cogeneration and retrofit of combustion turbines and gas-fired combined cycles. 

DOE has agreed to provide cooperative funding for the project under its Clean Coal Technology Program. 

Kellogg, as the managing partner of the project, will design, engineer and procure the ocal gasification plant. Bechtel will construct 
it. Bechtel will also design, procure and construct the power island and supportive offsites. 

Project Cost: Not Disclosed 

BOTFROP DIRECT COAL LIQUEFAC!1ON PILOT PLAN!' PROJECT - Ruhrkohle AG, Veba Oct AG, Minister of 
Economics, Small Business and Technology of the State of North-Rhine Westphalia, and Federal Minister of Research and Tech-
nology of the Federal Republic of Germany (C.65) 

During operation of the pilot plant the process improvements and equipment components have been tested. The last improvement 
made being the operation of an integrated refining step in the liquefaction process. It worked successfully between late 1986 and 
the end of April 1987. Approximately 11,00D tons raflinate oil were produced from 20,000 tons coal in more than 2000 operating 
hours. 

By this new mode of operation, the oil yield is increase to 58 percent. The formation of hydrocarbon gases is as low as !9 percent. 
The specific coal throughput was raised up to 0.6 t/m h. 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 sulphur 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. 
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1988) 

COMMERCIAL AND R&D PROJECTS (Continued) 

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 not 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 22,000 
tons of heavy oil have been processed. A preliminary assessment showed a convention rate over 90% and an oil yield of 85%. 

The project is subsidized by the Minister of Economics, Small Business and Technology of the State of North-Rhine Westphalia 
and since mid-1984 by the Federal Minister of Research and Development of the Federal Republic of Germany. 

Project Cost: DM830 million (by end-1987) 

BRITISH COAL LIQUID SOLVENT EXTRACTION PROJECT - British Coal, British Department of Energy, European Economic 
Community, Ruhrkohle (C-wa) 

British Coal is building a pilot plant utilizing the 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 carton residue, followed by hydrogenation to produce a syncnide boiling below 300 degrees C as a precursor for 
transport fuels and chemical feedstocks. Economic studies have confirmed that the process can produce maximum yields of 
gasoline and diesel very efficiently. Work on world-wide coals has shown that it will liquefy economically most coals and lignite and 
can handle high ash feed stocks. British Coal is proceeding with the design and construction of a 2.5 tons per day plant at the Point 
of Ayr site, near 1-lolywell in North Wales, financed by the British Coal with support from the European Economic Community. 
Limited private industry and British Department of Energy support is involved. Following a design phase carried out by Babcock 
Woodall-Duckham Ltd., construction started in 1986, with Simon Carves Ltd., being the Main Plant Contractor. 

Project Cost: 18 million British pounds (1986 prices) construction cost plus 18 million British pounds (1986 prices) operating costs 

BRITISH COAL LOW BTU GASIFICATION PROJECT - British Coal (formerly National Coal Board) (C-700) 

British Coal is developing a spouted fluidized bed gasifier to produce a low BTU gas. When operated at atmospheric pressure the 
system is aimed at on-site generation of gas for industrial application. A pressurized version is intended for use in a combined 
cycle power generation system where it would be used in conjunction with a fluidized bed combustor. Work is currently centering 
on developing the gasifier for the industrial gas market and the technology is licensed to Otto-Simon Carves. A 12 ton per day 
demonstration plant financed by British Coal and the European Community is being tested. The initial program was completed 
early in 1987. A further two year program supported by the EEC will be completed in 1989. Following assessment of the use of the 
gasifier in a combined cycle power generation system will be a pilot scale test. The program is being undertaken with su pport from the EEC-

Project Cost: Not disclosed 

BROKEN HILL PROJECT - The Broken Hill Proprietary Company Ltd. (C-75) 

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 reaction condi-
tions of residence time ca 30 minutes, H2 pressure ca 25 MPa, and temperature ca 450 degrees C 

The main objective is to evaluate and develop alternative hydroliquefaction strategies and to test the efficacy of such strategies for 
a small indicative range of Australian coals. The unit is capable of single stage or two-stage operation, and allows for use of dis-
posable catalyst in stage I 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 cm 3) 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 (51-11)1) has been developed and 
has proven to be a valuable tool in process development and control, especially in non-catalytic two-stage hydroliquefaction. 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 octane 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. 
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1988) 

COMMERCIAL AND R&D PROJECTS (Continued) 

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 
specialised 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 

BROOKI-IAVEN MILD GASIFICATION OF COAL - Brookhaven National Laboratory and United States Department of Energy 
(C-MO) 

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 Vnge of temperature (500 to 750 degrees C), coal particle residence time (10 sec to 
SO mm), heatup rate (50 degrees C/sec to 10' degrees C/see) coal particle size (50 to 300 microns) and additives (slaked lime, 
recycle ash, silica flour, recycle char). A combined entrained and moving bed reactor is being used to obtain the data. Four dif-
ferent types of coal have been tried, Kentucky No. 8 and Pittsburgh No. 8 bituminous coal, a Mississippi lignite and a Wyodalc sub-
bituminous. Generally the yields of oils from bituminous coals range between 20-25% (MAF), and about 15% for subbituminous 
coal. 

Project Cost: $200,000 

CAN DO PROJECT - Continental Energy Associates (C-85) 

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 is currently being converted into a 100 megawatt cogeneration plant. Gas produced from anthracite coal in both the 
original facility and in new gasifiers will be used to fuel turbines to produce electricity. The electricity will be purchased by the Pen-
nsylvania Power & Light Company over a 20 years period. Steam will also be produced which will be available to industries within 
Humboldt Industrial Park at a cost well below the cost of in-house steam production. 

The project cost for this expansion is $100 million. The Pennsylvania Energy Development Authority authorized the bond place-
ment by the Northeastern Bank of Pennsylvania and the Swiss Bank. 

The new facility will be operated by Continental Energy Associates 

Project Cost: $100 million 

CHEMICALS FROM COAL - Tennessee Eastman Co. (C-iso) 

Tennessee Eastman Company, a manufacturing unit of the Eastman Chemicals Division of Eastman Kodak Company, continued to 
operate its chemicals from coal complex at design rates in 1987. The Texaco coal gasification process is used to produce the syn-
thesis 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 for the last three wars. 

Project Cost: Unavailable 

CIGAS GASIFICATION PROCESS PROJECT - Fundacao de Ciencia e Tecnotocia—CIENTEC (C-160) 

The CIGAS Process for the generation of medium BTU gas is aimed at efficient technological alternatives suitable for Brazilian 
mineral coals of hi gh ash content. No gasification techni ques are known to be available and commercially tested for Brazilian coals. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

Proicct Cost:	 US$4.7 million up to the end of 1988. The next sta ge of development will re quire US$15 million. 

COALPLEX PROJECT - AECI (C-190) 

The Coalplex Project is an operation of AECI Chior-Alkali and Plastics, Ltd. The plant manufactures PVC and caustic soda from 
anthracite, lime, and salt. The plant is fully independent of imported oil. Because only a limited supply of ethylene was available 
from domestic sources, the carbide-acetylene process was selected. The plant has been operating since 1977. The five processes in-
clude calcium carbide manufacture from coal and calcium oxide; acetylene production from calcium carbide and water, brine 
electrolysis to make chlorine, hydrogen, and caustiq 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 be-
tween coal-based and conventional PVC technology. 

Project Cost: Not disclosed 

COCA-! PROJECT— Coal Gasification, Inc. (C-195) 

The COCA-I project has been under development since 1983. The proposed project in Macoupin County, Illinois will consume 
over I million tons of coal per year and will produce 500,000 tons of ammonia and 500,000 tons of urea per year. It will use the 
U-Gas coal gasification system developed by the Institute of Gas Technology (IC'!). When completed, the COCA-i plant would 
be the largest facility of its kind in the world. 

Sponsors were in the process of negotiations for loan guarantees and price supports from the United States Synthetic Fuels Cor-
poration when the SEC was dismantled by Congressional action in late December 1985. On March 18, 1986 Illinois Governor 
James it Thompson announced a $26 million state and local incentive package for COCA-i in an attempt to move the $600 million 
project forward. Potential project sponsors, which include Coal Gasification, Inc., Freeman United Coal Company, and the Nor-
wegian fertilizer firm Norsk-Hydro, are currently working to complete the financing package for the facility. 

Project Cost: $600 million 

COLOMBIA COAL GASIFICATION PROJECT - Carbocol (C-199) 

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 early 1990s to produce urea if financing is found. 

Project Cost: $20 million initial 
$200 million eventual
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COOL WATER COAL GASIFICATION PROGRAM - Participants (Equity Owners): Bechtel Power Corporation, Electric Power 
Research Institute, General Electric Company, Japan Cool Water Program (JCWP) Partnership, Southern California Edison, and Texaco 
Inc.; Contributors: Empire State Electric Energy Research Corporation	 RCO) and Sohio Alternate Energy Development Com-
pany (Sohio) (C-220) 

Participants have built a 1,000-1.200 tons per day commercial-scale coal gasification plant using the oxygen-blown Texaco Coal 
Gasification Process. The gasification system which includes two Syngas Cooler vessels, has been integrated with a General 
Electric combined cycle unit to produce approximately 122 megawatts of grosspower. The California Energy Commission ap-
proved the state environmental permit in December 1979 and construction began in December 1981. Plant construction which took 
only 2.5 years, was completed on April 30, 1984, a month ahead of schedule and well under the projected $300 million budget. A 
five-year demonstration period is underway and will be com pleted in 1989. The plant will likely close by mid 1989. 

Texaco and SCE, which have contributed equity capital of $45 million and $25 million respectively to the effort, signed the joint 
participation agreement on July 31, 1979. The Electric Power Research Institute (EPRI) executed an agreement to participate in 
the Project in February 1980 and their contribution is $69 million. Bechtel Power Corporation was selected as the prime engineer-
ing 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 Coal Gasification Project Corp. 
signed a participation agreement on Februrary 24, 1982 to commit $30 million to the Project. ESEERCO and Sabin Alternate 
Energy Development Company are non-equity contributors to the project, having signed contributor agreements on January 20, 
1982, and April 10, 1984, respectively committing $5 million each to the Project. A $24 million project loan with a $6 million in-kind 
contribution by SCE of facilities at SCE's existing generating station in Daggett, California completes the $263 million funding. 

A supply agreement was executed with Auto, Inc. on February Z4,1981 for Auto to provide over-the-fence 5 oxygen and nitrogen 
from a new on-site facility, thus reducing capital requirements of the Project. 

The Project applied to the United States Synthetic Fuels Corporation for financial assistance in the form of a price guarantee in 
response to the SFC's first solicitation for proposals. This was designed to reduce the risks of the existing Participants during the 
initial demonstration period. The Project was not accepted by the SFC because it did not pass the 'credit elsewhere test (the SFC 
believed sufficient private funding was available without government assistance). However, the sponsors reapplied for a price sup-
port under the SFC's second solicitation which ended June 1, 1982. On September 17, 1982, the SFC announced that the project 
had passed the six-point project strength test and had been advanced into Phase II negotiations for financial assistance. On April 
13, 1983 the sponsors received a letter of intent from the SFC to provide a maximum of $120 million in price supports for the 
project. On July 28, 1983 the Board of Directors of the SFC 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 will be utilized as 'the Program coal and will be burned at all times that the facility is not burning an alter-
nate test coal. The Program could test up to 8 different coal feedstocks on behalf of its Participant companies. 

Thus far, a 32,000 ton Illinois No. 6 coal test (nominal 3.1 percent weight sulfur), a 21,000 ton Pittsburgh No. 8 coal test (nominal 
2.9 percent weight sulfur), and a 20,000 ton Australian Lemington high-ash-fusion-temperature coal (nominal 0.5 percent weight 
sulfur) have been completed. Energy conversion rates and environmental characteristics while running the alternate coals are es-
sentially the same as those observed while burning the low sulfur Utah bituminous. 

The gasifier was started upon May 7, 1984. On May 20, 1984 syngas was successfully led to the gas turbine and the first combined 
cycle system operation was accomplished on May 31, 1984. On June 23, 1984 the ten continuous day SFC acceptance test was suc-
cessfully completed and the Program was declared to be in commercial production on June 24, 1984. 

Through October 1988 the gasifier has been on-line for more than 25.480 hours, gasifying over 1.000,000 tons of coal (dry basis). 
Approximately 2.6 billion gross kWh of electricity have been produced. 

The plant is often referred to as 'the world's cleanest coal-fired utility plant * with operations data on low-sulfur Utah coal reflect-
ing NOr emissions of 0.07 pounds per million BTU; sulfur dioxide emissions of 0.018 pounds per million BTU (97 percent 
removal), and particulate emissions of 001_0 pounds per million BTU. These emissions average about 10-20% of the allowables 
under the United States Environmental Protection Agency's New Source Performance Standards for coal-fired power plants. 

Project Cost: $263 million

- 
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COREX IRON MAKING PROCESS - Korf Engineering (C-543) 

The Cores, or Kohle Iron Reduction process was developed by Korf Engineering (a Federal Republic of Germany company). The 
process replaces the two-step coke oven/blast furnace approach to producing pig iron from iron ore and metallurgical coal with an 
integrated two component oxygen-blown system capable of operation on a variety of coals. The system consists of an upper 
"reduction shaft' and a lower 'melter-gasifle? component. Iron ore, along with an appropriate flux (e.g, limestone), is fed into the 
top of the reduction shaft where it is reduced to sponge iron by the off-gas from the lower melter-gasifier section. The lower sec-
tion is an oxygen-blown fluidized bed coal gasifier. In this section the sponge iron is melted and the resulting pig iron and slag are 
separated and tapped as in a blast furnace. The low/medium-BTU, sulfur-free off-gases from the process (sulfur is captured by the 
limestone and remains in the slag) are scrubbed to remove particulates and are available for site use. 

The Kohle Iron Reduction process has been tested in a 66,000 tons per year pilot plant using a wide range of coals and iron ores. A 
proposed project for the design and construction of a 330,ODD tons (iron) per year demonstration plant at the Weirton Steel plant in 
Weirton, West Virginia was selected by DOE for financial assistance in the Clean Coal Technology Program. However, the project 
was dropped in late 1987 and replaced by a similar project sponsored by the State of Minnesota and USX Corporation. 

A similar plant is under construction for Iscor in South Africa. Commissioning of this plant is planned for early 1988. 

Project Cost: Not disclosed 

CRJEPI ENTRAINED FLOW GASIFIER PROJECT - Central Research Institute of Electric Power Industry (Japan) (C-503) 

Japan's CRIEPI (Central Research Institute of Electric Power Industry) has been engaged in research and development on gasifica-
tion, hot gas cleanup, gas turbines, and their integration into an 16CC (Integrated Gasification Combined Cycle) system. 

An air-blown pressurized two-stage entrained-flow gasifier (14 tons per day process development unit) adopting a dry coal feed 
system has been developed and successfully operated. This gasifier has been determined to be employed as the prototype of the 
national 200 tons per day pilot plant. The hot gas cleanup system process development unit (PDU) which employs a porous filter 
for dust removal and an iron oxide honeycomb fixed bed for desulfurization was constructed and has been successfully operated. 

Research and development on a 200 tons 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 (MITI) 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. 

CRIEPI constructed, in 1983, a coal gasification process development unit with a capacity of 2.4 tons per day coal using air-blown 
pressurized two-stage entrained-flow method, and since then has been promoting research and development jointly with Mitsubishi 
Heavy Industries, Ltd. 

As of late 1987, the gasifier had been operated for 1200 hours, and tested on 13 different coals 

For the project to build a 200 tons 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 (ICC)' with 10 
major electric power companies and CRIEPI to carry out this project supported by the Ministry of International Trade and In-
dustry and the New Energy Development Organization. 

Basic design and engineering of the pilot plant was started in 1986, and manufacturing and construction will start in 1988. The air-
blown pressurized two-stage entrained-flow gasifier using the dry coal feed system will be constructed with tests to begin in 1989. 
Tests of hot gas cleanup with a high temperature gas turbine having a gas temperature at the combustor outlet of 1,300 degrees C 
will begin in 1990. 

Project Cost: 53 million yen 

DOW SYNGAS PROJECT - Louisiana Gasification Technology, Inc. a subsidiary of the Dow Chemical Company (C-245) 

The Dow Syngas Project began commercial operations in April, 1987, operating at rates up to 92 percent of capacity. As of Novem-
ber 1988 the project has completed 5.603 hours on coal. It has produced 5.206 billion Btu of on-spec syngas and supplied Dow's 
Louisiana Division power plant with syngas for £042 hours.
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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 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 first quarter, 1987 by Dow Engineering Company. The project is owned and operated 
by Louisiana Gasification Technology Incorporated, a wholly owned subsidiary of n o Dow Chemical Company based in Pla-
quemine, Louisiana. 

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 Cost: $72.8 million 

DUNN NOKOTA METHANOL PROJECT - The Nokota Company (C-250) 

The Nokota Company is the sponsor of the Dunn-Nokota Methanol Project, Dunn County, North Dakota. Nokota plans to 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. Planning for the project is in an advanced posi-
tion. $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 is expected 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 carton dioxide injection and crude oil displacement. 

The Dunn-Nokota plant is designed to use the best available environmental control technology. The impacts which will occur from 
the construction and operation of this project will be mitigated in accordance with sound operating procedures and legal and 
regulatory requirements. At lull 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 follow-
ing mining. Nokota will be working closely with local community leaders, informing them of the types and timing of socio-
economic impact associated with this project. 

Dunn-Nokota would produce approximately 81,000 barrels of chemical grade methanol, 2,400 barrels of gasoline blending stock 
(naphtha) and 300 million standard cubic feet of pipeline quality, compressed carbon dioxide per day from 40,0 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 rail facilities are available to provide access to eastern markets for the project's output access to 
eastern markets for the project's output. Access to western markets for methanol through a new dedicated pipeline to Bellingham, 
Washington, is also feasible if West Coast market demand warrants. 

Construction employment during the six year construction period will average approximately 3,200 jobs per year. When complete 
and in commercial operation, employment will be about 1,600 personnel at the plant and 500 personnel in the adjacent coal mine. 

Nokota's schedule for the project calls for phased construction and operation, with initial construction (site preparation) beginning 
in 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 11) 
$0.2 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
$0.3 billion (mine)
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GFK DIRECT LIQUEFACTION PROJECT- West German Federal Ministry for Research and Technology, Saarbergwerkc AG, and 
(ilK Gcseltschaft fur Kohleverfiussigung MbH (C440) 

Until 1984 CIX Gesellschaft fur ICohleverfiussigung Mbl-1, a subsidiary of Saarbergwerke AG, has dealt with the single stage, severe 
hydrogenation, which is still uneconomic due to high hydrogen consumption and high pressure. Furthermore only expensive low 
ash-coals can be processed. 

For this reason since 1984 CIX has conceived a unique process called PYROSOL which can produce liquid fuels at a coal price of 
$USI per gigajoule competitive to crude oil of $30 per barrel. The PYROSOL process is two-stage, comprising a mild hydrogena-
tion in the first stage followed by pyrolysis of the residue in a second stage. 

At present, activities are directed toward a data base to design a pyrolizer for the 6 tonnes per day liquefaction unit. Data to plan a 
large demonstration plant are expected to be available by the end of 1991. 

Project Cost: Not disclosed 

GREAT PLAINS GASIFICATION PROJECT - United States Department of Energy (C420) 

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 F'ERC). 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 SNO sold on an unregulated basis. 
In April 1981, an agreement was reached whereby the gas would be sold under a formula that would escalate quarterly according to 
increases in the Producer Price Index and the price of No. 2 Fuel Oil, with limits placed on the formula by the price of other com-
peting fuels. During these negotiations, Columbia Gas withdrew from the project. On May 13, 198Z it was announced that a sub-
sidiary of Pacific Lighting Corporation had acquired a 10 percent interest in the partnership; 7.5 percent from ANR's interest and 
23 percent from Transco. 

Full scale construction did not commence until August 6, 1981 when DOE announced the approval of a $2.02 billion conditional 
commitment to guarantee loans for the project. This commitment was sufficient to cover the debt portion of the gasification plant, 
Great Plains' share of the coal mine associated with the plant, an SNG pipeline to connect the plant to the interstate natural gas 
system, and a contingency for overruns. Final approval of the loan guarantee was received on January 29, 1982. The project spon-
sors were generally committed to providing one dollar of funding for each three dollars received under the loan guarantee up to a 
maximum of $740 million of equity funds. 

The project was designed to produce an avenge of 125 million cubic feet per day (based on a 91 percent onstream factor) of high 
BTU pipeline quality synthetic natural gas, 93 tons per day of ammonia, 88 tons per day of sulfur, 200 million cubic feet per day of 
carbon dioxide, potentially for enhanced oil recovery, and other miscellaneous by-products including tar, oil, phenols, and naphtha 
to be used as fuels. Approximately 14,000 tons per day of North Dakota lignite is required as feedstock. 

Since August 1, 1985 when the sponsors withdrew from the project and defaulted on the loan, DOE has been operating the plant 
under a contract with the ANG Coal Gasification Company. The plant has successfully operated throughout this period and 
earned revenues in excess of operating costs. During 1987, the plant produced an average of 141.3 MMSCF per calendar day, which 
is 103% of design capacity. 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/DOJ filed suit in the United States District Court in the District of North Dakota 
(Southwestern Division) seeking validation of the gas purchase agreements and approval to proceed with foreclosure. On January 
14, 1986 the North Dakota Court found: 

That state law is not applicable and that plaintiffs (DOE/DOJ) are entitled to a summary judgement for foreclosure. A 
foreclosure sale was held on June 30, 1986, and DOE obtained legal title to the plant and its assests. 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 defendant pipeline companies are liable to the plantiffs (DOE/DO)) for the difference between the contract price and 
the market value price and granted the motion for summary judgment determining the validity of the gas purchase contract. 
The pipeline companies have paid all past due amounts. This decision was upheld by the United States Court of Appeals for 
the Eighth Circuit on May 19, 1987. No further opportunity for appeal exists and the decisions of the lower court stands. 

In early 1987 the Department of Energy hired Shearson Lehman Bros. to help sell the Great Plains plant. In August, 1988 it 
was announced the Basin Electric Power cooperative had submitted the winning bid. Two New Basin subsidiaries, Dakota 

Project Cost: $2.1 billion 

(3SF PILOT PLAN'!' PROJECT - German Democratic Republic (C-435 

Prolect Cost:	 Not disclosed 

I1UENXE COT COAL GASIFICATION PILOT PLAN!' - Carbon Gas Technology (COT) GmbH, a joint venture of Deutsche 
Babcock AG, Getsenberg AG, and Manfred Nemitz Industrieverwaltung (C-472) 

COT was established in 1977, with the goal of developing a coal gasification process to the point of commercial maturity and 
economic utilization. The COT coal gasification concept consists of the combination of two principal processes of coal gasification 
in a specially developed reactor. The characteristic feature of the COT Process is the integrated fluidized bed and dust gasification 
stages. The coal is fed into the fluidization zone of the reactor, and fluidized and gasified by the addition of the gasification media 
(steam and oxygen) through side nozzles. The unconverted fines exit the reactor with the 1,0 degrees C hot product gas and are 
separated in a downstream cyclone as coke dust. The hot coke dust is cooled and stored in bunkers. The coke dust is then fed to 
the dust gasification stage at the top of the reactor and gasified with steam and oxygen in a cooled combustion chamber. The 
product gas exiting the combustor at high speed is directed to the fluid bed. The ash melted in the combustor flows down into the 
fluidized bed and is drawn off through the slag outlet. The coupling of a fluidized bed with entrained flow gasification under pres-
sure leads to a higher specific throughput capacity with simultaneously higher efficiency. The production of tar-free product gas at 
the relatively low temperature of the reactor leads to various simplifications in gas purification. 

The overall program for the development of the COT process consists of three stages. Step 1: (1978-1981)—Planning, construction, 
and management of checkout tests of key components of the technical process. Step 2: (1981-1986)—Planning, construction and 
operation of a 4 tons per hour operating system. Step 3—Demonstration of the process at commercial scale. For the component 
test program, in 1979 a cold flow pressurized fluid bed facility and one for an atmospheric pressure dust gasification stage were 
erected. In 1981, planning began for building a 4 ton per hour test facility for a multi-stage COT gasification process. The process 
design was agreed to in September 1982 and construction of the facility was completed on schedule in mid-1983. The component 
test facility and the 4 tons per hour pilot plant were erected at the site of the UP Ruhr refinery at Huenxe. The test work comprises 
a conceptual test program to the end of 1986. After bringing the facility on line and operating the combined fluidized bed with 
entrained flow gasification, the complete working of the test facility with a reference coal will be carried out over the entire operat-
ing range. In the following test phases the suitability of different feed coals will be checked out. In connection with the systematic 
test program, gasification tests with client coats for specific applications are planned. 

Project Cost: Not disclosed 

HYDROGEN FROM COAL PILOT PLANT - Research Association for Hydrogen from Coal Process Development (Japan) (C-5(4) 

In Japan, the New Energy Development Organization (NEDO) has promoted coal gasification technologies 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 multi-purpose coal gasifier for 
medium-BTU gas.
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The multi-purpose 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. Operation is planned to begin in fiscal year 1990. 

The key technology of this gasification process is a two-step spiral flow system. In this sytem, 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 spriral 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 bunters 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 processing capacity 	 20 ton per day 
- Pressure	 1.0 MPa 
- Temperature	 1,500 to 1,8® degrees C 
- Oxidant	 Oxygen 
- Coal Feed	 Dry 
- Slag Discharge	 Slag Lock Hopper 
- Refractory Lining	 Water-cooled slag coating 

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. 

JAPANESE BITUMINOUS COAL LIQUEFACTION PROJECT - New Energy Development Organization (NEDO) (C-SOS) 

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 250 tons per day 
bituminous coal liquefaction plant is planned in Japan. 

The pilot plant in Australia is described in the project entitled 'Victoria Brown Coal Liquefaction Project.' The properties of 
brown coal and bituminous coal are so different that different processes must be developed for each to achieve optimal utilization. 
Therefore, NEDO has also been developing a process to liquefy sub-bituminous and low grade bituminous coals. NEDO had been 
operating three process development units utilizing three different concepts for bituminous coal liquefaction: solvent extraction, 
direct liquefaction, and solvolysis liquefaction. These three processes have been integrated into a single new process, so called 
NEDOL Process, and NEDO has intended to construct a 250 tons per day pilot plant. 

In the proposed pilot plant, bituminous coal will be liquefied in the presence of activated iron catalysts. Synthetic iron sulfide or 
iron dust will be used as catalysts. The heavy fraction (-538 degrees C) from the vacuum tower will be hydrotreated at about 350 
degrees C and 100-130 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 encoura ging results. 

Project Cost: I® billion yen, not including the three existing PDU 

KANSK-ACHINSK BASIN COAL LIQUEFACTION PILOT PLANTS - Union of Soviet Socialist Republics (C-495) 

The Soviet Union is building a large coal-based project referred to as the Kansk-Achinsk Fuel and Energy Complex (KA'I'EK). 
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 1981 Stan up of the unit was originally planned for 1984, but has been postponed to 1985 due to equipment 
design and delivery delays. Preliminary tests indicate that five tons of Kansk-Achinsk brown coal can produce one ton of liquid 
products at a cost that is 25 to 30 percent less than products that are refined from crude oil from remote Siberian regions. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

Additionally, a second unit referred to as the EM-175 is being built to test rapid pyrolysis of brown coal from the Borodinskoye 
deposit. The test unit will have a capacity of 175 tons of coal per hour. The process will produce coke, tar, and combustible gases. 
Construction of the unit was completed in December 1983, and testing using inert materials began in the Spring of 1984. However, 
a facility to convert the coal tar into rues and chemicals has not been built. Therefore, the tar will be burned as fuel in the adjacent 
utility. 

A third experimental coal liquefaction unit, ST-5, is under construction at the Bellcovskaya mine of the Novomosko.sk Coal As-
sociation. The unit is intended to demonstrate a relatively low pressure hydrogenation process that reportedly operates at ap-
proximately 1,5 psig and 400 degrees C A catalyst is used in the process to enhance the hydrogenation or coal into high octane 
gasoline. The liquid and solid arc separated, and the solids are combusted to recover the catalyst. Startup of ST-5 was to occur in 
1994. 

Project Cost: Not disclosed 

K-FUEL COMMERCIAL FACILITY - Energy Brothers Inc. (C-518) 

Energy Brothers, licensor of the K-Fuel process, is building a plant located next to the Fort Union Mine near Gillette, Wyoming. 
The plant will use the process invented by Edward Koppelman and developed further by SRI International. In the K-Fuel process, 
low-grade coal or peat is dried and mildly pyrolyzed in two coupled reactors that operate at elevated temperatures and at a pres-
sure of 800 psi. The process produces a pelletized coal, and by-product water and fuel gas. K-Fuel pellets contain 60 percent more 
energy (approximately 27 million BTU per ton) and 40 percent less sulfur than the law coal. The fuel gas from the process is util- 
ized on site to provide the needed heat for the process. The proposed facility will utilize 4 modules each capable of producing 
350,000 tons per year of K-Fuel. Wisconsin Power and Light has agreed to a 10-year purchase agreement for "a substantial portion' 
of the output of the plant. The K-Fuel will be tested at Wisconsin Power and Light's Rock River generating station near Beloit in 
south-central Wisconsin. For the test Wisconsin Power and Light will purchase the fuel at the cost of production, which has yet to 
be determined but is estimated to be over $30 per ton. If the test is successful, Wisconsin Power and Light has the option to invest 
in the process. The project has been delayed in obtaining long-term financing, but plans to resume construction in late 1987. 

Wisconsin Power and Light is interested in burning K-Fuel to eliminate the need to install expensive equipment to reduce sulfur 
emissions from the power plant. The upgraded coal is also less expensive to ship and store due to its improved heating value. 

Project Cost: $90 Million 

KILnGAS PROJECT - Allis-Chalmers, KILaGAS R & D, Inc., State of Illinois, United States Department of Energy, Electric Utility 
participants are: Central Illinois Light Company, Electric Power Research Institute, Illinois Power Company, Monongahela Power Com-
pany, Ohio Edison Company, The Potomac Edison Company, Union Electric Company, West Penn Power Company (C-520) 

The IULnGAS process is based on Allis-Chalmers extensive commercial experience in rotary kiln, high temperature minerals 
processing. A 600 tons per day KILaGAS Commercial Module (KCM) has been installed near East Alton, Illinois adjacent 10 Il-
linois Power's Wood River Power Station. The plant provides low-BTU (160 BTU per standard cubic foot) gas to the Wood River 
station. Gilbert/Commonwealth Associates, Inc., was the architect-engineer. Construction management was provided by J.A. Jones 
Construction. Scientific Design contributed to the process design. 

The KCM includes a pressurized gasifier which is a 170 foot long by 12 foot diamcer rotary kiln. Coal, transported through the 
gasifier by inclination and rotation of the kiln, is progressively dried, pre-heated, and devolatitized by counterfiowing hot gases. Air 
and steam is injected through a unique system of ports located along the length of the gasifier and reacts chemically with carbon in 
the hot coal to form hydrogen and carbon monoxide, the primary combustibles in Iow-ffI'U gas. The gas, which leaves by both the 
feed and discharge end of the gasifier, is cooled and passed through a sulfur removal process. Particulates and tars, which are rich 
in carbon, are separated from the gas and recycled to the gasifier to improve carbon conversion efficiency. 

The objectives of the KILnGAS program are: (1) demonstrate system performance in a utility environment; (2) obtain data to con-
firm process design; (3) utilize KCM operating data to forecast commercial gas generation costs; and (4) establish a data base to 
proceed with design of commercial plants in the 2,000 to 5,000 tons per day range. The KCM, for which construction was com-
pleted in mid-1983, is used to support these objectives. 

Spanning a period from mid-1983 through late 1985, the KCM underwent performance testing, demonstration runs- In 1986 the 
first phase of a Reliability, Availability, and Maintainability Program, (RAM 1) was launched. This program is continuing with 
utility and DOE financial support. The more significant accomplishments to date are: (a) high-sulfur Illinois coal has been success-
fully gasified; (b) an Illinois Power Company boiler has been successfully fired from KCM-generated gas; (c) carbon conversion ef-
ficiencies exceeding 90 percent have been achieved; (d) an average of 90 percent total sulfur removal has been accomplished; (e) a 
wide range of performance, reliability, availability and maintainability improvements has been designed, installed, commissioned; 
(I) excellent winter startup and cold weather operating experience under RAM I has been gained for commercial design use. 
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Economic studies extrapolating experience to 400 NW IGCC plants show performance potnetials in the 8,) Btu/kW-hr range 
with "base plant" capital costs near $1,000 per kW. Significant advantages are believed to be gained from being able to operate on 
gas turbine bleed air rather than having to employ pure oxygen from a captive oxygen plant. 

Total fundinge for the program through RAM 118 is shown below. 
Electrical Utility	 $46.0 million 
State of Illinois	 35.8 million 
Allis-Chalmers	 114.4 million
United States Department of Energy 17.7 million 
ErR! (testing only) 	 5.8 million 

Total	 $219.7 million 

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-980) 

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 has been in operation since 1975 and has accumulated molt than 12,000 hours of hot operation utilizing a broad 
range of coals. These coals include high caking Eastern bituminous, Western bituminous, and lignites with high and low ash con-
tents and high and low moisture contents. 

The pilot plant utilizes a single stage fluidized bed gasifier with ash agglomeration and hot fines recycle. The pilot gasifier is 
operated at temperatures between 1,550 degrees Fand 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 ranges between 20 and 35 tons 
per day, depending on coal type. 

The DOE hot gas cleanup program that was initiated in late 1984 will be completed in fiscal year 1988. The results from this 
development program have provided significant cost and efficiency improvements for the KRW gasification technology as applied 
to gasification combined cycle electric power generation. Operations at the Waltz Mill pilot plant with an air blown rasifier using a 
high sulfur (245%) and highly caking Eastern bituminous coal, have achieved the followin g 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 recuirements b y removing over 90% of feed sulfur utilizin g limestone or 
dolomite sorbents. 
- Utilization of a regenerable zinc ferrite sorbent in a sulfur polishing mode to reduce fuel stas sulfur levels to less than 20 

- Demonstrated use of sintered silicon carbide candle filters at 1,100-1,200 de grees F and 16 atm 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. 

Project Cost: Not disclosed 

LAKESIDE REPOWERING GASIFICATION PROJECT - Combustion En gineering. Inc. (C-545) 

The proiect will demonstrate Combustion Engineering's pressurized, airblown, entrained-flow coal gasification repowering technol-
ogy on a commercial scale. The svn gas will be cleaned of sulfur and particulates and then combusted in a gas turbine (40 MWe 
from which heat will be recovered in a heat recovery steam generator (HRSG). Steam from the gasification process and the HRSG 
will be used to p er an existing steam turbine (25 MWe). 

The oronosed nroiect is selected for demonstration at the Lakeside Generatin g Station of City Water. Light and Power, 
Springfield, Illinois. The selected site with associated characteristics and costs includes renowerin g an existing steam turbine to 
produce 65 MWe via the combined cycle mode. 

The oroiect is funded under Round 2 of the Department of Energy's Clean Coal Technology Program. 
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LkPORTE LIQUID PHASE METHANOL SYNTHESIS - Air Products & Chemicals, Chem Systems Inc., Electric Power Research 
Institute, and United States Department of Energy (C-550) 

Air Products is testing a 5 tons per day PDU located near LaPorte, Texas. The unit is being run as part of a program sponsored by 
the DOE and will be used to evaluate the liquid phase methanol synthesis technology developed by Cheat 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 con-
centrated synthesis gas. 

Additionally, a wider range of synthesis gas compositions can be used, thereby allowing the use of low hydrogen/carbon ratio gases 
without the need for synthesis gas shift to produce more hydrogen. While the technology is particularly suitable to syngas derived 
from coal, the concept will be tested initially using hydrogen and carbon monoxide produced from natural gas. 

In spring 1985, the liquid phase methanol PDU located near LaPorte, Texas was started, with the initial objective of a 40 day con-
tinuous run. During the run, the LaPorte unit was operated under steady-state conditions using carbon monoxide-rich gas repre-
sentative of that produced by advanced coal gasifiers. During the run, the plant achieved a production rate of up to 8 tons per day 
with a total production of approximately 165 tons of methanol (50,0 gallons). The plant, including the slurry pump and a spe-
cially designed pump seal system, operated very reliably during the run. 

Air Products has started a 120 day run of the unit. The aim is to further test reliability of the process and equipment and deter-
mine how well the catalyst stands up in steady slate operations, the next step toward provins commercial feasibility. 

Project Cat: DOE $25.6 million 
Private participants: $3S million 

LEC COAL LIQUEFACTION/COGENERATION PLANT - SO! International (C-557) 

501 International is developing a 35 megawatt electric cogeneration and coal liquids production facility to be located near Colstrip, 
Montana. This facility is designed to utilize the Liquids from Coal (LFC) process, developed by SOl International. An 
LFC/cogeneration plant consists of an electric generation unit combined with LFC process equipment in one cogenerating system. 

According to the developers, SOt's LFC process is an adaptation of existing reliable equipment and utilization of state-of-the-aft 
technology. Compared with other coal conversion processes where high temperatures and pressures are required, the LFC process 

rat opees at low pressures and less severe thermal process conditions, some of which require only low-grade and medium-grade heat 
(140 to 600 degrees F). In the system, the electric generation unit supplies waste heat to meet these LIt process thermal loads, 
while the solid waste by-products from the LFC process are used to fuel the electric generation unit. 

SQl has obtained a long-term (35 year) power sales agreement with Montana Power Company. The estimated project cost is 
$723 million. 501 International is currently working to obtain a contractor to perform the design and construction of the LFC 
Cogeneration Plant. Site work is scheduled to commence in the spring of 1988 with the entire facility complete by late-1989. Once 
in full operation, the facility will employ a staff of 35 to 40. 

Project Cost: See above 

LULEA MOLTEN IRON COAL GASIFICATION PILOT PLANT - MID Humboldt Wedag AG and Sumitomo Metal In-
dustries, Ltd (C-580) 

KHD and Sumitomo have agreed to jointly build and operate a 240 tonnes per day pilot plant to test the molten iron coal gasifies. 
lion processes independently developed by both companies. Construction of the pilot plant was completed in Lulea, Sweden at the 
country's steel research center in mid-1985, with operation scheduled to last through 1987. 

The pilot plant will be designed for operation at pressures up to 5 atmospheres. In the process, pulverized coal and oxygen are in-
jected into a bath of molten iron at temperatures of 1,400 to 1600 degrees C. Potential advantages of the technology include simple 
coal and oxygen feed controls and low carbon dioxide production. 

Project Cost: Not Disclosed
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LU NAN AMMONIA-FROM-COAL PROJECT - China National Technical Import Corporation (C-587) 

The China National Technical Import Corporation awarded a contract to Bechtel for consulting services on a commercial coal 
gasification project in the People's Republic of China. Bechtel will provide assistance in process design, design engineering, 
detailed engineering, procurement, construction, startup, and operator training for the installation of a Texaco gasifier at the 
200 metric tons per day Lu Nan Ammonia Complex in Tengxian, Shandong Province. When completed in September, 1989, the Lu 
Nan modification will replace an obsolete coal gasification facility with the more efficient Texaco process. 

Project Cost: Not Disclosed 

MILD GASIFICATION PROCESS DEMONSTRATION UNIT - United Coal Company and United States Department of Energy 
(C-22) 

United Coal Company's Research Division, UCC Research Corporation has built a Mild Gasification Process Demonstration Unit 
at its research center in Bristol, Virginia. The unit is capable of processing 1 ton per day of coal or coal waste. Under the sponsor-
ship of the United States Department of Energy (DOE), UCC has developed a process that is primarily aimed at recovering the 
energy value contained in wastes from coat cleaning plants. To utilize this waste, UCC developed a mild gasification/coal liquid ex-
traction process. 

Work under Phase I of the Mild Gasification Process Demonstration program is now complete in all areas. Phase Il continues un-
der the sponsorship of the U. S. Department of Energy/Morgantown Energy Technology Center involving further development of 
the process with concentration on a variety of coal feedstocks rather than coal waste. The two year program will undertake the fol-
lowing:

Developing a more detailed test plan for conducting in-depth optimization tests of the Mild Gasification Process. 

Conducting the extensive test program to optimize the operation of the Mild Gasification Process and producing significant 
quantities of coal liquids and char. 

Testing char and char/coal blends for use in industrial/utility boilers, 100 percent char in stoker boilers, and for use to re-
place or extend coke in blast furnaces. 

Evaluating the coal liquids as a home heating fuel. 

Distilling the coal liquids into fractions with boiling ranges approximately those for gasoline, diesel oil, and heavy oil to 
determine which fractions may be best suited for commercial applications. 

The process demonstration unit will undergo a modification phase initially to enhance the overall unit performance. Modifications 
to the condensing system, reactor tubes, furnace, and coal feed system are planned. Upon completion of this phase, an expanded 
optimization program will be initiated. Product testing and economic assessments will be expanded as the unit production 
capability and operating efficiency is fine tuned. 

Project Cat: Not disclosed 

MONASH HYDROLIQUEFACflON PROJECT - BP United Kingdom Ltd. and Monash University (C-665) 

The Chemistry, Chemical Engineering, and Physics Departments at Monash University at Clayton, Victoria are conducting a major 
investigation into hydroliquefaction of Victorian brown coal. Both batch autoclave studies and continuous hydrogenation in a 
bubble column and a stirred tank reactor are being conducted. 

BP United Kingdom Ltd. is continuing to fund for an additional two years a collaborative research project with Monash University 
on brown coal conversion using synthesis gas. Substantial funding for the continuous flow research has been provided by the 
Australian Government's National Energy Research, Development and Demonstration Council. The batch autoclave work has 
been largely supported by the Victorian Brown Coal Council. 

Batch autoclave studies have established that Victorian brown coal ion-exchanged with iron- or tin-salt solutions shows enhanced 
activity for hydrogenation in tetralin compared with untreated coal. The Monash studies show that a mixed metal catalyst system, 
which is predominantly iron-based with trace amounts of tin, displays a significant synergistic effect when compared with 
hydrogenation results for experiments using only iron- or tin-based catalysts of comparable metal concentrations to the mixed 
metal system. Mossbauer studies are helping to understand the role of iron and tin in the early stages of reaction. Other mixed 
metal systems, some with an iron base, are also showing good catalytic activity. The studies have now been extended to the use of 
coal-derived solvents rather than tetralin.
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The continuous bench-scale bubble-column and stirred tank reactor facility has been successfully operated at 1 to 2 liters per hour 
of coal slurry using tetratin as the vehicle solvent in the presence of hydrogen gas. This unit is providing data on the effects of tem-
perature, residence time, and catalytic treatment on coal conversion and product yields, together with providing reasonable quan- 
tities of products For further studies. Coupling of the two reactors in series has been achieved and conversion studies began in 
coal-derived solvents other than tetralin. Mathematical modelling of the process has also proved successful. 

Project Cost: $1.8 million (Australian) since commencement 

MONGOLIAN ENERGY CENTER - People's Republic of China (C-666) 

The lb le League (Prefecture) authorities have made a comprehensive development plan includin g a 1.1 billion Yuan com plex which 
will use coat to produce chemical fertilizers. A Japanese company has completed a feasibility report. 

The region may be China's most im portant center of the coal-chemical industry and the ceramic industry in the next century. 

MRS GASIFICATION PROCESS PRowcr - British Gas plc and Osaka Gas Company Ltd. (C-iOn 

Following commissionin g of the plant in October 1987, a test Dronam desired to establish the operability of the reactor and to 
obtain process data was started. 

Proiect Cost: 	 Not disclosed 

NYNAS ENERGY CHEMICALS COMPLEX - AGA, A. Johnson & Company, and the Swedish Investment Bank (C-754) 

A group of Swedish companies has agreed to build a coal-based ammonia plant in Sweden. The Nynas Energy Chemicals Complex 
(NEX) will utilize the Texaco coal gasification process to produce synthesis gas for ammonia production. Initially, the facility will 
produce 250,000 to 350,000 tonnes of ammonia per 'ear, hot water for the Southern Stockholm district heating system, and in-
dustrial gases (oxygen, nitrogen, and argon). Also, Nynas Petroleum's refinery in Nynashamn will switch to fuel gas from NEX. In 
the wintertime pan of the gas will be used for power generation. The plant is scheduled to go on stream in 1991. 

Participants in the project are: AGA, the Swedish industrial gas group; A. Johnson and Company, a privately-owned Swedish trad-
ing and industrial group; and the state-owned Swedish Investment Bank. 

The Investment Bank, AGA, and Johnson are equal partners in a new company, Nynas Kombinate AB, which will own 100 percent 
of NEC. AGA will build on their own the air separation plant for the facility. 

Project Cost: US$500 million 

01110-I COAL CONVERSION PROJECT - Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers 
Incorporated (C-756) 

Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers Incorporated originally proposed a project to 
produce energy-grade methanol (METHYL FUEL) and anhydrous ammonia. In mid-1986 the project was re-designed to produce 
300,0 gallons per day of an octane enhancer (methanol with co-solvents and corrosion inhibitors) directly from coal. Production 
of ammonia was eliminated. The project will be constructed on a site in Lawrence County in southern Ohio. This plant will use 
high grade sulfur coal from existing mines in the area.
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The proposed project will utilize a High Temperature Winkler (HTW) fluidized bed gasifier to produce raw synthesis gas. The gas 
is cleaned by one or more cyclones and subsequent scrubbing. The cleaned gas is then cooled in a steam generator or boiler feed 
water heat exchanger to recover available energy for use in the plant. Solids removed by the cyclone(s) are recycled to the gasifier 
to improve the carbon conversion efficiency. Carbon conversions of approximately 96+ percent are expected. The raw gas, 
cleaned of particulate matter, is processed in the synthesis section. 

Construction is scheduled to start early in the third quarter of 1988, with completion and initial operation scheduled for the first 
quarter of 1990. 

This plant has been estimated to cost $260 million. 

Project Cat: $260 million 

OHIO ONTARIO CO-PROCESSING PROJECT - Ohio Ontario Clean Fuels Inc., Stone and Webster Engineering Corp., Hill Inc., 
Ohio Coal Development Office, and United States Department of Energy (C-233) 

This project is a prototype commercial coal/oil co-processing plant to be located in Warren, Ohio. This plant will convert high sul-
fur, high nitrogen, Ohio bituminous coal and poor-quality petroleum to produce clean liquid fuels. The process to be utilized is 
HIll, Inc.'s proprietary commercial ebullated-bed reactor technology. In this process coal is blended with residual oil and both are 
simultaneously converted to clean distillate Fuels. A 'typical" C4-975 degrees F distillate fuel will contain 0.1 percent sulfur and 
0.2 percent nitrogen. The prototype plant will process 800 tons per day of coal, plus residual oil sufficient to yield 11,750 barrels 
per day of distillate product. Startup of the plant is slated For 1990. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program and negotiations have been com-
pleted with DOE and Ohio. 

Project Cost: $2173 million 

OULU AMMONIA FROM PEAT PROJECT' - Kemira Ov (C-757) 

Kemira of Finland is building a nressurized fluidized bed neat gasification system for oroducine synthesis gas. The gas will be used 
for ammonia and other chemicals. Ammonia production is lobe 80.000 tons ner year, 

Proiect Cost: Investment costs nrc ex pected to be F1M225 million. 

PRENFLO GASIFICATION PILOT PLANT - Krupp Koppers GmbH (1(K) (C-798) 

Krupp Koppers, of Essen, West Germany (in United States known under the name of GKT Gescllschaft fuer Kohle-Technologic) 
are presently operating a 48 tons per day demonstration plant and designing a LODO tons per day demonstration module for the 
PRENFLO (pressurized entrained flow) process. The PRENFLO process is KX's pressurized version of the Koppers-Totzek (Kr) 
flow gasifier. 

In 1973, KK started experiments using a pilot Kr gasifier with elevated pressure. In 1974, an agreement was signed between Shell 
Internationale Petroleum Maatschappij DV and KK for a cooperation in the development of the pressurized version of the Kr 
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 PRENF'LO 
process. 

Krupp Koppers has decided to continue development with a test facility of 48 tons per day and throughput. The plant is located at 
Fuerstenhausen, West Germany. Simultaneously with the pilot test program, the design and engineering of a demonstration plant 
with a capacity (coal feed rate) of 1,000 tons per day will be carried out. The engineering of the 1,000 tons per day gasifier module 
("ready for construction") is expected to be completed in 1988. 

Project Cost: Not disclosed
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R1-IEINBRAUN HIGH-TEMPERATURE WINKLER PROJECT - Rheinische Braunkohienwerke AG, Ubde GmbH, West 
German Federal Ministry for Research & Technology ((1803) 

Rbeinbraun and Uhde have been cooperating since 1975 on development of the High Temperature Winkler fluidized bed gasifica-
tion process. 

On the basis of preliminary tests in a bench scale plant at Aachen Technical University near Cologne, the sponsors commissioned a 
pilot plant in July 1978 at the 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. 

Rbeinbraun constructed a 30 ton per hour demonstration plant for the production of 300 million cubic meters syngas per year. All 
engineering for gasifier and gas after-treatment including water scrubber, shift conversion, gas clean up and sulfur recovery was 
performed by Ubde; Linde AG is contractor for the Rectisot gas cleanup. The synthesis gas produced at the site of Rheinbraun's 
Ville/Ben-enrath briquetting plant was pipelined to Rheinbraun's Union Kiaftstoff subsidiary for methanol production testing 
periods. From startup in January 1986 until end of July 1988 about 240,000 tonnes of dried brown coal were processed within about 
10,200 hours of operation. During this time about 276 million cubic meters of synthesis gas were produced. The plant availability 
was increased from low values in the beginning up to 80 to 90 percent. Carbon conversion reached a maximum value of 98 percent. 

Studies for further development of the HTW process for higher pressures up to about 25 bar are being performed including op-
timization of the processing system as well as operation in a recycling fluidized bed especially in respect to utilization for combined 
power production. 

The erection of a new pilot plant for pressures up to 25 bar and throughputs up to 63 tons per hour is planned on the site of the 
former pilot plant of hydrogasification. The basic engineering for the new pilot plant was finished at the end of April, 1987. Con-
struction will begin in 1988, with completion in mid-1989. 

Project Cost: Undisclosed 

SASOL - Sasol limited (C4820) 

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 Synthol 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 Sasol plant was established in Sasolburg in the early fifties. The much larger Sasol Two and Three plants, at Secunda - 
situated on the Eastern Highveld of Transvaal, came on-stream in 1980 and 1982, respectively. 

The two Sccunda plants are virtually identical and both are much larger than Sasol One, which served as their prototype. Enor-
mous quantities of feedstock are produced at these plants. At full production, their daily consumption of coal is almost 100,000 
tons, of oxygen, 26,000 tons; and of water, 160 inegaliters. 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, Recticol gas purification units, synthol reactors, gas 
reformers and refineries. Hydrocarbon synthesis takes place by means of the Sasol developed Synthol process. 

The products of Sasol Two and Three, other than liquid fuels, include ethylene, alcohols, acetone, methyl ethyl ketone, pitch, tar 
acids, and sulphur, produced for Sasol's Chemical Division, and ammonia for the group's Fertilizer and Explosives Divisions, 

Sasol's Mining Company manages the six Sasol-owned collieries, which have an annual production of 35-million tons of coal The 
collieries comprised of the five Secunda Collieries, 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 programme, process design, en-
gineering, project management, and transfer of technology. 

Project Cost: SASOL TWO $2.9 Billion 
SASOL Three $3.8 Billion 

'At exchange rates ruling at construction
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COMMERCIAL AND R&D PROJECTS (Continued) 

SCOTIA COAL SYNFUELS PROJECT - DEVCO (A Federal Crown Corporation); Alastair Gillespie & Associates Limited; Gulf 
Canada Products Company (a subsidiary of Gulf Canada Limited); NOVA, an Alberta Corporation; Nova Scotia Resources Limited (a 
Provincial Crown Corporation); and Petro-Canada (a Federal Crown Corporation) (C-822) 

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 Gulf Point Tupper Refinery or near the coal mines. The 
25,ODO barrels per day production goal would require approximately 2.5 million twines of coal per )tar. The plant start-up could be 
in 1989/1990. Additional funding of $750,000 requested from the Oil Substitution Fund (a fund jointly administered by the 
Canadian Federal Government and the Provincial Government of Nova Scotia) to evaluate two-stage process options was an-
nounced by the Nova Scotia government on October 3, 1984. 
A contract was completed with Chevron Research Inc. to test the coals in their two-stage direct liquefaction process (CCL?). 

Feasibility report has been completed. Financeability options ale being 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 13,00D barrels per day and has reached agreement in principle to purchase the Point Tupper site from Ultramar Canada Inc. 
Recent developments in co-processing technology have reduced the capital cost estimates to under $C500 million. 

Project Cost:	 Approximately $4 million for the feasibility study 
Approximately US$250 million for the plant 

SCRUBGRASS - Scrubgrass Associates (C425) 

Scrubgrass Associates (SGA) planned to build a 2,890 barrels per day coal-to-methanol-to-gasoline (and other products) plant, to 
be located in Scrubgrass Township, Venango County, Pennsylvania. The sponsors submitted a request for loan and price 
guarantees from the United States Synthetic Fuels Corporation under the solicitation for Eastern Province or Eastern Region of 
the Interior Province Bituminous Coal Gasification Projects. The technology consists of three basic processes: high pressure GKT 
entrained-flow coal gasification, IC! methanol synthesis, and the Mobil methanol-to-gasoline (MTG) process. On November 19, 
1985, the SFC dropped the project from further consideration. 

Scrubgiass Power Corporation has convened the project from production of liquid fuels to the production of electric power, at the 
same location. Environmental work had largely been completed for the previous plan. The capacity of the plant is 80 MEG. The 
plan is to use circualting fluidized bed technology, fueled with up to 6 percent sulfur coal. 

No federal assistance of any kind is sought. 

The estimated total project costs, including start-up, commissioning, engineering, procurement, and construction, and financing 
costs, are $145,000,. Financial closing is anticipated in mid-1987. 

Project Cost: See above 

SEP GASIFICATION POWER PLANT PROJECT - SEP (830) 

SEP has riven Comorimo Engineering Consultants in Amsterdam the order to study the gasification technologies of Shell, Texaco 
and British Gas/Lurgi. 

The location of the rasification/combined cycle demonstration station is likely to be in Buzzenum, in the province of Linburg. 

Project Cost: DF1.700 million 

SHELL COAL GASIFICATION PROJECT - Royal Dutch/Shell Group and Shell Oil Company (U.S.) (C-840) 

Shell Oil Company (U.S.) and the Royal Dutch/Shell Group are continuing joint development of the pressurized, entrained bed, 
Shell Coal Gasification Process. A 6 tons per day pilot plant has been in operation at Shell's Amsterdam laboratory since Decem-
ber 1976. A number of different coals and petroleum cokes have been successfully gasified at 300 to 600 psi. This pilot plant has 
now operated for over 10,000 hours.
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COMMERCIAL AND R&D PROJECTS (Continued) 

A ISO tons per day prototype plant has been operating at the German Shell Hamburg/Harburg refinery since 1978 with over 
6,000 hours of operation logged. Its experimental program now complete, the plant has successfully gasified different types of coal 
in runs as long as 1,000 hours and has demonstrated the technical viability of the process. Further development of the Shell process 
is continuing through active pursuit at other Shell facilities. 

Shell Oil Company has constructed a demonstration unit for making medium-BTU gas, using the Shell Coal Gasification Process, 
at its Deer Park Manufacturing Complex near Houston, TX. The facility's gasifier uses high-purity oxygen to process a wide range 
of coals, including about 250 tons per day of high sulfur bituminous coal or about 400 tons per day of lignite. The medium-BTU 
gas and steam produced art consumed in Shell's adjacent manufacturing complex. The Electric Power Research Institute is also a 
participant in the program. 

Shell's demonstration unit started up in July 1987 and reached design capacity within the first 50 hours of operation. During the 
five month period from December 1987 to May 1988, the unit operated at design conditions 82 percent of the time. Additionally, 
the unit has successfully completed a planned demonstration run of 1500 hours - or more than two months - of continuous opera-
tion. The plant operated smoothly and met design conditions. During the demonstration the unit consumed about 230 tons daily 
of Illinois No. 5 coal containing 3 percent sulfur. The smooth plant operation during this long run indicates the reliability of the 
process and mechanical features of the Shell Coal Gasification technology. 

The long run also validated the environmental acceptability of the Shell process. The plant's emissions were well below the limits 
of the company's Tens air quality permit, while the wastewater was treated at the plant's bio-treater and posed no significant 
operating problems. The product gas contained the required low level of sulfur compounds and no detectable solids. The slag 
produced was used locally in a variety of construction applications. 

Since achievement of the lon g demonstration run, the plant has focused on evaluation of additional coals, plant runs aimed at op
-timizinnnd refining design fuels and technology improvements. 

Project Cost: Not disclosed 

SLAGGING GASIFIER PROJECT - British Gas Corporation (C450) 

The British Gas Corporation (BGC) constructed a prototype high pressure slagging fixed bed gasifier in 1974 at Westfield, Scot-
land. (This gasifier has a throughput of 350 tons per day.) The plant has been successfully operated since that date on a wide 
range of British and American coals, including strongly caking and highly swelling coals. The ability to use a considerable propor-
tion of line coal in the feed to the top of the gasifier has been demonstrated as well as the injection of further quantities of fine coal 
through the tuyeres into the base of the gasifier. By-product hydrocarbon oils and tars can be recycled and gasified to extinction. 
The coal is gasified in steam and oxygen. The slag produced is removed from the gasifier in the form of granular frit. Gasification 
is substantially complete with a high thermal efficiency. A long term proving run on the gasifier has been carried out successfully. 

A new phase, started in November 1984, is the demonstration of a 500 tons per day (equivalent to 70 megawatts) gasifier with a 
nominal I.D. of II feet. Integrated combined cycle tests will be carried out with an SK 30 Rolls Royce Olympus turbine to gener- 
ate power for the grid. The turbine is supplied with product gas from the plant. It has a combustor temperature of 1J2 0 degrees 
F a compression ratio of 10, and a thermal efficiency of 31 percent. Currently, this gasifier has onerated for nnnmximnttiv 1 1411 

In addition to the current SIX) ton per day gasifier, an experimental gasifier designed to operate in the fixed bed stagger mode at 
pressure up to 70 atmospheres is being constructed. It is designed for a throughput of 200 tons per day. Completion of construc-
tion is expected in mid 1988. The unit is to be used to study the effect of pressure on methane production and gasifier perfor-
mance. 

Project Cost: Not available 

SOUTH AUSTRALIAN COAL GASIFICATION PROJECT - Government of South Australia (C465) 

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 have 
been signed with a consortium headed by Uhde GmbH to test coal from the Bowmans deposit in the Rheinbraun I-I'I'W gasifier 
and perform a detailed design and feasibility study for a 600 MW gasification combined cycle power station. Ten tonnes of coal 
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COMMERCIAL AND R&D PROJECTS (Continued) 

were satisfactorily gasified in the small scale Process Development Unit at Aachen, PRO, in August 1985. Testing Bowmans coal in 
the 40 ton per day Rheinbtaun pilot plant at Frechen-Wachtberg, PRO has been completed and final reports on the tests are due 
by July, 1987, when a review of the project will be undertaken and directions for ongoing development determined. 

Project Cost: DM 7.5 million 

SYNTHESEGASANLkGE RUI-IR (SAR) - Ruhrkohle Get and Gas Ombli Ruhrchemie AG (C-869) 

Based on the results of the pressurized coal-dust gasification pilot plant using the Texaco process, which has been in operation 
from 1978 to 1985, the industrial gasification plant Synthesegasanlage Ruhr has been completed on Ruhrchemie's site at 
Oberhausen-Holten. 

The coal gasification plant has been in operation since August 1986. The coal gases produced have the quality to be fed into the 
Ruhrchemie's oxosynthesis plants. Approximately 165,000 tons of German hard coal have been gasified up to April, 1988 to 
produce 480 million cubic meters of synthesis gas and 80 million cubic meters of hydrogen. The investment is 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-Rhine Westphalia participates in the coal cats. 

Project Costs: DM220 million (Investment) 

TEXACO COAL GASIFICATION PROCESS - Texaco Inc. (C-890) 

The commercial status of the Texaco Coal Gasification Process has been a result of extensive development at Texaco's facility in 
Montebello, California since the 1973 oil embargo. During this period, Texaco spent more than $8 million to expand and improve 
its existing gasification facilities at Montebello. There are now two complete gasifier trains, each capable of processing morn than 
20 tons per day coal, at pressures ranging from 300 to 1,200 psig, in either the quench or gas cooler modes of operation. 

Texaco's development activities were complemented during the 1978 to 1985 period by operations at three licensed demonstration 
plants. These plants are owned by Ruhrkohle AG/Ruhrchemie AG, and Tennessee Valley Authority, and are located in 
Oberhausen—Holten in the Federal Republic of Germany, and Muscle Shoals, Alabama, respectively. 

The Texaco Coal Gasification Process is currently used for the commercial production of electric power and a variety of products, 
and has application for a wide range of chemicals which can be manufactured from synthesis gas. Commercial projects currently in 
operation utilizing the Texaco Coal Gasification Process include the 900 tons per day Tennessee Eastman plant which manufactures 
methanol and acetic anhydride, the 1,000 tons per day Cool Water plant which manufactures electricity, the 1,650 tons per day Ubc 
Ammonia plant which manufactures ammonia, and the 800 tons per day SAR plant in Oberhausen, West Germany for the 
manufacture of oxo-chemicals. Commercial projects currently in detailed design and/or construction include the 400 ton per day 
LuNan Coal Gasification Plant in China to manufacture ammonia, and the 1,100 tons per day Shoudu Coal Gasification Plant in 
Beijing, China. Many United States utilities an actively considering coal gasification for future electric power capacity additions, 
and are working with Texaco on detailed site-specific studies of the Texaco process. Outside the U. S. many projects using 
Texaco's technology are in the evaluation stage and include plants to be located in the Netherlands, Sweden, Denmark, Italy and 
China. 

Project Cat: Not applicable 

WA AMMONIA FROM COAL PROJECT - Tennessee Valley Authority (0-940) 

The WA is conducting an ammonia-from-coal project at its National Fertilizer Development Center, located at Muscle Shoals, 
Alabama, A Texaco Partial Oxidation Process coal gasifier was retrofitted to an existing 225 tons per day ammonia plant. Plant 
construction was completed in mid-1980. Capital costs total $46 million. Brown and Root of Houston held the $25.6 million con-
tract for the construction of the eight ton per hour coal gasifier. The air separation plant was built by Air Products and Chemicals, 
Inc. at a cont of $5 million. The remainder of the work was done by TVA. The coal gasifier can provide 60 percent of the gas feed 
to the existing ammonia plant. The existing plant retains the option of operating lOG percent on natural gas, if desired. The initial 
feed to the coal gasifier was Illinois No. 6 seam coal. 

The gasifier was dedicated and started up at the 'IVA's 13th Demonstration of Fertilizer Technology conference in October 1980 
and continued in itermittent operation until 1981. However, actual production of feed gas for ammonia manufacturer was not ac-
complished because of mechanical problems. The plant was shut down while modifications were made to the gasifier and other 
downstream processes and equipment.
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COMMERCIAL AND R&D PROJECTS (Continued) 

The plant was restarted in April 1981 Operations continued intermittently through November 1982 and culminated in a 5-day per-
formance test. Although the plant did not meet all the contract performance requirements, particularly in the sulfur recovery area, 
the facility did provide synthesis gas for the production of ammonia. Plant operations continued for 12 days, prior to being shut 
down at the end of the performance test. Total operating time was approximately 1,600 hours. 

The plant was not operated again until July 1983 primarily because of budget limitations. A 5-day coal test was made in July and 
was followed by a 20-day test using EDS residues. Additional tests were made in late 1984 and 1985. The project was completed 
and the facility was shut down in September 1985 after operating for 3,600 hours. 

Project Cost: $60 million total 

UBE AMMONIA-FROM-COAL PLANT - Ube Industries, Ltd. (C-952) 

Ube Industries, Ltd., of Tokyo recently completed the world's first large scale ammonia plant based on the Texaco coal gasification 
process (TCGfl. There are four complete trains of quench mode gasifiers in the plant. In normal operation three trains are 
used with one for stand-by. Ube began with a comparative study of available coal gasification processes in 1980. In October of that 
year, the Texaco process was selected. 1981 saw pilot tests run at Texaco's Montebello Research Laboratory, and a process design 
package was prepared in 1982. Detailed design started in early 1983, and site preparation in the middle of that year. Construction 
was completed in just over one year. The plant was commissioned in July 1984, and a first drop of liquid ammonia from coal was 
obtained in early August 1984. Those engineering and construction works and commissioning were executed by Ube's Plant 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 gasification plant has operated using four kinds of coal—Canadian, Australian, Chinese, and South African. The overall cost of 
ammonia is said by Ube to be reduced by more than 20 percent by using coal gasification. Furthermore, the coal gasification plant 
is expected to be even more advantageous if the price difference between crude oil and coal increases. 

Project Cost - Not disclosed 

VEW GASIFICATION PROCESS - Vereinigte Elektrizitatswerke (C-974) 

A gasification process being specially developed for application in power plants is the VEW Coal Conversion Process of Vereinigte 
Elektrizitatswerke, a German utility. The process works on the principle of entrained flow. However, coal is partly gasified with air 
and the remaining coke is burned separately. A prototype 10 tons coal per hour plant has been operated in Gersteinwerk near 
Dortmund since 1985. Superheated steam of 530 degrees C and 180 bar is generated in the waste heat boiler. Three variants are 
being tested for gas cleaning, whereby both wet and dry gas cleaning are being applied. These consist of: 

Wet gas-cleaning with preserubbing to remove NH 4CL, and amisol washing plus a Claus plant to remove sulfur. 

Prescnsbbing to remove NH4CL, with combustion of gases free of chlorine and alkalies in the gas turbine, 
followed by sulfur separation in the FGD plant. 

Dry removal of chlorine and alkalies in a circulating fluidized bed in which time is used as a reagent, with sulfur 
removal in the FOD plant. 

Project Cost: Not disclosed 

VICTORIA BROWN COAL LIQUEFACTION PROJECT - Brown Coal Liquefaction (Victoria) Pty. Ltd. (C-975) 

BCLV is operating a pilot plant at Morwell in southeastern Victoria to process the equivalent of 50 tons per day of dry ash free 
coal. BCLV is a subsidiary of the Japanese-owned Nippon Brown Coal liquefaction Company (NBCL), a consortium involving 
Kobe Steel, Mitsubishi Chemical Industries, Nissho Iwai, Idemitsu Kosan, and Asia Oil. 

The project is being run as an inter-governmental cooperative project, involving the Federal Government of Australia, the State 
Government of Victoria, and the Government of Japan. The program is being fully funded by the Japanese government through 
the New Energy Development Organization (NEDO). 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 dashing and secondary hydrogenation, were completed during 
1986. Both sections are now operating. The pilot plant is planned to operate until September, 1989. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

The aim of the pilot plant is to provide data on the BCL Process developed since 1971 by members of the consortium. Tentative 
plans call for construction beginning near the end of this decade of a demonstration plant consuming about 5,000 tons per day of 
dry coal equivalent, this being the first unit of a six unit commercial plant. 

The pilot plant is located adjacent to the Morwell open cut brown coal mine. Davy McKee Pacific Pty. Ltd., provided the 
Australian portion of engineering design procurement and construction management of the pilot plant. 

Project Cat: Undisclosed 

WUJING TRIGENERATION PROJECT - Shanghai Coking and Chemical Plant (C-992) 

Shanghai Coking and Chemical Plant is considering a trigeneration project to produce coal-derived fuel gas, electricity, and steam. 
The proposed plant will be constructed near the Shanghai Coking and Chemical plant in Wujing, a suburb south of Shanghai. 
SWCC contracted with Bechtel on June 6, 1986 to conduct a technical and economic feasibility study of the project. 

The proposed project will consist of coal gasification facilities and other processing units to be installed and operated with the 
existing coke ovens in the Shanghai Coking and Chemical Plant. The facility will produce 3 million cubic meters per day of 
3,800 Kcal per cubic meter of town gas (106 million cubic feet per day of 427 BTU per cubic foot); 50 to 60 megawatts of 
electricity; 100 metric tons per hour of low pressure steam; and 300,000 metric tons per year of 99.85 percent purity chemical grade 
methanol, 100,000 metric tons per year of acetic anhydride, and 50,000 metric tons per year of cellulose acetate. The project will be 
constructed in stages. 

The study was completed and evaluated. Bechtel was paid from a $600, giant to SCCP from the United States trade and 
development program ('FDP), International Development Cooperation Agency. 

Phase I, designed to produce one million cubic meters per day of town gas, 100,000 tons per year of methanol, and 15.000 tons per 
year of cellulose acetate was submitted to the Chinese National Planning Board for approval by Shanghai municipality in April, 
1988. 

Project Cost: Not disclosed 

UNDERGROUND COAL CONVERSION PROJECTS 

UNDERGROUND COAL GASIFICATION, INDIA - Oil and Natural Gas Commission (C-loss) 

The government of India has appropriated $40 million to test the potential of underground coal gasification (UCG) for domestic 
coal. The proposed site for the test in western India contains large reserves; of subbituminous coal that could be amenable to UCG. 
However, experts from the United States, France, Netherland, Belgium, and West Germany concluded that the depth of the 
coal—approximately 2,750 feet—may cause some challenges, but have agreed with the strategy adopted by India for detailed 
geological, geophysical and hydrological studies prior to gasification and proposed horizontal drilling, completion policy and surface 
design. Therefore, they recommended that the Indianresearchers utilize the Controlled Retracting Injection Point (CRIP) 
technology developed by the Lawrence Livermore National Laboratory. 

The first information well (UCG-1) has been drilled in Mehsana City structure located in North Gujarat. Detailed hydrological, 
geological and geophysical studies have been completed. Detailed 3-D seismic work has been done. Mother well is proposed to 
be drilled for more data gathering before actual gasification in 1989-90. 

Project Cost: $40 million appropriated 

UNDERGROUND COAL GASIFICATION, JOINT BELGO-GERMAN PROJECT - Belgium, European Economic 
Community, and Federal Republic of Germany (C-1150) 

A Belgo-German trial project is being conducted in Belgium at Thulin, in a coat deposit at 860 meter depth. The goal of the trials 
is to create an underground gas generator which can operate at a pressure of 20 to 30 bar. Investigation of the potential for 
developing underground gasification of deposits at great depth was begun in Belgium at the end of 1974. The first effort has grown 
since 1976, when a Belgo-German cooperation agreement was signed which resulted in the execution of an experimental 
underground gasification project sited at Thulin. The site chosen lies at the western end of the Borinage coalfield, in an area where 
the deposits are still unworked because of the considerable tectonic disturbances present between the surface and the 800 meter 
level. Work began in 1979 and is planned to continue into 1987.
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Underground Gasification Projects (Continued) 

The first reverse combustion experiment was executed from April to October 1982 without the formation of a linking channel. The 
test had to be halted due to self-ignition of the coal, after 35 days. In November 1982 the fire was extinguished by injection of 
water and nitrogen. 

Before starting a second experiment of reverse combustion, the wells have been restored and various improvements were brought 
to the equipment to eliminate the self-ignition of the coal in the vicinity of the injection hole and to prevent the accumulation of 
water at the bottom of the gas recovery hole. This second experiment started in September 1982 and was stopped in early May 
1984. The experiment suffered from 4 interruptions due to tubing breakage by corrosion. 

The trials demonstrated that it is not possible to avoid self-ignition of the coal in the vicinity of the injection well, but after 
scattering of this fire, the oxygen content of the exhaust gases increased to a level where it should be possible to again develop 
reverse combustion starting from the recovery well. 

The trials made during February-May 1984 demonstrated that this concept can be successful. It was possible to start coal burning 
by self-ignition in the vicinity of the recovery well on March 20 and April 19, injecting en. 500 cubic meters per hour air and 50 cubic 
meters per hour carbon dioxide under 250 bar and keeping a backpressure of 100 bar at the outlet. 

During the last trial, the combustion evolved to gasification, producing 150 cubic meters per hour of lean gas during 12 days. A 
careful analysis, however, of the available data (flow/pressure, tracer tests) did not show any evidence that a channel had been 
started. The experiment has been stopped, while intensive work is devoted to solving the corrosion problems (the tubing has to 
withstand both cold and hot corrosion), and to preparing a trial with strongly deviated drillings, starting from the existing wells. 

This trial has been made with success in September 1985: a drainhole of 40 meters length (27 meters in coal) has been drilled from 
Well I in the direction of Well II, and a flexible liner has been set inside this drainhole. However, the azimuth control was poor. It 
is planned to drill a sidetrack from Well II and to lint it with the drainhole in early 1986; this delay is due to the long delivery time 
of the special, corrosion resisting material to be set inside Well II. 

In December 1985 and January 1986, a sidetracked hole was drilled from the level 670 of Well 11 and crossed the seam at about 
1 meter from the drainhole. The coal plug between the wells has been expelled by high pressure water on February 4, 1986. The 
final completion of the wells was done in March-April 1986. 

Due to problems encountered during the setting of the measuring equipment into the drainhole, it has been decided to insert in the 
injection well a coiled tubing of 1-1/2 inch diameter, the end of which is provided with a gas burner and some thermocouples. The 
preparatory works (wellhead modification, design construction, and tests of the new equipment ended in August 1986. 
After preliminary trials made above ground to simulate the conditions of rubber hose combustion, the underground trial took place 
on August 24 and was only partially successful. About 10 meters of rubber hose were destroyed, but the connection with the 
recovery well was reduced by tar accumulation and it was still impossible to push the burner and the coiled tubing into the curved 
part of the injection borehole. The sponsors believe that some strata displacement damaged the flexible liner after its insertion in 
September 1985. 

Having cleaned the channel between the wells by water circulation and checked the remaining free section at the bottom of the 
injection well, the sponsors decided to start the gasification without any change to the equipment. 

They tried to provoke self-ignition of the coal by injecting a small flow of oxygen enriched air this succeeded on October 14. the 
program is: first, to improve the communication by burning some coal along the existing communication, then to demonstrate the 
feasibility of synthesis gas production using a carbon dioxide/oxygen mixture as gasifying agent, and then to extend the gasifier as 
far as possible using compressed Mr as the gasifying medium. 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, LLNL STUDIES - Lawrence Livermore National Laboratory (C-1092) 

The LLNL has been working on in situ coal gasification since 1972, under the sponsorship of DOE and predecessor organizations. 
Tests that have been conducted include three underground coal gasification tests at the lice Creek site near Gillette, Wyoming; 
five small field tests (Large Block Tests') at an exposed coal face in the WIDCO coal mine near Centralia, Washington; and a 
larger test at the same location (the 'Partial Seam CRIP Test'). 

Previous LLNL work involved development of the packed bed process, using explosive fracturing. A field test, Hoe Creek No. 1, 
was conducted during FY1976-1977, to test the concept. A second experiment, carried out during FY1977-1978, Hoe Creek No. 2, 
was gasified using reverse combustion and produced 100 to 150 BTU per standard cubic foot gas using air injection, and 250 to 
300 BTU per standard cubic foot gas during a two day steam-oxygen injection test. The third experiment, Hoe Creek No. 3, was 
carried out during FY1978-1979, using a drilled channel to provide the link between the process wells. The test ran for 57 days, 
47 consecutive days using steam and oxygen, during which 3,800 tons of coal were gasified with an average heating value of 
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Underground Gasification Projects (Continued) 

215 B'l'lJ per standard cubic foot. The test showed that long.terrn use of steam-oxygen underground gasification is technically 
feasible, operationally simple and safe. The use of steam and oxygen is crucial because the medium heating value gas produced by 
steam-oxygen gasification is readily converted to chemical synthesis gas or to pipeline quality, which is the objective of this project. 

The 'Large Block Tests' in FY1982 were designed to carry the concepts of the laboratory tests to a larger size in the field and still 
retain the ability to visually examine the burn cavities by simple excavation. The tests were very successful in providing detailed 
data which were used to develop a 3-D cavity simulation model, CAVSM. The results from the Block tests led to the design of the 
Centralia Partial Seam CRIP test which was carried out in FY1983-1984. Over 2,000 tons of coal were gasified with steam and 
oxygen to produce a gas with an average heating value of 240 BTU per standard cubic foot. The test was designed to test the 
Controlled Retracting Injection Point (CRIP) concept in a coal seam with real commercial potential but on a scale small enough to 
allow the test to be completed within 30 days. Oxygen-steam injection was used through a 900 foot long well drilled from the coal 
face parallel to the dip of the seam. The product gas was produced first through an intersecting vertical well, and second, for the 
CRIP cavity, through a slant well drilled from the exposed face. Two distinct gas qualities were achieved a relatively high level after 
the CRIP maneuver and lower levels during the first cavity burn and after the roof collapse of the second burn. Even though some 
directional control problems were encountered in drilling the slant holes, the overall success of the Partial Seam test was very 
encouraging for the future of UCG at the Centralia site. The CR11' concept adds one more degree of control to the process in that 
the average heating value of the produced gas can be controlled by controlling the position of the injection point. 

A large scale test, Rocky Mountain 1 was carried out in late 1987 and early 1988 at Hanna, Wyoming. The test will provide a direct 
comparison of the CRIP method with a vertical injection well method, and will operate long enough to give resource recovery data 
from a multiple cavity burn. Both test modules utilized directional drilled links and horizontal production wells. One module used 
a CR11' injection system while the other sed vertical injection wells. 

LLNL is providing the gas analysis and data aquisition systems for the test and also actively supporting the operational phase of the 
test. 

Objectives for FY1988 include: 

1.Continue to support the Rocky Mountain I field test at Hanna, Wyoming including active participation in the operational 
phase. Goals of the experiment are to determine the technology for larger scale operation and to reline the economics for 
commercial gasification. 

2. Continue the modelling program with emphasis on cavity growth simulation comparison with field results. 

3. Continue to support the DOE and State Department in technology transfer through agreements with foreign countries 
such as Spain, Brazil, and India. 

Project Cat: Not disclosed 

UNDERGROUND COAL GASIFICATION, LEIGH CREEK - State Government of South Australia (C-1097) 

A study sponsored by the State Government of South Australia projects favorable economics for underground gasification to coal 
to produce electric power from the Leigh Creek deposit. Confirmatory drilling to test geotechnical assumptions made for the 
feasibility study was conducted during October 1984. Because significant capital is required and because government and utility 
trust expenditures are presently committed to other coal-related programs, the test panel burn that was planned for 1986/1987 has 
been postponed. However, discussions with Shedden Pacific axe continuing. 

Shedden Pacific Ply. Ltd., conducted the feasibility study, which found that at least 120 million metric tons of coal at Leigh Creek 
could be used for UCG. These reserves are unlikely to be economically recoverable by open pit or underground mining methods, 
and would support a 250 megawatts power station for approximately 25 years. 

The preliminary design laid out in the study is based on a gasification panel consisting of a coal seam 13 meters thick, with dip 
angle of 10 degrees to 13 degrees, into which one blast air borehole and two production boreholes are drilled horizontally. Each 
panel is 400 meters long and 80 meters wide with the blast air borehole located along the central axis and the production bores 
spaced equally on either side. 

The blast air and production boreholes are drilled down dip using deviated drilling techniques, At the down dip end of the panel 
are located four vertical ignition bores equally spaced acrossthe panel. A blast borehole in the seam has the great potential 
advantage that, provided that it does not burn back by reverse burn, it will always deliver the blast to the bottom of the active 
gasification zone. 

Project Cost: Approximately $1 billion (1983 Australian dollars) total capital costs 
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Undergroond Gasification Projects (Continued) 

UNDERGROUND COAL GASIFICATION, ROCKY MOUNTAIN I TEST - Amoco Production Company, Electric Power 
Research Institute, Gas Research Institute, Union Pacific Resources Company, and United States Department of Energy (C-1099) 

A field test of the Controlled Retracting Injection Point (CRIP) technology was conducted in late 1987 and early 1988 near Hanna, 
Wyoming. The test, named Rocky Mountain 1, is funded by the United States Department of Energy (DOE) and a four member 
industrial consortium. The consortium, headed by the Gas Research Institute, also includes the Electric Power Research Institute, 
Amoco Production Company Research Center, and Union Pacific Resources Company. 

The test site is about two miles south of Hanna, Wyoming, near a site used in the 1970 by the government to conduct some of the 
United States' first underground coal gasification tests. The CRIP technique was conceived by LLNL in the late 1970s; to improve 
the efficiency, boost resource recovery, and increase the reliability of underground coal gasification. The CRIP method uses a 
horizontal well drilled along the base of a coal seam that is lined with a thin-walled metal pipe to supply oxygen to the coal to 
support the gasification process. To gasify the coal, successive sections of the well liner are burned away and the coal seam is 
ignited by a propane burner inserted in the horizontal well. The coal gasifies from the bottom of the seam upward producing 
medium-BTU gases. The gases are transported to the surface either through a second horizontal well near the top of the seam or 
through widely spaced vertical wells bored into the coal seam. As sections of the coal scam gasify, a cavity forms and ultimately 
reaches the top of the seam. Then, the ignition device is moved, or 'retracted, to a fresh section of coal, and the process is 
repeated. 

A 30 day field test of the CRIP technique was conducted in 1983 at an exposed coal face in the WIDCO coal mine near Centralia, 
Washington. The Rocky Mountain I test created multiple cavities in two parallel rows 350 feet underground in a 30 foot thick 
subbituminous coal seam. One row consisted of a 300 foot long CRIP module. The other ELW module used vertical injection 
wells similar to those in previous underground field tests. 

A companion effort will evaluate the ecological and environmental aspects of underground coal gasification. 

Yew satisfactory results were obtained from both modules. The CRIP module, the better of the two, gasified I1,0DD tons of coal 
over a 93 day interval, producing a product with an avenge heating value of 287 BTU/SCF, dry gas comp. 38% H 2, 9% CM4, 12% 
CO and 38% CO2, at an oxygen utilization efficiency level of 1640 BTU/0 2 (HHV). 

Project Cost: $9.85 million 

UNDERGROUND GASIFICATION OF ANFI-IRACrI'E, SPRUCE CREEK - Spruce Creek Energy Company a joint venture of 
Gilman Company, Geosystems Corporation, and Bradley Resources Corporation (0.1100) 

Spruce Creek is planning a test of underground gasification of anthracite at a site near Tremont in eastern Pennsylvania. The 
technology to be used will be similar to the gasification-of-steeply-dipping-beds technique used by Gulf at tests near Rawlins, 
Wyoming. The volatiles and sulfur content of the anthracite is low, thus reducing the casts of treating the product gas. 

The project is currently on hold. 

Project Cat: Not disclosed 

UNDERGROUND COAL GASIFICATION, AMMONIA/UREA PROJECT— Energy International, Inc. and United States 
Department of Energy (0.1115) 

Energy International (El), Inc. has been authorized to receive $12 million from the Department of Energy's Clean Coal Technology 
Program in support of an underground coal gasification (UCG) project near Rawlins, Wyoming. The DOW money, which will be 
repaid from any resulting profits, will supplement the more than $65 million in private sector financing that will fund the UCG 
production of raw materials used in fertilizers. 

Following the merger of Gulf Oil Company with Chevron, the former Alternate Energy Development management of the Gulf 
Research and Development Company (GR&DC) purchased the rights to a variety of coal-based technologies they had developed 
for Gulf and formed Energy International. Work on the Rawlins site has been underway since the late 1970s, when the GR&DC 
began an experimental UCG project there. The site of the earlier work has now been environmentally restored and the new 
project will be located nearby. 

As part of its Rawlins project, El has made commitments to purchase existing fertilizer plants in Augusta, Georgia, and El Centro, 
California. Work is expected to begin on refurbishing these plants in January of 1988 while construction on the Rawlins site will 
begin in the spring of 1988. Start-up operations are scheduled for the third quarter of 1989, with production slated for the fourth 
quarter of the same year. 

Project Cost: $77 million
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COMPLETED AND SUSPENDED PROJECTS 

Project 

A-C Valley Corporation Project 

Acurex-Aerotherin Low-Bill Gasifier 
for Commercial Use 

ADL Extractive Coking Process 
Development 

Advanced Rash ilydropyrolysis 

Agglomerating Burner Project 

Air Products Slagging Gasifier 
Project 

Alabama Synthetic Fuels Project 

Amax Coal Gasification Plant 

Aqua Black Coal-Water Fuel 

Arkansas Lignite Conversion 
Project 

Australian SRC Project 

Beach-Wibaux Project 

Beacon Process 

Bell High Mass Flux Gasifier 

Beluga Methanol Project 

BI-GAS Project 

Breckinridge Project 

Burnham Coal Gasification 
Project 

Byrne Creek Underground Coal 
Gasification 

Calderon Fixed-Bed Slagging Project 

Car-Mox Low-BTU Gasification 
Project 

Catalytic Coal liquefaction

Sponsors 

A-C Valley Corporation 

Acurex-Aerotherm Corporation 
Glen-Gety 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. 

Gallagher Asphalt Company, 
Standard Havens, Inc. 

Dow Chemical Company, 
Electec Inc. 
International Paper Company 

CSR Ltd. 
Mitsui Coal Development Pty, Ltd. 

See Tenneco SNO 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 

Dravo Constructors 
World Energy Inc. 

Calderon Energy Company 

Fike Chemicals, Inc. 

Gulf Research and Development

Last Appearance in SFR 

June 1984; page 4-59 

September 1981; page 4-52 

March 1978; page B-23 

June 1987; page 447 

September 1978; page B-22 

September 1985; page 4-61 

June 1984; page 4-60 

March 1983; page 4-85 

December 1986; page 4-35 

December 1984; page 4-64 

September 1985; page 4-62 

March 1985; 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 

December 1978; page B-25 
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Caterpillar Law 11Th Gas From Coal Caterpillar Tractor Company September 1988; page 4-55 

Celanese Coastal Bend Project Celanese Corporation December 1982; page 4-83 

Celanese East Texas Project Celanese Corporation December 1982; page 4-83 

Central Arkansas Energy Project Arkansas Power & Light Company June 1984; page 4-63 

Central Maine Power Company Central Maine Power Company June 1984; page 4-63 
Sears Island Project General Electric Company 

Stone & Webster Engineering 
Texaco Inc. 

Chemically Active fluid Bed Central & Southwest Corporation (four December 1983; page 4-80 
Project utility companies) 

Environmental Protection Agency (EPA) 
Foster Wheeler Energy Corporation 

Chemicals from Coal	 - Dow Chemical USA March 1978; page 8-24 
United States Department of Energy 

Cherokee 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 8-26 
U.S. Steel 
USS Engineers and Consultants, Inc. 

Coalcon Project Union Carbide Corporation December 1978; page 8-26 

Coalex Process Development Coalex Energy December 1978; page 8-26 

COGAS Process Development COGAS Development Company, a joint December 1982; page 4-86 
venture of: 
Consolidated Gas Supply Corporation 
MAC Corporation 
Panhandle Eastern Pipeline Company 
Tennessee Gas Pipeline Company 

Columbia Coal Gasification Columbia Gas System, Inc. September 1982; page 4-72 
Project 

Combined Cycle Coal Gasification Consumer Energy Corporation December 1982 page 4-86 
Energy Centers 

Composite Gasifier Project British Gas Corporation September 1981; page 4-56 
British Department of Energy 

Conoco Pipeline Gas Demonstra- Conoco Coal Development Company September 1981; page 4-57 
tion Plant Project Consolidated Gas Supply Company
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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 
Tens Eastern Corporation 
Transcontinental (ins Pipeline Corporation 
United States Department of Energy 

Cresap Liquid Fuels Plant fluor Engineers and Constructors December 1979; page 4-67 
United States Department of Energy 

Crow Indian Coal Gasification Crow Indian Tribe December 1983; page 4-84 
Project United States Department of Energy 

Crow Indian Coal-to-Gasoline Crow Indian Tribe September 1984; page C-S 
Project TransWorld Resources 

DeSota County, Mississippi Mississippi Power and Light September 1981; page 4-58 
Coal Project Mississippi, Sate 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 

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 

Fiat/Ansaldo Project Ansaldo March 1985; page 4-66 
Fiat T1'G 
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
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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 

Grefco Low-BTU Project General Refractories Company December 1983; page 4-91 
United States Department of Energy 

Gulf States Utilities Project KRW Energy Systems March 1985, page 4-74 
Gulf States'p + 9XUtilities 

Hampshire Gasoline Project Kaneb Services December 1983; page 4-91 
Koppers Company 
Metropolitan Life Insurance Company 
Northwestern Mutual Life Insurance 

H-Coal Pilot Plant Ashland Synthetic Fuels, Inc. December 1983; page 4-92 
Conoco Coal Development Company 
Electric Power Research Institute 
Hydrocarbon Research Inc. 
Kentucky Energy Cabinet 
Mobil Oil Corporation 
Ruhrkohle AG 
Standard Oil Company (Indiana) 
United States Department of Energy 

Ilillsborough Bay Coal-Water ARC-Coal Inc. September 1985; page 4-69 
Fuel Project Bechtel Power Corporation 

COMCO of America, Inc. 

Howmet Aluminum Howinet Aluminum Corporation March 1985, page 4-74 

II-R International Syngas Project H-R International, Inc. December 1985, page 4-80 
The Slagging Gasification Consortium 

Hydrogen from Coal Air Products and Chemicals, Inc. December 1978; page 8-31 
United States Department of Energy 

HYGAS Pilot Plant Project Gas Research Institute December 1980; page 4-86 
Institute of Gas Technology 
United States Department of Energy 

ICGG Pipeline Gas Demonstra- Illinois Coal Gasification Group September 1981; page 4-66 
tion Plant Project United States Department of Energy 

Integrated Two-Stage Liquefaction Cities Service/bimmus September 1986; page 4-69 

IT!' 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 445 
Project Administration
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Ken-Tex Project Texas Gas Transmission Corporation December 1983; page 4-95 

Keystone Project The Signal Companies September 1986; page 4-71 

King-Wilkinson/hoffman Project B. J. Hoffman March 1985; page 4-80 
King-Wilkinson, Inc. 

IULnGAS Project Allis-QaImets -	 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 Kiockner Kohiegas March 1987; page 4-74 
CRA (Australia) 

Kohle Iron Reduction Process Weirton Steel Corp December 1987; page 4-75 
U.S. Department of Energy 

Lake DeSmet SNG from Coal Texaco Inc. December 198Z page 4-98 Project Transwestern Coal Gasification Company 

Latrobe Valley Coal Lique- Rlieinische 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 menial Use-Irvin Industries Kentucky, Commonwealth of 
Project United States Department of Energy 

Low/Medium-BTU Gas for Multi- Bethlehem Steel Company December 1983; page 4-98 Company Steel Complex United States Department of Energy 
Inland Steel Company 
Jones & Laughlin Steel Company 
National Steel Company 
Northern Indiana Public Service Company 
Union Carbide Corporation 

Low-Rank Coal Liquefaction United States Department of Energy March 1984; page 449 Project University of North Dakota 

Lummus Coal Liquefaction Lummus Company June 1981; page 4-74 Development United States Department of Energy 

Mapco Coal-to-Methanol Project Mapco Synfuels

- 

December 1983; page 4-98 

Mazingarbe Coal Gasification Project Cerchar (France) September 1985, page 4-73 
European Economic Community 
Gas Development Corporation 
Institute of Gas Technology 

Medium-BTU Gas Project Columbia Coal Gasification September 1979-, page 4-107 

Medium-BTU Gasification Project Houston Natural Gas Corporation December 1983; page 4-99 
Texaco Inc.
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Memphis Industrial Fuel Gas CI Industries Inc. June 1984; page 4-79 
Project Cives Corporation 

Foster Wheeler Corporation 
Great likes International 
Houston Natural Gas Corporation 
Ingersoll-Rand Company 
Memphis Light, On & Water Division 

Methanol from Coal Vol Corporation March 1978; page B-fl 

Methanol from Coal Wentworth Brothers, Inc. March 1980; page 4-58 
(19 utility and industrial sponsors) 

Midrex Electrothermal Direct Georgetown Texas Steel Corporation September 1982; page 4-87 
Reduction Process Midrex Corporation 

Millmerran Coal Liquefaction Australian Coal Corporation March 1985; page 4-82 

Mining and Industrial Fuel Gas American Natural Service Co. March 1987; page 4-78 
Group Gasifier Amerigas 

Bechtel 
Black, Sivalls & Bryon 
Burlington Northern 
Cleveland-Cliffs 
Davy McKee 
Dravo 
RPM 
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. 
Weyerhaeuser 

Minnegasco High-BTU Gas Minnesota Gas Company March 1983; page 4-1 
from Peat United States Department of Energy 

Minnegasco Peat Biogasification Minnesota Gas Company December 1981; page 4-88 
Project Northern Natural Gas Company 

United States Department of Energy 

Minnegasco Peat Gasification Gas Research Institute December 1983; page 4-101 
Project Institute of Gas Technology 

Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy 

Mobil-M Project Mobil Oil Company September 1982; page 4-88 

Molten Salt Process Development Rockwell International December 1983; page 4-101 
United States Department of Energy 

Mountain Fuel Coal Gasification Process Mountain Fuel Resources September 1988; page 4-67 
Ford Bacon & Davis

4 
Mulberry Coal-Water Fuel Project CoaLiquid, Inc. March 1985; paje4-85 

NASA Lewis Research Center Coal-to- NASA Lewis Research Center December 1983; page 4-102 
Gas Polygeneration Power Plant
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National Synfuels Project Elgin Butler Brick Company September 1988; page 4067 
National Synfuels Inc. 

New England Energy Park Bechtel Power Corporation December 1983; page 4-104 
Brooklyn Union Gas Company 
Eastern Gas & Fuel Associates 
EG&G 
Westinghouse Corporation 
United States Department of Energy 

New Jersey Coal-Water Fuel Ashland Oil, Inc. March 1985; page 4-86 
Project Babcock & Wilcox Company 

Slurrytech, Inc. 

New Mexico Coal Pyrolysis Project Energy Transition Corporation September 1988; page 4-67 

Nices Project Northwest Pipeline Corporation December 1983; page 4-104 

North Alabama Coal to Methanol Air Products & Chemicals Company March 1985; page 4-86 
Project Raymond International Inc. 

Tennessee Valley Authority 

North Dakota Synthetic Fuels InterNorth December 1983; page 4-106 
Project Minnesota Gas Company 

Minnesota Power & Light Company 
Minnkota Power Cooperative 
Montana Dakota Utilities 
North Dakota Synthetic Fuels Group 
North Dakota Synthetic Fuels Project 
Northwestern Public Service 
Ottertail Power Company 
Wisconsin Power & Light 

Oberhausen Coal Gasification Ruhrchemie AG September 1986; page 4-79 
Project Ruhrkohle Gel & Gas GmbH 

Ohio I Coal Conversion Alberta Gas Chemicals Inc. March 1985; page 4-88 
North American Coal Corporation 
Wentworth Brothers 

Ohio Valley Synthetic Fuels Consolidated Natural Gas System March 1982; page 4-68 
Project Standard Oil Company of Ohio 

Ott Hydrogeneration Process Cart A. Ott Engineering Company December 1983; page 4-107 
Project 

Peat-by-Wire Project PBW Corporation March 1985; page 4-89 

Peat Methanol Associates Project E1'CO Methanol Inc. June 1984; page 4-85 
J. B. Sunderland 
Peat Methanol Associates 
Transco Peat Methanol Company 

Penn/Sharon/Klockner Project Klockner ICohlegas GmbH March 1985; page 4-72 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Philadelphia Gas Works Synthesis Philadelphia Gas Works December 1983; page 4-108 
Gas Plant United States Department of Energy 

Phillips Coal Gasification Phillips Coal Company September 1984; page C-28 Project 

Pike County Low-BTU Gasifier Appalachian Regional Commission June 1981; page 4-78 
for Commercial Use Kentucky, Commonwealth of 

United States Department of Energy
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Plasma Arc Torch Swindell-Dresser Company 	 December 1978; page 11-33 
Corporation Technology Application Service 

Port Sutton Coal-Water Fuel Project ARC-Coal, Inc.	 December 1985; page 4-86 
COMCO of America, Inc. 

Powerton Project Commonwealth Edison	 March 1979 page 4-86 
Electric Power Research Institute 
Fluor Engineers and Constructors 
Illinois, State of 
United States Department of Energy

Purged Carbons Project 

Pyrolysis Demonstration Plant 

Pyrolysis of Alberta Thermal Coats, 
Canada 

Riser Cracking of Coal 

RUI-IR100 Project 

Rhcinbraun Hydrogasification of Coal 

Saarbergwerke-Otto Gasification 
Process 

Savannah Coal-Water Fuel Projects 

Sesco Project 

Sharon Steel 

Simplified 10CC Demonstration Project 

Slagging Gasification Consortium 
Project 

Sohio Lima Coal Gasification/ 
Ammonia Plant Retrofit Project 

Solution -Hyd rogasificat ion 
Process Development

Integrated Carbons Corporation 

Kentucky, Commonwealth of 
Occidental Research Corporation 
Tennessee Valley Authority 

Alberta/Canada Energy Resource 
Research Fund 
Alberta Research Council 

Institute of On Technology 
United Sates Department of Energy 

Ruhrgas AG 
Ruhrkohle AG 
Steag AG 
West German Ministry of Research 

and Technology 

Reinische Braunkohlenwerke 
Lurgi GmbH 
Ministry of Research & Technology 

Babcock Woodall-Duckham Lid 
Big Three Industries, Inc. 
The BOC Group plc 
British Gas Corporation 
Consolidation Coal Company 

Sohio Alternate Energy Development 
Company

December 1983; page 4-108 

December 1978; page 11-34 

March 1985; page 4-90 

December 1981; page 4-93 

September 1984; page C-29 

December 1987; page 4-80 

September 1985; page 4.78 

March 1985; page 4-93 

Saarbergwerke AG
	

June 1984; page 4-86 
Dr. C Otto & Company 

Foster Wheeler Corporation	 September 1985; page 4-77 

Solid Energy Systems Corporation 	 December 1983; page 4-110 

Klockner Kohlegas GmbH	 March 1985; page 4-92 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

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 

General Atomic Company 	 September 1978; page 11-31 
Stone & Webster Engineering Company 
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Project 

Southern California Synthetic 
Fuels Energy System 

Solvent Refined Coal Demonstration 
Plant 

Steam-Iron Project 

Synthane Project 

Synthoil Project 

Sweeny Coal-to-Fuel Gas Project 

Tenneco SNG From Coal 

Tennessee Synfuels Associates 
Mobil-M Plant 

Toscoal Process Development 

Transco Coal Gas Plant 

Tri-State Project 

TRW Coal Gasification Process 

Two-Stage Entrained Gasification 
System 

Underground Bituminous Coal 
Gasification 

Underground Coal Gasification 

UCG Brazil 

UCG Brazil 

Underground Coal Gasification, 
Canada 

Underground Coal Gasification, 
English Midlands Pilot Project 

Underground Coal Gasification, 
Hanna Project 

Underground Coal Gasification 
Hoe Creek Project

Sponsors Last Appearance in SFR 

CF. Braun March 1981; page 4-99 
Pacific Lighting Corporation 
Southern California Edison Company 
Texaco Inc. 

International Coal Refining Company September 1986; page 4-83 
Air Products and Chemicals Inc. 
Kentucky Energy Cabinet 
United States Department of Energy 
Wheetabrator-Ftye Inc. 

Gas Research Institute December 1978; page 13-35 
Institute of Gas Technology 
United States Department of Energy 

United States Department of Energy December 1978; page 13-35 

Foster Wheeler Energy Corporation December 1978; page 13-36 
United States Department of Energy 

The Signal Companies, Inc. March 1985; page 4-94 

Tenneco Coal Company March 1987; page 4-85 

Koppers Company, Inc. December 1983; page 4-112 

TOSCO Corporation 	 September 1988; page 4-72 

Transco Energy Company December 1983; page 4-113 
United States Department of Energy 

Kentucky Department of Energy December 1983; page 4.113 
Texas Eastern Corporation 
Texas On Transmission Corporation 
United States Department of Energy 

TRW, Inc. December 1983; page 4-114 

Combustion Engineering Inc. June 1984; page 4-91 
Electric Power Research Institute 
United States Department of Energy

Morgantown Energy Technology Center 	 March 1987; page 4-93 

United States Department of Energy	 June 1985; page 4-75 
University of Texas 

Compannia Auxiliar de Enipresas Electricas Brasileriras September 1988; Page 4-75 

Companhia Auxiliar de Empresas Electricas Brasileiras Decemeber 1988; page 4-25 
U.S. DOE 

Alberta Research Council 	 September 1984; page C-37 

British Coat	 September 1987; page 4-76 

Rocky Mountain Energy Company 
United States Department of Energy 

Lawrence Livermore Laboratory 
United States Department of Energy

June 1985; page 4-75 

December 1983; page 4-119 
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Project Sponsors Last Aunearance in SFR 

Underground Coal Gasification Mitchell Energy March 1985; page 4-98 
Republic of Texas Coal Company 

Underground Coal Gasification ARCO December 1983; page 4-120 
Rocky Hill Project 

Underground Gasification of Deep Seams Groupe d'Etudes de La Gazeification Souterraine December 1987; page 4-86 
Chasbonnages de Prance 
(Mx de Prance 
Institut Francais du Petrole 

Underground Gasification of Basic Resources, Inc. December 1983; page 4-121 
Texas lignite, Tennessee 
Colony Project 

Underground Gasification of Texas A & M University December 1983; page 4-121 
Texas lignite 

Underground Coal Gasification, In Situ Technology March 1985; page 4-102 
Thunderbird If Project Wold-Jenkins 

Underground Coal Gasification, Sandia National Laboratories March 1983; page 4-124 
Washington State 

Underground Gasification of Basic Resources, Inc. March 1985; page 4-101 
Texas Lignite, Lee County Project 

Union Carbide Coal Conversion Union Carbide/Linde Division June 1984; page 4-92 
Project United States Department of Energy 

University of Minnesota University of Minnesota March 1983; page 4-119 
Low-BTU Gasifier for Commer- United States Department of Energy 
thaI Use 

Utah Methanol Project Questar Synfuels Corporation December 1985; page 4-90 

Verdigris Agiico Chemical Company September 1984; page C-35 

Virginia Power Combined Cycle Project Consolidation Coal December 1985; page 4-90 
Electric Power Research Institute 
Slagging Gasification Consortium 
Virginia Electric and Power Company 

Watkins Project Cameron Engineers, Inc. March 1978; page 8-22 

Westinghouse Advanced Coal KRW Energy Systems Inc. September 1985; page 4-80 
Gasification System for 
Electric Power Generation 

Whitethorne Coal Gasification United Synfuels Inc. September 1984; page C-36 

Wyoming Coal Conversion Project WyCoalGas, Inc. (a Panhandle Eastern December 1982, page 4-112 
Company) 

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 Organization Project Name 

AECI Ltd. ABC! Ammonia/Methanol Operations 4-54 
Coalplex Project 4-58 

AGA Nynas Energy Chemicals Complex 4-69 

Air Products and Chemicals, Inc. Laporte Liquid Phase Methanol Synthesis 4-67 

A. Johnson & Company Nynas Energy Chemicals Complex 4-69 

Amoco Production Company Underground Coal Gasification Rocky Mountain I Test 4-79 

Asia Oil Victoria Brown Coal Liquefaction Projcct 4-75 

Australia, Federal Government of Victoria Brown Coal Liquefaction Project 4-75 

Basin Electric Cooperative Great Plains Gasification Plant 4-62 

Bechtel Inc. Appalachian Project 4-55 
Cool Water Coal Gasification Project 4-59 

Belgium, Government of Underground Coal Gasification, Joint Belgo-Gcrrnan Project 4-76 

BP United Kingdom, Ltd. Monash Hydroliquelaction Project 4-68 

Bradley Resources Corporation Underground Gasification of Anthracite, Spruce Creek 4-79 

British Coal British CoalLiquid Solvent Extraction Project 4-56 
British Coal Low-BTU Gasification Project 4-56 

British Department of Energy British CoalLiquid Solvent Extraction Project	 - 4-56 
British Coal Low-11n) Gasification Project 4-56 

British Gas Corporation MRS Gasification Process 4-69 
Slagging Gasifier Project 4-73 

Broken Hill Pty. Broken Hill Project 4-56 

Brookhaven National Laboratory Brookhaven Mild Gasification of Coal 4-57 

Brown Coal Liquefaction Pty. Ltd. Victoria Brown Coal Liquefaction Project 4-75 

Carbocol Colombia Gasification Project 4-58 

Carbon Gas Technology Huenxe CGT Coal Gasification Pilot Plant 4-63 

Central Research Institute of Electric Power Industry CRIEPI Entrained flow Gasifier 4.60 

Chem Systems, Inc. Laporte Liquid Phase Methanol Synthesis 4-67 

China National Technical Import Lu Nan Ammonia-from-Coal Project 4-68 
Corporation 

Coal Gasification COGA-1 Project 4-58 

Combustion Engineering Lakeside Repowering Gasification Project 4-66 

Continental Energy Associates Can-Do Project 4-57 

Deutsche Babcock AG Huenxe CGT Coal Gasification Pilot Plant 4-63
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Company or Organization Project Name 

DEVCO Scotia Coal Synfuels Project 4-72 

Dow Chemical Dow Syngas Project 4-60 

Electric Power Research Institute Advanced Coal liquefaction Pilot Plant 4-54 
Cool Water Coal Gasification Project 4-59 
Laporte liquid Phase Methanol Synthesis 4-67 
Underground Coal Gasification Rocky Mountain 1 Test 4-79 

Empire State Electric Energy Cool Water Coal Gasification Project 4-59 

Energy Adaptors Corporation Ohio-1 Coal Conversion Project 4-69 

Energy Brothers Inc. K-Fuel Commercial Facility 4-65 

Energy International Underground Coal Gasification, Ammonia\Urea Project 4-79 

European Economic Community Underground Coal Gasification, Joint Betgo-Gerrnan Project 4-76 

Gas Research Institute Underground Coal Gasification Rocky Mountain 1 Test 4-79 

GeLsenbcrg AG Huenxe COT Coat GAsification Pilot Plant 4-63 

General Electric Company Cool Water Coal Gasification Project 4-59 

Geosystems Corporation Underground Gasification of Anthracite, Spruce Creek 4-79 

German Democratic Republic GSP Pilot Plant Project 4-63 

GFK Gesellschait fur Kohlcverflussigung (IPX Direct liquefaction Project 4-62 

Gillespie, Alastair & Associates, Ltd. Scotia Coal Synfuels Project 4-72 

Gilman Company Underground Gasification of Anthracite, Spruce Creek 4-79 

Gulf Canada Products Company Scotia Coal Synfuels Project 4-72 

Hocchst-Uhde Corporation Ohio-I Coal Conversion Project 4-69 

I-WI Inc. Ohio Ontario Co-Processing Project 4-75 

Idemitsu Kosan Victoria Brown Coal Liquefaction Project 4-75 

Japan, Government of Victoria Brown Coal liquefaction Project 4-75 

Japan cool Water Program Cool Water Gasification Project 4-59 
(JCWP) Partnership 

Kellogg Company, The M.W. Appalachian Project 4-55 
KRW Energy Systems Inc. Advanced Coal Gasification 4-66 

System for Electric Power Generation 

Kcmira Oy Oulu Ammonia From Peat Project 4-70 

KHD Industries Lulea Molten Iron Pilot Plant 4-67 

Kobe Steel Victoria Brown Coal liquefaction Project 4-75 

Korl Engineering Cores Iron Making Process 4-60 

Krupp Koppers GmbH PRENFLO Gasification Pilot Plant 4-70 

Lawrence livermore Laboratory Underground Coal Gasification - LLNL Studies 4-76 

Manfred Nemitz Industrieverwaltung Huenxe COT Gasification Pilot Plant 4-63 

Minister of Economics Bottrop Direct Coal Liquefaction Pilot Plant 4-55
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Company or Ornnizatio	 Project Name 

Mitsubishi Chemical Industries 

Monash University 

New Energy Development Organization 

Nippon Brown Coal Liquefaction Co. 

Nissho lwai 

Nokota Company 

Noah-Rhine Westphalia, State of 

NOVA 

Nova Scotia Resources Limited 

Ohio Ontario Clean Fuels Inc. 

Oil & Natural Gas Commission 

Osaka Gas Company 

Pennsylvania Electric Company 

People's Republic of China 

Petro-Canada 

Research Ass'n For Hydrogen From Coal Process 
Development 

Rheinische Braunkohlwerke 

Royal Dutch/Shell Group 

Ruhrkohle AG 

Saabergwerke AG 

Sasol Limited 

Scrubgrass Associates 

SGI International 

Shanghai Coking & Chemical Corporation 

Shell Oil Company 

Sohio Alternate Energy Development 
Company 

South Australia, Government of 

Southern California Edison 

Spruce Creek Energy Company 

Stone & Webster Engineering Corporation

Victoria Brown Coal Liquefaction Project 

Monash Hydroliquefaction Project 

CRIEPI Entrained Flow Gasifier 
Hydrogen From Coal Pilot Plant 
Japanese Bituminous Coal Liquefaction Project 

Victoria Brown Coal Liquefaction Project 

Victoria Brown Coal Liquefaction Project 

Dunn Nokota Methanol Project 

Bottrop Direct Coal Liquefaction Pilot Plant 
Synthesegasanlage Ruhr (SAlt) 

Scotia Coal Synfuels Project 

Scotia Coal Synfuels Project 

Ohio Ontario Co-Processing Project 

Underground Coal Gasification, India 

MRS Gasification Process 

Appalachian Project 

Mongolian Energy Center 

Scotia Coal Synfuels Project 

Hydrogen From Coal Pilot Plant 

Rheinbraun High Temperature Winkler Project 

Shell Coal Gasification Project 

Bottrop Direct Coal liquefaction Pilot Plant Project 
British Coal Liquid Solvent Extraction Project 
Synthesegasanlage Ruhr (SAR) 

GFK Direct Liquefaction Project 

Sasol Two and Sasol Three 

Scrubgrass Project 

LFC Coal Liquefaction/Cogeneration Plant 

Wujing Trigeneration Project 

Shell Coal Gasification Project 

Cool Water Coal Gasification Project 

South Australian Coal Gasification Project 
Underground Coal Gasification, Leigh Creek 

Cool Water Coal Gasification Project 

Underground Gasification of Anthracite, Spruce Creek 

Ohio Ontario Co-Processing Project

4-75 

4-68 

4-60 
4-63 
4-64 

4-75 

4-75 

4-61 

4-55 
4-74 

4-72 

4-72 

4-70 

4-76 

4-69 

4-55 

4-69 

4-72 

4-63 

4-71 

4-72 

4-55 
4-56 
4-74 

4-62 

4-71 

4-72 

4-67 

4-76 

4-72 

4-59 

4-73 
4-78 

4-59 

4-79 

4-70 
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Company or Ortaniration Project Name 

Sumitomo Metal Industries, Inc. Lulea Molten Iron Pilot Plant 467 

Swedish Investment Bank Nynas Energy Chemicals Company 4-69 

Tennessee Eastman Company Chemicals From Coal 4-57 

Texaco Inc. Cool Water Coal Gasification Project 459 
Texaco Coal Gasification Process 4-74 

WA 11/A Ammonia-From-Coal Project 4-74 

Ube industries, Ltd. Jibe Ammonia-From-Coal Plant 4-75 

Uhde GmbH Rheinbraun High Temperature Winkler Project 471 

Union Pacific Resources Company Underground Coal Gasification Rocky Mountain I Test 479 

Union of Soviet Socialist Republics Kansk-Achinsk Basin Coal Liquefaction Pilot Plants 4-64 

United Coal Company Mild Gasification Process Demonstration Unit 4-68 

United States Department of Energy Advanced Coal Liquefaction Pilot Plant 454 
Appalachian Project 455 
KRW Advanced Coal Gasification System for 4-66 

Electric Power Generation 
Laporte Liquid Phase Methanol Synthesis 4-67 
Mild Gasification Process Demonstration Unit 4-68 
Ohio Ontario Co-Processing Project 4-70 
Underground Coal Gasification Rocky Mountain I Test 479 
Underground Coal Gasification, Ammonia/Urea Project 479 

Veba Get GmbH Bottrop Direct Coal liquefaction Pilot Plant Project 455 
Vereinigte Elektrizitatswerke YEW Gasification Process 475 

Victoria, State Government of Victoria Brown Coal Liquefaction Project 4-75 

Wentworth Brothers Inc. Ohio-I Coal Conversion Project 4-69 

West German Federal Government Underground Coal Gasification, Joint Belgo-German Project 476 

West German Federal Ministry of Bottrop Direct Coal Liquefaction Pilot Plant Project 455 
Research & TEchnolor GFK Direct Liquefaction Project 462 

Rheinbraun High Temperature Winkler Project 471 

Westinghouse Electric Appalachian Project 4-55 
KRW Advanced Coal Gasification System for Electric 466 

Power Generation
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