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HIGHLIGHTS 

Capsule Summaries of the More Significant Articles In this Issue 

Energy Secretary Calls for Diverse Energy Policy 

The United States Secretary of Energy has stressed the need for development 
of nuclear power and domestic oil sources to enhance national energy security. 
Page 1-2 summarizes his comments at the Ministerial meeting of the Interna-
tional Energy Agency. 

DOE Makes SUN Awards in Fossil Energy Area 

Fifty nine projects were selected in Phase II of the Small Business Innovation 
Research Program. Thirteen of the proposals involve fossil energy. These 
projects are briefly described on page 1-3. 

DOE Solicits Input on Western FU Energy Fuels Programs 

As part of the Office of Fossil Energy's effort to develop technology for im-
proved utilization of domestic fossil energy resources, a public meeting was 
held in Denver, Colorado inviting comments on improving the economic competi-
tiveness of western fossil energy resources. Also at the meeting, new assis-
tant Secretary of Fossil Energy, Michael McElrath, reviewed the programs cur-
rently under his direction (see page 1-4). 

Electric Power Plants to Evolve Into Integrated Energy Facilities 

The Electric Power Research Institute's K. Yeager feels the United States 
electric industry must evolve into integrated energy facilities capable of trans-
lating coal-derived synthesis gas into a variety of products not limited to 
electricity. In his comments (page 1-7), Yeager says national collaboration be- 
tween the chemical, energy and electric industries will be important. 

Cameo Outlook Sees Continued Energy Demand Growth 

A summary of Conoco's 1909 World Energy Outlook Through 2000 (page 1-9) 
shows United States energy demand to grow about 1.5 percent per year 
through the year 2000. United States crude oil produced Is projected to fail 
by 2.5 percent per year, while oil imports are expected to increase to nearly 
11 million barrels per day by 2000. 

East-West Center Sees Low Oil Prices as a Problem for OPEC 

A new report by the East-West Center of Honolulu, Hawaii, shows OPEC 
production capacity has decreased dramatically. OPEC, however, Is still unable 
to enforce quotas. The report, highlighted on page 1-13 says that until OPEC 
production reaches their preferred level, prices will remain low. 
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Lurgi CFB GnaWer Accepts Waste Feedstock 

Most waste incinerators are used to produce steam for power generation. The 
variability of waste often causes problems for maintaining constant production 
of a certain amount of steam. The Lurgi circulating fluidized bed gasifier, 
described on page 1-16, offers a solution to this problem since it decouples 
the power generation from the waste destruction. 

ICI Patents PSA Cycle for Use With Air-Blown Gasification 

The invention (described on page 1-18) relates to the production of hydrogen 
streams containing at least 50 percent by volume of hydrogen from car-
bonaceous feedstocks. It uses a pressure swing adsorption (PSA) process In 
place of the typical wet carbon dioxide removal process. This allows the raw 
gas to have a higher concentration of nitrogen, thus reducing the need for an 
air separator plant. 

Applications of Biotechnology to Synthetic Fuels Under Study 

In concept, biotechnology principles and practices should be of value In the 
beneficiation and conversion of fossil fuels. Page 1-19 summarizes some of 
the research efforts currently under way in this new field. 

Flmtb Energy Research Programs Focus on Gasification 

Government funded energy research in Finland Is being reviewed and reor-
ganized. The new research strategy has priority areas different from those of 
larger countries. Emphasis is being placed on end-use technologies, combustion 
processes and indigenous fuel sources, such as peat and biomass. Some 
projects currently funded under the new strategy are described beginning on 
page 1-22. 

Environmental Pressures to Drive Energy Policy Options in the 1990s 

In a presentation for the Council on Alternate Fuels meeting held in Tucson, 
Arizona, I. Leibson, president of BOLD technologies, says the recent prolifera-
tion of environmental regulations has created substantial cost increases for 
energy use. In his paper, reviewed on page 1-26, Leibson argues that cost-
benefit analyses should be incorporated into any new environmental regulatory 
decisions as a way to insure a proper balance between environmental protec-
tion and energy use. 

USGS Reduces Estimates of Undiscovered Oil and Gas 

A new assessment by the United States Geological Service greatly reduces the 
estimates of undiscovered United States oil and gas resources from previous 
1980 estimates. A review of the study, which assessed crude oil, natural gas 
and natural gas liquids, Is found on page 1-29. 
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Unocal Reports, Favorable Shale Oil Upgrading Experience 

Unocal's shale oil upgrader, operating since 1983 at Parachute, Colorado has 
performed well in all steps of upgrading and has had no major operating design 
problems. Properties of syncrude from Unocal's upgrader are compared to 
Arabian light crude on page 2-1. 

New Paraho Reports Completion of Asphalt Test Strip 

The New Paraho Corporation has constructed the first Colorado test strip using 
an oil shale derived asphalt "SOMAT." The strip Is approximately 2,000 feet 
long on highway US 40 east of Hayden, Colorado. Paraho hopes to have six 
other strips completed by summer end (see page 2-5). 

Oxy Proposes MIS Demonstration Module 

Occidental Oil Shale is proposing a "proof of concept" modified in situ 
demonstration project on the C-b tract, in the Piceance Basin of Colorado. 
Details of the 1,200 barrel per thy, $200 million project can be found on page 
2-5. 

DOE Funds Oil Shale Project Un&r Geesdence Program 

One of the ten projects chosen under the United States Department of Energy's 
Geosciences Research Program Involves using laboratory-scale experiments to 
study a technique for recovering oil from underground seams of oil shale using 
chemicals to react with the shale. More about this project and the Geos-
ciences program can be found on page 2-7. 

DOE's 1989 Oil Shale Program Summarized 

The United States Department of Energy released a summary of its oil shale 
program for fiscal year 1989 in June. The basic program strategy Is to estab-
lish a sound technical data base through fundamental research, evaluation of 
new concepts and close government-industry interaction. Program elements and 
objectives are discussed in detail on page 2-7. 

United States and Australia to Share Pollution Data 

The United States and Australia have signed a pact to exchange data on oil 
shale research. As explained on page 2-9, the agreement covers studies of 
mineral reactions and their relationships to pollution control, as well as other 
areas. 

Western Fsi l Energy Meeting gets Input at Oil Shale Needs 

Attendees of a public meeting held by DOE's Division of Fossil Energy in Den-
ver, Colorado voiced various opinions as to where DOE should place the em-
phasis on its oil shale research and development efforts. Among the written 
and verbal comments were statements submitted by the committee on Oil Shale 
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of the Rocky Mountain Oil and Gas Association and the Oil Shale Action Com-
mittee of the Associated Governments of Northwest Colorado. The Committees' 
statements and other suggestions are printed on page 2-10. 

SPP/CPM Chairman Confident of Australian Oil Shale Economics 

The chairman of	 Southern	 Pacific	 Petroleum N.L.	 and Central Pacific Minerals 
N.L. addressed three questions of oil shale economics In Australia at the com-
panies' annual meeting:	 "When are you going to build the first plant? " "What 
does it cost to produce a barrel of oil from shale?" and "What is the price of 
oil going to do in the future?" 	 The text of his presentation can be found on 
page 2-14.

Operation of Exxon Shale Retorting Process Described 

The operation of Exxon's shale pilot plant and shale retort process at Baytown, 
Texas was detailed in a paper presented at the American Institute of Chemical 
Engineers meeting in Houston, Texas. Developments of Exxon's oil shale 
research program are chronicled and described beginning on page 2-17. 

LLNL Measures Oil Shale Loss From a Fluidized Bed 

Results of work carried out by the Lawrence Livermore National Laboratory 
concerning the rate of loss of dust from a laboratory-scale fluidized bed of 
Green River oil shale have recently been published. Loss rates and dust size 
distributions are plotted on page 2-18. 

Blasting Procedures can Avoid Secondary Explosions In Oil Shale Mining 

Studies by the United States Bureau of Mines (summarized on page 2-21) have 
concluded that stemming bore holes with gelled water significantly reduces the 
flame that is normally ejected from the bore holes. These flames can ignite a 
secondary gas or dust explosion. 

Fine Particles Reduce Oil Yield in Moving Bed Retorts 

The Institute of Gas Technology used a model to evaluate the effect of in-
creasing fines concentration on oil yield in a moving packed-bed retort. 
Results indicated that, in general, it is better to operate with no or reduced 
fines In the retort. See page 2-23 for a complete discussion of the study 
results. 

Shale Tar Purification Practices Detailed 

A new Russian publication, Handbook on Shale Refining covers the entire sub-
ject of shale oil refining and upgrading. The first steps of washing and 
purification of the raw tars as explained in the Handbook are summarized on 
page 2-29.
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OSLO Project Selects Yeba Comb! Craiting 

In 1987 OSLO defined an optimum development option, 	 an integrated 
12,000 cubic meters per day project on lease 31. The "integrated" project 
(described on page 3-1) would have an upgrading facility on site that uses the 
Veba Combi Cracking process. 

Husky Outlines Bi-Provincial Upgrathr Design Basis 

For the Bi-Provincial Upgrader, Husky has set an intermediate upgrading objec-
tive of producing synthetic crude that can be easily processed In Canadian 
refineries. With this in mind, a low conversion hydrocracking process followed 
by delayed coking of the hydrocracked residue was chosen. For more about 
the li-Provincial Upgrader see page 3-3. 

NewGrade Upgrader Comes Ozntream with Few Startup Problems 

NewGrade's upgrader, described on page 3-6, Is the first Canadian facility to 
upgrade Saskatchewan heavy crude oil. The upgrader, which began start-up in 
winter 1988, is designed to process 50,000 barrels per stream day of a 50:50 
blend of Lloydminster and Fosterton/Dollard crudes. 

Conditions Put on Imperial/Texaco Merger 

The Canadian federal government has issued a "consent order" for the Imperial 
take over, approving it, subject to a number of divestitures and assurances. 
Conditions of the order (discussed on page 3-12) include: Imperial win be al-
lowed to keep Texaco's Nanticoke refinery, but must sell 13 storage and dis-
tribution terminals and 543 retail service stations. 

ERCB Summarizes Year for Oil Sands 

The Alberta Energy Resources Conservation Board issued its Annual Report 
"Energy Alberta 1988". The report (summarized on page 3-15) notes that 
despite the sharp decline in oil prices occurring in the last half of the year, 
work continued on a number of fronts. 

DOE Makes Available Computer Program of Oil Production from Horizontal Wells 

The Department	 of Energy	 has added a	 computerized oil reservoir	 simulation 
package to	 its	 list of software offered free of charge to oil field operators. 
The new package, described	 on	 page	 3-17,	 predicts possible oil	 production 
based on length and location of well bore and can simulate the expected per-
formance of multiple horizontal or slanted wells in any geometric combination.

DOE Tar Sane Program Outlined 

The overall goal of the Department of Energy's tar sands program is to foster 
Industry development of economically competitive and environmentally acceptable 
recovery processes. A summary of the program elements and objectives can be 
found on page 3-18.
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Operating Costs of $5-11 Per Barrel seen for Primrose Development 

AEC Oil & Gas Company outlined the resources and economics of development 
in the Primrose Block in Alberta, Canada at the annual meeting of the 
American Association of Petroleum Geologists. A model In situ project 
(summarized on page 3-21) has been proposed. Full development of the project 
would require 4,800 wells on a 54 square mile area. 

Engelhard Patents Non-Catalytic Bitumen Upgrading Technique 

This invention Is a method for upgrading tar sand bitumen to a higher quality 
syncrude essentially free of metals and asphaltenes and with a much lower 
molecular weight. The process, described on page 3-23, is particularly ap-
plicable to upgrading bitumens derived from tar sands which contain colloidal 
clay. 

Computer Models Match Production at GIIISP Pilot 

Two computer models, "steam drive" and "steam drag" were tested against ac-
tual production history at Amoco Canada's steam flood pilot project at Gregoire 
Lake, Alberta. Both models were found to be useful in predicting yields during 
specific time frames (see page 3-26). 

BP Patents Emulsion-Based Extraction Process 

The process, as explained on page 3-28, involves treating the sands with a low 
concentration emulsion of a solvent in water containing preferably five to 
10 percent by volume of the solvent and recovering the heavy crude. A major 
advantage of the solvent-in-water emulsion process is greatly reduced 
solvent/tar sand ratios. 

Development of Synaude Tnilings Pond Described 

Syncrude uses the hot water extraction method for the separation of bitumen 
from oil.	 This requires large quantities of water. After ten years of opera-
tion	 following	 a	 "zero	 discharge"	 policy,	 a large tailings	 pond has	 been 
developed.	 Stratifications,	 settling	 rates,	 and pond increase rates have been 
studied and are detailed on page 3-32.

ERCB Sets New Gtdeb.lfn..s for Water Recycle at In Situ Facilities 

Recognizing that continued development of oil sands resources by in situ 
recovery methods will place large demands on Alberta's water resources, the 
Energy Resources Conservation Board has set new guidelines to manage the 
available water supply. The guidelines, outlined on page 3-38 have as a goal 
the maximization of water recycling at all In situ oil sands projects. 
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Great Plains Production and Revenues Strong 

Daily production of synthetic natural gas in May was the second highest since 
operation began. The owner, Dakota Gasification Company, has also signed a 
15-year contract with the Linde division of Union Carbide for selling all Kryp-
ton and xenon gases (see page 4-1). 

Clean Coal Program Draws 47 Proposals in Third Round 

The third round of the United States Department of Energy's Clean Coal Tech-
nology Program has $545 million in funding, enough to fund about 
10-15 projects. Summaries of proposals involving coal conversion, as well as a 
list of all 47 proposals received can be found on page 4-4. 

Endothermic Jet Fuels from Great Plains Liquids Prove Expensive 

High speed aircraft	 of	 the
	 future	 could be	 cooled using the	 fuel as	 a heat 

sink	 if	 the	 fuel	 could	 be	 induced	 to undergo	 an	 endothermic reaction. 
Allied-Signal and UOP	 found	 the	 cost	 of making endothermic	 fuel from	 coal 
naphtha produced at the Great Plains plant to	 be slightly higher than the cost 
of producing methylcyclohexane 	 by	 saturation	 of toluene. But	 this was over 
twice	 the price	 of	 conventional jet	 fuel. Conclusions of the study are found 
on page 4-11.

Economics of Methanol from Low 

An advanced gasification technology for producing hydrogen from low-rank coal 
is being developed at the North Dakota Energy and Mineral Research Center. 
A market analysis carried out by J. E. Sinor Consultants identified methanol as 
a promising product. An economic analysis was then carried out by Black and 
Veatch, with the results summarized In the article on page 4-14. 

Coproceing Coal and Residue Yields Advantages 

Work by SFA Pacific, Inc. has concerned hydrocracking a mixture of coal and 
petroleum residue together to make a light crude suitable for conversion to 
gasoline and light distillate fuels. One advantage of the technique described 
on page 4-17 is the conversion of heavy fuel oil esentially completely to light 
fuels. Natural gas and coal can then fill the needs for heavy fuel oil. 

KiT Tests Lignite In U-Gas System 

A high-pressure U-Gas process development unit was constructed by the In-
stitute of Gas Technology to develop a data base for the gasification of di!-
ferent coals at elevated pressures. About 20,000 pounds of North Dakota lig-
nite was processed at pressures of 200, 300 and 450 psig. Results of these 
gasification runs are summarized on page 4-21. 
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Rotary Engine Performs Well on Coal Derived Gasoline 

The performance of rotary and piston engines on synthetic coal-derived gasoline 
was evaluated at Southern Illinois University. NO X emissions were significantly 
lower in the rotary engine. See page 4-28 for further results. 

AMAX Studies Potential for Upgrading Mild Gasification Char 

The AMAX Research and Development Center in Golden, Colorado has found that 
metallurgical coke, activated carbon, high purity carbon for use as anodes and 
carbon black are the most economically attractive uses for a mild gasification 
char. This assessment is part of two mild gasification projects (described on 
page 4-30) that AMAX Is working on involving western and midwestern coals. 

Oak Ridge Characterizes Mild Gas ification Products 

The Oak Ridge National Laboratory has been developing characterization data 
for the liquid and char products of mild gasification. Information on product 
yield and end use value can be obtained from this data. Results of the 
characterizations are reviewed on page 4-33. 

International Turbine R&D Efforts Will Aid IGCC Development 

As reported in the 1989 International Gas Turbine and Aeroengine Technology 
Report, a number of technological advances in gas combustion turbines have 
been made recently throughout the world. Because gas turbines are key com-
ponents, some of the advances reviewed on page 4-36 should lead to improved 
performance of integrated coal gasification combined cycle systems. 

COT Programmatic US Shows Effect of Gasification Technologies 

A draft Programmatic Environmental Impact Statement (PETS) (reviewed on 
page 4-39) has been prepared to support the proposed continuation of the 
Clean Coal Technology Demonstration Program. The PETS says the new coal 
technologies would substantially reduce SOz and NO x emissions. Meanwhile, 
the impact of disposing of the increased coal wastes could be somewhat less 
than for the no-action alternative because the expected wastes would be 
mostly dry wastes, which are easier to handle than wet flue gas desulfuriza-
tion sludge.
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CORPORATIONS 

AIdE SEES DEMAND FOR CHEMICAL ENGINEERS IN 
ALTERNATE FUELS 

Edward McDowell, President of the American Society 
of Chemical Engineers believes that chemical en-
gineering faces a near-term shortfall In personnel as 
research needs grow more intense. 

Demand for chemical engineering expertise will ac-
celerate as rising oil and gas prices revive the 
economics of enhanced oil recovery and alternate 
fuels development. The petroleum industry will find 
itself competing for increasingly scarce chemical en-
gineers as demand for them grows in emerging In-
dustries. 

Chemical engineers will play a pivotal role In how 
far the United States turns to alternate fuels to 
deal with environmental and energy security con-
cerns, McDowell said. 

Of special note are efforts to develop alternate 
transportation fuels such as methanol to help deal 
with worries about the greenhouse effect--global 
warming due to the buildup of certain gases such as 
carbon dioxide in the stratosphere. McDowell sees 
it as a real concern, given the overwhelming de-

pendence of the world on fossil fuel and uncertainty 
over whether the greenhouse effect Is a real threat. 

The concern over depletion of the ozone layer 
caused by halogenated chlorofluorocarbons (CFCs) may 
be more clear cut, however. Chemical engineers 
have been instrumental in developing alternatives as 
producers phase out CFCs with substitutes. 

McDowell thinks AICHE's 1983 white paper on syn-
thetic fuels may have to be revised In light of 
growing United States dependence on oil imports. 

That white paper cited a national security need for 
developing a United States synfuels industry. It 
outlined how chemical engineers can provide exper-
tise in communities' emergency response programs in 
the event of another energy crisis. 

"In the 1970s, we heard that there would be so 
many energy projects to generate liquid fuels from 
oil, shale, and coal there wouldn't be enough chemi-
cal engineers to design, construct, and operate these 
plants. Today, it is hard to find even a bench 
scale research project on developing these synthetic 
sources of energy." 
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GOVERNMENT 

ENERGY SECRETARY CALLS FOR DIVERSE ENERGY 
POLICY 

Secretary of Energy James D. Watkins called on 
other International Energy Agency (lEA) Ministers to 
take a strong leadership position to enhance both 
energy security and the environment and to continue 
diversification of energy sources through increasing 
domestic oil, gas, coal, nuclear power, conservation 
and renewables. Watkins stressed development of 
nuclear power and domestic oil sources while alter-
nate fuels development was emphasized less. 

Highlights of the Secretary's formal statement to the 
Ministerial Meeting of the lEA follow. 

Fifteen years ago our respective nations came 
together to implement an International Energy 
Program (IEP). Since then we have taken important 
and significant steps to enhance our energy security. 
We nevertheless remain dependent on Imported oil--a 
dependence which Is not shrinking but growing with 
each passing month. 

This year we also face a world of increased en-
vironmental concern and awareness. Concern that 
increasing concentrations of greenhouse gases will 
lead to global warming has led to intensive interna-
tional efforts to better define the science of 
climate change and to develop possible policy and 
technology responses. There is also an increasing 
effort being made to improve air quality and to ad-
dress the problems of water pollution and hazardous 
waste disposal. 

Current Situation 

We are not as dependent upon the middle east for 
our oil supply as we were in 1974.	 There are 
nevertheless some disquieting trends. Total United 
States oil production is projected to decline from 
the 1985 peak of 11.3 million barrels per thy to 
eight to nine million barrels per day by the year 
2000; at the same time, domestic oil consumption is 
projected to increase by five to 15 percent. United 
States net imports therefore are projected to grow 
from their lowest recent level of 4.3 million barrels 
per thy in 1985 to nine to 12 million barrels per 
day in 2000, accounting for one-hall or more of 
domestic oil consumption. 

United Staten Energy Policy 

The Bush administration has committed itself to a 
new articulation of a national energy strategy--a 
comprehensive and integrated strategy designed to 
reflect the promise and potential of our coal, oil, 
gas, nuclear, conservation, and renewable energy 
resources--one that reflects the realities of the 
marketplace, Is sensitive to legitimate local and 
global environmental concerns, and puts the United

States in concert with our allies on a common path 
toward greater energy security. 

Diversity of Supply 

lEA member nations should continue efforts to diver-
sity their energy supply mix, recognizing the impor-
tance of coal, natural gas, and nuclear energy. It 
is also important that conservation and alternative 
fuels, including renewables, play a role in the total 
supply picture. 

Oil 

In the United States, we are committed to the 
development of programs to reduce the vulnerability 
arising from our dependence on foreign oil. To 
reverse the decline in domestic oil production, and 
to reduce vulnerability to oil supply disruptions, 
President Bush has proposed: 

- A comprehensive package of tax incentives to 
aid domestic producers of oil and natural 
gas; and 

- Allowing exploration and development in 
promising areas, Including coastal zones and 
the Arctic National Wildlife Refuge 

Natural Gas 

Over the longer term, the use of natural gas as an 
alternative fuel could significantly reduce dependence 
on imported oil, while also improving air quality. 

In the United States deregulation is a fundamental 
first step and one which should be accomplished in 
the near term. Transportation must also be opened 
up and natural gas used more widely as a fuel for 
boilers and transportation either directly or con-
verted to liquid form as methanol. 

Coal 

Given the abundant supply of coal available within 
lEA member nations, coal must remain an Important 
component in our energy supply mix. Barriers to 
the free trade of coal should be removed. Research 
into clean coal technology must continue and the 
product of that research applied worldwide. 

Nuclear 

Nuclear power remains an essential source of energy 
and presently furnishes 20 percent of all the 
electricity in the United States. At a time when the 
Organization for Economic Cooperation and Develop-
ment (OECD) is rapidly reaching an electricity 
"crunch," and in the face of concerns about global 
warming, it is unfortunate that some are turning 
away from the nuclear option. In the United States, 
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for example, efforts are being made by some to 
decommission safe and operable nuclear facilities.

In addition to soliciting public opinion, DOE will use 
personnel at the national laboratories to help draw 
up short-term, mid-term, and long-term policy plans. 

Alternative Fuels, and Cervatiai 

In addition to the above, we must encourage and 
promote conservation, both in the generating or 
supply side, and in the consumption or demand side, 
In the United States the Bush administration has al-
ready mandated new fuel-economy standards for the 
automobile industry. 

We must also support and promote the use of alter-
native fuels, including renewables. Methanol is gain-
ing increased attention as a transportation fuel, a 
positive development which should be encouraged. 

FAIYIraImSntaI Cani&ratioz 

Efforts must continue to improve air quality through 
reduced emissions of sulfur, nitrogen oxides and air 
particulates. In the United States, the Bush ad-
ministration has proposed important revisions to the 
Clear Air Act that contain strong measures on acid 
rain, tropospheric ozone and air toxics. 

Caich.skm 

To succeed in our efforts and the challenges which 
Us ahead, we must have the confidence of those 
whom we serve. We must therefore put a priority 
on restoring public confidence, particularly in our 
petroleum and nuclear industries. 

The underlying reality is that energy is fundamental 
to our quality of life. It is not a matter of trad-
ing off our environmental heritage for continued 
economic growth and prosperity. Indeed without 
economic growth we cannot build a less polluting in-
frastructure, fund research and development projects, 
or facilitate the transfer of technology to the 
developing world. We must, therefore, find ways to 
accommodate economic, energy security and environ-
mental protection objectives in concert with each 
other. The public must be educated in the reality 
that there is an inescapable linkage between our 
economic and political security and the security of 
our sources of energy. 

DOE CONTINUES QUEST FOR NATIONAL ENERGY 
STRATEGY 

Secretary Watkins of the United States Department 
of Energy (DOE) has committed the Department to 
developing a national energy strategy plan by 
April, 1990. 

Public hearings were held in August in Tulsa, Ok-
lahoma, Washington, D.C. and Boise, Idaho. Further 
hearings were scheduled for September in Seattle, 
Washington and Louisville, Kentucky.

Secretary Watkins has said there have been plenty 
of studies done in recent years but no "action plan," 
to put United States energy goals into effect. He 
promised to give a first draft to Congress by 
April, 1990, with final recommendations for adoption 
by President Bush In December, 1990. 

The Bush administration's determination to draw up 
an energy policy contrasts with Reagan administra-
tion, which was accused of not having one. 

Mr. Watkins, a vocal advocate of nuclear power for 
the plan, says there is no preconceived focus, al-
though he has ruled out such devices as price con-
trols in favor of free-market approaches. The plan 
is to address not only future problems, such as 
global warming, but current problems, such as rising 
United States oil imports. 

Following the current round of general meetings, DOE 
will conduct issue-specific hearings in the fall. 

Most industry witnesses in Tulsa focused on proposals 
covering tax incentives, floor prices, import quotas 
or fees, and other financial incentives to create a 
"safety net" for United States oil producers. 

Not all witnesses were alarmed about rising United 
States import levels. John Lichtblau, president of 
Petroleum Industry Research Foundation, New York, 
said the reversal of supply, demand, and import pat-
terns since the 1986 oil price collapse was the in-
evitable acceleration of established trends. 

"The national energy strategy should accept increas-
ing import dependency because it would take an ex-
tremely aggressive market Intervention to reverse it," 
he said. 

DOE MAKES SluR AWARDS IN FOSSIL ENERGY AREA 

The United States Department of Energy (DOE) an-
nounced 59 projects selected for fiscal year 1989 
funding under Phase II of its Small Business Innova-
tion Research (SBIR) program. Thirteen of the 
awards (listed below) are of interest to the fossil 
energy field. The awards will average $490,000 for 
a two-year period. 

The department's SBIR program, now In its seventh 
year,	 implements the Small Business Innovation 
Development Act of 1982. Its objective is to 
strengthen the role of small, Innovative firms in 
areas of research and development that are federally 
funded. 

A description of the 13 proposals dealing with fossil 
energy recommended for fiscal year 1989 Phase ll 
awards follows: 
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ADA Technologies, Inc. of Englewood, Colorado will 
study the development of an ammonia detector for 
process control of advanced nitrogen oxide removal 
technologies for fossil-fuel-fired gas streams.

and comments on improving the economic competi-
tiveness and increased utilization of western fossil 
energy resources." 

Advanced Fuel Research, Inc. of East Hartford, Con-
necticut will work on developing low cost, versatile 
Instrumentation for improved process control. 

CeraMem Corporation, of Waltham, Massachusetts will 
develop a ceramic membrane for gas separation. 

Chnies Research Laboratories, Inc. of San Diego, 
California will research radiation modified 
pyroelectric conversion materials. 

Coal Tech Corporation, Merion, Pennsylvania will test 
the use of an air-cooled cyclone co-combustor to 
convert ash to inert sulfur. 

Engineering Resources of Fayetteville, Arkansas will 
study biological production of methanol from 
methane. 

The Flow Research, Inc. of Kent, Washington project 
concerns the development of a high-pressure, jet-
assisted directional drilling system for gas wells. 

James W. Banger and Associates, Inc. of Salt Lake 
City, Utah will be working on research and develop-
ment of technology for production of specification-
grade asphalt from Utah tar sands. 

Manufacturing and Technology Conversion International 
of Columbia, Maryland is developing an advanced 
pulse coal combustor system for gas turbine applica-
tions. 

Research' by the PA! Corporation, Oak Ridge, Ten-
nessee concerns a novel concept for efficient 
production of liquid fuels from coal using flash 
pyrolysis in vibrated fluidized beds. 

Work by U. L. Clampltt and Associates, Bartlesville, 
Oklahoma involves applying a novel steam and carbon 
dioxide combination process in heavy oil and tar 
sand reservoirs. 

Tetra Corporation of Albuquerque, New Mexico will 
investigate enhanced coal comminution and cleaning 
using spark-generated focused shocks. 

Universal Fuel Development Associates of Grand 
Forks, North Dakota will study nonaqueous enzymatic 
processing of coals. 

DOE SOLICITS PUBLIC INPUT ON WESTERN FOSSIL 
FUELS PROGRAMS 

The United States Department of Energy (DOE), Of-
fice of Fossil Energy (FE) held a public meeting in 
Denver, Colorado on July 26 to invite "public views

The Office of Fossil Energy is pursuing a national 
effort to develop technology for the improved 
utilization of domestic fossil energy resources, both 
eastern and western resources. The characteristics 
of eastern and western resources have distinct dif-
ferences and require the structuring of a research 
and development (R&D) effort that addresses issues 
specific to both sets of resources. 

The FE pursues programs directed at identifying R&D 
opportunities and conducting R&D in extracting, 
processing,	 and utilizing domestic fossil	 fuel 
resources.	 The R&D in fossil fuel resources and 
technologies	 normally advances	 through several 
phases:	 basic sciences research, fundamental and 
exploratory research, process and engineering 
development, and demonstration and commercializa-
tion. 

The R&D programs include work which is necessary 
to establish proof-of-concept, reduce technical and 
financial risk associated with deployment, 	 and 
provide information	 for private-sector decisions
regarding demonstration and commercialization deci-
sions. The FE advanced research programs are 
focused on fundamental and exploratory research. 
As differentiated from process and engineering 
development, fundamental and exploratory research Is 
oriented towards (1) exploring untried concepts that 
are unusual, novel, and highly innovative, and (2) 
developing ideas and understanding theoretical 
knowledge that is broadly relevant to fossil energy 
technologies. 

Purpose of the Meeting 

The DOE recognizes that the R&D needs for western 
fossil energy resources are determined by the effects 
of their unique properties and/or geologic and 
geographic locations. These factors are significant 
in the recovery, the transportation, the technologies 
employed in their utilization or conversion, and the 
environmental consequences. Therefore, In formulat -
ing its programs for the various fossil fuels, DOE 
would like to insure that consideration is given to 
important aspects of the western fossil fuels. The 
DOE hopes to gather this information through Inter-
active workshop discussions by groups of knowledge-
able individuals with an Interest in R&D or in the 
application of R&D results. 

DOE plans to use the Information gathered to formu-
late R&D plans for fossil energy. The intent of the 
meeting was to focus on R&D needs to advance the 
state-of-technology for the utilization of western 
fossil fuel resources. Fossil fuels of interest include 
coal, oil, gas, oil shale and tar sands. 

Subjects of Particular Interest 

The subjects of particular interest are areas of R&D 
that are specifically applicable to western fossil 
energy resources and include, but are not limited to: 
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(a) power generation utilizing low rank coals; (b) 
development of coal-based fuels, including coal 
drying, cleaning and mild gasification; (c) improved 
techniques for extracting oil or gas; (d) oil shale 
extracting and processing. 

The DOE is particularly interested In learning of any 
techniques for	 western fossil	 energy	 resources that 
are	 not now	 Commercially	 available	 but, if 
developed, offer	 the potential	 to	 improve the 
economic competitiveness and increased utilization	 of 
these resources.

The new DOE Assistant Secretary for Fossil Energy Is 
Michael McElrath. Reporting to him are two Deputy 
Assistant Secretaries who were present at the meet-
ing: Jack Siegel for Clean Coal Technology and 
Marvin Singer for Oil, Gas, Shale and Special Tech-
nologies. In introductory remarks, Mr. Singer 
provided the following overview of the programs un-
der his direction. 

Enhanced Oil Recovery 

DOE's enhanced oil recovery research program has 
been changing. The emphasis of the R&D has been 
shifting from almost exclusively long term, high risk 
research, to include nearer term research with more 
immediate application. The federal research program 
in enhanced oil recovery really began immediately 
after the oil embargo of 1973-74. Twenty-seven 
demonstration projects were cost-shared with industry 
to prove different technology options. The results 
were mixed at best. But they focused the need for 
better reservoir characterization. 

In the 1981-88 timeframe, the target and scope of 
the enhanced oil recovery (EOR) research program 
were expanded. Both the cost-shared and price 
relief demonstration projects had failed to produce 
significant increases in domestic oil production. One 
cause of their failure was an inadequate understand-
ing of reservoir properties.	 Thus, new reservoir 
characterization research was initiated. Computer 
modeling and discrepancy analysis comparing pre-
dicted to actual project results were expanded. 

After the crude oil price collapse of 1986, another 
refocusing of the petroleum research program was 
begun. A Hydrocarbon Conscience Research Strategy 
report has been prepared by the Hydrocarbon Geos-
cience Research Coordinating Committee under the 
direction of Fossil Energy's Office of Geoscience 
Research. While the Conscience Research Strategy is 
still undergoing departmental review, it is possible to 
mention some of its key elements. 

About 45 percent of DOE's enhanced oil recovery 
budget for 1989 is being spent on geoscience 
research learning more about why and where oil is 
retained In the reservoir. And about 52 percent of 
the combined oil and gas research program is geos-
cience. 

From a budgetary standpoint, DOE has increased the 
impact of its EOR research program by co-funding 
projects with oil producing states and industry.

They have expanded the EOR target to Include both 
mobile and immobile oil, and have increased the em-
phasis on reservoir characterization and the transla-
tion of that knowledge Into improved recovery 
processes. 

Oil Shale 

Historically,	 significant government support has	 been 
provided	 for	 oil	 shale research. Starting in	 the 
1940s,	 research was	 carried out at the	 Anvil Points 
facility.	 During	 the	 late	 60s	 there	 was	 a modest 
"in situ"	 R&D	 program that	 helped to advance	 that 
approach.	 Substantial research	 on	 above ground 
retorting has also been carried out.

Today the DOE research program is directed toward 
"fostering the development of a competitive and an 
environmentally acceptable oil shale industry." Thus, 
DOE's oil shale program is focused on generic and 
more basic research that is designed to: 

- Expand the technically recoverable resource 
base 

- Increase recovery efficiency 

- Reduce capital and operating costs 

- Enhance environmental acceptability 

The program consists of studies in two major techni-
cal areas: 

- Technology Base development 
- Environmental Mitigation 

For the past few years, the funding for oil shale 
research has been in the $9-10 million/year range. 
The Western Research Institute (val) at Laramie, 
Wyoming, is the focal point for about one-third of 
the program. The Lawrence Livermore and Sandia 
National Laboratories conduct about another third. 
Various corporate and university contracts and in-
house work at the Morgantown, West Virginia Energy 
Technology Center comprise the remaining third. 
There is about a 50-50 balance between western and 
eastern oil shale emphasis. 

Tar Sand 

At the Western Research Institute in Laramie, Wyom-
ing, most tar sand support is focused on development 
of a novel approach to surface extraction process 
which recycles a portion of the recovered oil as 
solvent for the raw sand. At the University of 
Utah, DOE Is continuing long-term surface retorting 
and water-based concentration studies. At the 
University of Arkansas, they are supporting investiga-
tion of a novel surface extraction process using 
vegetable-based fatty acids as a solvent to recover 
a tar product. And finally, through the Small Busi-
ness Innovation Research Program, DOE is supporting 
feasibility and design studies for a modest sized 
plant for producing asphalt directly from Utah tar 
sands. 
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Unconventional Gas Recovery 

The Unconventional Gas Recovery Program supports 
the development of advanced technologies for the 
extraction of natural gas from currently un-
recoverable gas resources. The resources for Uncon-
ventional Gas Recovery include western lenticular 
tight gas sands,	 eastern Devonian shales,	 gas 
hydrates, and gas from deep sources. Secondary 
recovery of gas from conventional reservoirs and the 
conversion of gas to liquids are also part of the 
program. 

During the recent years, the largest Unconventional 
Gas Recovery project, in terms of resources and im-
portance, has been the Western Tight Gas Sands Mul-
tiweli Experiment. The project is located in Garfield 
County, Colorado.	 The F;iultiwell facility, consisting 
of three closely spaced wells, investigated the 
production characteristics and extraction potential of 
tight lenticular sands. 

The project Is now in its final stages of documenta-
tion. DOE plans to conduct a slant/horizontal well 
test at the site over the next three years. 

Underground Coal Gasification 

The Department's Underground Coal Gasification 
program initially focused on developing technology 
for steeply dipping subbituminous beds because they 
believed that this configuration would make it easier 
to sustain and control combustion underground. Field 
experiments confirmed this hypothesis, and this tech-
nology is ready for commercialization. 

Similarly, a flat-lying subbituminous coal seam has 
been successfully gasified in the Rocky Mountain-i 
(RM-1) demonstration test at Hanna, Wyoming. One 
major research and development need remaining is 
the verification of environmental control tech-
nologies. The Department is continuing its effort In 
this area, and expects RM-1 results to demonstrate 
satisfactory environmental mitigation techniques. 

Fuel Cell Systems 

The Department of Energy has been sponsoring the 
development of fuel cells since 1976. Within DOE, 
the Office of Fossil Energy is developing fuel cells 
for stationary power sources, while the Office of 
Conservation is developing fuel cells for transporta-
tion applications. 

The Department is engaged in developing the critical 
technology for the high-risk subsystems and com-
ponents of fuel cell systems. The aim here is to 
reduce the technical risk of commercial development, 
and the emphasis is on systems that will operate on 
coal-based fuels and natural gas.

Magnetobydrodynamics 

The Department of Energy and its predecessors, ERDA 
(Energy Research and Development Administration) and 
the Office of Coal Research have sponsored the 
development	 of	 coal-fired	 magnetohydrodynamics 
(MHD) since 1973. Mature MUD power systems are 
projected to operate at efficiencies of up to 
60 percent and with substantially reduced emissions. 
At these high operating efficiencies there is an at-
tendant reduction of carbon dioxide emissions. In-
herent control processes reduce the emission of pol-
lutants that contribute to acid rain. 

The open-cycle MUD program encompasses the entire 
range of development activities from coal-pile to bus 
bar. The objective is to reduce the technical risk 
of commercial development through the demonstration 
of the proof-of-concept of fully Integrated subsys-
tems. The proof-of-concept program is being Imple-
mented at the Pittsburgh Energy Technology Center. 

Advanced Extraction and Process Technology (AE&PT) 

The Advanced Extraction and Process Technology 
(AE&PT) Program focuses on the development of new, 
advanced concepts, tools, and techniques to achieve 
Improved extraction and conversion of oil, gas, oil 
shale, and tar sands resources. The program's 
research is generally crosscutting and generic. 

The program conducts fundamental and exploratory 
research, focusing on providing improved understand-
ing and capabilities in: 

- Tools and techniques for measurement and 
prediction of reservoir properties, charac-
teristics, and heterogeneities 

- Data and methodologies for determining 
physical, chemical, and thermodynamic 
properties of heavy feedstocks 

- Biochemical mechanisms as potential oppor-
tunities for enhanced extraction and upgrad-
lag processes 

- Geodiagnostics, for extraction and recovery 

- Methods for upgrading unconventional liquids 
derived from tar sands and oil shale 

- Novel production approaches for unconven-
tional gas resources and conversion of gas to 
liquid fuels 
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ENERGY POLICY AND FORECASTS 

ELECTRIC POWER PLANTS TO EVOLVE INTO 
INTEGRATED ENERGY FACILITIES 

The	 Electric	 Power Research Institute's	 (EPa!)
K. Yeager says the United States electric utility in-
dustry must evolve in the future. Providing for 
electricity growth and assuring that electricity is 
used efficiently are inseparable from achieving na-
tional economic goals. The use of electricity in the 
United States rose 50 percent from 1973 to 1988 
while total energy use rose less than eight percent. 
During the economic expansion since 1982, electricity 
growth paralleled GNP growth while real electricity 
prices have declined 16 percent and overall energy 
efficiency has Improved 11 percent. Economic 
progress, energy efficiency, and increased electrifica-
tion have proceeded hand-In-hand and continued 
economic growth is expected to raise electricity use 
an additional 25 to 40 percent by the turn of the 
century alone. Thus, electricity will confidently 
remain a major growth business among the energy 
industries. 

However, says Yeager, this business faces a serious 
challenge. That Is, the need to build new capacity 
to keep up with rising demand for electricity even 
as many existing facilities reach the end of their 
planned useful lives and Investment by regulated 
utilities Is discouraged. As a result, he sees the 
changes likely In the 1990s as heralding a new era 
In the business of power production. 

The root causes creating this change are the uncer-
tain economic policies governing regulated electric 
utilities, the pressure of increasingly stringent en-
vironmental control requirements, and the globaliza-
tion of the power equipment supply base. 

The first of these factors is leading electric utilities 
to place Increasing emphasis on the productivity of 
their existing plants in order to defer the need for 
major new capital investment. To do so, they are 
harnessing the microprocessor revolution for Improved 
diagnostics and control to achieve higher availability, 
heat rate and extended plant operation. initially, as 
Increased capacity is needed It is being added in-
crementally through gas turbines, plant repowering 
and Independent power production--all intended to 
minimize the financial exposure of the regulated 
utilities but, in a derivative manner, also increasing 
the diversity of electricity supply. 

The fundamental change in the technology for power 
production--particularly from coal--is being driven 
primarily by environmental control requirements. 
This change is bringing a diversity of new technol-
ogy options for coal-based power generation into 
serious commercial consideration by utilities after 
30 years of relative technological stagnation. These 
new options are all Intended to provide opportunities 
to resolve the Inherent conflicts between coal use 
and the environment. A major result of this tech-

nological growth is recognition that coal-based power 
plants are rapidly evolving away from the historic 
boiler-turbine-generator configuration, into integrated 
resource processing facilities whether the prime 
technology is pulverized coal, fluidized combustion, 
or coal gasification combined cycles. The resulting 
new technology market extends well beyond the 
boundaries of the United States. 

The third root cause, the globalization of equipment 
supply is forcing electric utilities and the 
architect /engineering community to begin to rethink 
the whole process of designing, specifying, purchasing 
and constructing power plants. The economic 
feasibility of constructing individually customized 
power plants is being superseded by ever-larger shop 
fabricated modules, taking advantage of international 
competitive supply opportunities. The results reduce 
the cost and time of field work in progress while 
Improving both quality control and the Integration of 
the new, clean coal utilization technologies entering 
the commercial arena. 

Yeager believes the synthesis of these effects signals 
a fundamental transition in the power generation 
business as we enter the new century. This transi-
tion is likely to be marked by the following overrid-
ing trends: 

An increasingly competitive electricity supply 
market where the low-cost producer is the 
only assured survivor. 

Increasing emphasis on coal, not only as the 
primary fuel for electric power production 
but as the domestically secure hydrocarbon 
base for transport fuel. 

The first of these trends has become sufficiently 
clear to have already gained a measure of political 
orthodoxy. The second, in an era of abundant low-
cost oil and gas, remains beyond the horizon of 
popular acceptance. 

Likely milestones in the power generation Industry by 
the turn of the century Include the following: 

- Saturation of the peaking power market by 
simple cycle gas turbines firing natural gas. 

- A growing shortage of base and intermediate 
load capacity. 

- The need for large blocks of new capacity 
(20,000 megawatts per year) to overcome the 
shortage. 

- Increasing environmental restrictions on coal 
use which Increase the emphasis on process-
ing or "refining" coal as the only environ-
mentally and economically acceptable ap-
proach. 
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- Naturally or artificially induced discontinuities 
in the supply and cost of natural gas. 

EPRI's analysis suggests the organizations which are 
likely to survive this transition will be characterized 
by their successful adaptation to a process approach 
for coal utilization. This will ultimately lead to in-
tegrated energy facilities capable of translating 
coal-derived synthesis gas into a variety of products 
including, but not limited to, electricity. Such a 
co-production approach appears to be the key to 
lowest-cost electricity production from coal in an 
economy increasingly limited in its energy source op-
tions and the environmental constraints on their use. 
The result is an electricity supply Industry integrated 
with overall energy production. 

EPRI sees a growing national collaboration between 
the chemical, energy and electric power Industries to 
meet the competitive challenges and opportunities of 
the global economy in the 21st century. 

#4tfl 

YCCER SEES NEED FOR ENERGY DEVELOPMENTS 

The director of the Virginia Center for Coal and 
Energy Research (VCCER), John Randolph, recently 
reviewed the current energy situation and offered 
his comments on future energy developments and 
decisions. These are summarized below. 

Today we face perhaps the most vexing energy chal-
lenge in history. Against a backdrop of resource 
depletion and rising world population, how can 
mankind provide the energy desperately needed for 
worldwide development while taming the environmen-
tal impacts of energy use? 

The link between energy use and environmental 
quality was dramatized by the Alaskan oil spill. 
This accident and more routine environmental impacts 
caused by energy extraction, transport, and conver-
sion are all cost components of society's dependence 
on energy. If we wish to continue our growing 
energy demand, we must inevitably accept some en-
vironmental degradation in the bargain. 

We also must accept higher prices for energy as en-
vironmental	 and social	 costs	 are internalized. 
Preventative controls, reclamation requirements, 
clean-up funds, and remedial compensation do just 
that--with the environmental costs of energy use ul-
timately passed to the consumer. 

To the relief of some and the disdain of others, 
passage of Clean Air Act amendments now seems as-
sured with President Bush's support of efforts to cut 
sulfur dioxide emissions and stimulate use of clean-
burning alternative fuels. No matter what their 
final form, clean air amendments will increase the 
cost to the consumer of burning coal, making steel, 
generating electricity, and producing automobiles. At 
the same time, however, the environmental and so-

cial costs associated with these products will	 be
reduced. 

Coal 

Coal producers and users also hope that emerging 
technologies will help solve coal's air quality 
problems. The federal government's $2.5 billion 
Clean Coal Program is prompting industry to develop 
a wide range of technologies. Super-cleaning and/or 
converting coal to combustion gas and liquid fuels 
removes much of coal's sulfur, one of the principal 
players in acid rain. Advanced combustion tech-
nologies remove sulfur and particulates in coal emis-
sions at the source. Though expensive, combinations 
of these new methods should secure coals ability to 
meet even the most stringent air quality standards. 

A growing environmental concern Is the prospect of 
the "greenhouse effect" and global warming. 

Though climatology is an Imprecise science and 
greenhouse effects difficult to prove, the specter of 
global warming casts a shadow across unbridled use 
of fossil fuels, especially coal, which emits nearly 
twice as much CO 2 during combustion as natural gas. 
But coal Is the United States' most abundant fuel, 
now providing 24 percent of domestic energy con-
sumption. It is cheap, plentiful, and curbs petroleum 
imports. We cannot simply stop burning it. Tech-
nological research holds the key to our continued 
use of this resource. 

Oil 

Petroleum combustion is also a major cause of air 
pollution and still our dominant energy source--we 
depend on petroleum for 43 percent of our energy. 
Future oil availability and price will affect not only 
the quantity and mix of energy we use, but its en-
vironmental effect as well. 

Sparked by an OPEC oil glut, world petroleum prices 
dropped to record lows between 1986 and 1988. At 
the same time,	 domestic petroleum production 
declined to Its lowest level since 1965. 	 Imports,
which had dropped to 27 percent of United States 
petroleum consumption	 by	 1985,	 climbed to
37 percent in 1988, and more than 40 percent 
during the first four months of this year. 

This may be an omen for the coming decade. In-
creasing petroleum consumption will further tighten 
oil supplies and OPEC's grip on the global market in 
the 1990s. 

Natural Gas 

Natural gas Is the cleanest and most efficient fossil 
fuel. Conversion of natural gas to liquid methanol 
for use as a transportation fuel will probably in-
crease as cities struggle to meet proposed ozone 
pollution standards. 

Problems facing natural gas are future availability 
and price. Natural gas reserves have not been 
lower since 1950. Reserves have suffered under the 
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current gas glut, which has depressed prices and In-
hibited exploration. The industry predicts the 
"bubble" will burst by the early 1990s.

market forces for efficiency--each will lend a posi-
tive effect. 

The gas industry Is now looking to unconventional 
deep, low-permeability deposits and coalbed methane 
to supplement supplies. Increasing gas demand and 
higher prices may improve the economic viability of 
these sources. 	 - 

Nuclear Energy 

Nuclear power advocates argue that fission reactors 
safely produce 20 percent of our nation's electricity 
without CO 2 emissions, and that in a future menaced 
by global warming, nuclear power is our best energy 
option. Yet nuclear power development is grinding 
to a halt in the United States. 

A resurgence of the nation's nuclear power Industry 
requires three fundamental changes. First, new 
reactor designs are necessary to assure safety, 
provide higher reliability, and reduce costs. Second, 
a socially acceptable plan for waste disposal must 
be put in place. Third, and most Important, public 
confidence must he restored. 

Energy Efficiency and Improvements 

Though improved nuclear technology holds promise for 
improved environmental quality, the most Immediate 
opportunity to reduce our dependence on imported 
petroleum and other polluting energy sources is Im-
proved energy efficiency. Steady improvements in 
efficiency from 1973 to 1985 trimmed United States 
per-capita energy consumption by 18 percent and 
improved the economy's energy efficiency by nearly 
25 percent. 

Since 1985, however, low energy prices have In-
creased consumption, inhibiting conservation and ef-
ficiency investments, but a broad spectrum of energy 
conservation opportunities remain. For example, high 
efficiency lighting, appliances, and motors offer con-
siderable opportunities for cost-effective electricity 
conservation without a change in living standard. 

The	 potential for	 efficiency	 improvements	 In	 the 
transportation sector,	 which	 guzzles	 more	 than 
60	 percent	 of United	 States	 petroleum	 stocks,	 is 
tremendous. The	 most	 efficient	 commercial 
automobile	 now available	 approaches	 60	 miles	 per 
gallon,	 more than	 double	 the	 efficiency	 of	 the 
average	 new	 car.	 European	 and	 Japanese	 auto 
makers	 have developed	 prototypes	 In	 the 
70-100	 miles	 per	 gallon	 range,	 but	 marketing	 them 
will	 require	 a change	 in	 consumer	 attitude,	 higher 
priced	 fuel,	 and perhaps	 a	 push	 for	 government 
policy.

In fact, these three elements are fundamental for a 
renewed emphasis on efficiency for every phase of 
energy use. Increased public awareness of the 
economic and environmental benefits of conservation; 
higher prices of existing energy to stimulate invest-
ment in efficiency; and public policies to enhance

As world population grows, so will the need for 
energy.	 A diverse mix of sources compatible with 
the natural world is essential.	 Research and
development will play a vital role in improving coal's 
environmental safety, reducing vehicle emissions, 
revitalizing nuclear power options and creating new 
power possibilities. But more importantly, the United 
States and other industrial nations must lead the 
way toward global environmental awareness, energy 
efficiency, and conservation. 

CONOCO OUTLOOK SEES CONTINUED ENERGY DEMAND 
GROWTH 

Conoco has released its 1989 version of the World 
Energy Outlook Through 2000. The Outlook presents 
a view of where energy markets are headed by first 
assessing supply and demand of world energy and 
world oil and then focusing on the United States 
energy picture. 

This year's Outlook is based on a set of assumptions 
concerning several key factors which determine 
energy supply and demand. Some of these assump-
tions are noted below. 

Key Factors 

Economic Growth Non-communist world economies, 
as measured by Gross Domestic Product (GDP), will 
grow at a rate of slightly more than three percent 
per year. The United States and European economies 
will grow slightly less than the free world average, 
while Japanese economic growth will be nearly one 
percent higher.	 Among the developing countries,
growth will average close to four percent. 

Oil Prices In the reference scenario, prices remain 
low for several years, between $10 and $20 per 
barrel, then rise slightly through 1995 toward an up-
per boundary around $24 per barrel. 

Excess, low-cost production capacity will allow OPEC 
to continue to impact supply, and hence price, 
throughout the forecast period. 

Natural Gas Prices Natural gas will remain competi-
tive with oil products in most markets through 2000. 
Aggressive pricing may be seen in regions where 
supply is abundant. 

Coal Prices Coal will continue to compete with oil 
and gas in the new boiler market. Coal supply will 
Increase as	 new	 low-cost	 coal is produced 
throughout the world. This should limit coal price 
Increases to the rate of inflation. However, chang-
ing environmental standards make the outlook for 
this market uncertain. 
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Nuclear Power	 High plant construction costs and
safety concerns will limit the growth of nuclear 
power. No new capacity (not already under con-
struction) will be added in the United States, and 
some nuclear plants in advanced stages of construc-
tion will never be finished or made operational. 

Renewables Hydroelectric power will be the only 
renewable energy source to significantly increase its 
contribution to energy supplies, although limited to 
select areas. Energy from other renewable sources 
such as biomass, wind and solar power Is not com-
petitive with lower-priced fossil fuels, barring a 
technological breakthrough. 

W1d Energy Demand 

World energy demand is expected to grow two per-
cent per year during the 1989-2000 time period. 

This is about the same rate energy demand increased 
during the 1970-88 period when sharp rises in 
energy prices were experienced. Developing nations 
will account for nearly half of the total increase, 
although they currently account for less than a 
quarter of demand. 

World energy demand is forecast to grow from 
108 million barrels of oil equivalent per day in 1988 
to 135 million barrels of oil equivalent per day in 
2000. Much of this growth will come from develop-
ing nations where growing populations and increasing 
urbanization and industrialization are stimulating 
greater energy consumption. 

World energy intensity (energy use per unit of 
economic activity) is expected to decline at the rate 
of one percent per year. Energy intensity in 
developing nations will remain fairly flat as energy 
consumption keeps pace with economic growth. 

W(rld Energy Supply 

Coal, nuclear power and renewable energy sources 
have been supplying an increasing share of the 
world's energy needs during the past 15 years. But 
this shift away from oil and gas has been slowed by 
the increased competitiveness of all and gas prices. 
As a result, oil and gas together will provide over 
80 percent of world energy supply by 2000. 

Electricity AU fuel sources will share in continued 
strong electricity demand growth; however, coal and 
oil's percentages of the market will shrink. In the 
1990s, oil will begin to reverse its long decline as 
electricity demand Increases and underutilized oil-
fired generating capacity is used for peak power re-
quirements. 

Also in the 19903, gas will increase its share of the 
electrical power generation market because coal's 
price advantage over gas has deteriorated since the 
fall in oil and gas prices. 

Despite its decline in market share, coal will remain 
the dominant contributor to the electricity genera-

tion market.	 Coal Is seen as a secure long-term
choice for fueling new capacity. 

Nuclear power, in the near term, will continue to be 
the fastest-growing source of electricity generation. 
However, this growth will be slowed by high capital 
costs, long lead times and the risk of changes In 
safety standards. 

Hydroelectric power will grow, but at a slower rate 
than in the past. Most developed nations have al-
ready installed hydroelectric plants where practical. 
For developing nations with suitable locations, the 
capital cost of hydroelectric power may exceed their 
borrowing capacity. Geothermal, wind, solar and 
biomass will continue to play limited roles in world 
energy supply through 2000. 

Industrial	 The supply of oil and gas to the in-



dustrial sector declined following the second oil 
price shock in 1979. Electrical power will continue 
to be the fastest-growing energy source for in-
dustrial markets. 

Residential/Commercial	 As in the industrial sector,
Increased consumption of electricity enabled alternate 
fuels	 to	 increase	 their	 share	 of	 the 
residential/commercial sector supply. 	 Electricity will
satisfy most of the future demand growth. 

Transportation Oil has supplied essentially all of the 
energy demand in the transportation sector, and this 
will continue in the future. 

World Oil Demand 

World oil demand will grow 1.5 percent per year 
through 2000, with over halt of the increase in 
developing nations. Lower prices have slowed oil's 
loss of market share to alternate fuels in stationary 
uses.	 Transportation will continue to be the
fastest-growing market for oil. 

World oil demand will increase from 48 million bar-
rels of oil per day in 1987 to 58 million barrels of 
oil per day in 2000 (Figure 1). 

The fastest growth is in developing nations, where 
demand for oil in some eases is increasing more 
rapidly than GOP. Growth Is concentrated in newly 
industrializing countries, many in the Pacific Basin, 
which are building their manufacturing base as their 
economies mature. 

In developed nations, demand is expected to increase 
one percent per year. Growth Is focused in the 
transportation sector, which continued to grow even 
while oil prices were high. However, in 2000, oil 
demand In these countries will still be below the 
peak reached in 1979. 

011 demand will grow the least in Europe and Japan, 
where markets are still being lost to other fuels--
coal, nuclear power and natural gas. Oil demand 
growth will be greater in the United States, where 
these alternate fuels already have captured a larger 
share of the energy market. 
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World crude oil refining capacity Is expected to 
move from today's surplus conditions toward a 
tighter market In the future. Additional capacity to 
upgrade the heavy fractions of the barrel will be 
required in the 1990s because of both higher light 
product requirements relative to residual fuel demand 
and some increase In heavy crudes produced. 

World Oil Supply 

High oil prices led to a fivefold increase in foreign 
non-OPEC oil supply during the 1970-1985 period and 
to a significant decrease in OPEC's market share. 
The subsequent drop in oil prices will stem the 
growth in non-OPEC production within a few years, 
and incremental supplies will come from OPEC 
producers with large reserves. 

The impact on OPEC of rapid growth in non-OPEC 
production and lower demand is illustrated in 
Figure 2. Most of the non-OPEC increase in the 
1970s arose from giant discoveries in the North Sea 
and Mexico. Gains in the 1980s are from numerous 
smaller discoveries in countries such as Egypt, 
Malaysia, Brazil, India, Angola, Colombia and North 
Yemen. 

The collapse of crude oil prices in 1986 and con-
tinued weakness In 1988 have significantly reduced 
exploration and development activity.	 Seismic ac-
tivity and drilling are off sharply. The decline is 
most pronounced in the United States where drilling 
has declined more than two-thirds from the early 
1980s. Drilling outside the United States Is off by 
a lesser amount, 25-30 percent. Exploration activity 
in some countries Is as high as before the price 
crash because policies and tax laws have been Im-
proved to cushion the impact of lower prices. 

Non-OPEC production continues to grow slowly as 
long-lead-time projects, under way before prices fell,

come onstream. However, the long-term outlook is 
not bright, and non-OPEC crude oil output is ex-
pected to peak by the early 1990s. 

The eventual decline in non-OPEC supplies, together 
with steady demand growth, will lead to a growing 
dependence on OPEC. By the early 1990s, demand 
for OPEC oil is expected to reach 22 million barrels 
of oil per thy (about 80 percent of current 
capacity), and OPEC may be able to re-establish 
control over world oil markets at that time. The 
Middle East dominates world oil reserves, as il-
lustrated in Figure 3. 

United States Energy Demand and Supply 

United States energy demand will grow 1.5 percent 
per year. The contribution of coal and nuclear 
power In the total energy mix will increase 
moderately, but oil and gas consumption also will 
continue to grow. 

Energy consumption in the United States Is projected 
to grow at about half the rate of economic growth. 
This improvement in energy intensity reflects con-
tinued restructuring of the United States into a 
less-energy-intensive economy. 

Figure 4 shows the forecast for United States energy 
supply by fuel. On and gas will supply half the In-
crease In energy demand and will supply more than 
60 percent of United States energy needs In 2000 as 
the shift toward other fuels Is slowed by the cur-
rent weakness in oil and gas prices. Demand growth 
will be strongest In the power generation sector. 

United States Coal 

Demand for United States coal will increase at a 
rate of two percent per year. The electric utility 
sector will remain coal's principal market, accounting 
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for over 85 percent of United States coal consump-
tion. 

United States Nuclear Power 

United States nuclear power generation will Increase 
four percent per year through 1992 and then rise 
slowly the remainder of the decade.

Further expansion of the United States nuclear power 
industry at this time is precluded by high capital 
costs, long lead times, low alternate fuel prices and 
safety concerns. 

United States Natural Gas 

Natural gas demand in the United States will in-
crease slowly through the early 1990s. Then, grow-
ing requirements of electric utilities will increase 
consumption to more than 19 trillion cubic feet per 
year by 2000. 

In the forecast for United States natural gas supply, 
existing reserves will dominate supply for the next 
several years. However, by the year 2000, over 
70 percent of the 160 trillion cubic feet of existing 
proved reserves in the Lower 48 states will be 
depleted. New reserves will provide over 60 percent 
of total natural gas supply in the year 2000. 

United States 011 Demand 

United States oil demand reacted to the price hikes 
of the 1970s by declining 20 percent between 1078 
and 1983. Growth resumed in 1984, and oil demand 
is expected to grow about one percent per year 
through the year 2000. 

United States Oil Supply 

United States crude oil production will fall by 
2.5 percent per year through 2000, resulting In a 
decline of more than two million bar rels of oil per 
day. Oil imports will rise from six million barrels 
of oil per day in 1987 to nearly 11 million barrels 
of oil per day in 2000. 

The decline In United States exploration and 
development activity that has followed the collapse 
of oil prices will have a severe impact on domestic 
oil output. 

As domestic supplies decline, and demand rises, 
United States oil requirements will be met with 
higher imports as depicted in Figure 5. Since the 
fall in crude oil prices, oil imports have increased 
from four million barrels of oil per day in 1985 to 
six million barrels of oil per day in 1988. Imports 
are expected to increase to 11 million barrels of oil 
per day by 2000. Imports as a percent of demand 
increased from 27 percent in 1985 to 37 percent in 
1988, and will grow to 55 percent by 2000. 

Alternate Scenarios; 

Uncertainty about the future course of oil prices 
complicates government policy formation as well as 
investor decision making. One way to deal with the 
uncertainty is to consider alternate scenarios that 
set bounds on the likely outcomes. 

In a low-price scenario, OPEC members flood the 
market and regain market share. Prices could, tem-
porarily fall toward marginal production costs. This 
happened in 1986 and again in 1988 when some 
crudes sold below $10 per barrel. 	 On the whole, 
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the average annual price would remain low for 
several years. The ability to replace reserves in 
ion-OPEC regions would be impaired dramatically. 
Crude would displace other fossil fuels, boosting free 
world demand.	 However, expectations that low 
prices are impermanent will preclude excessive 
demand growth. In such a case, one potential 
problem for OPEC would be the possibility that some 
oil importing nations would implement policies 
designed to make the use of cheap oil less attrac-
tive.	 Such strategies might include consumption 
taxes, alternate fuel subsidies and import fees or 
quotas aimed at protecting domestic industry.	 This
would necessarily lower OPEC's profits. 

A high-price case assumes OPEC controls production 
through strict adherence to quotas. Under this 
scenario, the cartel could keep prices substantially 
above the reference price for several years. 
Resource exploitation would be encouraged by more 
favorable economics, and non-OPEC supply would be 
higher than it otherwise would have been. The sec-
tonal demand mix for oil has changed since the 
price shocks of the 1970s; transportation, which Is 
least price sensitive, now accounts for over half of 
oil consumption.	 Therefore, free world demand for 
oil would be curtailed but not to the extent seen 
by previous price shocks.	 Nevertheless, OPEC's 
market share would diminish. 

While supply shocks may lead to prices outside the 
lower or upper bounds of the reference scenario, 
such prices are unsustainable. Market and non-
market forces will constrain prices to the range 
around the reference forecast. 

Policy Implications 

A national energy plan should include positions on 
Interrelated issues, including energy conservation, 
protection of the environment, support for domestic 
petroleum exploration and production, and taxation.

Following are highlights of Conoco's recommendations 
for a national energy policy to manage energy 
supply and demand, and to minimize risks associated 
with growing Import dependence. 

Foster efficient and environmentally sound develop-
ment of remaining United States oil and 
resources. Provide access to federal acreage having 
significant potential for major new oil and gas 
reserves. 

Improve United States efficiency in H21M oil and 
natural gas. Establish an international consortium in 
the OECD (Organization for Economic Cooperation and 
Development) to promote development and sharing of 
energy conservation technology. 

Continue efforts to develop competitive alternate 
motor i!i such as gasohol, methanol and natural 
gas, through Increased funding of research and 
development, use of government fleet vehicles for 
wide testing, and credit offsets to efficiency stan-
dards for dual-fuel-capable vehicles. 

Expand the role of natural gas in the United States 
energy balance. Decontrol natural gas prices at the 
wellhead to decrease the cost of buying and selling 
gas. Repeal Title I of the Natural Gas Policy Act 
of 1978, which involves burdensome and unproductive 
paperwork for deregulated gas. 

Further the integration of the United States into the 
global energy market. Intensify efforts to increase 
export of United States goods and services to 
countries that sell oil to the United States so as to 
balance trade relations and create economic Inter-
dependence. Specific steps Include avoiding 
economic sanctions for political purposes and expan-
sion of lending and program authorities of EXIMBANK 
and the Overseas Private Investment Corporation to 
promote exports to oil-producing nations. 

EAST-WEST CENTER SEES LOW OIL PRICES AS A 
PROBLEM FOR OPEC 

The East-West Center, of Honolulu, Hawaii recently 
completed an analysis on the Impact of lower oil 
prices on OPEC production capacity, on export 
refineries, and the petroleum trade. The study also 
Includes balance-of-payments scenarios and Impacts 
on OPEC domestic demand. 

OPEC Production Capacity 

During the two oil crises of the 1970s, It was ob-
served that as demand for OPEC oil approached 
production capacity, oil prices might escalate. Thus, 
energy policy and energy security had to be con-
cerned with the amount of oil OPEC could put on 
the market. Today, at a time of oil supply surplus, 
but rising world demand, the Issue of OPEC 
capacity--particularly the capacity of the nations of 
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the Persian Gulf--is once again a major long-term 
energy security consideration of the United States.

production capability decline has apparently escaped 
the attention of most oil market analysts. 

OPEC nations' production Is not governed simply by 
market demand.	 Production policies are determined 
by the interplay of three mar factors: world 
demand for oil, physical ceilings owing to technical 
reservoir characteristics and production capabilities, 
and policy ceilings on production. At any point in 
time, one of these three factors weighs heaviest in 
determining production levels, but it Is misleading to 
suggest that the OPEC nations respond only to oil 
demand or, say, only to domestic, economic, or 
P oli t ical pressures in deciding production levels. 

Oil demand and market responses have a different 
significance for oil exporters, 	 depending on the 
status of the market. If the market is in a state 
Of glut, with spot prices significantly below official 
Prices, the exporters will at first strongly resist 
downward adjustments and try to maintain nominal 
prices before reducing official prices. As the cur-
rent oil market softness is expected to last for a 
number of years, the OPEC nations' most obvious op-
tion would be to curtail production. Contrary to 
conventional wisdom in the West that OPEC nations 
formulate their production and price policies in order 
to slow down a longer-term switch away from oil, 
this consideration plays little or no role in OPEC's 
decision-making process, according to the East-West 
Center's analysis. The decision making is simply not 
geared to many long-term concerns; it Is dominated 
by short- and medium-term considerations. 

There are clearly physicai limits to output that 
Place a ceiling on oil production. Outside of the 
Gulf states and Venezuela, all OPEC members have 
relatively small reserves, and none could sustain 
production much in excess of two million barrels per 
day for more than a few years. If the market 
softness continues, the physical ceilings will not be 
a determining factor until the late 1990s. However, 
if demand picks up, the ceilings might emerge by 
the early 1990s. 

Policy ceilings involve the curtailment of production 
for political and economic reasons. This is mainly 
applicable to the Gulf states, which have the largest 
reserves and potential production capabilities. Saudi 
Arabia and Kuwait have for long periods of time 
placed official and unofficial ceilings on their 
production. The United Arab Emirates (UAE) maintain 
"aliowables" (ceilings); 	 post -revolutionary Iran is 
restricted to a ceiling of around three million bar-
rels per day. Iraq has a physical ceiling of 
3.5 million barrels per day and may be prepared to 
reach that level if there is sufficient demand.

The future production outlook	 of the OPEC countries 
will be	 much	 affected by	 their current	 Investment 
and planning	 decisions. Just	 as oil consumers have 
lost interest	 in	 future all supplies, a number of key 
OPEC countries	 have seen	 little merit	 in	 maintaining 
their higher	 production capacity. Indeed,	 the	 oil

OPEC production capacity has undergone a major 
shift since the second oil shock. Table 1 shows 
1979 production capacity and estimates of OPEC 
capacity in 1988. The largest decline in capacity 
has taken place in the Persian Gulf, particularly in 
Saudi Arabia and Iran.

TABLE 1 

(EAPGI?G OPEC PRWJCTIG4 CAPACITIES, 1979-88 
(MBD)

% Change 
1979 1988 1979-88 

Iran 7.0 2.8 -60 
Iraq 4•0 2.7 -38 

(Export Constrained) 
Kuwait 3.3 1.7 48 
Saudi Arabia 10.8 6.5 -60 
hAS 2.0 2.0 --
Qatar 0.6 0,5 -17 
Neutral Zone 0.6 0.5 -17 

Total Gulf 28.3 16.7 -42 

Indonesia 1.8 1.3 -28 
Libya 2.5 1.4 -44 
Ecuador 0.2 0.3 50 
Venezuela 2.4 2.5 +4 
Gabon 0.2 0.2 --
Algeria 1.2 0.8 -33 
Nigeria 2.5 1.8 -28 

Total OPEC 39.1 25.0 '36

Table 2 shows the current and preferred level of 
output of OPEC oil in 1988. It can be seen that 
OPEC produced 17.5 million barrels per day in the 
first quarter of 1988 versus OPEC quota of 
15.06 million barrels per day for 12 countries ex-
cluding Iraq. At the same time, OPEC's preferred 
output level was 21.5 million barrels per thy. The 
preferred level of output is defined here as the 
level with which OPEC would be satisfied, given 
each country's economic, political, and international 
posture. 

As demand for OPEC oil increases, we should be 
much more concerned with approaching the preferred 
output than the total physical capacity. Indeed, 
says the Center, if demand for OPEC oil rises 
another 1.5 to two million barrels per thy by 1990, 
approaching 90 percent of the preferred output 
level, an increase in the price of oil is likely. 
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TABLE 2 

OPEC aJHRnqr CAPACITY AND PREFERRED (xrrPu'r, 1988 
(MBD) 

Current 
1st Quarter 1988 Preferred Estimated 
Actual Quota Output Capacity 

Iran 2,000 2,369 2,500 2,800 
Iraq 2,460 -- 3,000 2,700 

(3,500)* 
Kuwait 1,000 996 1,250 1,700 
Saudi Arabia 4,250 4,343 5,000 6,500 
UAE 1,070 948 1,500 2,000 
Qatar 250 299 500 500 
Neutral Zone 200 -- 500 500 

Total Gulf 10,325 8,955 149250 16,700 

Indonesia 1,260 1,190 1,300 1,300 
Libya 920 996 1,300 1,400 
Ecuador 310 221 310 300 
Venezuela 1,700 1,571 1,900 2,500 
Gabon 180 159 200 200 
Algeria 600 667 600 800 
Nigeria 1,300 1,301 1,600 

Total OPEC 17,500 15,060 21,450 25,000 
(25 ,800)

Production Capacity is 3,500 1180. 

Outlook Based on Balance of Trade 

A rough estimate of the impact of lower and higher 
oil prices on the trade balance of certain key OPEC 
nations was made,	 given their estimated export 
potential. The results are not surprising, though 
they do contradict certain superficial analyses of the 
economies of the OPEC countries. 

For Saudi Arabia, Kuwait, and the UAE, lower and 
higher prices essentially translate Into higher or 
lower trade surpluses. If their budget is higher 
than their oil income, they will simply need to 
spend a little less. Lower oil revenues do hurt but 
not by as much as we have been led to believe. 
For Iran and Iraq, the situation is somewhat dif-
ferent.	 Both face significantly larger Incomes 
through 1995 under either high or low oil price

scenarios. While Iraq Is under pressure to begin to 
pay back her war debt, Iran, with almost no foreign 
debt, will experience a significant increase in for-
eign exchange. The Iranian economy Is expected to 
do better than any other Gulf economy over the 
1990-1995 period. 

On the whole, the longer-term outlook of OPEC 
countries Is based on their likely output of oil and 
the growth of their non-oil exports, together with 
their ability to control imports. For high population, 
non-Gulf exporters, the outlook is troublesome over 
the 1990s, particularly In the light of their limited 
oil export potential and the possible negative politi-
cal ramifactions of reducing imports. 
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TECHNOLOGY 

LURCH Cm GASIFWR ACCEPTS WASTE FEEDSTOCKS 

Most of the commercially available refuse-to-energy 
technologies are based on combustion of the refuse, 
either with or without prior preparation, In dedi-
cated Incinerators. Modern incinerators are usually 
producing steam for power generation. 

Municipal waste is difficult to burn properly because 
of Its highly variable nature in composition, size and 
Inert materials. Various waste processing steps are 
commercially available to remove inert materials 
(which In turn can be recycled) and make the waste 
material more homogeneous, thus improving its com-
bustibility. However, even when the waste in-
cinerators are supplied with processed fuels--such as 
refuse derived fuel (RDF)-- the operation of the in-
cinerators is not always in compliance with the en-
vironmental regulations. The main shortcomings of 
the incinerators is that they must satisfy an exter-
nal energy requirement and therefore must produce a 
predetermined amount of steam. Changing operating 
conditions related to the variability of the waste 
cannot be accommodated. 	 This can result in un-
desirable gas effluents,	 Including compounds like
dioxins and furans. As a result, the siting and per-
mitting of new incinerators, particularly in the 
vicinity of densely populated areas has become ex-
tremely difficult. 

According to Lurgi Gmbll, the concept of waste 
gasification in Lurgi's Circulating Fluidized fled (CFB) 
gasifier offers an excellent solution to this problem 
since it decouples the power generation from the 
waste destruction. The refuse can be gasified under 
controlled conditions so as to minimize the con-
centration of undesirable compounds in the gas. The 
gas produced in the gasification process is then 
combusted in conventional fossil fired boilers or fur-
naces. If necessary, prior to entering the combus-
tion furnace, the gas can be processed in conven-
tional gas scrubbers. 

CFB Process Background 

The CPU process was initially developed and patented 
by Lurgi for endothermal processes and first used 
for calcination of aluminum trihydrate. This process 
has evolved over the past 20 years to include adap-
tations for various reaction systems. The technical 
and economic advantages of this process have been 
demonstrated by successful commercial operation of 
over 30 such industrial plants. 

This success has led to the development and applica-
tion of the CFB technology to combustion of car-
bonaceous fuels in steam generating facilities. In 
the United States and Canada, this technology has 
been licensed to Combustion Engineering, Inc. As of 
now, more than fifteen large scale CFB boilers using 
LurgPs technology are in operation in Germany, the 
United States and Canada. Numerous other facilities

are scheduled to be on line in Europe, Japan, Korea, 
and the United States in 1989 and 1990. These in-
clude the largest ever utility-size CFB, a 150 MW 
(electrical) unit being built for Texas New Mexico 
Utility Company. 

A variety of fuels such as coals, lignite, anthracite 
residue (culm), biomass (wood, paper sludge) coal 
slurry, etc. will be combusted In these units which 
will operate in compliance with stringent environ-
mental requirements. 

The latest application of the CFB process is in 
gasification technology. After conducting extensive 
tests for gasification of various fuels In Its large 
CTh pilot plant in Frankfurt, Lurgi built and started 
up the first commercial 100 million BTU per hour 
CFB gasification plant in Pods, Austria. 

CFB Gasification Plant In Poels, Austria 

This first commercial CFB gasification plant was built 
for a paper mill and placed In operation in 1986. 
The facility can gasify approximately 8.5 tons per 
hour of bark (dry basis) and a slip stream of 
sedimentation sludge. The unit generates a low BTU 
gas--approximately 150 BTU per standard cubic root. 

CFB gasification takes place in a vertical chamber 
where properly sized fuel is fed continuously (see 
Figure 1). The bed material is fluidized by 
preheated air which Is Introduced through a grid at 
the bottom of the chamber. The fuel reacts with 
the air and the resulting gas flows upwards at a 
relatively high fluidizing velocity. The entire cham-
ber contains suspended solids. The solids concentra-
tion Is highest at the bottom of the chamber and 
decreases gradually towards the top. A considerable 
fraction of these solids is entrained from the cham-
ber by the gas and are separated from the gas by a 
recycle cyclone. The solids separated by the 
cyclone are returned to the bottom of the gasifica-
tion chamber. The high rates of internal and exter-
nal recirculation combined with the small particle 
size of the material make for very high heat and 
mass transfer rates and therefore result In rather 
high efficiency. 

In the Pods plant, the dry bark is fed from a 
storage hopper via rotary valves and a screw feeder 
(see Figure 2). After exiting the recycle cyclone, 
the product gas passes through an air preheater 
where it is cooled to approximately 1,080°F and a 
secondary cyclone where the final dust removal 
takes place. From the outlet of the secondary 
cyclone, the gas is ducted to the paper mill's lime 
kiln where it substitutes for oil. 

Gasification of Refuse Derived Fuel (ImP) 

In addition to gasification of wood and coal 
products, the CFB process shows great promise in 
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gasification of various types of biomass waste 
(industrial or agricultural), industrial waste (tires, 
plastics, etc.) and municipal waste, particularly ROF. 

Lurgi has conducted CPS gasification tests with ROF 
in its three MW (thermal) pilot plant located in its 
Research and Development Center in Frankfurt, West

Germany. The results of these tests have shown 
that RDF can be gasified successfully in a CFB unit. 
Moreover, the test proved that neither the Cit 
product gas nor the flue gas resulting after combus-
tion of the product gas had measurable levels of 
dioxins. Testing conducted on the ash discharged 
from the bed has shown that in accordance with 
German leaching tests, the ash can be categorized 
as non-hazardous. 

The product gas can be either a low BTU gas 
(approximately 150 BUD per standard cubic foot) in 
case the gasifier is air-blown or a medium BTU gas 
(approximately 300 BTU per standard cubic foot) 
when the gasification agent is a mixture of oxygen 
and steam. During the pilot plant testing of RDF, 
the gasification was conducted with air. The chemi-
cal composition of the product gas was: 

CO 2 11.6% 
CO 13.2% 
11 2 17.0% 
Hydrocarbons 4.996 
N 2 40.4% 
11 2 0 12.9%

Potential uses for the product gas include: 

- Firing of various furnaces such as lime kilns, 
cement kilns, dryers, etc. 

- Combustion in conventional fossil fired boilers 

- Combustion in fluidized bed boilers 

- Firing of gas engines, etc. 

Depending on the final use of the product gas and 
the environmental requirements, the gas may or may 
not require additional gas cleaning. 

In cases where the gas is used in lime kilns, cement 
kilns, fluidized bed combustors or similar applica-
tions, normally no additional gas cleaning is required. 
These processes have a good potential for absorbing 
sulfur and chlorides. Because of the high tempera-
tures, the carbon in the dust will be combusted. 
The remaining dust will be captured In the process 
dust collection equipment. If the gas Is to be used 
In applications that require a clean gas, the raw 
product gas needs to be cooled and scrubbed. 
Various conventional gas cleaning processing schemes 
can be applied. 

The simplest and most promising use of the RDF 
gasification product gas is as supplemental fuel in 
existing utility boilers. 

The concept of co-firing the RDF product gas and 
fossil fuel has several major advantages over other 
waste-to-energy concepts since it decouples the 
waste destruction from power generation: 

- The power generation Is not affected by the 
solid waste destruction; constant boiler load 
can be maintained by firing the base fuel; 
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- The boiler operates according to conventional 
industry practice, and fires only the base 
fuel and the RDF product gas; 

- Stringent environmental requirements can be 
met or improved; 

- The capital cost for RDF Is tow since there 
Is no need for new boilers, new power gen-
eration, etc.; 

- The operating manpower Is minimized; 

- The units can be easily retrofitted into ex-
toting plants; 

- Permitting of co-firing facilities Is simplified 
since there are no new emission sources (no 
new stacks). 

According to Lurgi, CPS gasification eliminates the 
main shortcomings of various incineration processes 
and has the potential to alleviate environmental and 
disposal problems as well as to recover the heat 
content of the waste. Therefore, CFB gasification 
should be of great interest to local governments, 
utilities, energy and resource recovery companies.

air mode partial oxidation has previously been con-
sidered to be too rich in nitrogen to be of use for 
the economic manufacture of gas streams containing 
a large proportion of hydrogen. Rather, such air 
mode partial oxidation processes have been developed 
to provide clean fuel for gas turbines. 

In the present invention a pressure swing adsorption 
(PSA) process Is employed In place of the wet car-
bon dioxide removal process. It was realized that 
the raw gas fed to the PSA system can contain a 
considerable proportion of nitrogen, without causing 
serious inefficiency, If the PSA process Is operated 
so that nitrogen is allowed to break-through into 
the unadsorbed, hydrogen containing, product stream. 
As a result the initial reaction of the feedstock can 
be effected with air, or very moderately oxygen en-
riched air, or even oxygen depleted air. Although 
the waste gas stream from the PSA system is of 
very low calorific value, its fuel value can be 
recovered, e.g. by catalytic combustion, and It is 
possible to design an energy balanced process. 

Accordingly the Invention provides a process for the 
production of a gas stream containing at least 
50 percent by volume of hydrogen comprising: 

- Subjecting n carbonaceous feedstock to par-
tial oxidation with an oxygen/nitrogen mix-
ture containing 15 to 35 percent oxygen so 
as to produce a crude gas containing 
hydrogen, carbon oxides, and nitrogen, 

IC! PATENTS PSA CYCLE FOR USE 
WITH 

AIR-BLOWN 
GASIFICATION 

United States Patent Number 4,725,381 Issued to 
A. Pinto and assigned to Imperial Chemical Industries 
PLC, is titled "Hydrogen Streams." 

This invention relates to the production of hydrogen 
streams containing at least 50 percent by volume of 
hydrogen from carbonaceous feedstocks, such as coal 
or heavy oil. 

Such gas streams are commonly made by reacting 
the feedstock with high purity oxygen, and also pos-
sibly steam, to produce a crude gas containing 
hydrogen and carbon oxides, followed by subjecting 
the crude gas to catalytic shift reaction with steam 
to convert carbon monoxide to carbon dioxide, with 
the concurrent production of more hydrogen. Any 
excess of steam Is then removed and the shifted gas 
in then subjected to a wet carbon dioxide removal 
process before final purification by methanation or 
by washing with liquid nitrogen. 

One disadvantage of such a process Is the cost of 
the air separation plant required to produce the high 
purity oxygen used for the reaction with the 
feedstock. Where nitrogen is desired in the product, 
e.g. for ammonia synthesis gas, this has been ob-
tained from the air separation plant. 

It has also been proposed to employ air in place of 
high purity oxygen for the partial oxidation 
processes.	 However, the gas produced by such an

- Subjecting the crude gas to catalytic shift 
reaction with steam to convert carbon 
monoxide to carbon dioxide, such that the 
shifted gas stream has a nitrogen content at 
least 10 times the carbon monoxide content, 
and a volume ratio of hydrogen to nitrogen, 
plus carbon monoxide, in the range 0.5 to 
1.5. 

- Cooling the shifted gas stream to condense 
any excess of steam to produce a raw gas 
stream. 

- Subjecting the raw gas stream to a pressure 
swing adsorption process to separate carbon 
oxides and nitrogen therefrom. The pressure 
swing adsorption process Is continued so that 
nitrogen break-through into the unadsorbed, 
hydrogen containing, product stream occurs, 
whereby the product gas stream contains at 
least 50 percent by volume of hydrogen and 
0.5 to 40 percent by volume of nitrogen. 

The raw gas fed to the PSA stage may contain up 
to a few percent of water vapor by volume, 
depending on the ability of the PSA stage to handle 
it, for example as a result of including a silica gel 
water adsorption section. Generally however, the 
water vapor content of the raw gas should be under 
one percent by volume. 

The volume ratio of hydrogen to the sum of nitrogen 
and carbon monoxide in the raw gas is preferably in 
the range 0.6 to 1.4.	 The nitrogen to carbon 
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monoxide volume ratio is preferably at	 least	 20,	 and 
may be	 as	 high	 as 200. The carbon monoxide con-
tent Is	 typically	 under	 0.5 percent by volume on a 
dry basis.	 The	 carbon monoxide content	 will	 of 
course	 correspond to	 the extent	 to which	 the	 raw 
gas has been subjected to the shift reaction.

By the process of the invention it is. possible using 
an easily attainable nitrogen to carbon monoxide 
ratio in the raw gas, to obtain a hydrogen product 
stream having a carbon monoxide content under 
100 ppm by volume without using in the PSA system 
a molecular sieve having substantially more affinity 
for carbon monoxide than nitrogen. 

The raw gas will also contain carbon dioxide in ad-
dition to carbon monoxide. The amount of carbon 
dioxide in the raw gas is typically in the range 10 
to 30 percent by volume on a dry basis. The 
volume ratio of the sum of nitrogen and carbon 
monoxide to carbon dioxide is suitably in the range 
1.3 to 4. The carbon dioxide will be essentially to-
tally removed in the PSA stage. 

In the PSA system at least four beds are used in 
order to provide for multiple pressure equalizations 
and thus increase the hydrogen product recovery. 
More preferably at least 10 beds are used. 

The preferred PSA stage differs from those previ-
ously proposed in the compositions of the raw and 
product gases and in the detailed operations ap-
propriate thereto. 

In the adsorption step the raw gas Is fed to the in-
let of the PSA bed in question and product gas is 
taken from the bed outlet. Within the bed during 
this step, gases more readily adsorbed than hydrogen 
are adsorbed onto the adsorbent. The most readily 
adsorbed components, water vapor and carbon 
dioxide, will be adsorbed in that portion of the bed 
nearest the Inlet until the adsorbent Is saturated 
with these components whereupon the adsorption 
front moves towards the bed outlet. The adsorption 
step is terminated before the carbon dioxide adsorp-
tion front reaches the bed outlet. Components of 
Intermediate adsorbability, such as methane, nitrogen, 
carbon monoxide, and argon, are also adsorbed In 
the bed but their adsorption fronts will generally be 
nearer to the bed outlet than those of carbon 
dioxide and water vapor. 

The adsorption step is continued until the nitrogen 
adsorption front has reached the outlet of the bed, 
i.e. so that nitrogen "break-through" occurs; in this 
way the composition of the unadsorbed product 
varies significantly with time. Integrated over the 
whole of the adsorption step, the unadsorbed product 
has a nitrogen content of one to 10 percent when 
making hydrogenating gas and 24 to 30 percent by 
volume when making ammonia synthesis gas. In con-
trast, In conventional PSA processes used for the 
production of technical hydrogen, the unadsorbed 
product contains typically over 99.99 percent by 
volume of hydrogen and there is essentially no 
variation in the composition of the unadsorbed 
product during the adsorption step.

In order to even out the composition of the unad-
sorbed product, It Is preferred to use a buffer ves-
sel Into which the unadsorbed product is fed, and/or 
to use a PSA system having a plurality of beds on 
adsorption duty at any one time but out of phase 
with one another. 

APPLICATIONS OF BIOTECHNOLOGY W SYNTHETIC 
FUELS UNDER STUDY 

In concept, biotechnology principles and practice 
should be of value in beneficiation and conversion of 
fossil fuels. Such applications of biotechnology are 
not likely to become commercial reality for some 
time.	 Still, some research and development efforts 
are under way. 

Perhaps the biggest immediate problem concerning 
energy biotechnology Is the necessity for the scIeji-
tific and technical communities to carve out an 
identifiable niche for it. Ideally, applications in the 
energy area would follow on from biotechnology's 
successes in the pharmaceutical industry, and in its 
use for developing high-value agricultural products. 
However, the technical end of the energy business is 
quite different. 

Opportunities include microbial desulfurization and 
solubilization of coal, gasification of coal, conversion 
of gaseous substrates to value-added products, 
microblally enhanced oil recovery, and various kinds 
of environmental cleanup. More distant targets for 
research and development would be surface modifica-
tion In coal and shale beneficiatlon, nitrogen and 
mineral removal, enhanced oil and gas recovery from 
tight formations, development of high-performance 
lubricants, and even carbon dioxide recycling. 

Energy biotechnology may be generally applicable to 
all fossil fuels. However, the emphasis has been on 
coal and, to a small extent, natural gas. 

The Eleventh Symposium on Biotechnology for Fuels 
and Chemicals was held May 8-12 In Colorado 
Springs, Colorado. Some of the research projects 
which were discussed at the meeting are summarized 
below. 

Bloaohzltlizatbm of Coal 

At the Idaho National Engineering Laboratory, culture 
fluids from microbial cultures (e.g., Trametes ver-
sacolor, Cunninghamella strain Yr.iL-1) grown in the 
absence of coal produced a material that enhanced 
the solubility of coals (e.g., Beulah Zap) in alkaline 
solutions. This material appeared to have a 
molecular weight of below 1,000 as determined by 
gel permeation chromatography. Data suggest that 
this tow-molecular-weight material is a chelating 
agent and enhances coal alkali solubility by removing 
metal Ions from the coal matrix. 
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As pan of an effort at the University of Idaho to 
use microorganisms to liquefy coal, bacteria with the 
ability to depolymerize a water-soluble lignite coal 
polymer were isolated from coal-containing soils from 
Texas, North Dakota, and Mississippi by aerobic en-
richment using coal as the sole carbon source for 
growth in an inorganic nitrogen-mineral salts medium 
at P'1 5.5 and 30 0 C. Pure cultures, were Isolated 
and one Isolate, strain 07, identified as a Pseudo 
monas species.	 Pseudomonas 07 was shown in the 
laboratory to have partially depolymerized a Virginia 
lignite coal polymer.	 Various structural and chemi-
cal	 changes were observed as the result of
Pseudomonas-mediated attack on the coal. 

At Oak Ridge National Laboratory, the solubilization 
of low-ranked coals by fungi, such as Paecilomyces 
in defined submerged culture systems has been 
demonstrated. Anaerobic methanogenic consortia 
have been developed which remain active and viable 
in the presence of the aqueous coal product. 
Anaerobic biodegradation of the coal liquid and 
several model compounds, such as vanillin and naph-
thol, have been observed. The continuing goal Is to 
develop cultures able to convert the aqueous coal 
product into methane or fuel alcohols. 

In other work at Oak Ridge, both oxidative and 
reductive enzymes have been utilized to enhance 
coal solubilization in aqueous and organic media. 
Aerobic solubilization was carried out with oxidases 
in a relatively polar media, while solubiuzation in an 
anaerobic environment was conducted with reducing 
enzymes (dehydrogenase or hydrogenase) in both polar 
and nonpolar organic media. Most of the reactions 
occurred during the first four hours with up to 
65 percent of the coal solubilized. 

A number of microorganisms have been described 
which utilize coal as a carbon source or which 
solubilize coal producing water-soluble degradation 
products. Microorganisms tested for coal 
biosolubilization include natural populations of bac-
teria and fungi isolated from decaying wood, forest 
soil, pond sediments, coal piles, and weathered coal 
outcrops. The Yellowstone Park ecosystem, with 
nearly 10,000 geothermal features, has the most 
varied environmental habitats found in one location 
on earth. Extremes are common. Water tempera-
tures range from cold mountain streams to boiling 
geysers. Strongly acidic (pH below one) and strongly 
basic (pH above 10) waters can be found in this 
region. High concentrations of some Ions present 
unique environments for evolutionary adaptations. 
Water samples were collected from these extreme 
environments and thermophitic microorganisms have 
been isolated by J. K. Research and screened for 
their ability to biosolublllze coal. 

Microbiological lnvestigatkrm of Oil Shale, Gilsonite, 
and Tar Sands

In a	 cooperative project	 between Idaho National En-
gineering	 Laboratory	 and the	 University	 of Utah 
samples	 of	 oil shale,	 tar sands, and	 gilsonite were 
collected	 from	 the	 Green River Formation	 of the 
Uinta	 Basin	 in	 Utah. Both microbiological and

chemical characteristics of the samples have been 
Investigated. The Green River formation Is relatively 
pristine in	 geological character	 and	 therefore 
provides a	 view	 of	 fossil fuel	 formation	 less	 dis-
rupted by	 the	 forces	 of nature	 than	 most	 other 
areas. Pyrolysis gas	 chromatography/mass 
spectrometry was used to qualitatively determine	 the 
chemical character of	 the organic components 	 in the 
samples. Microbial	 isolates	 from	 the	 samples	 were 
screened for	 their	 ability to grow	 with	 model com-
pounds as	 the	 sole	 source of	 carbon.	 About	 one-
third	 of the	 isolates	 grew well	 on	 the	 model	 coin-
pounds.

Fuels Production from Synthesis Gas 

At the University of Arkansas it has been found that 
the components of synthesis gas, CO, 11 2,and CO2 
may be converted into methane biologically through 
either acetate or 112/002 as Intermediates. Of these 
two routes, conversion through 11 2 /002 is preferred. 
Work at Arkansas has involved mixed culture studies 
employing the photosynthetic bacterium R. rubrum for 
conversion of CO to CO 2 and H2 by thewater gas 
shift reaction and two methanogens, M. formieicum 
and M. barkerl, for converting 002 and H 2 into 
methane. Id-culture operation has been 
demonstrated in a variety of reactors, including 
batch, stirred-tank, bubble-column, and packed-bed 
reactors. 

At the University of Arkansas, also, a bacteria has 
been isolated that is capable of producing ethanol 
from synthesis gas through indirect liquefaction. 

Production of Alcohols from Carbon Monoxide 

At Michigan State University continuous, steady-state 
fermentations using carbon monoxide gas as the sole 
carbon and energy source have been achieved using 
Butyribacterium methylotrophlcum. Fermentation pH 
was found to regulate carbon monoxide metabolism 
over the p11 range of 6.8 to 5.0. Cell growth 
diminished at low pH, with washout occurring at a 
PH of 5.0. As observed previously In batch culture, 
lower p11 values favored production of butyrate over 
acetate. 

At low pH values, direct, steady-state fermentation 
of carbon monoxide to alcohols has been verified. 
Of major significance Is the production of butanol 
from carbon monoxide in pure culture. This newly 
identified pathway provides a potential mechanism 
for direct bioconversion of synthesis gas to butanoL 

Microbial Conversion of Brown Coal to Gaseous 
Energy 

At the Institute of Microbiology and Virology in the 
USSR, the ability of various microbial cultures to 
solubilize coal and generate gaseous energy sources 
from the coal conversion intermediates obtained was 
investigated. From various econiehes 10 enrichment 
cultures able to form gaseous energy sources from 
coal under mesophillc conditions were identified. 
Mixed cultures	 of	 these	 mesophllic anaerobic
microorganisms possessed enhanced ability to convert 
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coat into gaseous energy sources.	 In the presence 
of hydrogen, oxidized coals are converted by 
anaerobic association of microorganisms but microbial 
synthesis of methane from coat Is inhibited. 

Mkroltology to Enhance Oil Recovery 

Microbial experiments to study enhanced oil recovery 
have generally been conducted using vegetative 
microorganisms and one	 dimensional laboratory 
models. With the support of the Alberta Oil Sands 
Technology and Research Authority the University of 
Calgary developed a procedure utilizing microor-
ganisms called ultra microbacterla (LIMB) to assist in 
oil recovery by virtue of their growth properties.

UMB or starved bacteria (0.2 to 0.3 microns) have 
the ability to penetrate deep Into model rock cores 
and respond to nutrient stimulation by effectively 
plugging these matrices by cell growth and polymer 
production. By contrast vegetative cells or full size 
cells tend to form "skin plugs" at or near the well 
bore. Experiments to date have shown penetration 
of UMB and resuscitation upon nutrient stimulation, 
followed by reduction In permeability, and also that 
UMB penetrate and plug the most permeable areas in 
differentially permeable sandpacks. 
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INTERNATIONAL 

FINNISH ENERGY RESEARCH PROGRAMS FOCUS ON 
GASIFICATION 

The energy research In Finland financed by the Min-
istry of Trade and - Industry was reviewed and reor-
ganized in 1988. More emphasis has been placed on 
long-term basic research and the main research ac-
tivities have been grouped into large goal-oriented 
project-like research programs. These programs are 
carried out, financed and utilized by the major in-
dustrial companies, universities, research institutes, 
government authorities and agencies and other 
relevant parties. 

The energy research carried out previously aimed 
primarily at solving the energy problems that 
emerged in the 1970s. From now on, energy 
research will be directed more towards longer-term 
goals.	 The basic issues concern future uncertainties
about energy supply and potential environmental im-
pacts.	 This implies an increasing contribution by 
basic scientific research. 

The new research strategy Is more selective than 
before. The Increasing role of international energy 
research cooperation has made it possible for Finland 
to focus its national research efforts on its own 
areas of expertise without too much risk of repeat-
ing work done elsewhere.

The priority areas are different from those in many 
other countries, especially larger ones. in Finland, 
the focus is on small and medium scale technologies 
that have special relevance In Finnish conditions. 
At the same time, the research Is being directed at 
those areas where Finnish technology and know-how 
Is at a high level internationally speaking. Energy 
end-use technologies have a high profile. The same 
applies to indigenous fuel sources--peat and biomass. 
Special attention is being paid to combustion 
processes and energy use in the paper and pulp in-
dustry. 

The new organizational research strategy is different 
from the previous one, too. Earlier, research was 
organized into several research areas, each of which 
included a large number of separate projects. The 
total number of active research projects annually 
was about 300. Now, the core of the research has 
been organized into 10 large national energy 
research programs.	 Each program has a set time
period and is organized as a goal-oriented project. 

Five of the programs are related to efficient end 
use of energy, and the other five to energy produc-
tion and conversion. In addition, several of the 
programs have a strong environmental motivation. 

Current funding levels for these programs are listed 
in Table 1. 

TABLE 1 

FU?C1 pC OF FINNISH RESEARCH PA 
(Million Dollars)

Ministry	 Estimate 
of Trade	 of 

and industry	 Total
Contribution Funding 

Program	 in 1989 1988-1992 

"ETWL,' Energy-Efficient Buildings 
and Building Components 1.1 7-9 

"LVIS-2000, 0 Future Building Services 1.9 14-16 
'Nt),	 Advanced Energy System and 
Technologies 2.3 16-19 

"LII," Combustion Technology 3.3 28-30 
"ADEWA," Artificial Oewatering of Peat 0.4 2-4 "JALO," Fuel Conversion 1.3 10-12 
*Qfl.flJn_yw Peat Production Based on 
Solar Energy 1.1 9-10 

"KUITU," Energy-Efficient Mechanical 
Pulping 0.7 79 "RAINS," Energy-Efficient Paper Production 1.4 16-19 

"SIJLA," Energy-Efficient Metal Production 1.5 14-16 

TOTAL 15.0 130-140
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Advanced Energy System and Technologies (NEMO) 

New energy technologies are the global key areas In 
long-range energy research.	 Typical examples are 
thermal and electrical storage, superconductivity, 
wind and solar energy, hydrogen technology, fuel 
cells and integrated energy systems. The main goal 
of the NEMO program Is to assess the impact of 
new energy technologies on Finland's future energy 
system. 

Artificial Dewatering of Peat (ADEWA) 

The program aims at developing peat production 
methods not dependent on solar energy for drying. 
With new dewatering methods, peatland that is cur-
rently unusable because solar-energy drying methods 
are Impracticable could be exploited. 

ADEWA	 investigates	 both mechanical and ther-
mochemical	 dewatering	 methods. The aim Is	 to 
produce peat	 with	 a	 30-50 percent dry matter con-
tent.	 At	 the	 same	 time, the	 aim	 is to recover 
valuable peat	 chemicals	 and process	 the peat further 
chemically.

Fuel Conversion (JALO) 

Clean gaseous or liquid fuel can be produced from 
pulping spent liquors, solid fuels and waste. These 
conversion processes can be used both in energy 
production and in the process industries. 

The key goal of the "JALO" program is to develop 
new thermal conversion processes. The first step is 
to develop the integrated gasification combined cycle 
and thermal black liquor conversion to an industrial 
level. 

Combustion Technology (UEKKI) 

The goal of the "LIEKI(I" program Is to increase the 
efficiency of electricity production at power plants 
and to reduce the environmental impact of combus-
tion. The program gives particular attention to the 
use of solid fuels in district heating plants and 
large and medium-sized power plants. A key aim is 
to develop an energy generation method based on 
pressurized techniques. 

Peat Production Based on Solar Energy (On'! MITURV E) 

The purpose of the "OPTIMITURVE" program Is to 
double the efficiency of peat output by developing 
production methods which make efficient use of solar 
energy to dry the peat. 

Development of Gasifiers 

Research has been focused on the development of 
gasifiers, especially on fixed-bed technology, but also 
on fluid-bed gasification. Both air and oxygen 
gasification have been studied. This work, done in 
cooperation with the Finnish Industry, has resulted in 
commercial products.

Mainly indigenous fuels have been studied, while 
other solid fuels have also been included. The 
latest topic of research Is pressurized fluid-bed 
gasification, the final aim being the use of gas in 
gas turbines. 

Raw gas from the gasifiers contains impurities and is 
suitable as such for combustion in the vicinity of 
the gasifier, for example in warm water and steam 
boilers, chip dryers and lime sludge rebutting kilns. 
The aim is to develop the purification methods to 
such a level that the purified gas can be distributed 
In the area of the factory for several parallel uses: 
engine and turbine fuel, for industrial processes, and 
raw material for industry. 

The peat ammonia factory In Oulu is the first in-
dustrial synthesis gas plant In the world using peat 
or biomass as raw material. The gasification process 
was chosen on the basis of peat gasification experi-
ments carried out at foreign pilot plants. 

The Finnish experimental research has been focused 
on the pretreatment of peat, the behavior of peat 
ash and gasification properties of peat. For the 
determination of peat reactivity a fluid-bed system 
was developed, on which it is possible to simulate 
conditions of fluid-bed gasification. The behavior of 
peat ash in a reducing atmosphere Is also studied 
using this equipment. 

In addition to the peat-ammonia venture, the 
production of chemicals and Liquid fuels from peat 
and biomass Is also being studied. 

Peat-Ammonia Plant 

The most significant event of the year was the 
start-up of the peat ammonia factory of ICemira Oy 
in Oulu. The plant will manufacture 80,000 tons per 
year of ammonia from synthesis gas using sod peat 
as raw material. The peat Is dried in a steam 
dryer and gasified under 10 bar in a fluidized bed 
gasifier. A three-year agreement is under way on 
further research into peat pretreatment, gasification, 
gas clean-up and waste waters, as well as on ex-
perimental work on combined-cycle power plants. 

The Laboratory of Fuel Processing and Lulriatlon 
Technology 

A significant part of the overall energy research 
program Is carried out at the Laboratory of Fuel 
Processing and Lubrication Technology of the Techni-
cal Research Centre of Finland. 

Of the ten national research programs initiated by 
the Ministry of Trade and Industry in 1988, the 
program of fuel conversion (JALO) combustion tech-
nology (LIEKKI), new energy systems (NEMO), and 
peat dewatering methods (ADEWA) are the most sig-
nificant ones with regard to the activities of the 
Laboratory. The program involves basic and applied 
research into processes and supports experimental 
development of new process concepts. Development 
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of international cooperation within the International 
Energy Agency, the European Community and the 
Nordic Countries is also significant. 

The laboratory has 76 employees, of which 44 are 
university graduates or college engineers. Total 
financing in 1988 was FIM19 million ($4.4 million) of 
which 4.3 million was channeled through the state 
budget, 8.7 million through other State funds and 
6 million from the private sector. Extension of the 
test hall and construction of a new laboratory build-
ing with facilities for exhaust gas research were 
commissioned in 1988. With the new building being 
completed in 1990, the construction era of many 
years' duration will be finished and experimental ac-
tivities will be transferred to the new efficient 
facilities. 

NCA SEES OIL DEPENDENCY AS A THREAT TO UNIFIED 
EUROPE 

The 1992 economic unification of Europe is 
threatened by the continued dependency on imported 
oil says the National Coal Association (NCA). 

"Imported oil is a hand around the throat of every 
nation that falls into deeper dependence on It. And 
this includes the United States and whatever n new 
Europe will hope to become in the decades alter 
1992," NCA President Richard L. Lawson told the 
Fourth U.S.-European Coal Conference. 

"Nations with few or no energy resources must be-
come aware of the true cost of imported oil and 
import dependence. 

With the embargo of 1973, oil became more than a 
source of energy. It became a tool of international 
politics and a political weapon. The true cost of 
oil for dependent nations includes a high probability 
of having to twist and bend their policies to accom-
modate the agendas of nations that dominate oil. 
The agendas seldom match their policy goals, he 
argued. 

With the Persian Gulf crisis of 1987 and 1988, oil's 
power to draw nations into conflict was amply 
demonstrated. When the tensions were at their 
peak, the United States, Britain, France, Italy, Bel-
gium and Holland all had naval forces in and around 
the Gulf. More than 70 warships were on station. 
Two of the principal reasons were to keep open the 
Straits of Hormuz, through which much of a depend-
ent world's oil is shipped, and to keep stable the 
Persian Gulf region in which about two-thirds of the 
world's oil reserves are located. 

"By one reckoning made in the United States, the 
cost of United States preparedness and deployment 
raised the true cost of United States imports to a 
little more than $49 a barrel, although the market 
price was about one-quarter of that figure. But the

reckoning failed to calculate what would have hap-
pened to the world oil market, the world's economies 
and the aspirations of developing nations if a major 
portion of the world's oil reserves had fallen to the 
control of those who would turn oil on and off as a 
way to work their will. Thus the true cost of 
creating a new Europe, or a new age that is de-
pendent on oil for its driving force, and of import-
ing that oil, can be exposed as high indeed." 

The only way to live with the geographic and politi-
cal distribution of oil in the long-term Is to break 
the power of imported oil; drive it out of dependent 
economies and to make it part of growth only where 
nothing else will serve. If this is not done, im-
ported oil will take and hold hostage the hopes of 
nations,	 and even continental economic unions, 
without adequate energy resources of their own. 

Lawson said that increased coal use is one step that 
has helped change the balance, to check and then 
counter oil's destructive power with constructive 
power. In fact, since the 1973 embargo, world coal 
production and use has Increased the equivalent of 
15 million barrels of oil a thy. 

"Fifteen million barrels of oil a day is more than 
the average daily imports in 1987 for all of the 
European nations in the Organization for Economic 
Cooperation and Development. 

Coal is one source of energy that competes 
favorably with oil in price and is well suited for 
the generation of electricity and for industrial ap-
plications, both vital to economic strength and 
security, he said. 

In conclusion, Lawson stressed that with reserves of 
250 billion tons, the equivalent of almost one trillion 
barrels of oil, the coal industry provides security, 
reliability, and low cost availability. 

The development of Europe 1992 will do much to 
determine the shape and form of things to come. 
Economically united Europe will be the largest player 
on the world stage. "Few things happening in the 
world of today are as important to the world of 
tomorrow as the Europe to be born in 1992, and the 
way she handles her energy requirements," says Law-
son. 

CHINA MAY REVERSE OIL EXPORTING STRATEGY 

Exported oil once brought China billions of dollars in 
hard currency. Oil accounted for a quarter of the 
country's total export earnings in 1985, when China 
sold 30 million tons of oil overseas. 

Declining prices, however, have knocked oil out of 
its position as number one export product, as oil 
sales only accounted for 7.5 percent of the total 
foreign exchange earnings last year. 
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The situation, coupled with a severe shortage at 
home, is making the government and the industry 
think twice about whether to continue to increase 
shipments in an attempt to make oil China's major 
earners of foreign exchange. 

The China International Engineering Consulting Cor-
poration (CIECC) has taken the lead In advocating a 
dramatic reduction in petroleum exports. Its experts 
are lobbying to import oil, since the product is 
cheap on the international market. 

The CIECC is advising the country's decision-makers 
to export 10 million tons less of crude oil and to 
import six million tons a year. 

The CIECC advice is based on their analyses of the 
world market, which indicate that oil prices will 
remain depressed in the near future. 

Increased oil costs have resulted in an energy-saving 
and oil-substitution drive around the world. OPEC 
seems to have difficulty preventing Its members from 
breaking their production limits and selling below the 
price of $18 a barrel. Both Iran and Iraq are 
trying to sell more to pay their debts and recover 
from the damages of their war. 

On the domestic market, although China produced 
137 million tons of crude oil and 13.9 billion cubic 
meters of natural gas last year, the gap between 
supply and demand was still big, hindering the 
development of the national economy, especially the 
petrochemical industry.

To make up for the shortfall in hard currency earn-
ings because of reduced oil exports and the cost of 
imports, CIECC experts say that more oil should be 
used in the petrochemical Industry, especially in 
ethylene production, when the prices of the product 
keep rising on the world market. 

The ratio of ethylene prices to crude oil prices has 
risen from 4:1 in the late 1970s to 12:1 and 
ethylene plants in the United States are producing 
at 95 percent of capacity. 

China's ethylene industry, with an annual production 
capacity of 1.6 million tons, produced 1.2 million 
tons of the material and consumed 4.8 million tons 
of crude oil last year. 

CIECC experts are advising the petrochemical in-
dustry to grasp the opportunity to boost production 
at a time when ethylene prices are high. 

However, 6.5 million tons of crude oil will be 
needed in 1990, or 4.5 percent of the years ex-
pected oil output, to cope with the efforts to boost 
ethylene production. 

CIECC experts suggest that eight to ten percent of 
the country's total oil output be used by ethylene 
plants by the year 2000. 

This goal will rely on export reduction and increased 
imports. China imported 800,000 tons of oil last 
year, mostly from Southeast Asian countries. 
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ENVIRONMENT 

ENVIRONMENTAL PRESSURES TO DRIVE ENERGY POLICY 
OPTIONS IN THE 1990s 

Energy policy options for the United States during 
the 1990s will be increasingly influenced by environ-
mental factors, according to I. Leibson, president of 
BOLD Technologies. Speaking at the Council on Al-
ternate Fuels meeting which was held in Tucson, 
Arizona, he noted that Rachael Carson's book, Silent 
Spring, stimulated a major explosion of interest in 
the environment in the early 1960s. This led to a 
major interest and concern for environmental matters 
on the part of the American public which was fol-
lowed by one major piece of environmental legisla-
tion after another. Today virtually everyone has 
some knowledge of environmental matters. 

The result has been a proliferation of environmental 
regulations at the national, state and local level 
which has created substantial costs for compliance 
and enforcement. With respect to federal environ-
mental rules, (as shown in Figure 1), since 1972 the 
number of pages of regulations have soared from a 
level of 500 In 1972 to almost 9,000 in 1987 cover-
ing the total range of clean air, water, toxic sub-
stances, pesticides, solid wastes, and a variety of 
other considerations. 	 There has also been a
proliferation of environmental regulatory requirements 
at the state level as well. 	 We can expect a fur-



ther growth in environmental regulations under the 
present administration. Leibson believes that cost-
benef it analyses should be incorporated into the 
decision process on any new environmental regulatory 
requirements as a way to insure that proper balance 
is achieved between environmental protection and 
energy production and use. 

FIGURE 1 
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SOX- NON, and Ozone Non-Attainment 

There Is a major movement in Washington to amend 
the Clean Air Act. The principal thrust has been in 
two areas of concern: 1) reduction of SO, emis- 
sions from existing power plant sources via retrofit 
technology or mandates for the use of low sulfur 
coal or some combination of the two; 2) in specific 
areas of the country which are non-attainment for 
ozone control, a requirement for the use of motor 
transport fuels containing oxygenated materials such 
as methanol or ethanol. 

In the case of reduction of SO, and NO  emissions 
from existing power plant sources, any near-term 
mandate for a substantial reduction would lock in-
dustry into the use of those relatively high cost 
technologies which are now commercially available. 
The current cost sharing programs of the Department 
of Energy for demonstration and deployment of the 
clean coal technologies, if successful, could be ex-
pected to substantially reduce, by a factor of two-
or even three-fold, both the capital requirements 
and the operating costs associated with nitigation of 
SO X and NO  emissions. This means that any sub-
stantial reduction In emissions should wait for at 
least ten years for its implementation. Otherwise, 
severe economic dislocations in some regions of the 
country (such as the midwest) and a corresponding 
loss of international economic competitiveness of 
energy intensive exports can be expected to occur. 

Substantial interest has been generated in the use of 
oxygenated fuels such as methanol in transport fuels. 
Leibson estimates that the total investment require-
ments for converting natural gas to methanol and 
delivering It to the marketplace in sufficient quan-
tity to replace 10 percent of the current gasoline 
consumption in the United States with M-85 methanol 
motor fuel is approximately $32 billion. The 
M-85 motor fuel cost is 75 cents per gallon on a 
hydrocarbon energy basis compared to the current 
cost of motor gasoline derived from refining 
petroleum at about 50 cent per gallon at the plant 
gate. Thus, under present circumstances, a substan-
tial subsidy or other form of incentive would be re-
quired for M-85 fuel to penetrate the motor gasoline 
market. 

Global Warming 

A substantial level of interest in global warming 
(known as the greenhouse effect) was generated last 
year by the media arising in part from the severe 
drought condition and hot weather that afflicted 
much of the United States last summer. Figure 2 
shows the various gaseous emissions arising from 
combustion of fossil fuels. Forecasts have been 
made from mathematical models indicating that global 
temperatures may increase by several degrees Fah-
renheit by the early part of the next century caus-
ing a problem of potential melting of the polar ice 
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caps with inundation of coastal areas and major 
climate changes by the middle of the next century. 

FIGURE 2 
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Figure 3 shows the history of atmospheric CO 2 con-
centrations from 1860 to the present with a forecast 
prepared from various computer models to 2040. It 
Is clear that 002 has Increased from 280 ppm 
(corresponding to a pre-industrial revolution level) to 
about 305 ppm In 1950 and to about 350 ppm today. 

FIGURE 3 
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Legislation has been introduced to mandate n reduc-
tion in 00 2 emissions by requiring a 20 percent 
reduction in coal use by the year 2000. Interest is

also growing in a 002 emissions tax. On the other 
side of the coin, many members of the scientific 
community question the need for any quick policy 
actions emphasizing that the requisite data and un-
derstanding of the global warming phenomenon are 
lacking. Some speculation exists that the warming 
of the United States by about one degree during 
this century may have occurred because of popula-
tion Intensity increasing in major cities rather than 
the greenhouse effect. 

Nevertheless, despite the controversy which has 
ensued on this issue, it appears clear that there will 
be more Congressional hearings, more speculation on 
what should be done about the issue, international 
gatherings to discuss and propose action to prevent 
the further denuding of forests and jungles, con- 
sideratIon of potential limitations on the use of fos- 
sit fuels, and other measures to deal with the 
potential greenhouse effect during the coming 
months. 

If indeed the greenhouse effect Is real, the avenues 
open to arrest its progress are limited. In 
electricity generation, only nuclear power and the 
renewable energy options, such as solar and wind, 
are comparatively free from CO 2 emissions. At this 
point, the utility industry appears to be unwilling to 
contemplate any new nuclear plants. The solar and 
wind technologies have serious economic limitations. 
Figure 4 shows the comparative estimated emissions 
of 00 2 from various fuels and technologies. 
Restricting the use of fossil fuels, particularly coal, 
flies in the face of practical economic necessity. 
Furthermore, a recent study by the Washington Policy 
and Analysis Consulting Group states that 002 emis-
sions arising from coal use in the United States 
amount to approximately three percent of global 
greenhouse gases, much less than one would be led 
to believe from current media and public concern 
over United States coal as a significant contributor 
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to the greenhouse effect. Consequently, if the 
greenhouse effect is real, one is driven to consider 
measures other than mitigation of emissions through 
restrictions on fuel use or technology selection. 

Removal of CO 2 via scrubbing of fossil fuel combus-
tion exhaust gases is prohibitively expensive using 
current commercially available technologies. 
However, improved fuel combustion or utilization ef-
ficiency can reduce CO 2 emissions. Thus, the cur-
rent clean coal technology program of the Depart-
ment of Energy is important In providing funding to 
permit the demonstration and deployment of these 
technologies. 

However, it is important to recognize that the 
greenhouse effect is global in nature. 	 Other less

developed countries will continue to use their In-
digcnous energy resources such as oil or coal. Col- 
lectively, their CO 2 emissions will substantially 
exceed those arising from the United States. About 
a quarter of the worlds CO 2 emissions are produced 
by the combustion of fossil fuels in the United 
States. Deforestation results in approximately 
another quarter of the added CO2 and the remainder 
arises from the combustion of fossil fuels worldwide. 
Therefore, an international approach will be required 
In attacking this issue. Much more work needs to 
be done to understand the phenomenon and to decide 
what, if anything, should be done about it. 

14t#4t 
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RESOURCE. 

USGS REDUCES ESTIMATES OF UNDISCOVERED OIL AND 
GAS 

A new assessment by the United States Geological 
Survey greatly reduces the estimate of undiscovered 
United States oil and gas resources from previous 
1980 estimates. 

The conventional resources assessed were (1) those 
considered recoverable under current technology and 
(2) those that could be developed and produced 
economically under specified price and cost relation-
ships, excluding exploration costs. The study as-
sessed crude oil, natural gas and natural gas liquids, 
(NGL). It does not include resources from tar 
deposits, intractable heavy oil deposits, oil shales, 
gas in low-permeability (less than 0.1 millidarcy in 
situ) "tight" reservoirs, coal bed methane, gas in 
geopressured shales and brines, and natural gas 
hydrates (clathrates). 

The assessments were made for resources as of 
January 1, 1987 and are derived from judgments 
based upon a variety of geologic data, records of 
exploration successes and failures, production his-
tories, assumptions concerning economic and tech-
nological conditions, and several appraisal methods. 

Results 

The assessed undiscovered recoverable conventiondl 
oil and gas resources for the United States are es-
timated to range from 33 to 70 billion barrels of oil 
(880) and from 307 to 507 trillion cubic feet (TCF) 
of gas, corresponding to the 95-percent and five-
percent probability levels, respectively (Table 1). 
Corresponding estimates for NGL are six to 12 billion 
barrels.	 The assessed undiscovered economically

recoverable oil and gas resources for the United 
States are estimated to range from 21 to 54 880 
and from 208 to 326 TCF of gas, corresponding to 
the 95-percent and five-percent probability levels, 
respectively. Corresponding estimates for NOL are 
five to eight billion barrels. 

Measured (proved) reserves at the time of the as-
sessment were 29.5 880 and 206.6 TCF of natural 
gas. On the basis of mean values, undiscovered 
recoverable resources of crude oil are assessed to 
be about 67 percent larger than measured reserves; 
undiscovered resources of natural gas are assessed to 
be 93 percent larger than measured reserves. Fur-
ther, It Is estimated that an additional 22 880 and 
99 TCF of gas will be added to reserves through 
growth of known fields. 

Using mean values of both onshore and offshore es-
timated undiscovered recoverable resources shown in 
Figure 1, Alaska accounts for 34 percent of the 
crude oil resources and 18 percent of the natural 
gas resources. 

Approximately 62 percent of the total estimated un-
discovered recoverable crude oil resources and 
61 percent of natural gas resources are onshore, 
either In Alaska or the Lower 48. 

The estimates of economically recoverable resources 
approach recoverable quantities In all areas except 
Alaska and the offshore, where large accumulations 
are required for economic development. Considering 
the mean values, 70 percent of the estimated undis-
covered recoverable crude oil and 66 percent of the 
natural gas overall are estimated to be economically 
recoverable for the United States. The major areas 
where the estimates are significantly constrained by 

TABLE 1 

ESTIMATES OF UNDISCOVERED RECOVERABLE AND UNDISCOVERED ECMICALLY RECOVERABLE
CONVENTIONAL PErINLUJM RESOURCES FOR THE UNITED STATES 

Oil (88)	 clas (TCF)	 NGL (88) 
F95	 Mean	 F5	 F95 Mean	 F5	 F95	 Mean	 F5 

Undiscovered Recoverable Petroleum Resources 

Onshore 18.0 30.7 47.8 170.9 242.6 330.7 4.7 6.4 8.5 
Offshore (Fed. & State) 9.4 18.8 32.5 101.1 156.6 228.1 0.8 2.2 4.7 
Entire United States 33.2 49.4 69.9 306.8 399.1 507.2 6.1 8.6 11.5 

Undiscovered Economically Recoverable Petroleum Resources 

Onshore 13.9 24.6 39.2 142.0 182.2 228.9 3.9 5.3 6.9 
Offshore (Fed. & State) 4.3 10.2 19.6 47.6 80.6 125.1 0.3 1.0 2.3 
Entire United States 20.7 34.8 53.8 208.2 262.7 325.5 4.6 6.3 8.4
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FIGURE 1
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economics are in Alaska and, to a lesser extent, the 
offshore areas of the lower 48 States. Practically 
none of the undiscovered gas resources in Alaska are 
classified as economically recoverable, primarily be-
cause of remoteness from markets and lack of 
transportation facilities. 

The assessment of the United States undiscovered 
recoverable petroleum potential, for essentially the 
same resource categories, is decreased from that es-
timated in 1980 as shown in Table 2. 

Much of the overall decline in estimates of undis-
covered resources, both onshore and offshore, is due 
to reevaluations reflecting new geological data from 
exploration drilling in several major regions expected 
to have petroleum potential. The expected major 
discoveries were not forthcoming in the frontier ex-
ploration areas of Alaska and Atlantic offshore nor 
in the overthrust belt of the Western United States. 
Moreover, most other onshore regions did not meet 
expectations of resource occurrence that were postu-
lated earlier, although in a few areas estimates have 
increased. The massive exploration effort of in-
dustry of the late 1970s and early 1980s simply did 
not confirm some of the geological expectations for 
large new accumulations included in the earlier es-
timates. Furthermore, almost every onshore play 
having sufficient data showed a decline in sizes of 
fields discovered over the history of the play. 

TABLE 2 

COMPARISON OF 1981 AND 1987 ESTIMATE S OF IOTAL Q4V(FIG4AS OIL AND GAS
RESOURCES FOR ThE ONSHORE AND OFFSWRE UNITED STATES 

Undiscovered 
Assess- Cumulative Identi- Recoverable 
nent Produc- fied Be- (Mean 
Year tion sources1 Estimate)	 Total 

Oil 
Circular 860 (1981) 1980 120.7 54.8 82.6	 258.1 

This Study 1987 143.0 51.2 
Recoverable 49.4	 243.6 
Economically Recoverable 34.8	 229.0 

Gas 
Circular 860 (1981) 1980 578.0 369.0 593.8	 1,540.8 

This Study 1987 697.5 305.4 
Recoverable 399.1	 1,402.0 
Economically Recoverable 262.7	 1,265.6 

1 ldentified resources are the sum of measured, indicated and inferred 
reserves.	 Adjustment to measured and inferred reserves between 1980 
and this study occurred because a different growth function was used 
to calculate inferred reserves and reserve estimates came from	 dif-
ferent sources.
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Important differences In assumptions about future 
prices of commodities and technology changes also 
certainly Influenced the results of the two studies. 
When the 1980 estimates were made, world oil prices 
exceeded $30 per barrel and were increasing rapidly. 
At the time of this study, world oil prices were 
about $18 per barrel. 

The effect of Imposing economic constraints on the 
resources estimated can be seen by comparing undis-
covered recoverable resource estimates to undis-
covered economically recoverable resource estimates. 
The percentage difference between the estimates of 
undiscovered economically recoverable and undis-
covered recoverable Is greater for the offshore 
resources than onshore and reflects higher develop-
ment costs and technological constraints associated 
with marine operations, particularly in deep water 
and harsh operating environments. 

The onshore small fields (fields having less than one 
million barrels oil equivalent recoverable hydrocar-
bons) account for about 94 percent of the estimated 
number of undiscovered fields in the lower 48 
States. Small fields, based on mean values, are ex-
pected to contain about 25 percent of the total un-
discovered oil and about 13 percent of the total un-
discovered gas. For the onshore lower 48 States, 
about 52 percent of the undiscovered small oil fields 
and 46 percent of the small gas fields were es-
timated to be commercially developable.	 None of
the undiscovered small fields In the state owned 
offshore were estimated to be commercially 
developable. It is estimated that 73 percent of the 
total hydrocarbons In undiscovered small oil fields 
and 66 percent of the hydrocarbons in small undis-
covered nonassoclated gas fields were commercially 
developable. Exploration costs, which were not built 
into the economic analysis, would, nevertheless, con-
trol exploration for these small-field resources. 
Figure 2 shows the size of fields being discovered is 
decreasing through time. 

The estimated mean undiscovered recoverable oil 
resources are two-thirds larger than measured 
reserves, and measured reserves are about 10 times 
the 1987 annual domestic production rate. The 
potential for large accumulations Is primarily in 
Alaska and in the federal offshore areas, where long 
lead times are required for development and for 
delivery of commodities to market. In contrast, the 
large numbers of relatively small oil accumulations, 
which typify onshore areas of the lower 48 States, 
are readily accessible to markets. 	 In consideration

FIGURE 2 
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of this geographic distribution of oil resources and 
the discovery rates experienced over the last decade 
(approximately one billion barrels of oil per year), it 
is likely that annual additions to oil reserves from 
discoveries of conventional resources will decline 
over the next decade at current reduced levels of 
exploratory drilling. 

In the case of natural gas, the estimated mean un-
discovered recoverable resources are nearly double 
the measured reserves, and measured reserves 
(excluding northern Alaskan reserves) are about 
10 times the 1987 annual domestic production rate. 
The large estimated gas resources on the North 
Slope of Alaska are not economic, given the assump-
tions specified in this assessment. About 81 percent 
of the nation's estimated undiscovered recoverable 
gas resources are located in the lower 48 States, 
both onshore and offshore, where they are accessible 
for exploration. Provided there are adequate incen-
tives for gas exploration and development, the large 
measured and inferred reserves of natural gas and 
the assessed distribution of undiscovered recoverable 
gas resources suggest that the availability of gas 
resources should not limit the ability to sustain cur-
rent gas production rates for several years. 

1-31	 SYNTHETIC FUELS REPORT, SEPTEMBER 1989



COMING EVENTS 

1989 

OCTOBER 2-4, ROANOKE, VIRGINIA -- Appalachian Coal: The Clean Fuel Choice for Tomorrow. 

OCTOBER 2-5, PITTSBURGH, PENNSYLVANIA -- Direct Liquefaction Contractors Review Meeting. 

OCTOBER 3-5, WASHINGTON, D.C. -- National Conference on Motor Fuels and Air Quality. 

OCTOBER 3-5, MORGANTOWN, WEST VIRGINIA -- United States Department of Energy Advanced Research and Tech-
nology Development. 

OCTOBER 9-11, WELLINGTON, NEW ZEALAND -- Third Coal Research Conference. 

OCTOBER 9-11, DELFT, THE NETHERLANDS -- International Underground Coal Gasification Symposium. 

OCTOBER 16-18, SEOUL, REPUBLIC OF KOREA -- Sixth Korea-US Joint Workshop on Coal Utilization Technology. 

OCTOBER 16-18, LOS ANGELES, CALIFORNIA -- 11th Annual North American Conference of the International As-
sociation for Energy Economics. 

OCTOBER 16-18, LONDON, UNITED KINGDOM -- Coal Trans '89. 

OCTOBER 18-19, DENVER, COLORADO -- EPRI Conference on Upgrading Low . Rank Coal. 

OCTOBER 18-19, LIVERMORE, CALIFORNIA -- Sixth Briefing on Oil Shale Research. 

OCTOBER 22-25, WHITE SULPHUR SPRINGS, WEST VIRGINIA -- American Coke and Coal Chemicals Institute National 
Meeting. 

OCTOBER 22-26, DALLAS, TEXAS -- Joint Power Generation Conference. 

OCTOBER 22-26, CARACAS, VENEZUELA -- International Conference on Energy, Environment and Technological In-
novation. 

OCTOBER 22-27, KNOXVILLE, TENNESSEE -- Sixth Symposium on Separation Science and Technology for Energy Ap-
plications. 

OCTOBER 23-26, DEARBORN, MICHIGAN -- Annual Automotive Technology Development Contractor's Coordination 
Meeting. 

OCTOBER 23-27, TOKYO, JAPAN -- International Conference on Coal Science. 

OCTOBER 25-27, CALGARY, ALBERTA, CANADA -- Fourth Biennial CIM District 5 Meeting: 	 Mining and Energy 
Challenges. 

OCTOBER 25-28, ATLANTA, GEORGIA -- 12th World Energy Engineering Congress. 

OCTOBER 29-NOVEMBER 1, DALLAS, TEXAS -- Annual Meeting of the American Gas Association. 

OCTOBER 29-NOVEMBER 3, PALO ALTO, CALIFORNIA -- Conference on Technology for Power Generation in the 
21st Century. 

OCTOBER 30, LONDON, UNITED KINGDOM -- Energy: Today's Decisions, Tomorrow's World. 

OCTOBER 30-NOVEMBER 2, SAN FRANCISCO, CALIFORNIA -- Conference on Technologies for Producing Electricity in 
the 21st Century, 

NOVEMBER 5-10, SAN FRANCISCO, CALIFORNIA -- American Institute of Chemical Engineers Annual Meeting. 

NOVEMBER 6-9, TOKYO, JAPAN -- International Gas Research Conference. 

NOVEMBER 7-9, CANBERRA, AUSTRALIAN CAPITAL TERRITORY, AUSTRALIA -- Energy '89 Conference. 
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NOVEMBER 12-14, SAN FRANCISCO, CALIFORNIA -- American Petroleum Institute Annual Meeting. 

NOVEMBER 13-15, PITTSBURGH, PENNSYLVANIA -- Indirect Liquefaction Contractors Review Meeting. 

NOVEMBER 14-16 PITTSBURGH, PENNSYLVANIA -- Coal Technology '89: 12th International Coal Utilization and 
Transportation Conference and Exhibition. 

NOVEMBER 14-17, AMES, IOWA -- Third International Conference on Processing and Utilization of High-Sulfur 
Coals. 

NOVEMBER 15-17, LEXINGTON, KENTUCKY -- Eastern Oil Shale Symposium. 

NOVEMBER 28-30, DHANBAD, INDIA -- Symposium on Coal Utilization: Trends and Challenges. 

DECEMBER 3-6, TULSA, OKLAHOMA -- 1989 Annual Meeting of the Interstate Oil Compact Commission. 

DECEMBER 3-8, PALM COAST, FLORIDA -- Advances in Coal and Mineral Processing Using flotation Conference. 

DECEMBER 4-6, CHICAGO, ILLINOIS -- United States Oil and Energy in the World Context Symposium. 

DECEMBER 5-7, NEW ORLEANS, LOUISIANA -- Power-Gen '89 Conference and Exhibition. 

DECEMBER 5-7, HOUSTON, TEXAS -- 1989 World Methanol Conference. 

DECEMBER 7-8, SYDNEY, AUSTRALIA -- fifth Australian Workshop on Oil Shale. 

DECEMBER 11-13, MIAMI BEACH, FLORIDA -- Ninth Miami International Congress on Energy and Environment. 

DECEMBER 11-13, NEW ORLEANS, LOUISIANA -- Second International Symposium on Gas, Oil and Coal 
Biotechnology." 

1990 

JANUARY 4-6, NEW DELHI, INDIA -- 12th Annual International Conference of the International Association for 
Energy Economists: Energy, Environment, Development. 

JANUARY 14-18, NEW ORLEANS, LOUISIANA -- 13th Energy-Sources Technology Conference and Exhibition. 

FEBRUARY 7-8, DORTMUND, WEST GERMANY -- Coal Gasification 1990. 

MARCH 9, WASHINGTON, D.C. -- International Symposium on Performance Improvement, Retrofitting and Repowering 
of Fossil Fuel Power Plants. 

MARCH 19-21 WASHINGTON, D.C. -- Energy Technology Conference and Exposition. 

APRIL 22-25, TULSA OKLAHOMA -- Seventh Symposium on Enhanced Oil Recovery: Global Prospects and Perspec-
tives. 

APRIL 23-26, CLEARWATER, FLORIDA -- fifteenth International Conference on Coal and Slurry Technology. 

MAY 7-10, GATLINBURG, TENNESSEE -- 12th Symposium on Biotechnology for Fuels and Chemicals. 

MAY 21-23, AMSTERDAM, NETHERLANDS -- Coal and Power Technology 90. 

MAY 28-JUNE 1, FLORENCE, ITALY -- Florence World Energy Research Symposium. 

JUNE 11-14, BRUSSELS, BELGIUM -- 35th International Gas Turbine and Aeroengine Congress and Exposition. 

JULY 22-27, HONOLULU, HAWAII -- Eighth World Hydrogen Energy Conference. 

JULY 29-AUGUST 3, HONOLULU, HAWAII -- Circum-Pacific Energy and Mineral Resources Conference. 

AUGUST 28-29, BISMARCK, NORTH DAKOTA -- SynOps 90, Symposium on Opportunities in the Synfuels Industry. 
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PROJECT ACTIVITIES 

IIAMEX REPORTS IMPROVED, RESULTS 

Ramex Synfuels International Inc. announced that it 
is now generating substantially higher gas volumes 
from its new In-ground oil shale burner than the 
volumes previously reported. 

The company also reported that its BTU measurement 
for this burner reveals that the product gas has a 
rating of 604 BTU per cubic foot, which Is expected, 
based on previous experience, to increase to over 
1,100. 

The new burner, installed in an 80-foot well in 
Devonian oil shale deposits near Henryville, Indiana, 
is generating 30-40 thousand cubic feet per day of 
synthetic natural gas. With a gas fuel consumption 
of 1.73 thousand cubic feet per day, the Ramex oil 
shale gasification process is now yielding fuel to 
product volume ratios of 17:1 to 23:1. 

Ramex has also discovered that the product gas con-
tains between 40 percent and 50 percent hydrogen. 
Previous tests showed the composition of the gas 
being produced from the ilenryville, Indiana wells to 
be similar to other natural gases. However, Ramex 
says more recent tests showed a high percentage of 
hydrogen. 

Ramex now proposes to separate hydrogen from the 
product gas on-site. 

Once the hydrogen is removed, the commercial value 
of Rnmex's product gas is said to be virtually the 
same as natural gas. The analysis shows that the 
heating value of the hydrogen-free gas is 1,050 BTU 
per cubic foot. 

Using the Ramex process, it is claimed that hydrogen 
can be produced for substantially less than conven-
tional methods which are energy Intensive and ex-
pensive. The hydrogen can then be sold directly to 
a user or it can be used to manufacture ammonia or 
methanol. 

UNOCAL REPORTS FAVORABLE SHALE OIL UPGRADING 
EXPERIENCE 

At the Alternate Energy '89 conference held in Tuc-
son, Unocal Corporation reported that performance of 
Its shale oil upgrading plant has been excellent. 

Unocal has been operating its commercial oil shale 
facility since 1983, at Parachute, Colorado. Mining, 
retorting and upgrading are conducted at this in-
tegrated facility. 	 An overall block flow diagram is
shown in Figure 1.

FIGURE 1 
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In Table 1 properties of raw shale oil produced from 
Unocal's retort are compared to properties of 
syncrude produced from Unocal's upgrading plant and 
to Arabian Light crude. Arabian Light is a premium 
multi-purpose crude oil. 

High nitrogen content and the presence of arsenic 
mace raw shale oil unsuitable for processing in a 
conventional petroleum refinery. However, shale oil 
has a higher hydrogen content than oils produced 
from coal or tar sands. This fact makes shale oil a 
more attractive raw material to upgrade to synthetic 
crude. 

Upgrading Plant 

Raw shale oil is sent directly to the upgrading plant 
from the retort site about eight miles away. As 
shown in Figure 1, the upgrading plant consists of 
the following steps: filtering, arsenic removal, sta-
bilization and denitrogenation and pour point reduc-
tion by Unocal's IJnicracking/DW process. Feed rate 
is 10,000 barrels per day. 

The upgrading plant consists of two units. The first 
unit contains the filtering, arsenic removal and sta-
bilizing (hydrotreating) steps. The second unit is the 
Unicracking/DW process which provides the 
denitrogenation and hydrocracking steps. 

The	 first	 unit contains five reactors: two	 for fil-
tering,	 two for	 arsenic removal,	 and	 one for 
hydrotreatlng. There	 Is	 no	 separation of	 gas and 
Liquid	 between reactors. Therefore, there	 is no 
repumping or recompression.

The second unit has three reactors In series: 	 two 
for denitrogenation and one for hydrocracking. As 
in the first unit, there is no separation of gas and 
liquid between reactors. 
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TABLE 1 

PROPERTIES OF RAW SHAL
E OIL, SYNmR PJCF,

AND ARABIAN LIGHT (SIJDE 

Raw Syncrude Arabian 
Shale Oil Product Light Crude 

Gravity,	 °API 27.0 39.4 34.2 
Roiling Range,	 O F 100/1,070 110/980 70/1,070 

(9896 rec.) (99% rec.) (8796 rec.) 
Nitrogen, wppi 12,400 10 500 
Sulfur, wppn 7,300 7 17,000 
Oxygen, wppm 6,400 100 nil 
Bromine Ntnter 34.1 0.6 nil 
Arsenic, wppn 23.0 <0.01 nil 
Carbon/Hydrogen Ratio 6.8 6.0 6.2 
Pour Point,	 O F 75 -6 -30 
Viscosity,	 cSt at 100°F 10.8 3.7 5.6 
Carbon Residue Conradson, 

Wt % Full Range 2.5 nil 3.1 

Filter 

The purpose of the two filter reactors is to protect 
all other reactors from excessive pressure drop buil-
dup. These filter reactors contain highly porous, in-
ert alumina spheres. These spheres have the ability 
to trap and retain large quantities of particulate 
matter. The two reactors (or filter chambers) have 
done an excellent job of removing particulate matter 
from the raw shale oil feed. This is confirmed by 
the fact the pressure drop in all other reactors has 
not increased since the plant was first commissioned. 

Arsenic Removal

Effluent from the filter reactors flows directly into 
the first dearseniting reactor. The two reactors 
that comprise the arsenic removal step normally 
operate in series. However, the design permits 
either reactor to be removed from service for a 
catalyst change-out while the other reactor remains 
in service. Either reactor may be in the lead posi-
tion.	 Both reactors contain the same catalyst.	 It
is a catalyst/adsorbent Unocal developed especially 
for removing arsenic from shale oil. 

Table 2 compares properties of liquid effluent from 
each reactor with inspections of raw shale oil. 

Control of the dearseniting reactors has been simple 
Arsenic poisons most refinery catalysts. 	 Since few	 and smooth. The overall temperature in both reac-
refineries are equipped to handle high-arsenic crudes, 	 tors is set to reduce the arsenic content of the ef-
one of the major functions of Unocal's upgrading 	 fluent from the last reactor to less than 0.5 parts 
plant Is arsenic removal,	 per million.	 This is controlled by taking line 

TABLE 2

PERflMANcE OF U?CCAL' S DEARSD4ITItC REACTORS 

Arsenic Removal Reactors 
First Second 

Raw Reactor Reactor 
Shale Oil Effluent Effluent 

Gravity,	 °API 27.0 25.8 25.5 
Roiling Range, O F 100/1,070 120/1,070 200/1,085 
Nitrogen, Wt % 1.24 1.31 1.34 
Sulfur, Wt % 0.73 0.67 0.53 
Bromine Number 34.1 29.0 24.6 
Arsenic, wpp-n 23.0 0.7 <0.01
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samples of the second reactor effluent once per day. 
Reactor temperatures are adjusted accordingly. 

Performance of the dearseniting step to date has 
been better than predicted In the design. 

Rydrotreating 

The final step In the first unit is hydrotreating. 
The purpose of hydrotreating is to stabilize the very 
reactive raw shale oil. Hydrotreating does this by 
saturating all diolefins and about one-half the 
mono-olefins. This prevents fouling and plugging of 
the higher-temperature, higher-pressure equipment in 
the second unit. 

This hydrotreating step has been effective in stabi-
lizing shale oil. To date there has been no indica-
tion of heat exchanger fouling in the Unlcracking/DW 
unit. 

Unla'acldng/DW Unit
Syncrude Product 

As shown In Table 3, at full feed rate nitrogen con-
tent of raw shale oil was reduced from 12,400 to 
155 parts per million. This Is 99 percent 
denitrogenatlon. 

The final step In Unocal's upgrading scheme is 
hydrocracking. The high pour point (75°F) of raw 
shale oil creates pumping, storage and transporting 
problems.	 To reduce pour point to an acceptable 
level the straight-chain paraffins In raw shale oil 
must be cracked into smaller molecules. 	 Unocal
developed a special, selective hydrocracking catalyst 
to do this. Although this catalyst was developed 
especially for shale oil, the Unicracklng/DW process 
has now been commercialized for other applications. 

The hydrocracking step consists of one multi-bed 
reactor. Overall temperature in the catalyst is set 
to give the desired pour point of the product. 
During the period under review the syncrude product 
pour point was -60F. 

There are two major upgrading steps In the 
Unicracklng/DW unit:	 denitrogenation and hydro-
cracking.	 Both these steps require higher pressure 
than the dearseniting and hydrotreating steps of the 
first unit. There are three reactors in the unit: 
two for denitrogenation and one for hydrocracking. 
There is no separation of gas or liquids between 
reactors. 

Raw shale oil has a much higher nitrogen content 
than petroleum crude oils. 	 Nitrogen is harmful to 
catalysts used in processing petroleum.	 Most 
refineries	 cannot handle	 feedstocks	 with	 high 
nitrogen contents.	 Therefore, upgrading raw shale
oil to premium syncrude requires removing most of 
the nitrogen. This is also necessary to prevent 
rapid deactivation of the catalyst used in the 
hydrocracking step. 

Unocal's denitrogenation step consists of two reactors 
in series. Both reactors contain the same catalyst. 
It is a proprietary catalyst that Unocal has used for 
several years for deep denitrogenation of heavy 
stocks.

The comparisons shown in Table 1 illustrate that 
syncrude from shale oil is a more valuable com-
modity than high quality Middle East crudes. 
Syncrude from the upgrading plant is being processed 
in Unocal's existing refineries. It is blended with 
the normal crude slate charged to the refineries. 
No special facilities are required. 

A sample of syncrude product from the upgrading 
plant was distilled In the laboratory to produce jet 
fuel. Thirty-seven volume percent of jet fuel was 
obtained from this distillation. The yield of jet fuel 
from syncrude varies with the severity of the 
hydrocracking operation. If the -6°F pour point of 
syncrude were reduced by more severe hydrocracking 
the yield of jet fuel would increase. 

Table 4 compares properties of this jet fuel with 
United States Department of Defense JP-4 specifica-
tion MIL-T-5624L. All specificcations are exceeded. 
The low sulfur content, high smoke point, and low 
aromatics content make jet fuel from syncrude a 
premium product. 

TABLE 3 

PERFORMANCE OF UMJCAL' S Dfl(ITRQ3flIATIGI REACTORS 

Effluent Effluent 
Raw from from last 

Shale Oil First Unit 11DM Reactor 

Gravity,	 °API 27.0 25.9 34.6 
Boiling Range, O F	 100/1,070 185/1,095 175/1,015 
Nitrogen, wppn 12,400 12,900 155 
Sulfur, wppr, 7,300 3,700 259 
Bromine Number 34.1 18.5 1.4 
Pour Point,	 O F 75 -- so
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TABLE 4 

OOMPARISCH OF SHALE OIL Jr FUEL 
(VT WITH JP-4 SPWJIFIQ%fla4S 

True Boiling Point Cut Points, OF 
Yield, Volume % 

Weight 96 
Gravity, 0.4fl 
Distillation, ASTM 0-86 

IBP/EP, OF 
Sulfur, wppn 
Freeze Point, OF 
Smoke Point, ASTM 0-1322, run 
Aromatics, Volume % 

JP-4 
Syncrude Specification 

50-480 
37.0 
24,6 
51.7 57 ,mxinum 

128/480 -/518 nmxlrnam 
2.0 4,000 rmxlrnim 

<-76 -72 maximum 
35.2 20 minimum 
6.0 25 ryaxlnum 

A sample of syncrude product from the upgrading 
plant was also distilled In the laboratory to produce 
diesel fuel. Yield of diesel fuel was 60.6 volume 
percent of syncrude. 

The diesel fuel cut from syncrude has lower sulfur 
content, lower pour point, higher cloud point, and, 
based on aniline points, a lower aromatic content 
than diesel cuts from Middle East crude, It has a 
high cetane Index similar to the cuts from Middle 
East crudes. These data show that diesel from shale 
oil syncrude is a high quality fuel. 

The naphtha cut distilled ahead of the previously 
described diesel fuel cut showed a naphthene plus 
aromatic content of 39.3 volume percent compared 
to 16.8 and 23.7 for naphthas from Arabian Light 
and Murban crudes. This indicates that syncrude 
naphtha is an excellent reforming feedstock. 

The	 vacuum gas	 oil	 remaining	 after removal of	 the 
diesel	 fuel cut has	 a high	 hydrogen content, which 
makes	 it	 an	 attractive	 feedstock to	 convert	 to 
gasoline	 or middle	 distillate	 fuels. Its	 low sulfur 
content	 and low nitrogen content make it	 an excel-
lent source of lube oil and waxes.

Overall, Unocals commercial shale oil upgrading plant 
has had no major operating or design problems. 
Performance of all steps in the upgrading process 
has been excellent. 

The syncrude is	 a premium quality refinery 
feedstock.	 With conventional petroleum refinery
processes, essentially 100 percent of this syncrude is 
converted to transportation fuels. The quality of 
the fuels equals or exceeds those made from high 
quality petroleum crudes.

UNOCAL PRODUCTION LEVEL DROPS 

After four record-breaking months in a row at the 
end of 1988, shale oil shipments from Unocal 
Corporation's Parachute Creek oil shale project 
dropped back (Figure 1). 	 The overall average for
the last six months through July 1989 was ap-
proximately 2,500 barrels per calendar day. Ship-
ments of upgraded syncrude reported for the month 
of April were approximately 5,300 barrels per day. 

FIGURE 1
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CORPORATIONS 

NEW PARAHO REPORTS COMPLETION OF ASPHALT TEST 
STRIP 

The New Paraho Corporation has constructed the 
first Colorado road test strip using an oil shale 
derived asphalt. The State of Colorado and Elam 
Construction paved approximately 2 1 000 feet of 
US-40 east of Hayden with "SOMAT." SOMAT Is an 
asphalt binder made from crude shale oil. The 
crude shale oil used in the production of SO MAT was 
retorted from Piceance Basin Mahogany Zone oil 
shale using the Paraho process. The SO MAT product 
was developed jointly by The New Paraho Corporation 
and Western Research Institute of Laramie, Wyoming. 

By the end of summer, Paraho expects to have six 
road test strips completed using shale oil asphalt 
binder. Earlier this year, the State of Utah and 
contractor, LeGrand Johnson, used SOMAT on a por-
tion of US-191 just south of Moab, Utah. In that 
test the Paraho product Is being compared side by 
side with rubberized asphalt. 

Three test strips are planned for	 Colorado,	 including 
state (just	 completed), county and city projects.	 Rio 
Blanco	 County	 will	 be testing Paraho's 50MM on a 
county	 road	 northwest of	 flangely. The	 City	 of 
Rifle	 will	 re-pave	 a portion of	 their main	 street, 
Railroad Avenue, with SOMAT.

Other test projects scheduled for construction this 
summer are a portion of 1-80 near Rawlins, Wyoming 
and another Utah project on US-40 between Vernal 
and Roosevelt. 

Lab results have demonstrated that a small portion 
of the Paraho shale oil derived asphalt material, 
mixed with conventional asphalt, may greatly improve 
road life. These tests indicate that SOMAT may ex-
tend the life of asphalt roads by as much as 
100 percent by reducing moisture and embrittlement 
damage. The purpose of the road tests is to verify, 
under actual road conditions, what has been noted In 
laboratory tests. The road test strips will be 
monitored and evaluated every six months for five 
years. However, significant differences are expected 
to be noted within two years. 

EXXON TO CLOSE GRAND JUNCTION OIL SHALE OFFICE 

An editorial in the Grand Junction, Colorado Daily 
Sentinel states that a special parenthesis was opened 
on this decade and the history of Western Colorado 
when Exxon purchased ARCO's controlling interest in 
the Colony Oil Shale Project early in 1980. Exxon 
will close that special parenthesis when It officially 
shuts the doors on its Grand Junction office at the 
end of this year.

The practical significance of Exxon's plans to close 
its Grand Junction office by year's end Is insubstan-
tial. Only nine people are currently employed at 
the now largely vacant offices. However, its sym-
bolic significance is enormous. Rarely in the entire 
history of the Grand Valley has there been a decade 
that witnessed such dramatic and gut-wrenching local 
change as the 1980s. Exxon, more so than anyone, 
wrote that history. 

It was early in 1980 that then-Exxon Chairman Clif-
ton Garvin announced the Exxon "white paper" that 
maintained that the United States could develop a 
15-mi Him -barrel -a-day commercial synthetic fuels In-
dustry, enough fuel to supply all of the country's 
petroleum needs. 

More than half of those synthetic fuels, Garvin said, 
could be developed from oil shale. And virtually all 
of that shale would be mined in the Piceance and 
Uintah Basins of northwestern Colorado and north-
eastern Utah. 

This is what Exxon tentatively had in mind nine 
years ago just for the Piceance Basin:	 Six strip 
mines each 3.5 miles long, 2 miles wide and 
0.5 miles deep. The mines would excavate 3.7 mil-
lion tons of material for the production of one nil-
lion barrels of shale oil daily.	 Each mine would
employ 22,000 miners and 8,000 retort operators. 

Grand Junction would be transformed into a city the 
size of Salt Lake City. 

As the Sentinel says, what a difference a decade 
can make. When Exxon, facing the reality of falling 
oil prices in a new era of regulatory decontrol, 
closed its Colony Oil Shale project on May 2, 1982, 
It had a tremendous impact on the future prospects 
for a shale oil industry. 

Exxon staff in Grand Junction say the firm Is likely 
to return to shale oil development after oil prices 
seem destined to remain above $30 a barrel. 

OXY PROPOSES MIS DEMONSTRATION MODULE 

Occidental Oil Shale is proposing a "proof-of-
concept" modified In situ (MIS) demonstration project 
to be located on the C-b tract. Oxy says that a 
1,200 barrel per day facility combining modified in 
situ with surface retorting would cost $200 million 
over a 10-year period. The company says It would 
contribute $100 million If the Department of Energy 
would contribute $70 million. State and local 
governments would be expected to come up with the 
other $30 million through tax incentives, property 
tax relief, royalty reductions and enterprise zones. 
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It	 Is estimated	 that	 the facility would employ up to Western	 oil	 shale	 interests	 have	 attempted	 to	 per-
200 people. suade	 congress	 to allocate	 $3	 to	 $4	 million	 in 

FT	 1990	 to	 begin engineering	 work	 on	 the	 Oxy 
Oxy believes	 that such a	 facility	 could	 demonstrate proposal.	 Support for	 the	 concept	 has	 been	 ex-
the feasibility	 of shale oil	 production	 at	 $30	 per pressed	 by	 Colorado's	 Governor	 Romer	 and	 by	 the 
barrel.	 This	 belief is based on 15 years of work on Rocky	 Mountain	 Oil and	 Gas	 Association's	 Committee 
the MIS	 concept and the	 expenditure	 of	 some on Oil Shale. 
$300 million	 on	 oil shale by the company.
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GOVERNMENT 

DOE FUNDS OIL SHALE PROJECT UNDER GSCIENCE 
PROGRAM 

The United States Department of Energy (DOE) has 
announced a series of research grants under its 
basic geosciences research program. This is a 
program set up two years ago to aid enhanced oil 
recovery technology. 

Most of the geoscience program Is aimed at studying 
the anatomy of reservoirs and those properties that 
govern flow through the rocks. Better understanding 
of these properties should lead to Improved oil 
recovery technologies. 

DOE says funding of the new projects at 10 research 
organizations will be the core of an intensive 
three-year study to improve understanding of geos-
cience. The 10 projects to receive funding were 
chosen from 49 proposals. 

One of the projects involves oil shale, and will be 
carried out at the University of Colorado In Boulder, 
Colorado. In laboratory-scale experiments, 
researchers will study a technique for recovering oil 
from underground seams of oil shale using chemicals 
to react with the shale. It Is said that the 
chemically-assisted technique could be significantly 
less expensive than conventional shale oil recovery 
processes which use heat to decompose the shale. 
A grant of $165,000 from the Energy Department 
will fund two years of research. 

DOE'S 1989 OIL SHALE PROGRAM SUMMARIZED 

In a publication dated June 1989, the United States 
Department of Energy (DOE) summarized its Oil Shale 
Program Plan for fiscal 1989. 

According to DOE, Its basic oil shale program 
strategy is to establish a sound technical data base 
through fundamental research, evaluation of promising 
new concepts and close government-Industry interac-
tion. 

Three technical areas are of particularly high 
priority: 

- Solid-solid heat transfer retorts, 
- Solid waste management, and 
- Novel process concepts. 

Program Elements 

The oil shale program has two primary elements: 
the technology base for extraction processing and 
environmental impact mitigation. The division of 
funds between these two elements for the last two

years is shown In Table 1. The program structure 
reflects a change in strategy and philosophy from 
prior years. The Congressional budget language for 
FY 1984 required a "redesign of a comprehensive oil 
shale program." Accordingly, the program was 
redesigned based on inputs from industry, visits by 
Morgantown Energy Technology Center (METC) and 
Office of Oil, Gas, Shale and Special Technologies 
staff, the 1981 FERWG Ill assessment of shale oil 
recovery research needs,	 the National Research
Council's 1982 study on safety issues related to syn-
thetic fuels facilities, various assessments, peer 
reviews, in-house reviews of available data and a 
critical examination of the previous program struc-
ture. 

The structure now focuses on characterizing oil 
shales, their conversion products and process wastes 
and correlating the effects of system variables. 
This emphasis is a major shift toward developing 
materials and property data for oil shale and the 
products and wastes generated. All research par-
ticipants will work with the same sets of reference 
shales. Five eastern and five western shales will be 
selected for study over the next several years. The 
thrusts of the core program are summarized below: 

Systems analysis is an important program ac-
tivity, providing methods for quantifying Impacts 
of technology changes on overall process per-
formance and economics. The ASPEN computer 
models (designed by the Massachusetts Institute 
of Technology) have been applied to studies of 
synfuels plants and other complex systems. 
Computer models are designed to simulate plant 
components (e.g., retort, separation systems, 
sulfur removal) for overall system performance 
and economic evaluations. The models are es-
sentially the same regardless of the shale; only 
the inputs change. To date, systems studies of 
five eastern shale concepts have been con-
ducted. 

A major thrust has been to understand the 
complex reaction kinetics, chemistry and physics 
of oil shale conversion. Computer models were 
developed. 

Because oil shales are about 85 percent rock, 
the key to economic processing Is handling the 
solids and heat transfer efficiently. Much 
research has been done at both the Lawrence 
Livermore National Laboratory and the METC to 
understand the heat transfer and heat recovery 
in solid-solid heat transfer and in various 
heat-generating modes. Although work In rapid 
heat-up technologies Is important to all oil 
shale processing, it Is especially relevant to 
eastern shales because of their sensitivity to 
heat-up rates. 

Diagnostic apparatus and technique development 
is integral to the oil shale program. 	 Sig-
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TABLE 1 

OIL SHALE wiwrr 
(Thousand Dollars) 

F? 1988
Appropriation 

$6,678 
2,826 

$9,504

FY 1989
Appropriation 

$7,463 
3,067 

$10,530 

Activity 

Technology Base 
Environmental Mitigation 

Total

nificant advances have been made in identifying 
and quantifying the pollutants from waste 
streams, evaluating the geochemical composition 
and properties of shale and measuring key con-
version process parameters. 

Because oil shales are largely rock rather than 
kerogen, environmentally acceptable disposal of 
spent shale Is a major concern. How to deal 
with the physical (structural) and chemical 
(leaching, biodegradation, gaseous emissions) 
stability questions associated with these large 
spent shale piles is a high-priority research 
need identified by industry. A detailed plan 
has been developed on the issue (Morgantown 
Energy Technology Center, 1986). 

Recent research in pursuit of advanced concepts 
was largely targeted to eastern shales to verify 
liquid recovery potential. Work performed in 
physical and chemical beneficiation --particularly 
combined with hydrogen retorting--may apply to 
eastern shales. 

The program is now structured along functional lines 
that parallel identified research needs. In addition, 
as directed by the Congress, specific eastern shale 
research is underway,	 particularly on advanced
process analysis and solid waste management. 

Project Objectives 

Specific objectives and milestones in support of each 
of the program elements are as follows: 

Technology Base R&D (FY 1989 funding: $7,463,000, 
17 projects) 

Advanced extraction R&D: Broaden rock frag-
mentation modeling and experimentation to sup-
port all extraction areas, both in-situ and con-
ventional mining, as needed field test sites, in-
dustry cooperation and funding priorities allow. 
Complete project in water-Jet-assisted mechani-
cal extraction (second quarter FY 1990). 

Proc	 research: Determine the chemical and
physical properties of a cross-section of west-

ern tertiary marlstone shales and of eastern 
Devonian and Mississippian age marine shales. 

Defer for one year the acquisition of the 
remaining eastern shale (Chattanooga shale from 
Alabama, Antrim shale from Michigan and 
Cleveland shale from Ohio) and the remaining 
western shales (Green River shale from Utah 
and others to be determined) (FY 1995, assum-
ing acquisition of one additional shale per 
year). 

Determine the fate of organic and inorganic 
constituents of the reference shales when they 
are exposed to a range of process conditions 
representative of typical fast heat-up and slow 
heat-up processes. Test a reasonably represen-
tative selection of process conditions on at 
least two eastern and two western reference 
shales and make the data available to industry 
(4th quarter FY 1989). At least five eastern 
and five western reference shales should be the 
ultimate goal for a reasonable range of shale 
chemical and physical properties. 

Continue providing support for advanced and 
novel concepts that show promise for substan-
tially improving overall oil shale process ef-
ficiency, economics and/or environmental ac-
ceptability. An example Includes continued sup-
port of a process under study by the Western 
Research Institute--an inclined hot oil recycle 
retort. Other examples are the FY 1988 east-
ern shale process studies. Complete 
hydroretorting studies by HYCRUDE, Inc. and 
beneficiation/hydroretorting studies by Minerals 
Research Institute (1st quarter FY 1989). Com-
plete evaluation of laboratory mixes for Indiana 
asphalt study (3rd quarter FY 1989). Complete 
eastern oil shale retorting/combustion study 
using the TOSCO-11 process (2nd quarter 
FY 1989). 

Implement research under the Western States 
Enhanced Oil Shale Recovery Program (4th 
quarter FY 1989). Complete study of western 
oil shale niche markets (4th quarter FY 1989). 
Complete pressurized fluidized hydroretorting 
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scoping studies (2nd quarter F1' 1989). 	 Com-



plete proof-of-concept studies for Kentort 
reactor (4th quarter FY 1989). 

Data base development and an&3'zb: Continue 
to maintain and update the data base. Begin 
to identify sources of eastern resource data 
and requirements to access them for Incorpora-
tion into the resource extraction data. As suf-
ficient new data become available, develop a 
plan and requirements to evaluate these data 
and assemble them into useful formats such as 
generalized cross-sections of individual basin or 
state resources tied to outline maps and 
resource data. 

Develop a systems analysis capability that will 
facilitate quantified assessment of how elements 
of the overall process, from mining to spent 
shale disposal, affect overall economics and en-
vironmental performance (4th quarter FY 1995). 
Adaptation of the ASPEN model approach is ex-
pected to be a corn component of this objec-
tive. Initiate studies to evaluate the potential 
of shale oil as a feedstock for high-energy 
fuels and other petroleum-like derivatives (e.g., 
asphalt) and the Impacts of the applications and 
other byproducts of oil shale processing on the 
economics of production. 

Environmental Mitigation R&D (FY 1989 funding: 
$3,067,000 four projects) 

Solid waste management: Quantify the potential 
environmental Impacts associated with disposal 
of spent shale and associated wastes from rep-
resentative surface processing methods and shale 
types. Provide a systematic description of the 
chemical and physical character of solid waste 
(4th quarter FY 1995). Develop the capability 
to predict the chemical and physical stability 
of shale piles from information on spent shale 
characteristics and pile design and identify 
strategies for mitigating stability problems (3rd 
quarter FY 1991). 

Process water cleanup: Provide a systematic 
description of the chemical character and es-
timated quantities of polluted water produced 
and relate these data to potential commercial-
scale operations to determine potential impacts 
and control technology needs (2nd quarter 
FY 1989).

Air emissions control: Provide a systematic 
description of the character and amounts of 
gaseous emissions from oil shale extraction and 
conversion based on parametric studies and ad-
ditional data from industry to determine control 
technology requirements (4th quarter FY 1995). 
Evaluate needs for new control technology 
development through laboratory testing of 
promising concepts (4th quarter FY 1996). 

Siting methods: Continue development of 
documentation on methods to resolve issues af-
fecting shale oil plant siting, land ownership 
and use, water rights, environmental impacts 
socioeconomic impacts and economic risks. 

UNITED STATES AND AUSTRALIA TO SHARE POLLUTION 
DATA 

The United States and Australia will exchange data 
on oil shale research under an agreement signed 
recently in Lucas Heights, Australia. 

The pact was signed by Richard Williamson, Depart-
ment of Energy Deputy Assistant Secretary for Inter-
national Affairs, and Peter C. Alfredson, Chief, Fuel 
Technology Division of the Australian Commonwealth 
Scientific and Industrial Research Organization. The 
pact is designed to help establish oil shale as an 
economic alternative to petroleum by the 1990s when 
Australia's domestic oil production will supply less 
than half that country's needs. 

Areas covered under the agreement include analysis 
of mining methods, optimization of oil production 
during retorting, and studies of mineral reactions and 
their relationship to control of pollution. 

The agreement is the third project arrangement be-
tween the two countries following the signing in 
1988 of a Memorandum of Understanding on Energy 
Research and Development by former Energy 
Secretary John Herrington and Peter Cook, the 
Australian Minister for Resources. 
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ENERGY POLICY AND FORECASTS 

WESTERN FOSSIL ENERGY 
MEETING GETS INPUT ON 

OIL SHALE NEWS 

The United States Department of Energy (DOE), Divi-
sion of Fossil Energy, held a public meeting in Den-
ver, Colorado on July 26 to solicit public comments 
on "Improving the economic competitiveness and In-
creased utilization of western fossil energy 
resources. 

Attendees voiced their various opinions as to where 
DOE should place the emphasis in its extremely 
limited oil shale research and development efforts. 
Some suggestions Included: 

-	 Water jet	 assisted	 mining machine could have 
substantial economic impact 

- Need	 to	 know	 more	 about	 how mechanical 
properties	 of	 oil shale	 change	 during retort-
ing 

-	 Should study how	 best to get	 rid of dust	 in 
shale	 oil 

-	 Important	 to	 develop	 safe	 explosives	 and 
blasting practices 

-	 Improved	 beneficiation	 techniques might	 be 
worth while 

-	 Should	 not	 use	 "shale	 oil	 is	 too expensive" 
as an excuse for not doing R&D

Among the other written and verbal comments sub-
mitted were the following statements from the Com-
mittee on Oil Shale of the Rocky Mountain Oil and 
Gas Association and from the Oil Shale Action Com-
mittee Affiliated with the Associated Governments of 
Northwest Colorado. 

RMOGA Oil Shale Committee 

The Oil Shale Committee of the Rocky Mountain Oil 
and Gas Association supports continued government 
research in oil shale mining and processing. We 
believe that the Department of Energy has a vital 
role to play in maintaining and advancing the 
nation's expertise in this area which perhaps can be 
supplemented with input from industry. The impor-
tance of government programs in the development of 
oil shale mining and processing techniques has in-
creased in recent years as fluctuations in oil prices 
have exacerbated the financial risks of oil shale 
development, thus discouraging many in the private 
sector from continuing any significant effort in the 
area. 

In the Western United States it Is estimated that 
over 650 billion barrels of oil can be recovered 
economically at oil prices in the $30 range ($1989). 
This should be sufficient justification to keep oil 
shale at least on a par with coal conversion in

Policy deliberations seeking options for future 
sources of liquid transportation fuels. 

Past failures to develop a viable oil shale industry 
can be traced, in part, to the tremendous loss in 
knowledge, information, and momentum which resulted 
when research activities were halted between periods 
of accelerated interest in synfuels. At the onset of 
each new mobilization effort, much of the organiza-
tional and personnel infrastructures must be reas-
sembled so that research and development inevitably 
begins again with less knowledge than was available 
when the last campaign was terminated. These 
"gaps" in development are particularly damaging, be-
cause the loss in continuity and momentum cannot 
easily be compensated for by either a rapid change 
in government policy or massive infusions of funds. 
Further, the gaps in development mean that scien-
tists and engineers are denied the lead time neces-
sary to phase in advanced oil shale technologies. 
Instead they are forced to choose existing processes 
which are not fully developed to meet the need for 
rapid commercialization. 

Many of our member companies have been active in 
the evaluation of oil shale as a potential source for 
commercial fuels since the mid 1970s, and some 
much longer. The ongoing program has addressed 
resource base potential, mining, recovery and upgrad-
ing technologies, possible environmental Impacts, 
process and project economics, and n variety of 
other issues relevant to oil shale commercialization. 

We believe that continuing, steady DOE programs will 
maintain the technology knowledge base required to 
Improve the state-of-the-art in shale oil recovery 
techniques. Advancing shale oil technologies could 
have a meaningful impact on the availability and 
price stability of the nation's energy supply, and in-
dustry input could aid in achieving that advance. 
Some continuing effort aimed at converting the vast 
United States oil shale resources into useable fuels 
is in the nation's interest. 

Oil Shale Action Committee 

There is a need to continue United States oil shale 
research and development in order to improve the 
economic competitiveness and increased utilization of 
western fossil energy resources. 

It has been estimated that up to one trillion barrels 
of recoverable oil are locked within the oil shale 
deposits in Colorado, Utah and Wyoming. 

Although these deposits were once the focus of con-
siderable attention on the part of private industry 
and the Federal Government, they are now orphans 
of free market place neglect. And we think that 
such neglect is wrong--wrong for our region, wrong 
for our Nation. The magnitude of these resources 
should not be neglected. This resource is more than 
twenty times the total of all United States resources 
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of conventional oil. It Is also more than double the 
reserves of the Middle East. 

Concerned elements of private industry together with 
state and local governments in our region have es-
tablished an Oil Shale Action Committee to en-
courage the orderly development of this great 
resource. Members include representative of the oil 
shale industry, state and local governments, and 
regional staff representatives of our Congressional 
offices. 

The Committee has developed a "Western States 
Enhanced Oil Shale Recovery Program." We hope the 
United States Department of Energy will consider 
this program as part of United States Energy policy, 

The focus of the Western States Enhanced Oil Shale 
Recovery Program is a proposed demonstration 
project. 

The proposed project would involve the construction 
and operation of a 1,200 barrels per day shale oil 
production facility. The facility would operate in a 
demonstration mode for a period of 5-7 years, 
gathering data on technical viability, cost, environ-
mental protection and social impact. When informa-
tion about these factors Is sufficient to satisfy 
those concerned, and when world oil prices justify 
it, the project would be expanded with private 
financing to commercial size. 

We see about half the funding of this long-term 
project coming from the private sector. Federal and 
state governments (who will benefit greatly from an 
active oil shale industry) would provide the other 
half. 

Private industry participation in the project Is cru-
cial. The proposal calls for the project to be 
operated by Occidental Oil Shale Company, under the 
direction of Mr. Ray Zaliradnik, President of Oc-
cidental Oil Shale, Inc. Both Occidental and Mr. 
Zahradnlk have extensive experience with oil shale 
Research and Development efforts.

effort. The decommissioning of the Anvil 
Points facility leaves DOE with no active oil 
shale facility. 

- Development of oil shale for liquid transpor-
tation fuel should be an unwavering national 
priority. The Secretary of Defense has cer-
tified that shale oil products are needed for 
national security reasons, especially for the 
United States Air Force. 

- This country Is again importing close to 
50 percent of our oil supply. And more 
than 50 percent of our imported oil comes 
from OPEC countries. The United States na-
tional security is at stake on this issue. 

- Dependence on foreign and off-shore oil has 
also created oil spill environmental problems 
that could be alleviated from a land-based 
domestic reserve. It is our understanding 
that approximately 200 oil tankers were sunk 
during the Iran/Iraq conflict. 

- A DOE feasibility study (DOE/METC - 86/6046) 
in 1986 concluded that an oil shale develop-
ment facility would help alleviate the 
severity of boom/bust cycles in oil shale 
country.	 This is very important to the 
citizens and local governments in our region. 

- The DOE feasibility study also concluded that 
such a facility will help evaluate the poten-
tial environmental consequences of oil shale 
development on air and water quality, it 
would also help evaluate better solid waste 
disposal systems for spent shale and for 
methods to reduce secondary gas emissions. 

- The basic objective of the demonstration 
project would be to move R&D concepts 
beyond the laboratory scale, 	 at reduced 
costs. The project would complement the 
Unocal Oil Shale project which is an above 
ground retort. The project would be an un-
derground modified in situ project. 

These are the following reasons for a Demonstration 
Project to help develop western oil shale resources: -	 Developing	 less	 costly	 methods	 of	 producing 

oil shale in	 commercial quantities	 would also 
-	 There	 is	 at	 least	 a	 10	 year	 time	 lag	 es- address	 the	 serious	 problem	 of	 our	 nation's 

tlmated	 for	 development	 of commercial scale balance-of-trade	 deficit.	 Imported	 oil is	 the 
oil shale	 projects.	 We	 should	 not	 wait	 for single	 largest	 component	 of our trade deficit, 
the	 next	 oil	 shortage	 crisis	 to	 resume imported	 oil	 means	 the	 exporting	 of jobs	 to 
research	 efforts.	 Virtually	 everyone	 agrees other	 countries.	 This	 country	 has	 also	 per-
that	 such	 a shortage will occur again within manently	 reduced	 its	 oil	 production 
a	 10-15	 year	 time	 frame,	 in	 fact,	 the capabilities	 through	 the	 shutdown	 and 
Secretary of Interior	 last year predicted that closing-In of	 low	 volume	 oil wells during the 
we	 will	 have	 such	 a	 crisis,	 with	 long	 gas OPEC induced "glut" in the past few years. 
lines again, within the next five years.

On July 19, 1989 the United States Commerce 
-	 One	 of	 the	 things	 that	 has	 made	 America Department	 released its	 monthly	 trade-deficit 

strong	 is	 a	 commitment	 to	 research	 and report	 indicating	 that	 oil	 imports	 surged 
development efforts. 	 We should not let OPEC 17.3	 percent	 to	 $4.75	 billion.	 The	 average 
and	 foreign	 interests	 dictate	 when	 we	 start price of oil imports rose for the 	 6th straight 
or stop energy research projects. 	 The United month.	 The volume of imports also increased 
States Department of Energy needs to address to 8.3 million barrels per 	 day. 
this problem with a United States Government
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- The federal government must play a leading 
role in the development of the one-
trillion-barrels potential of shale oil contained in 
the Green River Formation in Colorado, Utah 
and Wyoming. The federal governments owns 
more than 80 percent of this resource and 
the federal government, through the military 
forces, Is the largest user of petroleum 
products. 

The United States government ultimately 
would receive hundreds of billions of dollars 
In royalties since federal oil shale resources 
fall within the 12.5 percent royalty rate un-
der the Mineral Leasing Act of 1920. 

- Hundreds of millions of dollars of private 
capital, In fact, more than $2 billion, has 
been invested in oil shale facilities in West-
ern Colorado plus oil shale and tar sands 
projects in Eastern Utah. More than 
$300 million has been invested in the BLM 
Prototype Oil Shale Lease facilities where 
operations have been suspended or abandoned. 
These investments should not be wasted by 
the federal government's lack of foresight. 

In summary, the federal government cannot Ignore its 
obligation to future generations to develop this 
resource in a timely manner since it owns more than 
80 percent of the reserves and since the United 
States military is the largest user of liquid 
petroleum products. 

When Congress considers its priorities it must con-
sider (1) the national security priority for develop-
ment of secure oil reserves; (2) the priority for 
reduction of the trade deficit caused by Imported 
oil; and (3) the priority to future generations to 
commit United States funds to research and develop-
ment of new technologies. 

A western oil shale demonstration project will help 
provide an orderly, environmentally sound method for 
development of our oil shale resources. 

Following is a suggested western oil shale program 
for fiscal year FY 1990. 

Issue: Provide a federal oil shale program consistent 
with oil shale's national strategic importance. 

Response: Direct the DOE, through budget line items, 
to fund in FY 1990 $0.444 million for the 
Western States Enhanced Program and 
$4.0	 million	 for	 Industry/government 
"proof-of-concept" facility design. Also 
advocate a balanced East-West Oil Shale 
Program of $12 million for including the 
above. 

Rationale: 

- The private sector has expressed an interest 
in co-funding a "proof-of-concept" facility.

- The marginal increase in funding for this 
program will still place oil shale programs 
well below clean coal and other fossil energy 
R&D programs. 

- Ultimate production from oil shale will 
provide jobs, reduce the balance of trade 
deficit and contribute to improved national 
security. 

- The program envisions applied research, 
development, technology transfer and design 
geared to enhancing production economics and 
conducting work that will facilitate private 
sector commercialization. 

- Initial work on a proof-of-concept design of 
a demonstration facility could result in 
reducing long lead times and save the United 
States from another expensive failure such as 
the Synthetic Fuels Corporation (SFC). 

Background: 

- The nation is not prepared to meet the next 
oil supply crisis. 

- Oil shale is recognized as a domestic 
resource that could eventually provide much 
of the nation's liquid transportation fuels. 

- Extensive lead time is required to achieve 
commercial production, but, except for one 
project, industry is not moving forward due 
to low oil prices and the lack of government 
support. 

- The DOE Oil Shale R&D Program for FY 1989 
was $10.5 million and is only three percent 
of the DOE fossil energy budget. 

- A DOE strategic objective is to "increase the 
effective resource base for liquid and 
gaseous fuels through enhanced resource 
recovery and/or production of liquid and 
gaseous fuel analogs from coal and shale." 
Current funding for shale programs is not 
consistent with that objective. 

- Western oil shale expertise developed over 
the last three decades is disappearing and 
will not be available when needed because of 
federal and private sector budget cuts. 

- The federal government and states are 
providing significant funding and subsidies to 
other alternate energy sources such as coal 
and alcohol fuel, 

- The events associated with the SFC era 
placed an undeserved stigma on oil shale. 
Its large reserves make it a viable con-
tributor to the nation's future domestic oil 
supply. 
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The major environmental and socioeconomic 
problems once attributed to oil shale have 
been studied extensively and are manageable.
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ECONOMICS 

SPP/CPM CHAIRMAN CONFIDENT OF AUSTRALIAN OIL 
SHALE ECONOMICS 

Sir	 Ian McFarlane, Chairman	 of	 Southern	 Pacific 
Petroleum N. L.	 and Central	 Pacific	 Minerals	 N.	 L., 
addressed the question of the	 economics of oil shale 
in	 Australia at	 the companies'	 annual	 meeting	 on 
May 24. The text	 of his presentation follows.

Today I shall do my best to answer three questions 
which we are now frequently encountering: 

1. "When are you going to build the first 
plant?" 

2. "What does it cost to produce a barrel of 
oil from shale?" 

3. "What is the price of oil going to do in 
the future?" 

Quanta. 1. "When are we going to build the tint 
plant?" 

Over recent years our principal corporate effort has 
been directed to the construction and operation of 
Australia's first modern technology oil shale plant. 
This work, which has been quite extensive has led 
us to the selection of the Alberta Oil Sands Tech-
nology and Research Authority's (AOSTRA), Taciuk 
retort as the most economic pyrolysis unit. This 
decision followed extensive tests over a period of 
three years. We believe the cost of retorting 
through this unit will be substantially less than that 
of the eight other technologies investigated by us 
over a period of years and will yield a better 
quality oil. 

At the Stuart deposit further drilling In 1987 proved 
up the richest oil shale section (Kerosene Creek) 
15 kilometers northwest of Gladstone. The high 
grade of shale and the close availability of impor-
tant infrastructure such as water, power and people, 
led to the choice of this location for the Initial 
plant. 

We have designed and costed a plant to process 
6,000 tonnes per day of oil shale which will produce 
4,250 barrels per stream day of hydrogenated naph-
tha and low sulfur light fuel oil. This unit, a 
commercial/demonstration plant, would be the first 
stage of a three stage complex at Gladstone which 
would produce 78,000 barrels per stream day 
(2.5 times Queensland's current production). More 
Importantly, it would be the forerunner for plants to 
be built on the other oil shale deposits we have 
found in the State. 

Queensland's Tertiary oil shale resources are the 
most economically attractive In the world and con-
tain 27 billion barrels of oil. The key to their 
development is the construction of the first process-
ing plant to demonstrate modem technology.

This development program Is currently under discus-
sion with Governments. The Queensland Minister of 
Mines and Energy has advised that he fully supports 
the project. 

The first plant would cost $90 million in today's 
dollars to build.	 Construction could be completed 
within two years of the go-ahead date. Stages 2 
and 3 would follow as soon as Stage 1 demonstra-
tion is completed and assuming continuation of cur-
rent market demand for oil. 

QuUa. 2. "What does it ajet to produce a barrel 
of oil from shale? 

This is a very frequent question and one which does 
not lend itself to a simple response such as $X per 
barrel. 

Firstly, it is necessary to define cost and specify 
the quality of the oil. 

"Cost" may mean one of the following in ascending 
order: 

1. Cash Operating Cost 
2. Cash Operating Cost • Plant Depreciation 
3. (2) above, plus sufficient income to fleet the 
needs of a publicly-listed company 

Where the answer to (1) is $X per barrel--the 
answer to (3) is about 2 x $X per barrel. 

We now come to quality and here we are fortunate. 
The Queensland Tertiary oil shales are the largest 
undeveloped natural resource of light low sulfur oils 
in the world. As such they are at the high priced 
end of the market both in terms of crude shale oil, 
which is an excellent light low sulfur fuel oil, and 
upgraded syncrude which would be the purest crude 
oil in the world.	 It would be particularly free of 
other impurities and trace metals. As the world's 
supply of such light low sulfur oil declines, the 
premium they attract above heavy high sulfur Middle 
East crudes is expected to increase. Queensland 
shale oil can also be used to produce lubricating 
oils which cannot normally be obtained from 
Australian crude oils. Thus we are currently plan-
ning two main products, namely low sulfur light fuel 
oil, which currently sells In the Pacific for about 
US$20-23 per barrel, and high purity syncrude which 
would be valued at US$4 or more per barrel over 
Middle East oils. 

What about the underlying capital and operating 
costs? Most people incorrectly assume the cost 
parameters are is line with the conventional oil in-
dustry.	 The reverse is the fact. 	 Generally, the
biggest cost is conventional oil is finding a barrel 
of oil, while operating costs are low. With oil 
shale we have already found the deposits--
construction and operating costs are our main con-
cern. Relative factors are: 
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1. The location of the deposit--very important. Ex-
perience with Colorado shale in the United States 
clearly shows how difficult localities adversely affect 
economics. Our Stuart deposit is Just outside 
Gladstone. 

2. Size of operation. Experience in production of 
syncrude from Alberta tar sands indicates that 
large-scale operations of 60,000 barrels per day plus 
are necessary to obtain the benefits of scale and 
achieve low unit costs. Stage 3 involves a capacity 
of 78,000 barrels per day. 

3. Nature of the deposit. The deposit should be 
mineable by open-cut with an overburden to ore 
ratio of less than 2 to 1 for current crude prices. 
The Stuart ratio Is 1 to 1. 

4. Quality of rock. Eastern Queensland shales are 
soft and easy to mine compared to Colorado shales 
which are tough and brittle. 

5. Quality of the ore.	 It should be low in im-
purities, particularly sulfur and nitrogen. Colorado 
shales have twice the amount of impurities of Stuart 
shales. 

6. Cost and economic efficiency of technology. We 
believe our agreement with AOSTRA gives us an ex-
cellent start. 

We have a number of deposits, all of which are of 
sufficient size for large-scale open-cut mining. 
Naturally, there is some variation between them. 
One of the good deposits is Stuart and as we have 
done considerable engineering work on this deposit, I 
can offer the following for you. 

At Stuart we estimate the operating cost to produce 
syncrude, at a capacity of 60,000 barrels per day, 
will be approximately US$10 per barrel. The cost of 
producing low	 sulfur light fuel	 oil win be 
25 percent less.	 The current price level (Dubai 
Light US$17 per barrel) will translate Into a 
synerude price of around US$21 per barrel and 
provide sufficient earnings to cover capital related 
costs, i.e. interest, depreciation and return. 

Figure 1 shows the general relationship of syncrude 
and low sulfur light fuel oil costs, with plant 
capacity. 

The than is based on using high grade oil shale at 
lower levels of production. This reduces costs when 
the scale of operations Is relatively low. 

It Is estimated that costs of production at Stuart 
are within current market prices, particularly when 
output is increased. 

Question 3. "What Is the price of oil going to th 
in the future?"

This question is	 the most frequently asked in	 the	 oil 
industry	 and many commentators	 claim	 to have	 the 
answers.	 I do not plan to	 detract	 from these	 ex-
perts,	 but	 rather	 to make	 a few	 observations about

what has influenced oil prices In the past. Let us 
look at the graph of Middle East oil prices since 
1971 (Figure 2).
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In 1974,	 the price was increased rapidly and 
unilaterally by OPEC.	 They believed the market 
could bear the higher price. 	 They were right; it 
did. 

In 1979 OPEC figured that the market would take 
another big price increase. They were wrong. By 
raising the price to almost $40 per barrel in 1981 
(equivalent to $54 per barrel in 1989), they en-
couraged additional production from other countries 
and fuel economies in the early 1980s which reduced 
demand. 

Late in 1985/86, certain OPEC nations which were 
affected by the Iran/Iraq War substantially increased 
production forcing the price of oil down dramati-
cally. This was a financial mistake. Consumers in 
Japan and the United States, the world's largest oil 
importers, could clearly afford the $28 per barrel 
price, while in most of the other importing countries 
the reduction in price was not passed on to ultimate 
consumers but was grabbed by local governments in 
the form of additional taxes. It is interesting to 
note that the reduction in crude oil prices paid by 
Japan of 5,000 Yen per barrel is now giving Japan 
an annual savings	 in	 imports	 equivalent	 to
$50 billion. This should be compared to Japan's cur-
rent balance of payments surplus of $80 billion. 

In 1988 Iran, which could no longer finance its war 
effort because of the low price of oil, came to the 
peace table. 

In November 1988, OPEC met for the purpose of 
re-establishing a controlled market for crude oil 
with an initial target of U S$ 18 per barrel (OPEC 
basket). This has now reached US$17 per barrel 
(OPEC basket). It would seem that OPEC would like 
to rectify its financial mistake of 1985/86 and 
return to former price levels. 

Assuming there is no further outbreak in the Arab 
War, I expect OPEC will work towards regular price 
increases in terms of United States dollars back to 
the former $28 per barrel level, but certainly not 
with increases as dramatic as the 1979-tripling of 
price. That was too much. 

It is interesting to note that the graph of OPEC 
Middle East oil prices shows a minimum support level

increasing at 11.25 percent per annum over a 
17 year period, with the median line reading US$25 
per barrel at the end of 1989. And the future 
price of syncrude in Australia! As costs of producing 
oil from shale are Australian dollar based, what of 
the price in our own currency? In contemplating 
this, I suggest we refer to Figure 3 of A$ versus 
US$ in the same period, namely 1971 to 1989. This 
falls comfortably within a channel representing a 
depreciation of the Australian dollar by 3.65 percent 
per annum. 

Adopting the median lines of these graphs of past 
experience, and adjusting for the premium value of 
syncrude quality indicates a price equivalent of 
about A$40 per barrel at the end of 1989 rising at 
an average of about 15 percent per annum. It 
clearly appears that oil shale in Australia will be an 
attractive Industry in the future. 
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TECHNOLOGY 

OPERATION OF EXXON SHALE RETORTING PROCESS 
DESCRIBED 

A paper presented at the American Institute of 
Chemical Engineers meeting in Houston, Texas in 
April discusses the operation of a pilot plant oil 
shale retort by Exxon Research and Development 
Laboratories. 

In 1980 a research program was started at Exxon's 
Synthetic Fuels Research center in Baytown, Texas to 
support shale oil projects at Rundle in Australia and 
in Colorado in the United States. The research 
progressed rapidly toward the development of a new 
oil shale process based on Exxon's experience with 
fluid bed technology. 	 The scale of work advanced
from laboratory glassware, to bench units, to a small 
pilot scale retort. By mid-1982 engineering screen-
ing studies, based on laboratory results, indicated 
that a substantial Incentive existed for the develop-
ment of a proprietary fluid bed shale oil process. 

In early 1983 Exxon Research and Engineering (ERIE) 
began building the Shale Pilot Plant (SPP) of about 
five tons/day capacity. This construction was com-
pleted in mid-1984 at a cost of approximately 
$15 million.	 The plant employed approximately 
50-60 people. Startup and shakedown operations 
began immediately upon completion of construction. 
Two types of shale--from Exxon's Colony deposit in 
Colorado and the Rundle deposit In Australia were 
tested in the SPP.	 The pilot plant operated until 
September 1986. 

The Exxon Shale Retort (ESR) process Is based on 
fluid bed technology. According to Exxon, fluid beds 
otter a number of advantages for the retorting of 
oil shale. They provide the capacity for high shale 
throughput. Fluid bed combustors can conveniently 
utilize the carbon on the spent shale as a heat 
source; high rates of interphase heat transfer are 
achieved with fluid beds; both of which help give 
high thermal efficiency for the process. The sweep 
of fluidization gas through the retort contributes to 
a high liquid yield. 

In the ESR process raw oil shale Is pyrolyzed in a 
fluidized bed. The pyrolysis products are carried 
overhead and condensed. The residual carbon on the 
spent shale Is combusted in a fluid bed combustor 
and the hot, burned shale is recycled to provide 
heat for the retort. 

The five ton per day Shale Pilot Unit (SPP) func-
tioned as a Process Development Unit (PDU) in the 
ESK program. In addition to providing adequate 
sample quantities for testing, operations In the PDU 
identified problems which may require further study 
in a large pilot plant. Large pilot plant studies, 
when required, typically focus on demonstrating the 
operability of commercial scale equipment or studying 
unique fluid dynamics and flow problems. These can

only be studied and evaluated with confidence at 
this larger scale. 

The ESR development program was centered in 
Baytown, Texas but relied upon a broad range of 
company expertise. The Rundle and Colony programs 
in Australia and Colorado addressed site specific 
issues such as mining, crushing, and spent shale dis-
posal. Exxon Engineering in Florham Park, New Jer-
sey undertook research guidance studies, performed 
study designs, and estimated Investment and operat- 
ing costs for the program. Corporate Research in 
Clinton, New Jersey probed for basic understanding 
of the phenomena associated with shale process im-
provement. Exxon Research and Development 
Laboratories in Baton Rouge, Louisiana drew on its 
extensive background in catalysis and petroleum 
processing technology to determine the best ap-
proaches to upgrade the retort products. Products 
Research In Linden, New Jersey tested and assessed 
the quality of the products produced. The Baytown 
Research and Development Division was responsible 
for coordinating this team effort, as well as operat-
ing the associated pilot plants and conducting bench 
scale research in support of the process development 
program. Exxon's Synthetic Fuels research group has 
recently been merged into the Baton Rouge 
laboratories. 

A pilot plant facility concept was developed to effi-
ciently conduct the process development studies. 
This facility consists of two major buildings--a 
process and a control building--and associated sup-
port equipment. A major objective of this design 
was to provide a pilot plant in which vessels and 
process control strategies may be readily changed. 
This facility allows flexibility for process modifica-
tions and provides for easy Installation of future 
pilot plants. 

Rundle Shale Operations 

Shale from the Rundle deposit in Queensland, 
Australia was run in the five ton per day ESR pilot 
plant between July 1984 and September 1986. 
Operability on Rundle shale proved to be excellent. 
After initial shakedown operations, 73 yield periods 
were achieved consuming 1,700 hours from a total 
on-line time of 3,800 hours. This included one con-
tinuous operating period with a total of 1,040 hours 
on feed. 

Yield periods were conducted at a wide range of 
conditions to ensure that a broad data base was ob-
tained. Process variable studies were carried out to 
test yield effects. Ranges of ESR operating condi-
tions that produce oil yields above 100 percent of 
Fischer Assay were identified. 

Shale from both the Lower Ramsay Crossing and 
Kerosene Creek members of the Rundle deposit were 
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run through the pilot plant. 	 Behaviors of the two
shales and oil produced from them were very similar. 

In summary, Exxon says its proprietary oil shale 
retorting process based upon fluid bed technology 
promises substantial operational and economic incen-
tives compared to first generation retorting tech-
nologies. A highly flexible pilot plant facility was 
designedand constructed to study the integrated 
process. Results of operation on Rundle shales were 
very encouraging.

nfl 

LLNL MEASURES OIL SHALE LOSS FROM A FLUIDIZED 
RED 

Work carried out at Lawrence Livermore National 
Laboratory (LLNL) has concerned the rate of loss of 
dust from a laboratory-scale fluidized bed of Green 
River oil shale. This work has been reported 
recently in LLNL publications. 

Dust is a common problem in the handling and 
processing of solids. Above-ground oil-shale process-
ing requires a large number of dust-generating steps. 
These are: mining, crushing, transport, retorting, 
combustion, cooling, and disposal of processed shale. 

In some retort designs dust cannot be processed. In 
other designs dust is transported out of the 
pyrolyzer before being fully retorted. In either 
case, dust not retorted can represent a significant 
oil loss. Dust is troublesome in other ways. It can 
cause rapid wear and failure of bearings and valves. 
Dust contributes to plugs of heavy oil and coke 
which sometimes form in pipes carrying oil vapors. 

Separation of oil shale dust from larger particles in 
process streams is generally accomplished by cyclone 
separators. The distribution of dust, and other 
solids, in the LLNL solids-recycle oil shale retort Is 
shown in Table 1. Processed shale was collected at 
three places. Large particles were collected in a 
hopper between the pyrolyzer and combustion unit. 
Dust was collected in pairs of cyclone separators on 
the pyrolysis and combustion-gas exit streams.

The raw-shale mean	 particle diameter	 was 
1.4 millimeters	 with a	 maximum of 3.4	 millimeters 
Less than	 two percent	 was smaller	 than 
0.3 millimeters. Particles	 collected in	 the	 spent-
shale	 hopper	 were approximately	 the same	 size	 as 
raw shale.	 More than 95 percent of the	 shale	 col-
lected in cyclones was <0.3	 millimeters. 

Approximately 60 percent of the raw shale was col-
lected in the spent-shale hopper, both in the case 
of the fluidized bed pyrolyzer and the packed-bed 
pyrolyzer, when a 24 gallon per ton shale from the 
Anvil Points mine (AP24) was processed. In the case 
of the 42 gallon per ton shale from tract CB(CB-42), 
all but five percent was worn down to the extent 
that it was blown into the cyclone separators. 

Shale oil produced by recycle-retorting in a fluidized 
bed contained five weight percent dust, and from 
one to five percent dust was found In oil produced 
by the packed bed retort. Oil with more than 
0.025 weight percent of solids are troublesome in 
refinery feed. Removal of small particles to low 
concentrations may be a problem. 

Oil shale processing may be subject to other dust-
related efficiency losses. Surface-facilitated reac-
tions among oil-vapor components, such as cracking 
and coking, may be dust related. The extent of oil 
loss by cracking on dust surfaces Is not known, but 
packed-bed pyrolysis of shale resulted in a lighter 
oil than fluidized-bed pyrolysis. Dust loading in the 
pyrolysis-gas stream was higher in the fluidized-bed 
pyrolyzor, but the time of contact between oil 
vapors and dust was less in the fluidized bed be-
cause of higher gas velocity. 

LLNL investigated shale attrition in a fluidized bed 
where particle-particle collisions were much more 
frequent than particle-wan collisions. The shale was 
studied in the raw, retorted, and oxidized condition. 
The rate of loss of material from the bed was 
measured as a function of time. 

Experimental 

The shale used was taken from Colorado tract C-a 
and crushed and sieved to a size range between 
0.5 and 1 millimeter. The grade was 19 gallons per 
ton. 

TABLE 1 

DISTRIBUTION OF SOLIDS IN LLNL SOLIDS-RECYCLE RETORTS 
(Weight Percent, Recycle Ratio 4/1) 

Fluidized Bed Packed Bed 

Shale & Grade (Gal/Ton) AP24 AP24 OXI5 AP24 C042 
Location of Solids 

Spent Shale Hopper 59.8 63.7 83.5 62.5 5.3 
Pyrolysis Cyclones 36.4 31.0 6.4 20.4 71.5 
Combustor Cyclones 3.2 4.8 10.0 16.8 22.6 
Dust	 in Oil 0.5 0.5 ? 0.2 0.3
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Attrition experiments were made on raw, retorted, 
and burnt shale. Attrition experiments were carried 
out In a fluidized bed. 	 The fluidized-bed was a 
Plastic	 tube	 with	 an	 Inside	 diameter	 of
5.7 centimeters. 

Approximately 150 grams of shale (raw or processed) 
were poured into the fluidized bed. The static bed 
height was six centimeters. 	 The air flow was in-
creased until the bed started to move, 	 The air	 - 
flow was then doubled for the remainder of the ex-
periments. This flow rate resulted in a superficial 
air velocity of 45.5 centimeters per second in the 
bed. 

After various periods of time the air flow was 
stopped, and the amount of shale remaining In the 
bed, as well as the amount of dust trapped 
downstream were determined by weighing. 

Results 

Mass loss is shown as n function of time in 
Figure 1. The rate of loss decreased rapidly with 
time, and In the case of raw shale, approached a 
constant value of approximately 0.007 percent per 
minute after 400 minutes of fluidization. At 
400 minutes of fluidization the total mass loss by 
the bed was 18 percent. 

FIGURE 1 

LOSS OF RAW AND PROCESSED
SHALE FROM LLNL FLUIDIZED BED 
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During the fluidization of retorted and oxidized 
shale, the loss In weight of the bed was so rapid 
that only loss for the first 10 minutes can be shown 
in this figure. The amount of burnt or retorted 
shale blown out of the bed was 5- to 10-times 
higher than in the case of raw shale. The loss of 
retorted shale exceeded the loss of burnt shale, 
when the duration of fluidization was longer than 
approximately 0.3 minutes.

Figure 2 Is a plot of shale loss rates as a function 
of time. The Initial rates were nearly constant for 
the time interval between 0.1 and 1 minute. The 
rate of burned shale was lower than the rate for 
retorted shale during the time Interval 0.1 and 10 
minutes, after which they were the same. 

FIGURE 2 

RATE OF BED LOSS WITH TIME 
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During	 fluidization,	 particles lost	 sharp edges	 and 
corners.	 The	 particle aspect ratio	 did not	 change 
much	 with	 fluidization time. Based	 on qualitative 
observations, processed shale showed the same degree 
of	 smoothing	 as	 raw shale, but	 In	 one tenth	 the 
time. 

The average dust size, on a volume basis, did not 
decrease In a systematic way with time. 

All	 the	 dust	 samples had extremely broad	 particle-
size	 distributions. The size	 distributions were 
bimodal,	 except	 for the dust	 from burned	 shale. 
The	 distribution,	 after 10 minutes	 of fluidization,	 is 
given	 in	 Figure	 3.	 The distribution did not	 change 
much with time.

Cciielusions 

LLNL found that the initial rate of loss of material 
from raw and processed Green River oil shale was 
very rapid, and remained more or less constant for 
the first minute. After the first minute, the rate 
at which dust was generated and blown out of the 
fluidized bed decreased approximately a factor of 
ten for each ten-fold increase In fluidization time. 
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FIGURE 3 

DUST SIZE DISTRIBUTION 
AFTER 10 MIN OF FLUIDIZATION 

100

Raw Shot*

50

- 

Mine 11 
grains-'	 \ 

o '• r 
S.

S.
S. %	 Retorted 

50

nrai 
ins	 s. 

• 9,5-i-
I 

S.
S.

S. 

50 -	 Burnt 

grfl
S.

S. 

0
2	 5	 12.7	 32	 60.7 

Oust particle sin (microns) 

The total	 loss	 during	 the	 first	 minute was most for 
the retorted	 shale,	 5.9	 percent, and least	 for the 
raw shale,	 1.3 percent.	 The	 first dust released was 
probably	 mostly surface dust. 	 The loss of raw shale 
at 1,000	 minutes,	 measured	 by weight	 loss, was 
22.3 percent weight.

Particles smaller than 100 microns will be pneumati-
cally conveyed out of the fluidized bed. In fact, 
LLNL found no particles larger than 150 microns In 
the attrited material (dust),	 and few particles 
smaller than 140 microns In the bed. If particles 
fractured Into halves and then into halves again and 
again, no very small particles would be seen, for all 
of these relatively large fragments would be blown 
out of the bed. Thus a fracture mechanism results 
in bed loss of material in the 50-100 micron range 
only, with no fine dust formed. 

On the other hand, particle failure can take place 
by a more gradual wearing away. Wear will tend to 
yield particles of the smallest structural units In 
shale, the Individual mineral crystals.
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For raw shale the mass of dust in the larger size 
ranges was dominant, suggesting that fracture was 
the most important mechanism of bed loss. 

In terms of number of particles, the mean dust size 
was less than 1.8 microns for all samples. In-
dividual mineral crystals are stronger and harder 
than oil shale itself, which Is a mixture of kerogen 
and minerals. Thus the minimum size of material 
lost by attrition will tend to be the size of the in-
dividual mineral grains. 

Recently T. Coburn of LLNL found that steam 
fluidization of Green River shale at retorting tem-
peratures resulted in accelerated rates of attrition 
compared to the same retorted shale at the same 
temperature in Inert gas. This needs to be taken 
Into account If steam Is to be used for shale 
retorting or transport. 

Proposed mechanisms for dust generation during 
fluidization of small particles of shale are: 

Figure 4 shows the volume distribution of dust and 
bed material produced by 100 minutes of fluidization 
of retorted shale. The diameter of the dust shows 
two peaks, a large one at three microns, and a 
smaller peak at 20 microns. The fraction of shale 
converted to dust under these conditions was 
78.9 weight percent. These results suggest that 
both "fracture" and "wear" mechanisms occurred In 
the case of retorted shale. 
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1. Loose dust on particle surfaces. These dust 
particles are small, and will be released 
quickly. The amount is not important for 
large particles. 

2. Erosional wear of all	 particle surfaces.	 This 
mechanism generates fines	 of the same	 size 
distribution as the individual mineral crystals, 
and	 it	 is faster for	 retorted	 and	 burned 
shale than for raw shale.

3. Chipping of easily broken corners. Probably 
generates medium-size fines, the process is 
rapid at first, and most important for small 
particles.	 Probably a faster mechanism for 
processed shale than for raw shale.	 For a 
shale of a given surface roughness, the 
process becomes increasingly important with 
decreasing particle size. 

4. Fracture of particles into large fragments, 
but almost always smaller than one-sixth of 
the mass of the original particle. 

The question of the role of shale grade on attrition 
Is difficult to evaluate.	 For raw shale, attrition 
may decrease with increasing grade. However, the 
friability of oxidized rich shale stands out, and the 
results of LLNL's present work cannot be extended 
to processed rich shale. Creative new processing 
techniques will be needed to handle oxidized rich 
shale. 

BLASTING PROCEDURES CAN AVOW SECONDARY 
EXPLOSIONS IN OH. SHALE MINING 

The United States Bureau of Mines has been studying 
the fire and explosion hazards associated with the 
mining and processing of oil shale. Particular atten-
tion has been focused on the problem of secondary 
Ignitions of gas and dust clouds generated during 
blasting operations In oil shale mines. This research 
is part of the Colorado Mining Association, United 
States Bureau of Mines, and Department of Energy 
(CMA-USBFiI-DOE) Cooperative Research Project No. 8 
titled, "Development of Safe Explosives and Blasting 
Practices in Oil Shale Mines." Explosives Tech-
nologies International (En) has provided technical 
support to the cooperative research effort, which 
has been summarized at meetings in Denver and Las 
Vegas this year. 

Experimental mine testing has shown that hot com-
bustion products generated from a detonating ex-
plosive can result in a secondary dust or gas explo-
sion. The common blasting agent AMFO (ammonium 
nitrate with six percent fuel oil) has been shown in 
the Bruceton experimental mine (BEM) tests to 
readily ignite pre-existing explosive concentrations of 
oil shale dust and/or methane gas when detonated 
unstemmed.

As mining progresses further and/or deeper into the 
oil shale formation, methane will be encountered and 
could represent a potential secondary explosion 
hazard during the blasting operations. Previous 
full-face field studies in two Colorado oil shale 
mines have shown significant amounts of flame gen-
erated from the detonating unstemmed ANFO charges. 
Based on laboratory and experimental mine data, the 
Bureau examined new combinations of explosives and 
inertlng materials can reduce the probability of 
secondary gas and dust explosions during blasting un-
der gassy mine conditions. One aspect of this 
research program involves the use of inert stemming 
materials that reduce or eliminate the incendivity 
levels associated with hot gas ejection from detonat-
ing AMFO.	 BEM tests have shown that a gelled 
water material provided superior inerting characteris-
ties in preventing the ignition of near 
stoichiometric methane-air mixtures by the detonation 
products produced by detonating 500 grams of ANFO. 
Due to ease of handling (pumpability) and its supe-
rior performance to other inhibitors, gelled water 
was chosen as the preferred stemming material to be 
evaluated In full-scale blasting operations. 

In September 1988, four full-scale tests were con-
ducted at a Colorado oil shale mine to compare the 
relative incendivity levels between all electric initia-
tion of stemmed ANFO rounds with non-electric in-
itiation of unstemmed rounds. The tests were 
monitored for air blast overpressures, flame duration, 
and dust generation. 

Procedure 

Figure 1 shows the mine's routine 36 hole blast pat-
tern for a 8.2 meter high by 12.2 meter wide head-
ing. The presplit and production holes are each 
drilled 8.9 centimeters in diameter to a depth of 
7.3 meters.	 Mon-electric time-delayed blasting caps 
are typically used in this blasting scenario. 

The presplit and center V-cut (represented by dashed 
lines) holes are detonated instantaneously to provide 
the expansion space necessary for the larger produc-
tion holes.	 In this mine, presplitting results in 
fairly sound rib lines for long term stability. Four 
production holes near the floor are the last in the 
blasting sequence and act as lifters to produce a 
fairly uniform floor.	 Figure 1 shows the time 
delayed detonator periods and the ANFO column 
loadings for the stemmed tests. The detonators 
were DuPont's Posidet detonators noted for precise 
delay periods; 0-20 delay periods on a 25 millisecond 
sequence and delays of 22 (600 milliseconds) and 
24 (700 milliseconds). Precision delay detonators 
provide improved fragmentation along with better 
vibration control by significantly reducing the occur-
rence of mistimed borehole detonations. The produc-
tion holes were loaded with ANFO from the back of 
each hole to within 1.2 to 3 meters of the collar. 
The presput holes were loaded to within one meter 
of the collar with ETI's lovex 1-1 (2-looped product 
with effective diameter of 45 millimeters). Each of 
the presplit and production holes were stemmed with 
five of ET1's inert water chubs.	 The prepackaged 
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chubs, each 65 millimeters in diameter and 
400 millimeters long, were silt and tamped Into the 
holes resulting in an effective cross-sectional stem-
ming plug approximately 1.1 meters long.

as opposed to 70 milliseconds for the flame sensors 
due to the camera's larger field of view. 

FIGURE 2 
FIGURE 1 

DIAGRAM OF MINE FACE SHOWING
TYPICAL BLASTING PATTERN 

AND ANFO COLUMN LOADINGS 
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Results 

Figure 2 shows the relative flame intensity profiles 
associated with a stemmed and an unstemmed oil 
shale face blast using ANFO. The flame sensors 
measure the relative flame intensity percentage as a 
function of the flame duration. A sensor saturation 
of 100 percent indicates a high relative flame inten-
sity within the sensor's field of view. Approximately 
70 milliseconds of combustion illumination was 
detected with the flame sensor during the unstemmed 
ANFO test (top trace) before its field of view was 
obscured by the rock and dust generated during the 
blast.	 This correlates to the detonation of the 
presplit and the initial V-cut holes. Flame exists 
over the entire blasting sequence but due to the 
limited field of view of the sensor and the dust 
blinding factor, only the first 70 millseconds of 
flame was recorded. 

In a 16-millimeter movie Him of th is unstemmed 
ANFO test, hot combustion gases were evident along 
the lengths of the detonating cord trunklines and 
were particularly concentrated across the face 
wherever the cord and non-electric shock tube con-
nections were knotted. Large amounts of flame and 
dust were also ejected from the presplit, V-cut, and 
initial production holes early in the blasting cycle. 
Over 160 ms of flame was recorded by the cameras

RELATIVE FLAME INTENSITY
PROFILES FOR STEMMED

AND UNSTEMMED ANFO BLASTS 
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Experiments in the BEM have shown that detonating 
small amounts of unstemmed ANFO or detonating cord 
(25 gram E-cord) will readily ignite a flammable 
methane-air mixture. However, no flame or il-
lumination of any kind was detected outside the 
boreholes by the flame sensors or cameras during 
the ANFO tests which were stemmed with the gelled 
water and initiated with an all electric system 
(Figure 2, bottom trace). The stemming cools the 
hot combustion products generated from the detonat-
ing ANFO, thereby significantly reducing the flame 
that is normally ejected from the borehoies in the 
unstemmed ANFO blasts. 

The pressure transducers recorded peak air blast 
overpressures of approximately 0.3 bar at 50 meters 
from the face during the unstemmed ANFO tests. A 
transducer 120 meters down the heading measured 
peak overpressures of about 0.15 bar. These values 
correspond to the instantaneous detonation of the 
presplit and initial V-cut charges and are similar to 
those obtained from previous unstemmed ANFO face 
blasts. For the tests in which stemming was 
present, the peak air blast overpressures ranged from 
0.15 to 0.21 bar at 50 meters from the face. At 
110 meters from the face, the maximum overpressure 
recorded was about 70 millibar. The air blast pres-
sures generated during a stemmed ANFO blast are 
only half that of a typical unstemmed ANFO test; 
indicating that stemming reduces the hot gas ejec-
tion and does more work In the fragmentation 
process. Post-blast inspection showed no significant 
difference in rubblization with or without stemming. 

Dust samples were collected from measured rock sur-
faces at several locations within the rubble zone to 
determine the concentration of fine dust generated 

2-22	 SYNTHETIC FUELS REPORT, SEPTEMBER 1989



during blasting. The minus 20-mesh dust from each 
sample was weighted and plotted with data collected 
from previous blasts in Figure 3. Laboratory and 
experimental mine tests have shown that only the 
minus 20-mesh dust presents a potential explosion 
hazard. As can be seen in Figure 3, the floor dust 
loadings (left ordinate), grams per square meter, are 
plotted as a function of distance from the face. 
The nominal volumetric concentrations, grams per 
cubic meter, are shown on the right ordinate. 
These nominal concentrations assume a complete and 
uniform distribution of the dust throughout the en-
tire cross-section of the heading. The nominal con-
centrations show no significant differences from ear-
lier tests and are an order of magnitude below the 
experimentally determined lean limit explosive con-
centrations. However, a small amount of methane 
released during blasting In gassy mining conditions 
together with the incendlve combustion products 
ejected from unstemmed boreholes has the potential 
to provide the ignition source for a secondary ex-
plosion. For example, in the BEM experiments, the 
lean limit concentration for 35 gallons per ton 
fine-sized oil shale dust Is 340 milligrams per liter 
and a 3.0 percent methane addition reduces the 
lower explosive limit of the dust to approximately 
120 milligrams per liter. 
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Stemming may also serve as a means of reducing 
further the concentration of the dust clouds genera-
ted during the blasting sequence. Based on limited 
dust surveys (Figure 3), the fine dust generated 
during the blast Is less in each sampling location for 
the stemmed tests (represented by open circles) as

compared with the unstemmed tests (solid circles). 
Stemming appears to reduce dust generation over 
that normally ejected from the unstemmed boreholes. 

ETI Is currently working with the Bureau of Mines in 
formulating new, low incendive, high energy blasting 
agents for use in gassy mining conditions. The ex-
plosives are experimental, pumpable emulsion/AN FO 
blends which will probably be more expensive per 
pound than ANFO but the total cost per ton of 
retortabie product may be equal or less than ANFO. 
These explosives will also require stemming, as does 
ANFO, but In the event that an overlooked hole Is 
not stemmed, the less incendive, quality-controlled 
emulsion blend will be less likely to initiate a 
secondary explosion. incendivity tests continue 
within the Bureau's new surface gallery to optimize 
explosive performance. The gallery is located at the 
Lake Lynn Laboratory near Fairchance, Pennsylvania. 
Full-faced field tests with the optimized blend are 
scheduled to evaluate the incendivity, fragmentation, 
and dust generation characteristics. The Bureau 
believes that this combination of emulsion blend, 
gelled water stemming, and all electric initiation 
system shows promise for blasting safely under gassy 
mine conditions. 

FINE PARTICLES REDUCE OIL YIELD IN MOVING BED 
RETORTS 

The Institute of Gas Technology (1GT) has carried out 
tests in a large six-foot diameter cold flow model 
to determine how fines concentration and distribution 
affect gas-solids contacting and oil yield In moving 
packed beds of -1,25 + 0,125-inch Kentucky New Al-
bany oil shale. 

IGT notes that, in general, moving or packed bed 
reactors have not processed fines. The term "fines" 
Is a relative term, but typically, particles smaller 
than 0.05 to 0.1 times the largest particle size in 
the distribution are usually considered as "fines." 
Attempts to operate with high fines concentrations 
have resulted In gas maidistribution (which leads to 
"hot" and "cold" spots in the reactor) and high pres-
sure drops In the reactor. Pressure-drop considera-
tions are much more Important for processes which 
operate near atmospheric pressure than at high pres-
sure. For a high-pressure oil shale retorting 
process, gas distribution Is a more important con-
sideration than pressure drop. 

There are strong economic reasons to try to process 
fines along with larger particles in a moving-bed 
retorting process. In an IGT feasibility study funded 
by Phillips Petroleum Company in the early 1980s, it 
was found that about 20 percent of the raw Eastern 
cli shale that was mined would not be processed be-
cause it was considered too fine by traditional 
criteria. The "fines" in this case were arbitrarily 
considered to be any oil shale less than 0.125 inches 
in diameter. The top size of shale to be processed 
In the retort was 1.25 inches in diameter. 
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Of the 20 percent of the raw mined shale generated 
as fines, approximately halt of the fines were 
produced in the mine and the other half generated 
during crushing. For a moving-bed hydroretortlng 
plant processing 50,000 barrels per day of oil from 
an Indiana New Albany shale, the total energy con-
tained in the fines represented about 126 x 10 9 BTU 
or an oil equivalent of 21,000 barrels per thy--a 
significant amount of unutilized resource. It Is evi-
dent that If a substantial portion of the raw shale 
fines can be processed, the efficiency of the process 
can be increased significantly. 

Therefore, to determine if operation with increased 
fines concentration were possible, tests were con-
ducted at IGT to determine the effects of fines 
concentration on the operation of a moving-packed 
bed. 

Test Procedures 

Fines-concentration testing consisted of measuring 
the gas velocity distribution across the shale bed at 
various fines concentrations in the bed material. 
The first test was conducted at the lowest natural 
fines concentration of the system (approximately 
three percent by weight) to determine the gas 
velocity distribution at this base condition, using a 
nominal gas velocity through the bed of 1.2 feet per 
second. 

For subsequent tests, the fines concentration in the 
bed was Increased. This was accomplished using the 
natural attrition of the shale particles as they were 
transported around the recirculation loop. 

The second fines concentration test was conducted 
at a nominal tines concentration at seven percent by 
weight. 

The third fines concentration test was conducted at 
a nominal fines concentration of about one-half the 
maximum expected value, or 10 percent by weight. 

The fines concentration of the shale bed was again 
increased by moving the shale around the test loop. 
The rate of attrition of the shale particles 
decreased as the fines content increased, reaching a 
practical limit of approximately 16 percent by 
weight. The fourth test was then conducted at this 
fines concentration. 

The fines doping test consisted of filling a specific 
region of the shale bed with material containing a 
high concentration of fines. The remainder of the 
bed had a fines concentration equal to the base 
fines concentration. A test was then conducted to 
determine whether the accumulation of fines would 
permanently stay in one location as gas flowed 
through the bed. 

Radial Solid, Distribution 

The ability of a moving-bed retort to process shale 
fines depends on the uniformity of gas-solids con-
tacting throughout the bed. A significant real-
distribution of gas flow or variation in bed packing
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can lead to "cold" and "hot" spots In the bed, and 
result in a decrease In overall conversion. 

Radial particle-size distribution tests were conducted 
with four fines concentrations--2.35, 6.3, 9.8, 
and 15.6 percent by weight. The distribution of the 
shale fines In the moving-packed bed was determined 
by collecting a sample of the solids in a solids 
sampler while the bed was moving. 

The shale sampler was essentially a slotted cylinder 
which rotated inside another slotted cylinder. It 
was positioned in the center of the cold flow model 
(CFM) and oriented perpendicular to the flow of the 
solids. 

The distribution of fines in the moving-packed bed 
was strongly affected by the solids mixing cone at 
the top of the CFM (Figure 1). The highest con-
centration of fines was always found in the samples 
directly under the outer edge of the internal cone. 
The high fines contents resulted in small average



particle sizes in these samples. Therefore, the 
average particle size profiles across the CFM had a 
consistent 'W" shape, with peaks at the walls and in 
the center of the bed under the Internal south 
anti-segegation cone. This can be seen in Figure 2. 
In this figure, the average particle-size profiles from 
tests with nominal fines concentrations of seven, 
10 and 16 percent by weight are shown for com-
parison.

FIGURE 2 
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Voidage in the packed bed is the volumetric fraction 
of the bed not occupied by solids. The bed 
voidage, calculated from individual sample weights 
and the particle density of the shale (136 pounds 
per cubic foot), also varied with radial position in 
the CFM. In general, bed voidages varied between 
0.35 and 0.5, with the lower values occurring in the 
high-fines regions of the bed. This variation in 
voidage, combined with the variation in the average 
particle size, had a strong effect on the gas-
velocity distribution in the bed. 

Radial Gas-Velocity Distribution 

Uniform distribution of reactant gas is necessary to 
achieve optimum gas-solids contacting and high con-
versions in moving-packed-bed hydroretorting. 
Therefore, tests were conducted to determine the 
effect of increasing the overall fines concentration 
in the shale on the gas-velocity profile across the 
bed. 

A gas-velocity profile for the 16-percent-fines-
concentration-case is shown in Figure 3. This 
profile Is typical of the profiles for each of the 
different fines concentrations. As can be seen, the 
gas velocity was found to be highest near the walls 
and in the center of the bed, and lowest below the 
outer edge of the internal solids distribution cone. 
Thus, the gas velocity was highest where the

average particle size was large, and lowest where 
the average particle size was small. The averaged 
gas-velocity profiles for each fines concentration 
showed no significant variation with bed height. 

FIGURE 3 
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Effect of Fines Concentration on OR Yield 

To evaluate the effect of increasing fines concentra-
tion on oil yield in a moving-packed-bed retort, a 
mathematical model was used. Temperature profiles 
and oil yields based on the measured packed-bed 
properties from the seven, 10 and 16 percent fines- 
concentration tests were obtained from the model. 
Oil yields were also calculated for the ideal case in 
which an even distribution of fines and a flat gas-
velocity profile across the bed were assumed. The 
ideal oil yield was then compared to the non-ideal 
oil yield to determine if increasing the fines con-
centration in the retort would be beneficial or 
detrimental to the process. 

From the results of the yield calculations made using 
the average particle-size profile, it is evident that 
the oil yield Is a strong function of the final tem-
perature of the shale particles leaving the retort 
zone. For the nominal seven percent fines-
concentration case, the low bed voidage and the 
small average particle size, together with the low 
calculated gas velocity, resulted in a very low 
heat-up rate, and a maximum shale temperature of 
less than 700°F in the high-fines region of the bed. 
Based on the conversion model, less than five per-
cent of the kerogen in the shale would be converted 
to oil at this condition. 

In some cases, the yield in the high fines region 
was essentially zero. For example, in the 
16 percent fines concentration case, the fractional 
oil yield in annulus three was only 0.003. 
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At each fines concentration, a uniform particle-size 
distribution resulted in a uniform gas-velocity dis-
tribution, and equal conversion of the kerogen across 
the packed bed. These results are presented in 
Figure 4, along with the calculated oil yield from 
the above analysis. The numbers in parentheses In 
this figure denote the predicted oil yields for the 
measured average particle-size distributions as a 
percentage of the yield calculated for a bed with a 
uniform particle-size distribution.

retort. However, if a solids feeder could be 
developed which distributed the fines evenly over 
the entire retort surface, fines could be processed 
In the retort. In the last column of Table 1, the 
calculated amount of oil produced assuming the per-
fect mixing of the fines throughout the shale is 
shown.	 This value increased with Increasing fines
concentration in the retort. 

TABLE 1 
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The calculated fraction of the kerogen converted to 
oil decreased as the fines concentration was in-
creased.	 However, more shale is being processed 
when the fines are utilized in the process. Thus, 
even though the fractional yield was reduced, was 
the actual amount of oil produced greater when the 
fines were utilized? To answer this question, a cal-
culation of the amount of oil produced as a function 
of fines concentration was made. The calculation 
was based on 100 tons of raw shale from the mine. 
As discussed above, approximately 20 percent by 
weight of this shale Is produced as fines either in 
mining or in sizing. Therefore, a moving-packed-bed 
retort processing no fines would utilize only 80 tons 
of this material. However, a retort processing shale 
containing 16 percent fines would process 96 tons of 
the material. 

The results of the calculation are shown in Table 1. 
The results indicate that, in general, it Is better to 
operate with no or reduced fines in the retort 
rather than with a high fines concentration. The 
reduction in the oil yield reduces the amount of 
kerogen converted to oil more than the increased 
use of fines increases the amount of oil product. 

Therefore, 1GT concludes that if the type of solids 
feeder used in this study is used to distribute shale 
to a retort, fines should not be processed in the

OIL i'R(IXJCg) AS A FUNCTION OF FINES 014((ThATION 
(Basis: 20 Weight Percent Kerogen Shale) 

Fines Kerogen Oil Oil Produced, 
Concentration, In Shale, Produced, Ideal Case, 

Wt % Tons Tons Tons 

4 16.8 9.24 9.5 
7 17.4 7.60 9.8 

10 18.0 8.60 10.2 
16 19.2 7.30 10.8

#lt ## 

UNOCAL PATENTS IMPROVED SCRAPER FOR UPFLOW 
RETORT 

United States Patent 4,820,382 issued to D. H. Cobb 
and assigned to Union Oil Company of California 
describes a "Method and Apparatus for Removing 
Solids From an Upwardly Moving Bed Chamber.' 

Need Fir The Invention 

As oil shale moves upward in Union's "rock pump" 
retort, it eventually reaches the top of the kiln and 
the retorted material spills over onto a chute. Al-
though gravity causes some of the retorted material 
to spill onto the chute, the amount that spills onto 
the chute over a specific amount of time is insuffi-
cient for commercial retorting operations. Thus it is 
necessary to increase the rate at which the material 
spills over the kiln onto the chute. Numerous 
devices have been suggested for scraping the spent 
shale, ash and fine materials from the top of an 
upf low bed of oil shale rock. These devices typi-
cally comprise various blade arrangements, such as 
those in patents issued to Deering at aL and to 
Dhondt et al. 

Previously used blade scraping apparatus encountered 
difficulty in removing the spent shale, ash and fine 
materials due to the pressure exerted by the recycle 
gas. The downward flowing gas compacts the 
upfiowlng particulate materials, which In turn in-
creases the torque needed to move a scraping ap-
paratus through the upflowing material. As the 
blades of a scraping apparatus move through the 
upflow moving material, the material breaks up into 
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smaller and smaller particles until fine materials ac-
cumulate at the upper surface In such amounts that 
a dramatic pressure drop in the downwardly-flowing 
recycle gas is observed. This results In less of the 
gas penetrating downward which in turn causes a 
reduction in the efficiency of the retort. Also the 
fine materials compact tighter than larger particulate 
materials, further raising the torque requirement of 
the scraping devices. As the torque requirement in-
creases the fine production increases, causing a con-
tinuous cycle of fines production and torque increase 
until eventually the stress tolerance of the apparatus 
is exceeded, leading to a shutdown of the retort. 
Furthermore, the efficiency of the retort is sig-
nificantly impaired due to the accumulation of fine 
materials. 

It can be seen that there is a need for an ap-
paratus capable of scraping off the upper portion of 
a particulate bed of oil shale moving upwardly in a 
retort while maintaining low torque requirements and 
minimizing the production of fine materials. 

Summary of the Invention 

The apparatus of the present invention, by means of 
a series of cutting edges revolving about the same 
vertical axis, but disposed in different horizontal 
planes, forms in the surface of the upflowing solids 
a series of generally planar, concentric, ring-like 
terraces (Figure 1). 

FIGURE 1 
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The uppermost portion of the particulate oil shale 
rock mass shown in Figure 1 is moving upwardly 
through an upf tow retort. This uppermost portion of 
the pile is comprised of spent shale, ash and fine 
materials. In the upf low retort, the shale pile is 
fed upward by a reciprocating piston.

The scraper apparatus is within the retort except 
for a motor and associated gears which are con-
nected to the shaft used to rotate the apparatus. 

The scraper assembly is comprised of a support plat-
form to which arms are attached at an outward and 
downward angle, such that the arms are at an angle 
from the platform greater than 90" and are posi-
tioned axisymmetric. Attached to the undersides of 
the platform and the arms in a generally vertical 
position are blade assemblies. Each blade assembly 
comprises a support post which is connected at one 
end to either the platform or an arm and at the 
other end to a substantially vertically oriented 
blade. 

As the solids pile moves upward through the retort, 
its upper surface Is brought into contact with the 
lowermost edge of each blade rotating about the 
vertical shaft. Blade assemblies are attached to the 
platform and arms so that the respective cutting 
edges of the blades lie on different horizontal 
planes. As the apparatus rotates, the cutting edges 
cut through the upper surface of the pile forming a 
terrace structure. The particulate material of the 
pile, cut away by the action of the rotating blades, 
drops from one ledge to the next lower ledge until 
the material completely drops off the pile onto a 
chute, not shown. 

The scraper apparatus, by forming a terraced struc-
ture in the upper surface of the pile, requires less 
torque and produces less fines than previous ap-
paratus. This terraced structure further increases 
the surface area of the pile, allowing more of the 
recycle gas to pass into the pile easily. 

The blades may have any number of sides or be any 
shape, such as flat and/or quadrangle, but are 
preferably curved, with the curvature equal to that 
of an are of a circle having a radius of about 
14 to 20 inches, with an overall width of 2.5 to 
4.5 feet, and a height of 15 to 22 inches. It is 
preferable to harden the blade at the cutting edge 
by depositing hardening material along the cutting 
edge, such as tungsten-carbide. 

It had been found that torque can be reduced by 
providing a specific angular relationship between 
each cutting edge and the upper surface of the pile. 
This angular relationship is referred to as the 'angle 
of attack" of the cutting edge. Generally, the 
preferred angle of attack is from about 35 0 to 
about 45°. 

It is preferable that the depth at which the blade 
cuts into the upper surface of the solids pile be 
from about .625 inches to about two inches, more 
preferably about 1.5 inches. This lowers the resis-
tance of moving the blade through the solids pile 
reducing torque and fines formation. The depth of 
cut is dependent upon rotation per unit time of ap-
paratus and the rate the pile moves upward through 
the retort. Thus, as the rate of rotation increases 
the depth of out is reduced, while increasing the 
rate of upward movement without increasing the rate 
of rotation increases the depth of cut. 
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Referring to Figure 2, In accordance with one 
preferred embodiment of the Invention, the apparatus 
Is further provided with chutes as shown. The 
chutes are positioned with respect to the blades so 
that the material being cut Is deposited onto the 
chute and through gravity travels down onto the 
next lower ledge or completely off the pile. Each 
chute is secured to an arm, typically, the same arm 
that the respective blade Is secured to; the chutes 
may be secured by a separate post and bracket ar-
rangement.	 Preferably the bottom plate of the
chute forms an angle from the horizontal of 300 to 
45 0 . While it Is feasible to put chutes under each 
blade, It Is more preferable to use a chute only 
with each of the next to lowermost blades, such as 
the four next to lowest blades of the embodiment 
shown in Figure 1. While it Is permissible to use a 
chute with the lowermost blade, It Is not essential 
since the particulates being cut by that blade drop 
off the pile directly.

FIGURE 2
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INTERNATIONAL 

SHALE TAR PURIFICATION PRACTICES DETAILED 

A new publication from the Soviet Union, Handbook 
on Shale Refining, covers the entire subject of shale 
oil refining and upgrading. Of some interest are the 
first steps of washing and purification of the raw 
tars. These steps are necessary before the shale li-
quids can be accepted by conventional petroleum 
refining processes. 

Baltic shales have been used as a raw material for 
the manufacture of fuel products for over 60 years. 
Shale tars for semi-coking are produced primarily in 
gas generators In the form of raw fractions. They 
are low in sulfur (sulfur content approximately 
0.8 percent), exhibit low viscosity and have a low 
solidification temperature (less than minus 200C). 
These qualities allow its use as a liquid boiler fuel 
(shale fuel oil) almost without specialized refining, 
although the tar is somewhat contaminated with 
mechanical impurities and salts. 

The industrial refining of shale tars to produce 
high-quality products for primarily non-fuel applica-
tions was initiated at P.O. 'Slantsehim" beginning in 
the 1960s. 

In the lOSOs, VNIIPS proposed an industrial design 
for the refining of shale tars. Initially, this design 
only included processes for the decalcification (de-
ashing) and desalting of the starting raw material, 
the separation of tars into fractions, and the coking 
of distillation residuals (Figure 1). The modern com-
prehensive design for the refining of shale tars was 
developed during the 1970s by Nllslantsev, in part 
with Lengiproneftehim, BashNIl NP, and aggregate 
branches. This design was supplemented with 
processes for the washing and compounding (mixing) 
of middle tar fractions. New technological direc-
tives were proposed for the purification and 
preparation of tars for refining, washing of isolated 
fractions, and other processes. 

The refining of shale tars with a coking step for 
their heavy fractions was proposed in 1960 by 
A.V. Kozhevnlkov in order to increase the yield of 
distillates with practically no solid impurities. The 
present economical effectiveness of this design for 
refining tars Is determined by specialized applications 
for the distilled fractions and water-soluble phenols. 
At the same time, high quality tar coke is obtained 
from the coking process. 

A unit for coking the heavy portion of the tars In 
batch operation still-type coke ovens has been in 
use at P.O. "Slantsehim" for the last 20 years. An 
experimental-industrial scale process for the calcining 
of coke fines in chamber furnaces was also 
developed at P.O. "Slantsehim." At S.P.Z. "Slantsui,' 
an industrial coke calcining process in chamber fur-
naces has been organized. Units for slow coking 
are constructed according to a technology widely 
used in petroleum refining.

The design described was intended for the com-
prehensive refining of semi-coking tars from shalt 
kukersite, primarily generator (producer) tar, but ma 
be used to refine these tars in combination with 
others, such as chamber tar. The basic configura-
tions of this system are also valid for use with tars 
from other shales. 
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The primary products from the refining of tars using 
this system are: water-soluble phenols (alkyl 
resorcinols), calcined electrode coke, distilled frac-
tions which are used for the output of oily wood 
preservatives, the chemical-restorative preparation 
"Nerozin," or a component in high-quality heating 
fuel (distilled fuel oil). Insulation and building mas-
tics, road oil, asphalt, plasticizing resins, and other 
products are prepared from the heavy portion of 
these tars in addition of cokes. 

Thus, the comprehensive refining design is a com-
bination of technological processes for the purifica-
tion and distillation of tars, the coking of heavy 
residuals, the calcining of tar cokes, the extraction 
of distilled alkylresorcinol fractions, and processes 
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for the deterring and dephenolization of phenolic 
waters. 

The Purtfleatlai of Shale Tan 

Prior to distillation, tars must be liberated from 
mechanical impurities such as ash and water. 
Chlorides and water-soluble phenols must also be 
removed. At P.O. "Slantsehim," generator tar un-
dergoes purification. Together with chamber tar, the 
generator tar portion comprises 85 percent of the 
entire volume of tars treated. 

In the condensing systems of gas generating stations, 
generator tar is typically obtained in the form of 
two fractions--heavy (20-50 percent yield) and 
light-middle (yield 50-80 percent). Most mechanical 
impurities from semi-coking aggregates enter into the 
heavy tar, which is condensed in the first phase of 
the cooling of the vapor-gas mixture.	 The content 
of	 these	 impurities	 in	 the	 tar	 consists	 of 
10-15 percent. Ash content Is 5-7 percent. The 
content of mechanical impurities and ash in light-
middle tar is considerably lower--in the ranges of 
0.6-0.8 and 0.2-0.4 percent. The concentration of 
salts (present primarily as chlorides of ammonia, 
potassium, and calcium) in the heavy tar consists of 
3-10 grams per liter, and 0.5-2.0 grams per liter in 
the light-middle tar. 	 Chamber tar contains the 
lowest amount of impurities (mechanical 
0.3-0.5 percent and ash 0.1-0.2 percent), with a 
mineral salt concentration of 0.5-1.0 grams per liter. 

Mechanical impurities are extremely difficult to 
remove from the tar during purification. These im-
purities consist primarily of shale particles, 
polycokes, and ash, which are distributed throughout 
the tar in a finely dispersed form. 	 They are par-
ticularly numerous in UTF tar. This fact is at-
tributed to the peculiarities of thermal refining 
technologies, as well as the low mechanical strength 
of shale-kukersite. For example, the amount of 
mechanical impurities with a particle size smaller 
than 10 micrometers does not exceed 40-45 percent 
in combined generator tar, yet In Ufl tar, this 
amount has been as high as 95 percent. The den-
sity of these mechanical impurities may vary within 
a range of 1,300-2,200 kilograms per cubic meter as 
a function of the organic content and mineral com-
position of the refined shale. 

Simple settling processes, such as the first stage of 
tar purification are incorporated at all of the en-
terprises. At S.P.Z. "Slantsul" and S.H.Z. "Kiviuili," 
such a purification process makes up the primary 
method for the preparation of tar for subsequent 
use. Approximately 50 percent of the mechanical 
impurities in heavy generator tar are removed in the 
settling tanks of the GCS condensation system. The 
largest particles are removed in the form of residual 
tars. Heavy particles are similarly removed along 
with the extensive, extremely dense, portion of the 
tar, which the enterprises are forced to use as road 
oil. Due to the finely-dispersed nature of the 
mechanical impurities in light-middle generator tar, 
the extent of purification is only 15-20 percent.

At P.O. "Slsntsehim," shale tar is subjected to a 
more thorough purification step prior to distillation. 
Heavy generator tar is directed for supplemental 
settling in a three-sectioned, mechanized decanting 
vessel. The tar is diluted up to 50 percent with 
gasoline fraction distillate to reduce its viscosity. 
In the next step, a mixture of purified heavy gener-
ator tar (with the added gasoline fraction), light-
middle generator tar, and chamber tar, is water-
washed in steam-heated vessels and orifice mixers. 
So-called weak phenolic waters" from the 005 con-
densation system are used for the washing process. 
The combined tars are purified by this thermo-
settling process to a prescribed standard. The basic 
parameters of this process are given in Table 1, 

Such a system for preparing tars for subsequent 
refining allows for a supplemental removal of 
mechanical impurities from heavy generator tars to 
the extent of approximately 90 percent. For com-
bined tars, this value is 55 percent. The amount of 
ash removed equals approximately 94 percent and 
77 percent, respectively. In that purified tar mix- 
tures are obtained with a residual ash content of no 
greater than 0.07 percent, the yield of shale tar 
coke with an ash content of 0.5-0.6 percent is 
guaranteed, thus meeting consumer demand. Water 
soluble phenols are simultaneously extracted at a 
quantity of approximately 0.9 percent with respect 
to the starting tar. The content of corrosively ac-
tive salts in the tar,	 which is determined by 
chloride ion concentration, 	 is reduced by ap-
proximately 90 percent. This type of tar purifica-
tion requires the continuous operation of distillation 
units over a period of no less than six months. 

The characteristics of raw and purified tars treated 
at P.O. 'Slantsehlm' are presented In Table 2. 

The demand for finished products is increasing simul-
taneously with increases in the production volume 
and refining of semi-coked shale tars. A reduction 
in the ash content of electrode coke is of first 
priority in meeting this demand. Research at 
Nllslantsev has shown that one method among others 
provides for the highly effective purification of tar 
shale reducing the tosses incurred by the operation 
of the system previously described. This method in-
volves centrifugal separation. 

The first tests for purifying heavy shale tars in an 
industrial centrifuge manufactured by the "Gayboldt" 
firm, were conducted at the S.H.Z. "Kivluili." By 
adding an amount of the gasoline fraction (at ap-
proximately 20 percent), mechanical impurities are 
almost entirely removed from the heavy tar, and the 
ash content does not exceed 0.05 percent. This 
plant also uses an AOG-1,800 centrifuge to purify 
heavy tar for use as a fuel oil component. 

Centrifuging tests on tar have also been conducted 
at S.P.Z. "Slantsui" in part with UkrNll himmash. 
Heavy generator tar supplemented with a fraction 
boiling within a range of 230-320 0 C (30 percent) un-
derwent purification. This mixture contained 
4.9 percent mechanical impurities, and 2.4 percent 
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TABLE 1 

OPERATING PARAMETERS FOR PRIMARYThER*)-SEfltIPE PROCESS 

Heavy Tar Tar Mixture 

Tenperature, °C 35-40 80-85 
Pressure, MPa Atmospheric 0.2-0.3 
Diluent Content in the Raw - 

Material - Gasoline Fraction, % 45-50 14-17 
Mixture Viscosit	 at Working - 

Temperature, m Is 6 (3-5)xlO (3-7)xl0 6 
Quantity of water used, 

% of Raw Material 80-90 
Duration of Settling, Hours 13-15 3.5-4.1 
Phenol Concentration in the 

Wash Water, gil --- 8-11 

TABLE 2

THE GIABACIERI STICS OF RAW AND PURIFIED SHALE TABS 

Chloride 
Density Concen- Content, % 
at 20°C tratlon, Mechanical 

Tar !zL!!? j Water Inpurities Ash 

Generator Tar 
Heavy 1,037 5,000 8.4 6.6 3.1 

After settling out 915 350 0.4 0.28 0.15 
nEchanical impurities	 (at 
a ratio of tar mixture to 
gasoline fraction = 1.3:1) 

Combined Tar (a mixture of 
chanter tar and gasoline 
fraction) 

Before The rrro-Settling 991 140 1.5 0.60 0.18 
After Therm-Settling 986 36 0.8 0.24 0.05 

Light-Middle 1,002 400 2.4 0.63 0.24 
Chanter Tar 1,040 150 2.8 0.32 0.10 
Coking Distillate,	 after thernn- 989 26 2.1 0.40 0.02 

settling (at a ratio of mixture 
to gasoline fraction = 10:1)

ash. The primary results of this purification test 
conducted in pilot centrifuge MT-350 are presented 
In Figure 2. In this test the rotation rate, duration 
of operation, and partition factor, were varied. 
After only 10-15 minutes of centrifuging (at a parti-
tion factor of 540) the content of mechanical im-
purities consisted of 0.25 to 0.3 percent, with an 
ash content of 0.08 to 0.1 percent. These values 
are two to three times smaller than those obtained 
through the settling of tars In a decanting vessel. 

As envisioned in an improved design (Figure 3), 
heavy tar is centrifuged instead of settled, and the 
washing of tar mixtures is conducted in two steps 
(ratio of tar to water is 1:1).	 The productivity of

one industrial settling-type centrifuge (QTN-2003K-0 1) 
is 2.5 cubic meters per hour. By using this process, 
the residual ash content of the combined tars Is 
reduced to 0.04 percent, which yields tar cokes with 
approximately 0.3 percent ash. Along with an In-
crease in the extent of chloride removal, the yield 
of water soluble phenols Is increased by 15 percent. 
The future incorporation of this design at S.P.Z. 
"Slantsui" is said to be of first priority. 

In the processes described, a significant quantity of 
residuals (4-5 percent of the combined tar) form 
during the purification of shale tars. The composi-
tion of these residuals is heterogeneous (Table 3). 
The specific heat of combustion for these residuals 
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FIGURE 2 

MECHANICAL IMPURITIES
IN HEAVY GENERATOR TAR

WITH DURATION OF CENTRIFUGING
AT VARIOUS PARTITION FACTOR 

VALUES (SHOWN BY THE CURVES) 
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FIGURE 3 

AN IMPROVED DESIGN FOR THE 
PURIFICATION OF GENERATOR TAR 

Heavy List 
Generator 230-32CC Generator	 Gesoline	 Wash 

Tar Frectii Tar	 Fraction	 Water	 I 

" at LtneoLr.arj 
tha 

Resid'sla Raithala Re.ithais	 ThaLic	 Prepared 
Water	 Tar 

while those formed in thermo-settling tanks contain 
three to six percent. 	 In a waste management 
recovery plant,	 residuals are refined with the 
gasoline fraction. The fraction and extracted tar 
are directed to the heavy tar preparation process. 
The centrifuging of tar allows a reduction in the 
amount of gasoline-containing residuals (up to 
50 percent) by a factor of three, thus facilitating 
their utilization.	 It should be noted that a dish-



shaped centrifuge (separator) may be used to purify 
tars instead of a settling type centrifuge. 	 The
separator may be less powerful, but more productive. 

Combined tar is suitable for purification in simpler 
is 12.5-25.0 megajoules per kilogram depending on 	 apparatus--hydrocyclones.	 Afterwards, that tar por-
the amount of tar they contain. 	 Their flash point	 tion which is still dirty is removed (20-30 percent), 
depends primarily upon the quantity of the gasoline 	 and is directed to the separators.	 In this manner, 
fraction.	 Residuals formed in a decanting vessel	 the number of centrifuges required may be reduced 
contain 20-25 percent gasoline fraction content,	 by three to four times. 

TABLE 3 

STICS OF RESIDUAL TABS AT VARIOUS STMES OF PURIFICATION 

Density Content, 96 
at 20°C, Flash Mechanical 

Purification Stage Point, °C Tar Impurities Water 

Preliminary Settling of Heavy 
Generator Tar at the 03S 1,200-1,300 >120 50-70 30-40 510 

Settling of Heavy Generator 
Tar in a Decanting Vessel 1,300-1,400 0-20 40-50 35-45 10-20 

Centrifuging of Heavy 
Generator Tar 1,300-1,400 >100 30-40 4555 10-15 

Thermo-Settling of Combined Tar 990-1,030 0-20 20-40 8-15 30-50
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SOWBIIJZAIION OF MOROCCAN OIL SHALE IN 
TOLUENE TESTED 

Work carried out at the University of Oklahoma has 
Involved examining the solubilization of a Moroccan 
oil shale In toluene at different temperatures. A 
summary of results was presented at the Symposium 
on Comparative Studies of Various Oil Shales, held 
at the American Chemical Society Meeting in Dallas 
In April. 

The oil shale specimen used in this investigation was 
obtained from the YFO stratum of the Timandlt for-
mation. Three reaction temperatures were used, 
300, 320 and 340 0C. The reactions were carried out 
in a stainless steel reaction tube suspended in a 
fluidized sand bath. The amount of toluene in the 
reactor was adjusted to obtain the desired pressure 
at a given temperature. In a typical run about 
15 grams of dry, bitumen free, shale (DBFS) and 
40 cubic centimeters of toluene were introduced into 
the reactor which was sealed. No gaseous pres-
surization was used and no residual pressure was 
detected, suggesting that the amount of gas-make 
was negligible. 

Chemical analysis of the extracts showed that the 
effects of both time and temperature on the 
elemental composition of the extracts are not sub-
stantial except for oxygen whose concentration in 
the extracts seems to decrease with treatment time. 

The data for conversion to THF soluble material, as 
a percentage of the dry bitumen-free shale, are 
shown in Figure 1. The points at zero time cor-
respond to runs which were terminated when the 
reactor temperature reached the temperature of the 
isotherm. Conversion increases with time at all 
temperatures, approaching asymptotic values of about 
five percent at 300 0 C, six percent at 320 0 C, and 
seven percent at 3400C. 

When a simple power law model is used, the data of 
Figure 1 were found to be best fitted by a first 
order model. 

Molecular weight distributions for the extracts ob-
tained at 320 0C and 300 0 C show a gradual shift of 
the molecular weight distribution towards higher 
molecular weights, suggesting a recovery of increas-
ing amounts of larger molecules with treatment time. 

For 340 0 C extracts obtained in less than one hour, 
the molecular weight distribution shifts towards 
higher molecular weights during the first 20 minutes 
and then remains practically constant until about one 
hour of reaction time. The extracts obtained at 
reaction times longer than one hour show a gradual 
evolution towards lower molecular weights. Since 
this shift occurs while the conversion remains prac-
tically constant, the researchers feel that the most 
logical explanation is thermal degradation of the ex-
tracts at 340°C.	 Degradation most likely starts 
taking place from the first moments of treatment at 
this higher temperature. That its effect on the 
molecular weight distribution is felt only after 
processing times longer than one hour is the result

FIGURE 1 

CONVERSION OF MOROCCAN SHALE 
AT DIFFERENT TEMPERATURES 
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of two competing phenomena: recovery of increasing 
amounts of higher molecular weight material, as was 
the case at lower temperatures, and thermal 
degradation of the already recovered material, lead-
ing to a maximum in the average molecular weight 
of the extracts. 

Previous work by the Oklahoma group has shown that 
there is a relationship between molecular weight of 
organic compounds and the rate of their recovery as 
soluble species. To explore this relationship they 
determined the percent conversion, on a DBFS basis, 
for each of 21 narrow molecular weight fractions. 
Typical data are presented in Figure 2. These data 
show no evidence of thermal degradation, even for 
high molecular weight material, at 320 0 C as was the 
case at 300 0 C.	 The lines through the data are
based on the first-order reaction rate model. 

The conversion to the narrow molecular weight frac-
tions at 340 0 C exhibited a different behavior from 
that observed at the lower temperatures. At this 
higher temperature the conversion to molecular 
weight fractions below 900 show a continuous in-
crease with treatment time even after periods of 
time as long as four hours. For fractions in the 
900-1,070 molecular weight range there is an initial 
increase and then a leveling off of the percent con-
version at long processing times. The percent con-
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In the last tong run on Chinese shale, oil recovery 
rate was 100 percent of Fischer Assay, the combus-
tion of residual carbon on the retorted shale was 
72 percent, the calorific value of the retort gas 
after oil recovery was 3,270 kilocalories per cubic 
meter, and the on-stream availability of the 300 ton 
per day pilot plant was 97.8 percent. 

FIGURE 2 

CONVERSION TO
MOLECULAR WEIGHT FRACTION 1588 

The fluidized-bed combustor was also operated using 
Maoming shale fines for about 30 continuous days 
from mid-May, 1988. The combustion efficiency and 
availability were over 99 percent and 98.1 percent, 
respectively. 

Based on the results obtained through the pilot plant 
operations, JOSECO conducted a conceptual study on 
a commercial scale plant having a retorting capacity 
of 50,000 tons per day under the assumptions that 
the plant was to be constructed in Australia or 
China, no restrictions on layout existed, etc. 

JOSECO demolished the pilot plant at the end of 
March, 1089. All research and development ac-
tivities through the pilot plant operations were suc-
cessfully completed as scheduled. 
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version	 to	 molecular	 weight	 fractions	 above
1,070 show an increase during the first hour or so 
and then a decrease at longer times. Furthermore, 
for these fractions, the higher the molecular weight 
the higher the rate of decrease in their conversions. 
A typical example of this behavior Is shown in 
Figure 2. 

The results suggest that the decrease in molecular 
weight observed for the 340 0C extracts at longer 
treatment times is due to a decomposition of the 
large molecular weight compounds to form lower 
molecular weight material. Note that for most of 
this time period, the overall conversion to high 
molecular weight fractions is due to a simultaneous 
generation of these compounds from kerogen and 
their thermal degradation. 

JOSECO DISMANTLES PILOT PLANT 

Japan Oil Shale Engineering Company Ltd. (JOSECO) 
completed its pilot plant test program on oil shale 
in 1988.

STRUCI'UEAL MODEL DEVELOPED FOR KEROGEN IN 
RUNDLE OIL SHALE 

At the American Chemical Society Symposium on 
Comparative Studies of Various Oil Shales held in 
Dallas in April, researchers at Exxon Research and 
Engineering Company revealed a structural model for 
the organic material in Rundle Ramsay Crossing oil 
shale (RX0S) from Queensland, Australia. 

Mild and selective derivatizations with isyopically 
belled reagents followed by solid state	 C- and 
Si-NMR analysis were used to chemically charac-

terize the organic functionalities. Combining these 
data with in-depth MS and NMR analyses on shale 
oils produced under mild conditions from RXOS led 
to the development of a detailed structural model. 

The Ramsay Crossing oil shale used in this work 
contained 18.69 weight percent organic material 
finely dispersed in a mineral matrix. Solid state 
13 C NMR employing CF/MAS indicated an aromaticity 
of 23 percent which includes contributions from 
olefin and carbonyl carbon types. Exhaustive Soxhlet 
extraction with TEIF removed 7.6 weight percent of 
the organics as bitumen.	 The as-received moisture 
content was >20 percent. Acid demineralization of 
the oil shale, using aqueous HCL/HF to produce the 
corresponding swellable kerogen concentrate (RXOS-
KC) was carried out prior to chemical reactions for 
derivatlzation of organic functionalities. 

Hydrolyzable Nitrogen 

Nitrogen bases liberated during the acid washings 
would be retained in the acid solutions as the cor-

2-34	 SYNTHETIC FUELS REPORT, SEPTEMBER t989 



responding ammonium salts. To recover and identify 
these free bases all of the add washings were 
gasified with 50 percent aqueous KOH under a 
nitrogen sweep. 

Non-Hydrolyzable Nitrogen: Unhindered Basic 
Nitrogen 

Quaternization of - unhindered basic nitrogen com-
pounds (e.g. pyridines) with iodomethane at 50 0 C in 
Till' gave the corresponding quaternary ammonium 
methiodides. Under these conditions hindered 
nitrogen bases do not react, or react slowly. Non-
basic nitrogen compounds (e.g., pyrroles) do not 
react. 

Hindered Basic Nitrogen 

A sample of 1(011 washed (to remove any amine 
hydrochlorides) RXOS-KC was treated with anhydrous 
HCl in methylene chloride. The number of chlorine 
atoms added was obtained by elemental analysis. 
The data were extrapolated to zero time to correct 
for the small interference of the olefin reaction. 
This gave 1.0 basic N's/bOG's as an estimate of the 
total basic nitrogens in RXOS-KC. 

Non-Hydrolyzable Nitrogen: Pyrroles (and Alcohols) 

Although pyrroles and indoles are not methylated un-
der PT-O methylation conditions (below), even highly 
hindered pyrroles can be quantitatively methylated 
under more severe conditions of Phase Transfer 
Catalyzed	 -	 Nitrogen	 methylation	 (flC-N 
methylation). Using 13 C-enriched methyl tosylate as 
the methylating reagent, 50 percent NaOH as the 
base and tetrabutylamnjinium bromide (TBAB) as the 
phase transfer catalyst, C NMR indicated addition of 
2.2 O-methyls/100 C's, 0.3 N-methyls/100C's and 0.6 
C-methyls/100 C's. The 0.3 methyls/100 C's cor-
respond to derivatives of carbazoie -like compounds 
(0.2 niethyls/100 C's), plus methyl derivatives of pyr-
roles and indoles (0.1 N-methyls/100 C's) which were 
formed under more severe flC-N methylation condi-
tions. 

Carboxylie Acids and Phenols 

The quaternization reaction described above was 
carried out in the absence of strong base. Under 
the influence of a moderately strong hydroxide base, 
such as TBAH, acidic 0-functionalities, carboxylic 
acids and phenols, can be quantitatively methylated 
to give the corresponding methyl esters and methyl 
?hers.	 PT-O methylation of RXOS-KC showed by 

C NMR to add 2.1 methyls/IOOC's. 	 The methyls 
were	 distributed	 as	 1.6	 esters/100	 C's,	 0.3
C-methyls/100C's and 0.2 N-methyls/100 C's. 

Ketones 

Sodium borohydride is a mild reducing agent which 
selectively reduces ketones in the presence of 
esters, carboxylic acids and carboxylate salts. The 
resulting alcohols can then be converted into the 
corresponding trimethylsilyl (TMS) derivatives by 
silylation	 with	 N-methyltrimethylsilyl 	 tn-

fluoromethylacetarnide. Analysis of the resulting silyl 
derivative by 13 C NMR indicated the presence of 3.9 
TMS groups/100C's, corresponding to 2.5 TMS/IOOC's 
derived from acids, alcohols and pyrrolic 
N-compounds initially present in RXOS, plus an addi-
tional 1.4 TMS/100 C's assigned to alcohols derived 
from the corresponding ketones. 

Esters 

Lithium aluminum hydride is a powerful reducing 
agent which rapidly and quantitatively reduces car-
boxylic acids, esters ajd ketones to the correspond-
ing alcohols.	 The	 C NMR result indicated the 
presence of 2.2 TMS/100C's. Since LiAIH 4 reduction 
produces two alcohols per ester group, it follows 
that RXOS-KC contains 1.1 esters/100 C's. 

Olefins 

Olefins rapidly react in the dark with bromine in 
carbon tetrachloride at 0°C to produce the cor-
responding dibromides.	 Bromination afforded a 
derivative containing 3.14 Br/100 C's.	 It follows
that the RXOS-KC contains 1.57 CC/100C's. 

The Distribution of Punctionalities in RXOS 

Combining the hydrolyzable nitrogen results with the 
characterizations on the RXOS-KC enable a com-
prehensive description of the distributions of 
hydrocarbon, and 0- and N-heteroatom functionalities 
in the solid RXOS (Figure 1).	 Values for the non-
derivatizabte	 functionalities,	 ethers	 and
N-alkylpyrroles, were obtained by difference. 

Non-Derivatizable Functionauties 

The selective derivatization chemistries described 
above led to quantification of 76 percent of the 
oxygen and 78 percent of the nitrogen present in 
RXOS. The balance of the oxygen and nitrogen, and 
essentially all of the sulfur are present in functional 
groups which are not easily derivatized. identifica-
tion of the bulk of these functionalities was based 
upon analyses of liquids produced by thermal treat-
ment of RXOS at 425 0 C for one hour, followed by 
THF Soxhlet extraction of the residue. High resolu-
tion MS and NMR analyses of the liquid products, 
and of the fractions separated from these products 
using HPLC techniques, indicated appreciable amounts 
of furans, thiophenes, and pyrroles bearing a sub-
stituent group on nitrogen. These results also 
provided the distribution functions of aromatic con-
densation, alkyl chain length, and provided informa-
tion about the average pattern of aromatic substitu-
tion. 

Paraffins (average C 23 ) and olefins (average C20) 
were essentially all linear, and each comprised about 
eight percent of the liquids. Alpha- and beta-
olefins in approximately equal amounts comprised the 
built of the olefins, with smaller contributions from 
gamma- and trisubstituted-olefins. Additional olefins 
were found as olefinic side chains on non-polar 
aromatics which comprised 20 percent of the liquids. 
Condensation of the aromatics in the RXOS Liquids 
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FIGURE 1 

MODEL OF ORGANIC MATERIAL IN RUNDLE RAMSAY CROSSING OIL SHALE 

averaged 4-6 rings. The average aromatic nucleus 
bears one methyl group, remnant of the benzylic 
cleavage of ethylene bridges, and one very long side 
chain about 30 carbons long.	 Side chains in RXOS
are very linear. 

Among the oxygen-containing compounds found in the 
liquids, there were no carboxylic acids, alkyl ethers 
or alcohols. Thermal treatment results in decar-
boxylation of acids to form alkanes, cleavage and 
dehydration of ethers to form alkanes and olefins 
and dehydration of alcohols to olefins. Small 
amounts of esters were present. Long chain methyl 
ketones (average 20C's) were prevalent. Most of the 
observed furans were 2- and 3-ring benzologs. 
Three-ring furans existed as naphthalenofurans. 

All of the sulfur in the liquids were present as 
derivatives of thiophene benzologs. The 3-ring 
thiophenes (mostly dlbenzothiophenes) comprised about 
half of the total, with contributions from 1-, 2-, 
and 4-ring derivatives. 

Among the nitrogen derivatives found in the liquids 
were benzologs of pyridine and pyrroles, nitrites and 
N,O-compounds. Indole derivatives comprised 
25 percent of these N-derivatives--the largest single 
fraction--followed by pyridines, quinolines and car-
bazoles.	 Aliphatic nitriles and smaller amounts of 
aromatic riitriles (1- and 2-ring) were found.	 The

aliphatic nitrites were essentially linear (average 
C 40 ). These aliphatic nitrites were probably 
produced during thermal treatment of RXOS (e.g., by 
dehydration of primary amides), as no nitrile absorp-
tion was detected in FTIR spectra of RXOS. Smaller 
amounts of di-nitrogen compounds, and compounds 
containing	 both	 N-	 and	 0-heteroatoms	 (e.g.,
2-pyridone) were also found. 

Representative Structural Moth! 

A model was constructed based upon the functional 
group analyses in the solid state and detailed 
characterization of a shale oil produced under rela-
tively mild conditions representing >85 percent of 
the oil shale organics. The model (Figure 2) with a 
formula weight of 30,000 daltons (and an empirical 
formula of C 100 H 160 N 225 S 068 0922 ) was required to 
accommodate the large range of heteroatom 
functionalities and long side chains present in RXOS. 
It was not possible to accurately represent the 
range of compound types in the bitumen because of 
its small amount (7.6 percent) and the need to 
maintain a finite model size. 

The model agrees well with experimental values for 
elemental composition, distribution of hydrocarbon 
and heteroatom functionalities (Figure 1) and the 
proportion of kerogen and bitumen. 
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FIGURE 2 

DISTRIBUTIONS OF HYDROCARBON 
OXYGEN AND NITROGEN 

FUNCTIONALITIES IN
RUNDLE RAMSAY CROSSING SHALE 
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ENVIRONMENT 

COCOMBUSnON OF Oil. SHALE WITH SOLID WASTE 
PROPOSED 

The cocombustion of oil shale and coal has been 
studied for some time. The combustion of cal-
careous oil shale and coal in the right temperature. 
range allows the calcium in the shale to absorb any 
sulfur present In the coal, thus creating a combus-
tion system with low levels of sulfur oxides emis-
sions. 

The cocombustion concept has been carried a step 
further by C. Knutson of the Idaho National En-
gineering Laboratory, who has proposed the cocom-
bustion of oil shale with municipal solid waste. 

Solid waste management is a major problem in the 
United States. Of the 10 billion metric tons of 
solid waste produced in the United States each year, 
7.5 billion tons are deposited in 6,000 municipal 
landfills. Over half of this material, about four bil-
lion tons is combustible. 

The combustible waste material has an energy con-
tent of from 2,500 to 7,000 BTU per pound. Thus, 
Its utilization as an energy source could provide 
32 quads/year. 	 Currently, only 3.4 million tons per 
year are being utilized in this manner.	 Incinerator
ash generally amounts to five to 20 percent by 
weight. Thus incineration represents a big weight 
and much larger volume-reduction option. However, 
incinerator ash can be classified as hazardous, and 
hazardous waste disposal is expensive. A number of 
pending bills deal with the status of handling of in-
cinerator ash. 

Knutson's suggested research would evaluate cocom-
bustion of combustible solid waste and oil shale. 
The size, combustion, and cooling parameters would 
need to be developed to produce minimum objec-
tionable emissions and maximum cementitious charac-
teristics of the ash. Incorporating the potentially 
hazardous ash into concrete has the potential to 
transform an otherwise hazardous waste into a non-
hazardous residue. One example is the DuPont 
Polycrete process, whereby a hazardous catalyst is 
incorporated into the composition of the Polycrete 
concrete. The resulting concrete is classified by 
Environmental Protection Agency as a nonhazardous 
substance and can be disposed as such. 

Thus, the cocombustion incinerator ash could be a 
cementitious product that could be used in structural 
concrete to facilitate waste storage Isolation, or 
could be used beneficially in the construction of 
highways, darns, etc.

SHALE DIESEL PROMOTED AS CLEAN FUEL 

Diesel fuel being made from oil shale in Western 
Colorado could help Denver and, perhaps, Los Angeles 
deal with their "brown clouds." 

Ron Williams, president of Gary-Williams Company, 
said Western Slope Refining Company in Fruits, 
Colorado a Gary-Williams subsidiary, is producing a 
diesel fuel refined from shale oil produced by Unocal 
Corporation at Parachute. The fuel has only one-
tenth of the amount of sulfur allowable to qualify 
as low-sulfur fuel. 

Williams has talked to officials from the Regional 
Transportation District in Denver, Colorado about the 
possibility of using the low-sulfur diesel fuel in 
municipal buses. 

There also has been some discussion about the pos-
sibility of shipping the fuel to Los Angeles for use 
in that city's bus system. 

Western Slope Refining Company can produce 
100,000 gallons a day of the low-sulfur diesel fuel, 
which should be more than enough to supply Denver. 

USGS STUDIES WATER QUALITY AT ROCK SPRINGS 
SITE 

The United States Geological Survey (USGS) in 
cooperation with the United States Department of 
Energy (DOE) recently began an investigation to 
determine the effects of in situ oil shale retorting 
on water quality near Rock Springs in southwestern 
Wyoming. A variety of experimental in situ oil 
shale retorting techniques were tested by DOE's 
Laramie Energy Technology Center near Rock Springs 
from 1969 to 1979. 

Preliminary USGS sampling indicates that a plume of 
potentially contaminated water has migrated from the 
test site toward a nearby creek that discharges into 
Flaming Gorge Reservoir. Local domestic wells also 
tap the aquifer underlying the oil shale. 
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WATER 

RIO BLANCO Oil. SHALE FILES FOR DUE DILIGENCE ON 
DEWATERING SYSTEM 

The Office of the Water Clerk, Colorado Water Divi-
sion No. 5, reports that in case 89CW108 Rio Blanco 
Oil Shale Company, Inc. a division of Amoco Cor-
poration, has made application for Quadrennial Find-
trig of Reasonable Diligence for the TRACT C-a 
DEWATERING AND WATER DEVELOPMENT WELL SYSTEM 
(the Well System) consisting of 134 wells, designated 
lu-I through 134L-XV, and the mine working shaft, 
all situated on Tract C-a, held under Federal Oil 
Shale Lease, encompassing the following described 
lands in Rio Blanco County, Colorado: 

Township ! South, Range 99 West, 6th P. M.: 

Section 32:	 E half, E half W half 
Section 33:	 All 
Section 34:	 W half, SE quarter, W half NE 

quarter, SE quarter NE quarter 

Township 2 South, Range 99 West, 6th P. M.: 

Section 3:	 All 
Section 4:	 All 
Section 5:	 E half, E half W half 
Section 8:	 E half 
Section 9:	 All 
Section 10:	 All 

Conditional water rights were decreed for the Well 
System on June 2, 1977, with appropriation date of 
July 11, 1974; in Case 81 CW 399 the water rights 
for seven of the wells and the mine workings were 
made partially absolute. Source of water for the 
Well System is the Upper Aquifer situated above and 
in, and the Lower Aquifer situated below, the 
Mahogany Zone of the Parachute Creek Member, 
which aquifers may be hydraulically connected to 
waters of the White River and/or its tributaries. 

NATEC FILES FOR WATER RIGHTS ON SODIUM LEASES 

The Office of the Water Clerk, Colorado Water Divi-
sion No. 5, reports that in cases 89CW116, 89CW117, 
89CW118 and 89CW119 NaTec Ltd., doing business in 
Colorado under the trade name of NaTec Mines, Ltd. 
has made application for Quadrennial Finding of Due 
Diligence for several water rights in Rio Blanco 
County. These include: 

Dun Well No. 20-1	 5.00 cfs 
Savage Well No. 24-1	 5.00 cfs 
Colorado Minerals Well No. 14-1 	 5.00 cfs 
Colorado Minerals Well No. 28-1 	 5.00 cfs

The water rights associated with these wells will be 
primarily used In connection with the four federal 
sodium leases currently held by NaTec, Ltd. The 
sodium leases comprise approximately 8,224 acres lo-
cated in the Piceance Creek Basin and Yellow Creek 
Basin in Rio Blanco County, Colorado and the sodium 
leases are being developed for production of sodium 
bicarbonate. 

NaTec, Ltd. is the owner and claimant of the water 
rights associated with Dunn Well No. 20-1, Colorado 
Minerals Well No. 14-1, Savage Well No. 24-1, 
Colorado Minerals Well No. 28-1, Industrial Resources 
Well 0-14-1-1, Industrial Resources Well D-14-1-2, 
Industrial Resources Well D-20-1-1, Industrial 
Resources Well D-20-1-2, MMC-IRI 4, MMC-IRI 5, 
MMC-IRI 6, MMC-IRI 7, MMC-IRI 8, Wolf Ridge 
Reservoir and Wolf Ridge Feeder Pipeline (hereinafter 
"the water rights"). NaTec, Ltd. asserts that the 
water rights constitute an integrated water system 
which will supply the water needs for development 
of the sodium leases. Consequently, development 
work on any one of the water rights constitutes 
development work on the other water rights. 

All of the water rights are located on or near the 
sodium leases. Industrial Resources, Inc. or its sub-
sidiaries previously owned the rights to the sodium 
leases and owned the water rights. By a deed 
dated October 18, 1989, the water rights were con-
veyed to NaTec, Ltd., a Texas limited partnership 
and NaTec, Ltd. also acquired the rights to the 
sodium leases. 

During the period from June 1985 to the present 
both Industrial Resources, Inc. and NaTec, Ltd claim 
to have exercised reasonable diligence in develop-
ment of the water rights. Since June of 1985, In-
dustrial Resources, Inc. has obtained decrees from 
the Water Court In and for Water Division No. 5 
determining that it exercised reasonable diligence 
with respect to each of the water rights.	 The 
decrees were entered in Case Nos. 85CW160, 
85CW161, 85CW162, 85CW163, 85CW304, 85CW305, 
85CW306, 85CW307, 86CW308, 87CW139, and 87CW140. 
Additionally, Industrial Resources, Inc., NaTec, Ltd. 
and SR Investments, Incorporated, a wholly owned 
subsidiary of NaTec, Ltd., have appeared as objectors 
in numerous cases in Water Division No. 5 In an at-
tempt to protect the water rights. 

On August 17, 1987, Industrial Resources, Inc. was 
issued Well Permit No.	 032177-F for Colorado 
Minerals Well No. 28-1. Industrial Resources, Inc. 
applied for a well permit for the Savage Well 
No. 24-1, and Well Permit No. 033372-F was issued 
for the Savage Well No. 24-1 on March 17, 1988. 
Since June of 1985, Industrial Resources, Inc. and 
Nalec, Ltd. have drilled four test holes in conjunc-
tion with their development of the water rights and 
the sodium leases. Each test hole was geophysically 
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logged, and the different types of logs included 
caliper logs, density logs, neutron logs, resistivity 
logs, natural gamma logs, self potential logs, and 
temperature logs. 

NaTec, Ltd. and SR Investments, Incorporated filed 
an application for Approval of the Plan for Augmen-
tation on December 29,	 1988 in -. Water Division 
No.	 5,	 which has been designated as Case 
No. 88CW420. The Plan for Augmentation provides 
for augmentation of the water rights by replacement 
of any out of priority depletions to the stream sys-
tem associated with the use of the water rights. 
Additional water rights were purchased for replace-
ment sources and the additional water rights cost 
nearly one-half million dollars. 

Additional conditional water rights were also ap-
propriated as a part of the Plan for Augmentation in 
Case No. 88CW420. Industrial Resources, Inc. and 
NaTec, Ltd. have expended substantial effort and 
cost to obtain an Underground Injection Control Per-
mit (UIC Permit) from the United States Environmen-

tal Protection Agency (EPA) for the development of 
the sodium leases. The application for the UIC Per-
mit was submitted to the EPA on November 24, 
1986. The UIC Permit Is necessary for the develop-
ment of the sodium leases and the water rights. A 
UIC Permit was issued and became effective on 
October 30, 1988. 

Industrial Resources, Inc. and NaTec, Ltd. have hired 
several consultants to assist in the development of 
the water rights and sodium leases. The consultants 
have analyzed (1) the mine plan for the sodium 
leases, (2) the engineering and design of the solution 
mining process, (3) the hydrology and geology of the 
aquifers in the Piceance Creek and Yellow Creek 
Basins, and (4) market potential for the sodium. 
During the period from June of 1985 through June 
30, 1989 Industrial Resources, Inc. and NaTec, Ltd. 
have incurred construction, engineering, legal and 
other consulting expenses in excess of $1.5 million. 
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RESOURCE 

BLM MODIFIES RULES FOR OIL AND GAS WELLS IN 
PICEANCE BASIN 

The United States Bureau of Land Management (BLM) 
has Issued an inforhation bulletin concerning the ap-
proval of Applications for Permit to Drill (APD) for 
wells located In the Piceance Basin oil shale area of 
Colorado. 

This bulletin informs lessee/operators of federal 
leases within the Piceance Basin oil shale area that 
the Notice to Oil and Gas Operators In Piceance 
Basin Oil Shale Area of Colorado issued in 1983 by 
the United States Geological Survey is rescinded.

The BLM says that new operational techniques and 
technologies have progressed to the point where al-
ternate methods are now acceptable for resource 
protection and Isolation of the Green River Forma-
tion. Proposals by operators utilizing new tech-
nologies and methods will therefore be evaluated on 
a case-by-case basis as part of the APO approval 
process. Any APO lacking resource isolation and 
protection measures will be approved with conditions 
specifying additional measures the operator will, be 
required to take to achieve these objectives. 

It U 
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SOCIOECONOMIC 

SUPREME COURT mm Mfl) RULING ON ZONING BY 
INDIAN TRIBES 

A recent split decision by the United States Supreme 
Court defines the power of Indian tribes to control 
use of land within reservations. The ruling will 
have implications for the control over development 
of oil shale lands in Utah. 

The decision limits the power of tribes to impose 
tribal zoning laws on the use of land owned by 
non-Indians within a reservation's boundaries. 

The decision ruled that tribes may be forced to 
share the zoning power with state or county offi-
cials. The justices ruled that the Confederate Tribes 
and Bands of the Yakima Indian Nation has the 
authority to regulate--and may zone--privately 
owned land on about 800,000 acres of its reservation 
in Washington State. 

The court also ruled that the tribe had no such 
power to regulate land parcels owned by non-Indians 
on some 500,000 acres of the reservation. 

The ruling Is being viewed as a partial win for the 
states. The tribes can no longer exert zoning juris-
diction over "open" reservation land--Indian land 
mixed in a "checkerboard" fashion with non-Indian-
owned land, the court said. 

The court said, however, that tribes can still have 
zoning jurisdiction over non-Indian land in "closed" 
areas of the reservation--land wholly within reserva-
tion boundaries. The ruling opens the potential for 
the tribe to exert jurisdiction over non-members in 
this situation. 

The Yakima reservation encompasses 1.3 million 
acres, mostly within Yakima County. About 
5,000 tribal members and about 20,000 non-members 
live on the reservation. About 800,000 acres, in-
cluding some 740,000 in Yakima County, fall within 
the reservation's "closed area" in which the tribe's 
zoning ordinance allows no permanent structures. 

The controlling opinion in the decision was written 
by Justice John Paul Stevens, who was pined by 
Justice Sandra Day O'Connor. He said the difference

between the closed and open areas "is of critical 
Importance and requires a different disposition" of 
the appeals. 

The efforts to limit tribal control of land use were 
supported in friend-of-the-court briefs submitted by 
the National Association of Counties, the National 
League of Cities, and National Governor's Association 
and 11 states. 

UNOCAL AND GARFIELD COUNTY SETTLE TAX DISPUTE 

Garfield County, Colorado officials and Unocal Cor-
poration have settled their differences in a two-year 
dispute over property taxes at the Parachute Creek 
oil shale project. 

The settlement strikes a middle ground in valuing 
personal property at the project for the 1988 and 
1989 tax years, and gives Unocal a $700,000 credit 
on its 1989 taxes. 

In addition, the value of the property will now be 
tied to the plant's production levels. As production 
increases, valuation will increase. 

For 1988 taxes, Garfield County had set a value of 
$258 million--five times the value Unocal proposed. 
The	 settlement	 draws	 the	 value	 down	 to 
$199 million. 

For 1989 taxes, Garfield had set a value of 
$362 million, but has now agreed to a value of 
$161 million. 

The overpayment on the higher 1988 value will be 
credited to the company's 1989 tax bill, due next 
spring. However, taxing districts can raise taxes by 
up to five percent to make up for losses like that. 
Thus Unocal will end up paying a significant portion 
of the refund back to the county after the tax 
rates are raised. 
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RECENT OIL SHALE PUBLICATIONS / PATENTS 

RECENT PUBLICA'I'TONS 

The following articles appeared in Energy & Fuels Volume 3, Number 3, May/June 1989: 

Philp, R., et al., "Distribution of Organosulfur Compounds in Artificially Matured Rocks and Kerogens 
of the La Luna Formation, Maracaibo Basin, Venezuela." 

Khan, M., at al., "Comparative Study on the Compositional Characteristics of Pyrolysis Liquids Derived 
from Coal, Oil Shale, Tar Sand, and Heavy Residue." 

Siskin, M., at al., "Effect of Bitumen on the Thermal Depolymerization of Kerogens and Coals." 

The following papers were presented at the American Chemical Society Symposium on Comparative Studies of 
Various Shale Oils, which was held in Dallas, Texas, April 9-14, 1989: 

Esser, W., et al., "Kinetic Studies on the Evolution of Hydrocarbons by Pyrolysis of Oil Shale and 
Vitrinite Samples." 

Lu, S., at al., "Dry Pyrolysis of Immature Kerogen and Subbituminous Coal in the Presence and Ab-
sence of Montmorlllonite." 

Freund, H., et al., "The Effect of a 2-Dimensional Constraint on Hydrocarbon Pyrolysis." 

Aizenshtat, Z., at al., "Enhanced Carbon Dioxide Release and Other Possible Effects of Clay Minerals 
During Thermal Evaluation of Sediments." 

Shamsi, A., "Study of Eastern and Western Oil Shale Minerals Activity for Hydrodesulfurization (lIDS) 
and Hydrodenitrogenation (HDN) Reactions." 

Burnham, A., at at., "Comparison of Isothermal and Nonisothermal Pyrolysis Data with Various Rate 
Mechanisms: Implications for Kerogen Structure." 

Scouten, C., at at., "Detailed Structural Characterization of the Organic Material in Rundle Ramsay 
Crossing Oil Shale." 

McGowan, C., at al., "A Comparison of the Organic Material in the Green River Formation and the 
Chattanooga Shale." 

Shadle, L., at al., "Investigation of Oil Shale and Coal Structures by Swelling in Various Solvents." 

Barakat, A., et al., "Distribution of Pentacydlic Triterpenoids in Green River Oil Shale Kerogen.' 

Miknis, F., at al., "Thermal Decomposition of DOE Reference Oil Shales." 

Chong, S., at al., "Characteristics of Pyrobitumen and Oil Obtained from the Pyrolysis of Tipton Mem-
ber Green River Oil Shale." 

Tahiri, M., at al., "Temperature Effects on Kerogen Solubilization for a Moroccan Oil Shale in 
Toluene." 

RobI, T., at al., "Carbon-Sulfur Chemistry of Devonian Oil Shale and Relationship to Depositional En-
vironments and Kerogen Maceral Composition." 

Rubel, A., at El., "Shale Sulfur and iron Chemistry in the KENTORT Ii Process." 

Hanna, J., et al., "Effect of Sulfur and Particle Size on Fischer Assay Oil Yields from Oil Shale." 

Oh, M., et al., "Ammonia Evolution from Western and Eastern Oil Shales." 

Rue, D., et at., "Gasification Kinetics of Six Eastern Shales in Steam and Synthesis Gas Atmospheres." 
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The following papers were given at the Fuel Chemistry Division of the American Chemical Society meeting held 
In Miami Beach, Florida, September 10-15: 

Reynolds, J.G., at aL, "Oil Shale Pyrolysis by Triple Quadruple Mass Spectrometry: Comparisons of Gas 
Evolution at 10 0 C/Mm Heating Range." 

Bakr, M., at al., "Role of Pyrite During the Thermal Degradation of Kerogen Using In Situ High Tem-
perature ESE. Technique." 

Ng, S.H., "Catalytic Cracking of a Gas Oil Derived from Eastern Canadian Oil Shale." 

OIL SHALE - PATENTS 

"Method for Separating Arsenic and/or Selenium from Shale Oil," Daniel F. Ryan, Gopal H. Singhal - Inventors, 
Exxon Research and Engineering Company, United States Patent Number 4,853,110, August 1, 1989. A process for 
removing arsenic and/or selenium from carbonaceous materials. The arsenic and/or selenium are separated by 
reaction with a metal oxide and/or metal sulfide which is itself derived from a metal complex, and organometal-
lic compound and/or a metal salt of an organic add which is soluble in said carbonaceous fluid and which either 
decomposes to the corresponding metal oxide and/or metal sulfide or which can be converted to the correspond-
ing metal sulfide or metal oxide. The reaction of the metal oxide and/or metal sulfide with the arsenic and/or 
selenium is accomplished at a temperature within the range from about 300°F to about 800 0 F preferably from 
about 500°F to about 750 0 F, most preferably from about 680°F to about 750°F and in either an Inert or reduc-
ing atmosphere.	 Preferably, the conversion is accomplished in a reducing atmosphere and in the presence of
molecular hydrogen. 

"Demetalation of Hydrocarbonaceous Feedstocks Using Dibasic Carboxylic Acids and Salts Thereof," John G. 
Reynolds - Inventor, Chevron Research Company, United States Patent Number 4,853,109, August 1, 1989. Dibasic 
carboxylic acids or salts thereof are used to remove metals, particularly calcium and iron, from hydrocar-
bonaceous feedstocks. An aqueous solution of the add is used to extract the metals from the feedstock prior 
to processing. Oxalic add is the preferred compound.
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since June 1989) 

ACORN PROJECT - Southern Pacific Petroleum NL and Central Pacific Minerals NL (5-10) 

In 1985 Southern Pacific Petroleum NL and Central Pacific Minerals NL (SPP/CPM) studied the potential for developing a 
demonstration retort based upon mining the Kerosene Creek Member of the Stuart oil shale deposit in Queensland, Australia 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 cost estimates and reassessed the feasibility of the Taciuk Processor for 
demonstration plant use. The economics continued to favor this process so the decision was made to proceed with tests in the 100 
tonne per day pilot plant in 1987. A sample of 2,0 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 10 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. This is a very high grade seam (134 liters per tonne) with 
150 million barrels of reserves. SPP carried out a basic design engineering study in 1988. The current conceptual design is for a 
plant processing approximately 6,000 tonnes per stream day of as mined feed shale, and producing 4,250 barrels per day of liquid 
products. 

According to SPP, the estimated cost is US$77 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 as much as 15 percent DCFROI. After a year of operation it is expected that sufficient data and operating 
experience will have been gathered to scale up the technology to full commercial size (25,000 tonnes per day). 

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

Project Cost: For demonstration module A$30 million 

CATHEDRAL BLUFFS PROJECT - Cathedral Bluffs Shale Oil Company. Occidental Oil Shale, Inc., and Tenneco Shale Oil Company 
fF35, R96W, 6PM) (S-20) 

Federal Oil Shale Lease Tract C-b, located in Rio Blanco County in the Piceance Creek Basin of northwestern Colorado, is 
managed by the equal-interest partnership between Occidental Oil Shale, Inc., and Tenneco Shale Oil Company, doing business as 
Cathedral Bluffs Shale Oil Company. On October 16, 1985 Tenneco Shale Oil Company granted to Occidental Oil Shale, Inc. a 
two year option to acquire its 50 percent interest in Cathedral Bluffs. 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 $7,0 barrels per day modified in situ plant was submitted in March 1977 and subsequently approved in 
April 1977. The EPA issued a conditional Prevention of Significant Deterioration (PSD) permit in December 1977 which was 
amended in 1983. 

Project reassessment was announced in December 1981 in view of increased construction costs, reduced oil prices, and high interest 
rates. The project sponsors applied to the United States Synthetic Fuels Corporation (SFC) under the third solicitation in January 
1983 and the project was advanced into Phase II negotiations for financial assistance. On July 28, 1983 the SFC announced it had 
signed a letter of intent to provide up to $2.19 billion in loan and price guarantees to the project. However, Congress abolished the 
SFC on December 19, 1985 before any assistance could be awarded to the project. 

Three headfmmes—two concrete and one steel—have been erected. Four new structures were completed in 1982: control room, east 
and west airlocks, and mechanical/electrical rooms. The power substation on-tract became operational in 1982. The 
ventilation/escape, service, and production shafts were completed in Fall 1983. An interim monitoring program was approved in 
July 1982 and extended through April 1986 to reflect the reduced level of activity. 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 June 1989) 

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 r years. Meanwhile, pumping of the mine inflow water 
continues in order to keep the shaft from being flooded. 

Project Cat: Not Disclosed 

CHATHAM CO-COMBUSTION BOILER - New Brunswick Electric Power Commission (S-30) 

Construction on the Chatham circulating bed demonstration project was completed in 1986 with commissioning of the new boiler. 
A joint venture of Energy, Mines and Resources Canada and the New Brunswick Electric Power Commission, this project consists 
of a circulating fluidized-bed boiler of Lurgi design that 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) (i'SS, R98W, 6PM) (S.40) 

Chevron and Conoco successfully completed the operation of their 350 tons per day semi-works plant during 1985. This facility, 
which was constructed on property adjacent to the Chevron Refinery in Salt Lake City, Utah, was designed to test Chevron 
Research Company's Staged Turbulent Bed (Sit) retort process. Information obtained from the semi-works project 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 Cat: Semi-Works - Estimated at $130 million 

COLONY SHALE OIL PROJECT - Exxon Company USA (FSS, R95W, 6PM) (S-SO) 

Proposed 47,000 barrels per day project on Colony Dow West property near Parachute, Colorado. Underground room-and-pillar 
mining and Tosco II retorting was originally planned. Production would be 66,000 TFD of 35 OPT shale from a 60-foot horizon in 
the Mahogany zone. Development suspended 10/4/74. Draft US 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's60 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-60) 

Southern Pacific Petroleum N.L. and Central Pacific Minerals N.L. (SPP/CPM) announced the completion on June 30, 1984 of the 
Condor Oil Shale Joint Feasibility Study. SPP/CPM believe that the results of the study support a conclusion that a development 
of the Condor oil shale deposit would be feasible under the assumptions incorporated in the study. 

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 June 1989) 

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

Following a survey of available retorting technologies, several proprietary processes were selected For detailed investigation. Pilot 
plant trials enabled detailed engineering schemes to be developed for each process. Pilot plant testing of Condor oil shale indi-
cated promising results from the 'lines process owned by Lurgi GmbH of Frankfurt, West Germany. Their proposal envisages 
four retort modules, each processing 50, 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 SPP, CPM, and JAOSCO signed an agreement with Japan Oil Shale Engineering Corporation (JOSECO). 
JOSECO is a separate consortium of thirty-six Japanese companies established with the purpose of studying oil shale and develop-
ing oil shale processing technology. Under the agreement, SPP/CPM mined 39,000 tons of oil shale from the Condor deposit, 
crushed it to produce 20,000 tons and shipped it to Japan in late 1984. 

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

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

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

EDWARDS ENGINEERING — Edwards Engineering Corporation (S-70) 

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 2,ODO 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. 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since June 1989) 

COMMERCIAL PROJECTS (Continued) 

During 1986 the construction of the portable oil shale retort was suspended. 

Project Cost: Not Disclosed 

ESTONIA POWER PLANTS - Union of Soviet Socialist Republics (S-SO) 

About 95 percent of USSR's oil shale output comes from Estonia and Leningrad district. Half of the extracted oil shale comes 
from surface mines, the other half from underground workings. Each of the nine underground mines outputs 3,000 to 17, tons 
per day, each of the surface mines outputs 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 energy from oil shale was equiv-
alent to the energy in 49 million barrels of oil. 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. Fuel gas supplies for the city of Leningrad 
were terminated in 1987. First of their kind ever put into operation, the oil-shale-fueled power plants have an annual output of 
1,600 megawatts. 

F1JSHUN COMMERCIAL SHALE OIL PLANT - Fushun Petrochemical Corporation, SINOPEC, Fushun, China (S-90) 

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 must be stripped in order to reach the coal, it 
is economical to retort the shale even though it is of low grade. Fischer Assay yield is about 53% oil, on average. 

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

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

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

GARY REFINERY - Western Slope Refining Company (S-i®) 

Western Slope Refining Company owns a refinery in Fruita, Colorado at the southwestern edge of the Piceance Basin. The refinery 
was constructed in 1957 by the American Gilsonite Company to process gilsonite, a solid hydrocarbon ore that is mined in North-
eastern Utah. Gary Energy acquired the refinery in 1973 after American Gilsonite discontinued the refining of gilsonite. The 
refinery was expanded and upgraded into a modern facility capable of processing a wide variety of raw materials into finished 
transportation fuels. In the early 1980's modifications were made to the refinery to processshale oil. 

Gary Refining had a contract to purchase 8,600 barrels per day of hydmtreated shale oil from the Unocal Parachute Creek 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 planned for the shale oil was geared toward maximizing the yield of JP-4. The Air Force requirements were 
that JP4 be produced solely from a shale oil feedstock. Therefore, the crude, vacuum, and hydrocracking units would be blocked 
out, each with a separate operating cycle. 

Upgraded shale oil is planned to eventually be delivered to the refinery via a pipeline from the Parachute upgrading facility to the 
Fruita site. 

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 Slates 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. The bankruptcy 
documents indicated that borrowing to make the modifications to refine shale oil was a major factor in the failure. 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since June 1989) 

COMMERCIAL PROJECTS (Continued) 

In January, 1989 it was announced that the refinery, now known as Western Slope Refining Company, would reopen in March, 
1989. Western Slope Refining Company began operation in April, 1989. Toll calcining of petroleum coke, as well as fractionation 
of crude and atmospheric residuum in the crude and vacuum units is underway. Full refinery operation is anticipated in July. 

Although there are no guarantees regarding quantity, the firm's contract with Unocal Corporation now is for everything that 
company's Parachute Creek oil shale plant can produce. Unocal officials believe they can now consistently produce 5,000 barrels of 
synthetic fuel a day. The processing of Unocal's syncnrde will be supplemented with other regional crude oils. Because the con-
tract with the Air Force for jet fuel has expired, it is not known whether the military test effort will be revived. 

Project Cost: Not Disclosed 

JORDAN OIL SHALE PROJECT - Natural Resources Authority of Jordan (8-110) 

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. Large-scale combustion tests have 
been carried out at Kloeckner in West Germany and in New Brunswick, Canada. 

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

The final results show a required sales revenue of $19.10 per barrel in order to generate an internal rate of return on total invest-
ment of 10 percent. The mean value of the petroleum products ex El Lajjun complex was calculated to be $21.40 per barrel. A 
world oil price of $15.60 per barrel has to be reached to meet an internal rate of return on total investment of 10 percent. 

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 (8-120) 

The majority of Baltic oil shale (kukersite) found in Estonia and the Leningrad district in the Soviet Union is used for power 
generation. However, over 4 million tons are retorted to produce shale oil and gas. The Kiviter process, continuous operating ver-
tical retorts with crosscurrent flow of heat carrier gas and traditionally referred to as generators, is predominantly used in commer- 
cial operation. The retorts have been automated, and have throughput rates of 200 to 220 tons of shale per day. Retorting is per-
formed in a single retorting (semi-coking) chamber. In the generators, low temperature carbonization of kukersite yields 75 to 
80 percent of Fischer assay oil. The yield of low calorific gas (3,350 to 4,200 10/cubic meters) is 450 to 500 cubic meters per ton of 
shale. 

To meet the needs of re-equipment of the oil shale processing industry, a new generator was developed. The first 1,000 ton-per-day 
generator of this type was constructed at Kohtla-Jarve, Estonian SSR, USSR, and placed in operation in 1981. The new retort 
employs the concept of crosscurrent flow of heat carrier gas through the fuel bed, with additional heat added to the semi-coking 
chamber. A portion of the heat carrier is prepared by burning recycle gas. Raw shale is fed through a charging device into two 
semi-coking chambers arranged in the upper part of the retort. The use of two parallel chambers provides a larger retorting zone 
without increasing the thickness of the bed. Additional heating or gasification occurs in the mid-part of the retort by introducing 
hot gases or an oxidizing agent through side combustion chambers equipped with gas burners and recycle gas inlets to control the 
temperature. Near the bottom of the retort is a cooling zone when the spent shale is cooled by recycle gas and removed from the 
retort. The outside diameter of the retort is 9 meters. 

The experience of the 1,000 TPD unit was taken into consideration to design two new units. In January, 1987, two new 1,000 TPD 
retorts were put in operation also at Kohtla-Jarve. Alongside these units, a new battery of four 1,500 TPD retorts, with a new cir-
cular chamber design, is planned. Oil yield of 85% of Fischer Assay is expected. This battery should come onstream in 1991-1992. 

Oil from kukersite has a high content of oxygen compounds, mostly phenols. Over 50 shale oil products(predominantly non-fuel) 
are currently produced. These products are more economically attractive than traditional fuel oil. The low calorific gas produced 
as 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
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COMMERCIAL PROJECTS (Continued) 

MAOMING COMMMERCIAL SHALE OIL PLANE - Maoming Petroleum Industrial Corporation, SINOPEC, Manuring, China 
(5-130) 

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 shalt 
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 100,000 tons of shale oil per year. Although the crude shale oil was formerly 
refined, it is now sold directly as fuel oil. 

Shale ash is used in making cement and building blocks. 

A 50 megawatt power plant burning oil shale lines in 3 fluidized bed boilers is planned. 

MOBIL PARACHUTh SHALE OIL PROJECT - Mobil Oil Corporation (r6S, R95W, 6PM) (S-140) 

Mobil is currently evaluating development plans for its shale property located on 10,000 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 - ONAREF; Science Applications, Inc. (S-ISO) 

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 13 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, 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 was completed with a funding from the World Bank in 1984. During the first quarter of 
1985, theplant went through a successful shakedown test, followed by a preliminary single retorting test. The preliminary test 
produced over 25 barrels of shale oil and proved the fundamental process feasibility of the 13 process. More than a dozen single 
retort tests were conducted to prove the process feasibility as well as to optimize the process conditions. The pilot plant utilizes 
the 73 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 OPT shales. The design of a demonstration plant, which will have an initial output 
of 280 barrels per day, rising to 7,800 barrels per day when full scale commercial production begins, has been deferred. A commer-
cial scale mine development study at Timandit was 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 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-160) 

In 1920 Unocal began acquiring oil shale properties in the Parachute Creek area of Garfield County, Colorado. The 49,000 acres of 
oil shale lands Unocal owns contain over three billion barrels of recoverable oil in the high-yield Mahogany Zone alone. Since the 
early 194, Unocal research scientists and engineers have conducted a wide variety of laboratory and field studies for developing 
feasible methods of producing usable oils from shale. In the 1940s, Unocal operated a small 50 ton per day pilot retort at its Los 
Angeles, California refinery. From 1955 to 1958, Unocal built and operated an up(low 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.
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COMMERCIAL PROJECTS (Continued) 

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

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

In July 1981, the company was awarded a contract under a United States Department of Energy (DOE) program designed to en-
courage commercial shale oil production in the United States. The price 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. 

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

Unocal shipped its 2,000,th barrel of synctude on May 6, 1989. Recent cost cutting efforts have lowered the breakeven point on 
operating costs aceroximatelv 20 nercent. The future of the project depends on the ability to maintain this production level. 

Project Cost: Phase I - Approximately $700 million 

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

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

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

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

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

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

A nominal 2,200 tons per day Petrosix semi-works retort, 18 foot inside diameter, is located near Sao Mateus do Sul, Parana, Brazil. 
The plant has been operated successfully near design capacity in a series of tests since 1972. A United States patent has been ob-
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. It has accumulated over 95,0 hours of operation, and now achieves 
an operating factor between 92 and 95 percent. 

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 July, 1990. 

Some 35 hectares of the mined area has been rehabilitated since 1977. The schedule for 1989 and 1990 is to rehabilitate 65 hec-
tares. Rehabilitation comprises reforestation, revegetation with local plants and reintegration of wild local animals, bringing back 
the local conditions for farming and recreational purposes. 

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

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

Project Installed Cats: $68.4 (US) Million (industrial module)
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COMMERCIAL PROJECTS (Continued) 

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

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. 

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. 

Ramex 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, Ramex announced the project would be moved to Indiana. A total of 5 wells have now been 
drilled. Gas tests resulted in ratings of 1,034 and 968 BTU. Two production volume tests showed 14,000 and 24,000 cubic feet per 
day. 

In late July, 1988 a letter agreement was signed between 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 funding is conditional upon Slaughter Oil Company's ap-
proval of gas quality and volume tests and a review of the potential gas sales contracts involved. 

Arrangements were made with Midwest Natural Gas to hook up the Ramex gas production to the Midwest Pipeline near Hen-
ryville. As of May, 1989 Ramex had been unsuccessful in sustaining long-term burns. They therefore redesigned the burner and 
built a much larger model (60D,000 BTU per hour vs 40,OOD B'IlJ per hour) for installation at the Hernyville site. 

Ramex is also investigating potential applications in Israel 

Project Cost: Approximately $1 million for the pilot tests. 

RIO BLANCO OIL SHALE PROJECT - Rio Blanco Oil Shale Company (wholly owned by Amoco Corporation) (r2S, R99W, 6PM) 
(5-190) 

Proposed project on federal Tract C-a in Piceance Creek Basin, Colorado. Bonus bid of $2103 million to acquire rights to tract; 
lease issued 3/1/74. Completed four-year modified in situ demonstration program at end of 1981. Burned two successful retorts. 
First retort was 30' x 30' x 166' high and produced 1,907 barrels of shale oil. It burned between October and late December 1980. 
Second retort was 60' x 60' x 400' high and produced 24,790 barrels while burning from June through most December of 1981. 
Program cost $132 million. Company still prefers open pit mining-surface retorting development because of much greater resource 
recovery of five versus two billion barrels over life of project. Cannot develop tract efficiently in that manner without additional 
federal land for disposal purposes and siting of processing facilities. In August 1982, the company temporarily suspended 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-tact 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 Gulf's Research Center in Har-
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.
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COMMERCIAL PROJECTS (Conduced) 

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

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

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

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

In October 1984 SPP/CPM and Esso announced 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 (T9S, R2IE, SLM) (S-210) 

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 tight-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 HIS 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 If 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. 

Tosco has nut any further action on this nroiect on indefinite hold. 

Project Cost: $820 million in second quarter 1982 dollars (excluding interest) 

TRANS NATAL T-PROJECT - Trans Natal, Gencor, Republic of South Africa (S-220) 

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.
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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 syncnide per day. 
Retorting will be accomplished with Lurgi LR retorts. The torbanite yields 250 liters of oil per metric ton, and the coal yields 100 
liters per ton. 

The basic design study was expected to be finished by the end of 1988. Commissioning of the project is anticipated during 1993 

Project Cost: $1.0 billion 

lilT - 3000 RETORTING PROCESS - Union of Soviet Socialist Republics (5-230) 

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

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

The two UTF-3000 units built at the Estonian ORES with a productivity of 3,000 tons per day are among the largest in the world 
and unique in their technological principles. However, as of late 1988, these units had still not reached full design capacity. 

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

As a result of these changes, the functioning of the UTI'-3000 improved dramatically in 1984 in comparison with the period of 
1980-1983. For instance, the total amount of shale processed in the period 1980-1983 was almost the same as for only 1984, i.e. 
79,1000 tons versus 80,100 in 1984. The total shale oil production for the period 1980-83 was 10,500 tons and approximately the 
same amount was produced only in 1984. The average output of shale oil per run increased from 27 tons in 1980 to 970 tons in 
1984. The output of electric energy for Estonia-Energo continued constant in 1983 and 1984, by burning part of the shale oil in the 
boilers of Estonia ORES. 

By the end of 1984, 159,200 tons of shale was processed and 20,000 tons of shale oil was produced at UTF-3. 

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

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

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

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

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

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. 

In December, 1988 Shell Australia purchased a part interest in the project. The Yaamba Joint Venture now comprises Peabody 
Australia Ply. Ltd., with 41.66% percent interest, Shell Company Australia with 41.66% interest. Beloba Pty. Ltd. with 10%, 
Central Pacific Minerals N.L. with 33% and Southern Pacific Petroleum N.L. with 3.3%. Beloba Pty. Ltd. is owned 50% each by 
SPP and CPM. Peabody Australia manages the Joint Venture which holds two 'Authorities to Prospect' for oil shale in an area of 
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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 prospective oil shale deposit in the Herbert Creek Basin approximately 
70 kilometers northwest of Yaamba. Drilling in the Herbert Creek Basin is still in the exploratory stage. Further exploratory drill-
ing 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 Yaamba 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. 

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

Project Cost: Not disclosed

R&D PROJECTS 

DUO-EX SOLVENT EXTRACTION PILOT PROJECT - Duo-Es (a wholly owned subsidiary of SOW-Er Corporation) (5-250) 

Duo-Es is planning to perform test work to establish the commercial, technical and economic feasibility of a new approach to shale 
oil recovery. The Duo-Er 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-Es 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-Es 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-Es 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-Es process has been patented in the U. S. and is currently being filed for in other countries 

Duo-Es is discussing the project with interested investors. 

Project Cost: $1,000,0 

EASTERN OIL SHALE IN SITU PROJECT - Eastern Shale Research Corporation (8-260) 

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 Geokinetics Inc. for shallow 
oil shales in Utah. 

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 

ISRAEU RETORTING DEVELOPMENT - PAMA (Energy Resources Development) Inc. (8-270) 

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.
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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 shalt-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 latter 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 was be gun in August 
and oil shale firing is expected to begin in October. 

Project Cost: $25 million for combustion demo plant 

JAPANESE RE'FORDNG PROCESSES - Japan Oil Shale Engineering Company, Ltd. (JOSECO) (5-280) 

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 & D 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 seal zone is provided between the two zones to separate 
them. Operation of the pilot plant was generally smooth, and the yield of shale oil was approximately equal to Fischer assay. The 
main feature of this type of plant is the high thermal efficiency obtained by the vertical 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. 

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, ore 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/gasifying 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.
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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 Mounting ores. 

Sixteen runs totalling 163 days (included the preliminary test runs) were conducted by the end of March 1988, and Condor and 
Maoming ores used for the operation amounted to around 40,000 tons (crude on basis). 

In the case of sized Condor ore, the maximum ore processing amount restricted by the limit of acceptable 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 Mooning ore (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 on processing amount for dried Mounting ore was estimated to be 
around 240 tons per day. 

Upon the completion of the above runs, it was decided to extend the 7-year R&D plan till the end of March, 1989. Additional 
27,000 tons of Maoming on were imported for this purpose. Under the revised plan, a 100-day continuous operation on Maturing 
ore started in July 1988. The pilot plant was operated smoothly and stably at the various throughput levels, ranging from 220 tons 
per day to 115 tons per day (the minimum operation level). 

The following results were achieved throush the Ions run operations; 
Oil recovery rate against Fischer Assay: 100% 
Gasification (combustion) rate of residual carbon in retorted shale: 
Calorific value of retort gas after oil recovery: 3.270 kcallNnr 
Availabilitt 97.8% 

The fluidized-bed combuster was also o perated using Maominz shale fines for about 30 continuous da ys from mid-May. 1988. The 
combustion efficiency and availability were over 99 percent and 98.1 percent. respectively. 

JOSECO demolished the pilot plant by the end of March. 1989 and the research and develo pment activities through the pilot plant 
ooerations were successfull y completed as scheduled. 

Project Cat: Approximately US$123 million (approximately 15.2 billion Yen) 

JULIA CREEK PROJECT - Placer Exploration Limited (S-290) 

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 W. 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 retorting and hydrotreating processes have been obtained. 

No development is planned
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LL.NL CASCADING BED RETORT - Lawrence Livermore National Laboratory, U. S. Department of Energy (S-300) 

Lawrence Livennore National Laboratory (LLNL) for several years has been studying hot-solid recycle retorting in the laboratory 
and in a one-tonne-per-day pilot facility and have developed the LLNL Cascading Bed Retort (CBR) process as a generic second 
generation hot-solid recycle retorting system. Much progress has been made in understanding the basic chemistry of hot-solid 
retorting processes and LLNL believes they are ready to proceed to answer important questions to scale the process to commercial 
sizes. Large scale solid-handling represents one area where additional research is needed. 

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

Commercial realization of this process requires scaling up from the LLNL's existing laboratory-scale (one-tonne-per-day) retort to 
commercial sizes by a factor of 5,000 to 10,000. Understanding and solving solids-handling issues is a major part of that scaleup. 

In fiscal year 1989, fundamental chemistry studies have continued, and LLNL has started to look at scaleup of the cascading bed 
retorting process. They are currently upgrading the facility to process 33 tonnes-per-day of raw shale, working with the full particle 
size (0.25 inch). Key components of the CBR process will be studied at this scale by adding a delayed-fall combustor and fluid-bed 
mixer and replacing the rotary feeders with air-actuated valves, suitable for scaleup. In fiscal year 1990, LLNL plans to continue to 
operate the laboratory-scale facility and also test at larger scale the solids mixing and flow control components. 

Additional funding has been requested to enlist industry participation in the design of a commercial-scale plant and 100 ton per day 
pilot-scale test facility. 

NEW PARAHO ASPHALT FROM SHALE OIL PROJECT—New Paraho Corporation (S-310) 

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 
(1) proven market performance of shale oil modified asphalt under actual climatic and road use conditions and (2) completion of a 
comprehensive commercial feasibility study and business plan as the basis for securing subsequent financing for a Colorado-based 
commercial production facility. 

The cost of carrying out this initial, market development phase of the commercial development plan is approximately $2.5 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 several test strips of shale oil-modified as-
phalt pavement. Mining of 3,900 tons of shale for these strips occurred in September 1987. The shale oil was produced in Paraho's 
pilot plant facilities, located near Rifle, Colorado in August, 1988. The retort was operated at mass velocities of 418 to 538 pounds 
per hour per square foot on 23 to 35 gallon per ton shale and achieved an avenge oil yield of 963 percent of Fischer Assay. In 
1988, New Paraho installed a vacuum still at the pilot plant site to produce shale oil asphalt from crude shale oil. 

Several test strips will be constructed in Colorado, Utah and Wyoming. Once constructed, the test strips 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. As of April, 1989, one test strip had been installed, on Highway 191 south of Moab, Utah. 

The size of the 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 time, Paraho states that it has access to two different resource sites upon which the commercial production facility 
could be located: a site on the Mahogany Block in northwest Colorado; and the Paraho-IJte properties, located near Vernal, Utah. 
Of these options, the Mahogany site represents the most economically viable alternative and, accordingly, is the preliminary loca-
tion of choice.
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In October, 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 5240,0W to 
conduct laboratory tests on Indiana shale oil as a derivative for an asphalt paving material. If those tests prove successful, New 
Paraho will retort enough Indiana shale to produce 500 barrels of shale oil for field tests in Indiana. 

Project Cat: $2,500,000. The company spent $1500,000 on shale oil asphalt research last year 

RAPAD SHALE OIL UPGRADING PROJECT - Japanese Ministry of International Trade and Industry (S-MO) 

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 hydroreflned in the first stage, and further hydrorefined in the second stage under conditions typical of ex-
isting petroleum refineries. Upgrading systems art being established for obtaining operational data with the large bench-scale 
plant (13 barrels per day) using an ebullated bed reactor. 

Project Cost: Not Disclosed 

YUGOSLAVIA INCLINED MODIFIED IN srru RETORT - United Nations (5-330) 

Oil shale deposits in Yugoslavia art mainly located in the eastern pan 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 where it then levels, although the oil 
shale seams are not planar. 

An experimental 33 tons per day gas combustion retort was built and tested in 1955 to 1962. In addition, retorting in an indirect 
retort was carried out in Sweden on 100 tons of Aleksinac oil shale in 1957. A joint effort by several UN consultants from the 
United States and Yugoslavia national staff produced the Inclined Modified In Situ (IMIS) Method to cope with the dipping oil 
shale seams characteristics of the Aleksinac Basin. To achieve the appropriate void formation 23 percent of the shale rock would 
be mined. Design criteria for the IMIS retort include an oil shale yield of 115 liters per ton, and a retort height of 100 meters. The 
retort injection mixture would be 50 percent air and 50 percent steam. 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 20,0W barrels per day at full 
production (about I million tons per year). For the mined shale, interest has been expressed in adapting the 13 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 $7.00 (US) per barrel. 

In the mined brown coal area, the coal mine workings can provide access to the oil shale for an initial pilot module. Go-ahead for a 
full-scale 20,000 barrels per day operation would be given only after the results of the pilot module are known. The pilot module 
has been designed by Energoproject, Belgrade, with UNDP support. Establishment of the IMIS experiment had been expected in 
1988 but is now postponed to at least 1992. 

The project is currently considered to be suspended 

Project Cost: US$12,000,000
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Project Sponsors Last Appearance in SFR 

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

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

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

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

Foster Wheeler Corporation 
Davy McKee 
Magic Circle Energy 

Corporation 

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

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

Gelsenlcirchen-Scholven Veba Oel June 1987; page 2-52 
Cyclone Retort 

Laramie Energy Laramie and Rocky Mountain June 19* page 2-34 
Technology Center Energy Company 

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

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

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

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

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

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

Paraho Oil Shale 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 Geokinetics Inc. March 1986; page 2-54 
Peter Kiewit Sons' Inc. 

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

Triad Donor Solvent Project Triad Research Inc. December 1988; page 248 

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

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

Unnamed In Situ Test Mecco, Inc. September 1978; page B-3
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Unnamed Fracture Test 	 Talky Energy Systems 	 September 1978; page B4 

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 Organization Project Name 

Amoco Corporation Rio Blanco Oil Shale Project (C-a) 2-52 

Beloba Ply. Ltd. Yaamba Project 2-54 

Cathedral Bluffs Shale Oil Company Cathedral Bluffs Project (C-b) 245 

Central Oil Shale Ply. Ltd. Yaamba Project 2-54 

Central Pacific Minerals Acorn Project 245 
Condor Project 2-46 
Rundle Project 2-53 
Yaamba Project 2-54 

Chevron Shale Oil Company Clear Creek Project 2-46 

Conoco Inc. Clear Creek Project 2-46 

Duo-Ex (Sotv-Ex Corporation) Duo-Bit Solvent Extraction Pilot Project 2-55 

Eastern Oil Shale Research Eastern Oil Shale In Situ Project 2-55 

Edwards Engineering Company Edwards Engineering 247 

l3sso Australia Ltd. Rundle Project 2-53 

Enon Company USA Colony Shale Oil Project 246 

Fushun Petrochemical Corporation Fushun Commercial Shale Oil Plant 2-48 

Gary Refining company Gary Refinery 248 

Gencor Trans Natal T-Project 2-53 

Greenway Corporation RAMEX Oil Shale Gasification Process 2-52 

Japanese Ministry of International RAPAD Shale Oil Upgrading Project 2-59 
Trade and Industry 

Japan Oil Shale Engineering company Japanese Retorting Processes 2-56 
(JOSECO) 

Jordan Natural Resources Jordan Oil Shale Project 249 

Lawrence Livermore National Laboratory LLNL Cascading Bed Retort 2-58 

Maoming Petroleum Industrial Corporation Maoming Commercial Shale Oil Plant 2-50 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 2-50 

New Brunswick Electric Power Commission Chatham Co-Combustion Boiler 2-46 

New Paraho Corporation Paraho Asphalt From Shale Oil 2-58 

Occidental Oil Shale, Inc. Cathedral Bluffs Project (C-b) 2-45 

Office National de Recherche et Morocco Oil Shale Project 2-50 
d'Exploitation Petrolieres 
(0 NA REP) 

PAMA Inc. Israeli Retorting Development 2-55 

Peabody Australia Pty. Ltd. Yaamba Project 2-54
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Company or Onanization Project Name 

Petrobras Petrosix 2-51 

Placer Exploration Limited Julia Creek Project 2-57 

Ramer Synfuels International Ramex Oil Shale Gasification Process 2-52 

Republic of South Africa Trans Natal T-Project 2-53 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (C-a) 2-52 

Science Applications, Inc. Morocco Oil Shale Project 2-50 

Sinopec Fushun Commercial Shale Oil Plant 2-48 
Maoming Commercial Shale Oil Plant 2-50 

Solv-Ex Corporation Duo-Ex Solvent Extraction Pilot Project 2-55 

Southern Pacific Petroleum Acorn Project 245 
Condor Project 2-46 
Rundle Project 2-53 
Yaamba Project 2-54 

Tosco Corporation Tosco Sand Wash Project 2-53 

Trans Natal Trans Natal T-Project 2-53 

Unocal Corporation Parachute Creek Shale Oil Program 2-50 

Union of Soviet Socialists Republics Estonia Power Plants 2-48 
Kiviter Process 2-49 
UTT-3000 Retorting Process 2-54 

United Nations Yugoslavia Inclined Modified In Situ Retort 2-59 

Yaamba Joint Venture Yaamba Project 2-54 

Western Slope Refining Gary Refinery 2-48
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PROJECT ACTIVITIES 

os'o PROJECT SELECTS VA COMBI CRACKING 

An update on the OSLO project was presented by 
L. Dowdle at the Sixth Annual Heavy Oil and Oil 
Sands Technical Symposium held in Calgary, Alberta, 
Canada early this year. 

OSLO is an acronym for "Other Six Leases 
Operation," a six company joint venture formed in 
1981 to explore for and develop oil sands resources 
on six leases (300 sections) in the Athabasca region 
of Alberta. The word "other" refers to the fact 
there once were eight leases before two were 
awarded to Syncrude to develop in the 1970s. The 
joint venture participants are Esso Resources, 
Canadian Occidental, Gulf Canada, Petro-Canada, Al-
berta Oil Sands Equity (an Alberta Crown Corpora-
tion) and PanCanadlian Petroleum. Esso Resources 
was nominated by the group as operator and is 
responsible for planning, organizing and conducting 
field work, engineering and project management in 
support of the OSLO Project. 

The OSLO participants also represent six of the eight 
participants in Syncrude, the other two non-OSLO 
owners being Amoco and Alberta Energy Company. 
The OSLO participants are bound by their own 
operating agreement and have their own management 
committee and, as such, constitute a separate entity 
from Syncrude. Also, being Syncrude owners, the 
OSLO participants have access to Syncrude technol-
ogy and experience. This situation lends con-
siderable strength to the OSLO group and should be 
a key factor in the successful design and execution 
of the OSLO Project. 

Since its formation in 1981, OSLO has spent over 
$30 million on resource evaluation programs and a 
wide variety of studies. The search for resources 
has led to two very large, high quality bitumen ore 
bodies:	 one on Lease 29, the other significantly 
more favorable one, on Lease 31. Since 1985 the 
OSLO owners have been focusing their efforts on the 
Lease 31 ore body which has over three billion bar-
rels of high quality surface mineable bitumen. 

In 1987, significant strides were made towards the 
selection and definition of an optimum development 
option. This option was a fully integrated, 
12,000 cubic meters per day synthetic crude oil 
project on Lease 31. Project size and configuration 
were arrived at by balancing several key considera-
tions.	 These included project economics which
generally favor a larger project size, affordability 
which favors a smaller project size, product 
marketability and market risks which favor synthetic 
crude oil over bitumen because of a much larger 
market and the value added.	 Other project con-



siderations such as number and capacity of process 
trains also played a part.	 The term used to 
describe the type of project, "fully integrated" 
means that the extracted bitumen would be 
processed by an on site upgrading facility, which is

process and utility integrated into the rest of the 
central plant for maximum efficiency. This integra-
tion generally saves on tankage, does away with 
diluent return pipelines and maximizes waste heat 
recovery. Figure 1 outlines the major components in 
the OSLO project which are similar to the existing 
Syncrude and Suncor operations. What is unique to 
the OSLO Project is the technology that will be 
chosen for the various parts of the plant. 

FIGURE 1 
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Project Schedule and Status 

The current project development schedule, shown in 
Figure 2 is based on the premise that the Definitive 
Agreement on financial terms with the governments 
will be finalized. In 1989 OSLO expects to have 
had all major processes selected, begun definitive 
planning studies, and implemented plans for staffing 
a project team and managing engineering activities 
up to the point of project appropriation, in early 
1991. Project appropriation is an important check 
point at which the project owners, aided by a more 
developed level of engineering and cost estimate 
would re-examine project economics before awarding 
major contracts for the engineering, procurement and 
construction (EPC) of the project. After awarding 
the EPC contracts, it would take another six years 
to have the project on stream by 1996. 

Upgrar Technology Selection 

The upgrading processing scheme represents one of 
the most complex components in a tar sands 
recovery plant. Not only does upgrading have the 
key role of convening the heavy, viscous, extracted 
bitumen into a high quality synthetic crude oil, but 

31	 SYNTHETIC FUELS REPORT, SEPTEMBER 1989



FIGURE 2 
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the processing scheme also has a major influence on 
the potential environmental impact of the project. 

The upgrading process involves two major steps: 
primary and secondary upgrading. The primary 
upgrading or primary conversion step converts the 
large bitumen molecules Into more conventional sized 
molecules. The secondary upgrading step or 
hydrotreating step uses conventional refinery technol-
ogy to remove sulfur and nitrogen contaminants. In 
addition, many support units are fundamental to tar 
sands processing. They are: hydrogen manufacture 
and recovery units, gas treating units, sour water 
strippers, sulfur recovery plants, and facilities for 
utilization of the reject coke or residue stream from 
the primary conversion unit.	 Options for residue
utilization include: combustion, pyrolysis, gasification 
or simply landfill disposal. All these support 
facilities have a direct bearing on the magnitude of 
environmental Impact on a particular development 
site. 

Dowdle explained that there are two basic ap-
proaches to bitumen conversion: 	 carbon rejection 
and hydrogen addition. 	 Carbon rejection is repre-
sented by such technologies as: delayed coking 
(Suncor), Fluid Coking (Syncrude) and Flexicoking. 
These technologies have been available for many 
years and are fully commercialized. Their major 
drawback, however, is the low liquid product yield 
(75 to 82 volume percent of bitumen feed) and the 
need to deal with a large coke reject stream. 

Hydrogen addition is represented by such technologies 
as:	 CANMET, fixed bed hydrodesuiphurizatlon (Union

ARDS, Residflnlng, etc.) il-Oil, LC-Fining, MICROCAT 
RC and Veba Combi Cracking. Although fixed bed 
BUS, Il-Oil and LC-Fining have been available com-
mercially for many years In a low conversion 
(30-65 weight percent) mode, none of the tech-
nologies have been specifically designed and operated 
at large commercial sizes in the high conversion 
(90k weight percent) mode. CANMET has a 
4,500 barrel per day demonstration unit in Montreal 
operating in the 85 percent conversion range, and 
Veba has a 3,000 barrel per day demonstration unit 
In Bottrop,	 West Germany operating in the 
90+ percent conversion range. MICROCAT RC is 
derived from Exxon's former 2,500 barrel per day 
coal liquefaction demonstration unit, but now has an 
eight barrel per day pilot for process 
optimization/project development activities. The main 
advantage of the high conversion technologies Is high 
Liquid product yields (100 to 106 liquid volume per-
cent) and smaller residue reject streams for 
utilization/disposal. 

Recently, consideration has been given to combining 
the best features of both primary conversion options, 
namely: commercially proven coking options com-
bined with commercially proven low conversion 
hydrogen addition options to improve liquid product 
yields to the 100 percent range. The CO-OP 
refinery retrofit to heavy oil processing features a 
fixed bed HDS unit (Union ARDS) followed by delayed 
coking. The Husky Upgrader features low conversion 
II-Oil followed by delayed coking and Syncrude's 
Capacity Addition Project features low conversion 
LC-Fining with the unconverted residue going to the 
existing fluid cokers. 
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Crude Plant 
Primary Upgrading Plant 

H-Oil Unit 
Delayed Coker 
Gas Recovery Unit 

Secondary Upgrading Plant 
Naphtha-Jet Hydrotreater 
Gas-Oil Hydrotreater 

Hydrogen Plant 
Sulfur Plant 

Amine System 
Sour Water Stripper 
Claus Sulfur Recovery Unit 
TOIL Gas Unit 

Utilities and Offsites 

Primary Upgrading Plant 

The Primary Upgrading Plant consists of the H-Oil 
Unit, the Delayed Coker and the Gas Recovery Unit 
(GRU).

The H-Oil unit Is designed to convert 65 volume 
percent of the 975 0 F+ residuum in 32,000 BPCD of 
750 0 F+ atmospheric residue from the distillation of a 
blend of Lloydminster and Cold Lake crudes. The 
design feedstock is approximately a 50/50 volumetric 
blend of Lloydminster and Cold Lake residues. The 
properties of the feed and total liquid product are 
shown in Table 3. 

The maximum weight and diameter of a single shop-
fabricated reactor Is limited by ground transportation 
restraints, and two hot wall reactors, 750 tons each, 
are required for the plant capacity. Hot wall rose-
tors, Le., without internal insulation, were selected 
mainly because of cold weather start-up considera-
tions. 

The H-Oil unit has two identical parallel single stage 
reactor trains each consisting of fired heaters, heat 
exchangers, a hot wall reactor, reactor product 
separators, and recycle gas compressor and amine 

FIGURE 1
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absorber. In each train, the oil feed and the com-
bined recycle gas and make-up hydrogen are heated 
in separate fired heaters prior to entering the ebul-
lated bed reactor. Reactor products and hydrogen 
rich gas are separated in the product separators and 
most of the hydrogen rich gas Is recycled to the 
reactor inlet. The concentration of inerts and light 
hydrocarbon gases in the recycle gas circuit is con-
trolled by purging some of the recycle gas. 
Hydrogen is recovered from this purge stream in the 
Hydrogen Recovery Pressure Swing Adsorption (PSA) 
Unit.

TABLE a 

H-OIL FEU) AND PRODUCTS 

Feed	 Product

Gravity, API 7,4 24.2 
Sulphur, wt % 4.85 0.77 
Nitrogen, wppn 5,600 3,270 
Vanadium, wpxn 206 12 
Nickel, wppn 89 13 
Hydrogen, wt 96 10.39 11.82 
Carbon, wt 96 83.4 86.7

site-specific factors and price variations. The study 
identified the important parameters required for op-
timization to assure maximum profitability. Results 
also showed the need for further development of 
technology applicable to the consolidated, oil-wet 
resources typical of Utah and other domestic 
deposits. 

In February, 1989, JWBA received an award of 
$500,000 from the United States Department of 
Energy to further develop the technology and to 
conduct site-specific optimization. The award was 
based on the technical merits of the company's 
proposal and was one of only about 30 given nation-
wide out of an original 1,300 applicants. 

All candidate sites in the Uinta Basin are currently 
under	 consideration	 including	 Asphalt	 Ridge, 
P.R. Spring, Sunnyside and White Rocks. The com-
mercialization plan calls for completion of research 
in 1990, construction and operation of a field plant 
by 1991 and commercial operations by 1994. 	 The
company believes the schedule Is both technically 
realistic and financially feasible. Estimated cost for 
the research and development phase is $1 million, 
while that for the pilot project would be $5 million. 

The liquid products from the two reactor trains are 
combined and fractionated In the fractionation sys-
tem which consists of an atmospheric and a vacuum 
column. The overhead products from the atmospheric 
column are a sour gas stream and an unstabilized 
naphtha stream which are routed to the Gas 
Recovery Unit. The distillates recovered in the at-
mospheric and vacuum columns are hydrotreated in 
the Secondary Upgrading plant and the vacuum 
residue is fed to the Delayed Coker. 

PROJECT UNDER WAY 10 DEVELOP ASPHALT FROM 
UTAH TAR SANDS 

J. W. Bunger and Associates, Inc. (JWBA) has initiated 
a project for commercialization of Utah tar sands. 
The product of the initial venture will be paving 
and specialty asphalts. The project contemplates a 
surface mine and water extraction of bitumen fol-
lowed by clean-up and treatment of bitumen to 
manufacture specification asphaltic products. JWBA 
has secured rights to patented technology developed 
at the University of Utah for extraction and 
recovery of bitumen from mined ore. 

In 1988, JWBA completed a feasibility study which 
examined the technology, markets, resources and 
economics for asphalt production. Results showed a 
strong potential for profitability at today's prices 
and costs.	 Level of profitability is sensitive to

NEWGRADE UPGRADER COMES ONSTREAM WITH FEW 
STARTUP PROBLEMS 

The first Canadian facility to upgrade Saskatchewan 
heavy crude oil began operation late last year at 
Consumers' Co-operative Refineries Limited (CORE.) in 
Regina, Saskatchewan. 

The upgrader is designed to produce synthetic crude 
oil from 50,000 barrels per day of a blend of heavy 
crudes. 

Because a stand-alone processing facility would have 
been cost-prohibitive, the upgrader was added to the 
existing CCRL refinery at a cost of about 
U S$ 600 million. 

The project began in August of 1983, when a 
memorandum of understanding was signed between 
CCRL and the governments of Saskatchewan and 
Canada to undertake a study on upgrading 
Saskatchewan's large reserves of heavy oil using 
CCRL's existing refinery, integrated with suitable ad-
ditional processing units as a starting point. 

NewGrade Energy Inc., a joint-venture company, with 
the Province of Saskatchewan and CCRL as equal 
partners, was formed and given the responsibility of 
conducting a feasibility study. 

During	 the second	 half of	 1985,	 NewGrade com-
pleted	 its development	 work and in a report to	 the 
principals recommended that	 they	 enhance	 the 
processing capability	 of CCRL's	 refinery	 to process 
heavy	 crude	 oils.	 The study	 showed	 that proven
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process technology was available that would permit 
CCRL to substitute heavy crude for its existing light 
sweet slate and still allow maximum utilization of 
the existing refinery units. 

It also showed that the economic success of the 
proposed project was primarily dependent on the 
price differential between light and heavy crude oils. 
Based on the projections at that time, the project 
was viable at differentials as low as $4 per barrel. - 
At levels above this, the owners could expect an 
after-tax return on their investment. 

The decision to proceed with the design and con-
struction of the facility was made in late 1985. 
Field construction started in October 1986. The 
complex processed its first heavy oil in November 
1988. 

Project Basis 

The objective of the NewGrade heavy oil upgrading 
project was to process Saskatchewan heavy oils into 
a readily ref inable crude by integrating an upgrading 
process with the CCRL refinery. By optimal utiliza-
tion of existing CCRL processing equipment and in-
frastructure, the additional capital required to 
upgrade heavy oil was minimized. 

The existing refinery was designed to process 
50,000 barrels per stream day of Alberta 
light/medium crude oil into a range of light distil-
late fuels, furnace oil, and LPG. Anode-grade coke 
is the main by-product along with 15-20 tons per 
day of sulfur. The refinery does not have a heavy 
fuel oil market because of the availability of natural 
gas. 

The upgrader is designed to process 50,000 barrels 
per stream day of a 50:50 blend of Lloydminster and 
Fosterton/Dollard crudes. The Lloydminster crude oil 
must be diluted with gas plant condensate (16 0 API 
diluted to 22 0 API minimum) to render it pipeline-
able. 

The projected availability of these crudes indicate a 
gradual decline in the availability of the 
Fosterton/Doilard feedstock. The 50:50 blend will be 
available until 1992 followed by an increase in 
proportion of Lloydminster to 58 percent in 19972 
65 percent in the year 2000 and 70 percent in the 
year 2005. 

Also, crude produced by enhanced oil recovery (Eon) 
in southwest Saskatchewan will vary from the cur-
rent 16 percent to an eventual high of 60 percent, 
and the percent of EOR crude in the Lloydminster 
area is projected to be 80 percent by the year 
2005. While designed for a 50:50 blend, the process 
design was checked for 100 percent EOR Lloyd-
minster crude. 

There were some fundamental processing characteris-
ties the upgrading technology had to possess in or-
der to meet the overall objectives of the NewGrade 
project and attain a good fit with the CCRL 
facilities.

Sufficient desulfurization was necessary for anode-
grade coke production, reduction of FCCU stack SOx 
emissions, and sulfur-quality specifications of refined 
products (including upgraded crude oil). Sufficient 
denitrificatton was essential for FCCU feed quality 
(conversion) and nitrogen quality of the vacuum gas 
oil (VGO) component of upgraded crude. Adequate 
demetallization was essential for the anode-grade 
coke production. 

Liquid conversion of the 1,000 0 F + fraction was es-
sential for unloading of delayed coker fractionation 
facilities and achievement of refined product slate 
gasoline/distillate ratio requirements. Conversion of 
feed Conradson carbon residue (OCR) was essential 
for unloading of the delayed coker coke-handling 
facilities	 and good overall	 liquid yields	 and
economics. 

The process which was shown to provide the best 
synergy with the CCRL refinery is atmospheric resid 
desulfurization	 (Alms),	 tJnocal's	 Unicracking/LIDS 
process.	 ARDS is a fixed-bed process used mainly
to desulfurize atmospheric residuum or 6500F+ 
material. This process was originally used, and 
gained significant commercial experience, mainly In 
Japan, to reduce sulfur levels in residual fuel oils in 
order to meet environmental standards. 

The excellent pretreatment capabilities of this 
process Is resulting in extensive use for pretreating 
feedstocks to delayed coking units and residuum 
catalytic crackers. 

NewGrade carded out a plant program with Unocal 
for the equivalent of 11 months to test the ARIIS 
catalyst under extreme conditions. These tests 
determined that the catalyst would last a full 
operational run and could handle more severe crudes. 
Additionally, the catalyst would handle enhanced 
recovery crude oils and operate with a 100 percent 
Lloydminster heavy crude oil supply. 

Further pilot-plant work was performed on the 
product of the ARDS pilot plant program. This 
identified the need for a distillate hydroprocessing 
unit (Dim) to produce acceptable-quality diesel fuels 
and additional volumes of gasoline. The work also 
verified the ability to produce o marketable anode-
grade coke. 

The AltOS process is used to desulfurize, denitrify, 
demetallize, and reduce the coke-producing com-
ponents in the atmospheric residuum In order to 
produce good quality feedstocks for the FCCU and 
the coking unit. In order to achieve this, the AltOS 
process is designed to operate at 92 percent desul 
furization, 94 percent demetallization, 64 percent 
denitrification, and 67 percent carbon residue 
removal. 

The AltOS reactors are loaded with a combination of 
demetalllzation and desulfurizatlon catalyst. The 
unit is loaded for an 11-month run at the design 
throughput of 50,000 barrels per day. The refinery 
normally has one shutdown per year, In the spring, 
and the catalyst will be changed at that time. 
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Plant Startup 

The first of the new units to come on-stream was 
the hydrogen plant in mid-October 1988. Once this 
unit was reliably producing hydrogen, the start-up of 
the two hydrotreating units began. 

The ARDS unit began charging light • oil on November 
24, 1988, and swung to heavy feed on November 27. 
The Dliii processed	 its	 first	 feed on	 November	 25. 
The last unit	 to	 be	 started	 up was	 the	 sulfur 
recovery unit early in December.

NewOrade's managers state that starting up a heavy 
oil complex is not an easy task in the best of 
times, but starting up in Saskatchewan in late 
November with inadequate winterization (in spite of 
a thorough commissioning program) revealed a number 
of shortcomings. 

The compressor lubricating system had heaters which 
were too small. Problems resulted from congealed 
lube oil. 

The hydrogen unit PSA unit would not function well 
below -20°F in spite of steam tracing. The valve 
action was too sluggish for the control software 
system, which would initiate a plant shutdown. This 
problem was the most frequent, accounting for the 
majority of the start-up problems. In retrospect, a 
permanent shelter should have been constructed to 
house the valve skid. This will be installed before 
next winter. 

One major, unexpected processing problem Is with 
the production of anode-grade coke, from the 
revamped coking unit. 

Hydrotreated feed makes coke very easily at a 
lower-than-expected temperature. This causes the 
coke to be higher in volatility and not up to 
anode-grade specifications. To overcome this, normal 
operating procedure would be to raise the furnace 
outlet temperature, but because of the short reac-
tion time, coking in the furnace tubes will likely 
occur.	 The problem has not been resolved, but a
number of strategies are being tested. 

Condensate (steam), FCC light-cycle oil, and slurry 
oil have been tried in various combinations to raise 
the velocity through the heater and transfer piping. 
The furnace heat flux Is also being limited. The 
use of a dispersant additive injected into the heater 
inlet is showing promise. 

The coker was a revamp because the project 
economies dictated minimization of modifications as 
much as possible. The final analysis may require 
smaller diameter (high velocities) transfer piping, a 
new larger heater with lower heat flux, and a new, 
higher-discharge-pressure charge pump. NewOrade is 
confident that the coking problem will be solved.

WSI'OIIY OF IFFY PROJECT REVIEWED 

A recent article in Oil Week reviewed the history of 
the	 Underground Test	 Facility	 (tifF)	 located 
60 kilometers north of Fort McMurray,	 Alberta,
Canada. 

Sponsored by the Alberta Oil Sands Technology and 
Research Authority (AOSTRA), the project is 
researching the use of horizontal wells drilled into 
the oil sands from the bottom of a deep mine shaft 
and tunnel system. 

Detailed project designs were developed in 1903. In 
May, 1984, initial drilling was complete and the mine 
facilities were designed and ready for construction 
bids.	 AOSTRA solicited industry for financial 
partners.	 Although, considerable interest was ex-



pressed, no commitments were made by industry. 

AOSTRA decided to proceed with UTF anyway, to 
test two separate but complementary technologies: 
Shaft And Tunnel Access (SATAC), which covers min-
ing and underground drilling, and the process tech-
nology of horizontal well in situ oil recovery. 

Developing the mine tunnel system beneath the oil 
sands formation presented new challenges to the 
mining industry. Problems included how to get 
safely through the oil sands themselves (something 
that had foiled a previous attempt 20 years earlier). 

Studies confirmed the most suitable horizon (the 
place to stop and drive tunnels) was 173 meters 
beneath the surface in Devonian limestone some 
15 meters below the base of the oil sands reservoir. 

Two shafts were drilled. The main hoist for person-
nel and equipment is in Shalt No.1, and can lift 
12 people or four tonnes at a maximum speed of six 
meters per second. 

The second shaft has a slower hoist for emergency 
use. Both shafts carry piping: No. 1 has the com-
pressed air and fire water pipes, while No. 2 carries 
the more hazardous steam, production and drilling 
lines. 

An underground tunnel system was constructed next, 
using the drill and blast method. Tunnel integrity is 
crucial to long term success of the UTF technique, 
and experience to date shows good, long term 
stability. AOSTRA says the tunnel system has sur-
passed expectations. 

The next set of problems involved designing, building 
and operating an underground drill rig to drill, com-
plete and service the horizontal wells to be drilled 
into the oil sands from the underlying tunnels. 

The well program called for large wellbores, with 
complex completions to cope with hydraulic and sand 
control during steaming of the wells. 

A review of existing mining drill rigs showed none 
were large or powerful enough to Install the large 
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diameter	 tubulars	 that were	 to	 be	 used.	 Design 
considerations included: 

- The unit had to be small enough to work in 
the tunnels. 

-	 It	 had	 to	 handle a	 maximum	 bit	 size of 
15	 Inches,	 maximum casing	 size of 
13.375 inches. 

-	 Maximum	 thrust and	 pull	 down of 
200,000	 pounds, with	 minimum	 torque of 
18,000	 foot	 pounds and a	 rotating speed of 
zero to 200 revolutions per minute.

There were other parameters to be met. For ex-
ample, a pressure control system had to be devised 
to drill, run and retrieve drill pipe under pressure, 
plus run surveys and logs under pressure and run 
screened or slotted liners into the wells under pres-
sure. In addition: 

- All tools and tubulars had to be handled in 
an upslope position. 

- A non-magnetic survey method had to be 
built Into the system in order to track 
closely spaced wells. 

- A directional control system had to be Incor-
porated that could position the wells on tar-
get within five meters horizontally and one 
meter vertically. 

- Blow out prevention and pressure control 
equipment that fit the rig had to be 
selected or designed and built. 

- The drilling fluid system had to operate from 
the surface for safety of discharge, without 
fracturing the formation during drilling 
operations. 

- A method had to be found to cement casing 
In an upslope position in the limestone ad-
jacent to the mine tunnels. 

- And finally, a logging system had to be 
developed that could log upslope and be 
lowered Into the mine. 

The rig was designed and built in Calgary, and 
began drilling in February, 1987. 

Eight successful process pilot test wells were drilled 
and completed over the next eight months. 

Several industrial partners are now participating with 
AOSTRA in the UTF facility and two separate 
processes are being tested - Steam Assisted Gravity 
Drainage (SAGD), and Heated Annulus Steam Drive 
(llASDrive), 

The SAGD tests Involve paired parallel horizontal 
wells drilled low in the reservoir.

Steam is injected through the uppermost well, creat-
ing a steam chamber. This chamber grows as the 
steam condenses on the chamber walls and ceiling 
and releases heat. 

Subsequently, heated bitumen and condensate drain 
by gravity Into the lower (production) well.	 Par-
ticipants In this series of tests include:	 the
Canadian federal Department of Energy, Mines and 
Resources through its CANMET division, Texaco 
Canada, Mobil Oil, Petro-Canada, Shell Canada, 
Amoco Canada and AOSTRA. 

The second process, ilASOrive is being developed by 
Chevron Canada. In this series of tests, steam Is 
circulated In a closed horizontal pipe placed in the 
pay zone. This heats the area around the pipe, mo-
bilizing bitumen and providing a path for steam 
flooding. 

Both UTF processes show promise in overcoming 
problems associated with Athabasca oil sands In sit" 
operations. 

In surface based vertical drilling, Interwell com-
munications must be established to conduct steam or 
combustion drive processes and produce flowing 
bitumen. Fracture techniques have difficulty In 
making and maintaining designed communication paths. 

Sand control Is also a serious problem in areas of 
high wellbore pressure drops and Influx rates. 

The IJTF horizontal wells provide controlled com-
munication, and much greater exposure to the pay 
zone. Also, bottomnhole pumps are eliminated. 

While results are confidential, the UTF processes in- 
dicate "excellent oil/steam ratios with acceptable 
production rates, plus the promise of high ultimate 
recovery," say AOSTRA. 

The main objective now is to get into full commer-
cial piloting with full length wells. 

The unknown factors are well bore hydraulics and 
profitability. Reservoir response and underground 
production methods are proven. 

The operation Is price sensitive, but AOSTRA is con-
vinced that the method will be competitive with 
surface mining as an economic source of bitumen. 

EXCEL DROPS ARDMORE PROJECT 

Excel Energy Inc. has been operating a thermal 
recovery project In the Cold Lake oil sands deposit, 
about twelve miles south of the Esso Cold Lake 
Project. The project history was discussed by 
D. O'Neill at the May meeting of the Petroleum 
Society of CIII in Calgary. 
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According to O'Neill, Excel became the operator of 
an oil sands project by evolution rather than design. 
Excel's history in the oil sands goes back to Union 
Texas of Canada Limited, a subsidiary of Allied 
Chemical Corporation, who acquired two oil sands 
leases In the Bonnyville area in the mid 1960s. 
Over the next several years, a large number of pilot 
projects were started as operators were drawn by 
the billions of barrels of oil in place. 

Union Texas' first foray into the area of thermal 
recovery was as a partner in a small project 
operated by Amerada from 1966-1968. With some 
encouragement from the Amerada pilot, Union Texas 
and its partner Great Northern (now Koch) proceeded 
to develop the Ardmore pilot. Fifteen wells were 
drilled during 1974 and cyclic steam stimulation 
commenced in 1975. Over the next five years, ex-
perimentation was carried out with all the normal 
variables in a steaming operation and considerable 
experience was accumulated with regard to the 
practical aspects of producing and handling heavy 
oil. During this time, Union Texas had the resources 
of a very large parent backing its 65 percent share 
and a capable, supportive partner in Koch, holding 
the remaining 35 percent. They were even able to 
do some preliminary work on the feasibility of ex-
pansion to a commercial scale project. 

Things began to change dramatically for the Ardmore 
pilot in late 1980. Under the decree of the Na-
tional Energy Program (NEP) production from the 
project commanded the New Oil Reference Price 
(NORP) or world price, about six times the price 
received when the pilot was developed only a few 
year earlier. However, foreign money was no longer 
welcome and Allied responded by selling Union Texas 
to Drummond. 

Drummond was a small company Incorporated only a 
couple of years previously, that attempted to take 
advantage of the opportunities presented by the bias 
towards Canadian ownership in the NEP, to grow 
rapidly through debt-financed acquisitions. 

In spite of its financial problems, Drummond was 
able to continue the operation of the Ardmore 
project essentially unchanged. 	 They had acquired 
virtually all of the staff of Union Texas, and 
thereby retained the operating experience. With the 
high price received for the production, the Ardmore 
project was generating a significant profit. 

During the period from 1981 to 1985, Drummond ex-
perimented with a variety of steam additive chemi-
cals, well completion techniques, steam quality, slug 
size, pressure variations and other measures to im-
prove performance. Two new wells were drilled to 
effectively reduce the spacing in certain patterns 
and thus lessen the time required to establish inter-
well communication. The feasibility of various modes 
of expansion were investigated. Drummond even 
bought a farm in the area to simplify future surface 
rights problems when expansion took place.

Although the company was learning a great deal 
during this time, and considered the pilot successful 
In many ways, the project was beginning to strain 
the company's resources. The all in each segment 
of the pilot is finite and as it is depleted, the 
project must be modified to compensate. Even very 
modest expansion plans required substantial invest-
ment by Drummond's standards. More importantly, 
Drummon,fs small technical staff had to devote most 
of their time to projects that would see early 
returns and have a significant impact on the 
company balance sheet. The allocation of valuable 
man-hours to Ardmore became more and more dif-
ficult.	 Simply keeping up with the required
monitoring and reporting was becoming a burden. 

The collapse of oil prices in 1986 sealed Drurnmonci's 
fate. When It became obvious that the debt 
couldn't be handled any more, Drummond negotiated 
a restructuring with its banker that saw the transfer 
of most of the producing properties and proven 
reserves to the bank as settlement of the debt. 
Exploration lands and any properties requiring sig-
nificant investment to give them value were retained 
in Drummond Petroleum Ltd., 	 which subsequently 
changed its name to Excel.	 The Ardmore project
was one of those properties the bank did not want. 

Excel emerged as a debt-free small exploration com-
pany with a good land base, substantial cash posi-
tion, some production and an oil sands project. Ex-
cel also had a contract from the bank to manage 
the Drummond properties. This permitted thorn to 
retain the staff required to continue to operate the 
Ardmore project while determining what to do with 
It. 

During the latter stages of Drummond's operating 
life, the company had attempted to interest some 
larger companies in becoming joint-venture partners 
in the project by investing expansion capital and 
taking over operations. They also offered to sell 
the project but attracted no serious buyers. The oil 
price collapse and demise of Drummond eliminated 
any of these options. However, the company was 
convinced that the project had more value and 
presented more options as an active pilot than as a 
collection of rusting equipment. Thus they decided 
to keep it operating and devoted efforts towards 
reducing costs to minimize losses. Measures such as 
deferring scheduled maintenance, minimizing new ex-
perimentation, reducing data collection and reducing 
operator hours were implemented with some success. 

However, in October 1988, the bank sold the Drum-
mond assets and Excel lost the management contract. 
Excel was no longer able to retain the key technical 
staff necessary to continue to operate the Ardmore 
project for an extended period. They reviewed the 
project with Koch and examined options for further 
improvements in efficiency. They reached the in-
evitable conclusion that the pilot had reached the 
end of its useful life under its current configuration. 
A major capital infusion was required to expand or 
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to test new recovery techniques and that capital is 
not available to a company of Excel's size under 
current economic conditions. In spite of the excel-
lent work of the field staff, all of whom have been 
with the project since start-up, Excel has decided to 
wind down the Ardmore operation. 

In conclusion O'Neill says that well financed junior 
to Intermediate companies the size of Drummond, 
Koch, Murphy or Triton will play a significant and 
rowing role In the development of the oil sands. 
Excel has demonstrated that a small producer can 
design, develop and operate a small scale oil sands

project. When the economic climate for heavy oil 
operations Improves, the knowledge and experience 
gained from projects like Ardmore can form the 
basis of significant commercial developments. 
However, the smaller producers do not have the 
resources necessary to wait out a prolonged slump in 
heavy oil prices. It will be very unfortunate if 
their experience is lost as a result of short term 
economic conditions In the oil industry. 
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CORPORATIONS 

SOLY-EX SEEKS PARTNERS FOR CANADIAN PROJECT 

Solve-Ex Corporation has retained a New York in-
vestment banker, Donaldson, Lufkin & Jenrette, to 
assist in lining up corporate partners to finance the 
development of the company's 5,874 acre oil sand 
lease in Canada. 

Based on tests of core samples, Solv-Ex estimated 
last year that Its proprietary process for producing 
synthetic crude oil from the bitumen deposits on its 
Bitumount leasehold In northern Alberta could yield 
1.4 billion barrels of oil as well as significant quan-
tities of gold, silver, titanium, zirconium and other 
minerals. 

New studies show that alumina recovery could be a 
major factor in the economics of the proposed 
project, Solv-Ex's J. Rendall said. Added to the 
value of the oil and the other minerals, alumina 
makes a commercial recovery project attractive to 
private venture partners, according to Rendall. 

Citing confidentiality requirements imposed by the 
agreement with Donaldson, Lufkin & Jenrette, Rendall 
declined to estimate the cost and potential revenues 
from the project. 

coNornoNs PUT ON IMPERIAL/TEXACO MERGER 

Imperial Oil Ltd. and the Canadian federal govern-
ment have reached a basic understanding on 
Imperial's $4.9 billion takeover of Texaco Canada. 

The Director of Investigation for the Bureau of Com-
petition Policy has issued a "consent order" for the 
takeover, approving it, subject to a number of 
divestitures and assurances. 

Imperial will be allowed to keep Texaco's highly 
modernized 95,000 barrels per day Nanticoke 
refinery. 

Nanticoke is only 11 years old, and has undergone 
extensive upgrading, such as the addition of 
cryogenic equipment that substantially enhances 
marketable liquefied petroleum gases recovery. The 
refinery produces unleaded gasoline exclusively. 

Combined with Imperial's 123,000 barrels per day 
Sarnia refinery, this will give Imperial some 
44 percent of Ontario's total gasoline refining 
capacity, and the company will be required to assure 
a supply of gasoline to independent producers in On-
tario and Quebec for a period of seven to 10 years. 

The order also allows for a growth factor in the 
supply, as well as a pro-rata sharing by the inde-

pendents of any production Increases resulting from 
combining the Sarnia/Nanticoke operations. 

Other details of the order include: 

- Imperial must divest the Texaco Eastern Pas-
sage refinery and marine terminal in 
Dartmouth, Nova Scotia plus related assets 
and contracts. 

- Imperial must sell off 13 additional storage 
and distribution terminals located throughout 
Canada, 

- Similarly, 543 retail service stations across 
the country must be sold. 

Regionally, Imperial must sell 197 retail outlets In 
Atlantic Canada, 213 outlets in Ontario/Quebec and 
133 outlets in Western Canada. 

The Bureau has also reserved the right to return 
before the Competition Tribunal anytime over the 
next three years to vary the terms of the consent 
order, or over the next tour years to vary the 
terms of the gasoline supply assurance condition. 

Consumers Association of Canada has tiled a brie( 
with the federal Competition Tribunal opposing the 
take-over on anti-competition grounds. Quebec and 
Liberal and New Democratic parties have also op-
posed the sale.	 Suneor,	 concerned over the 
preference given to independents, filed a brief 
saying it wants an equal opportunity to buy any of 
the assets imperial sells. Public hearings before the 
Tribunal are expected later this year. 

ORS REPORTS SUCCESS WITH RADIO FREQUENCY 
STIMULATION 

ORS Corporation of Denver, Colorado has arranged 
for acquisition of the remainder of the 74.6 percent 
owned subsidiary Uentech Corporation in a tax free 
reorganization to be accomplished by merging Uen-
tech into a wholly-owned subsidiary of the company. 

On April 24, 1989, OHS acquired the remaining 
30 percent ownership of its subsidiary, Western 
Electronic Systems, from Canada Northwest Energy 
Limited. Effective May 12, 1989 Western and ORS 
Canada, Ltd., both 100 percent owned subsidiaries of 
OHS Corporation, were amalgamated into one new 
Canadian entity. 

On	 July 2, 1989,	 the	 company	 announced	 that the 
directors of ORS	 Corporation	 and	 EOR	 Limited, an 
affiliate of the company based in Calgary, agreed in 
principal to the formation of a joint venture 	 for the 
purpose of worldwide	 marketing	 and	 operating the 
Company's radio	 frequency	 heavy	 oil	 stimulation and
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paraffin removal (1ff) technology. Under the terms 
of the joint venture agreement, ORS, which owns a 
12 percent Interest In EOR, has a 55 percent inter-
est and EOR Limited, a 45 percent ownership of the 
joint operation. The joint venture company will 
operate under the name of EOR International Inc. 
The joint venture company will operate from a cor-
porate office in Calgary. 

0115 reports that it Is continuing to improve and 
upgrade the effectiveness and efficiency of the 
technology through additional research with HT 
Research Institute. 

The following Is a summary of several of the active 
projects in which the joint venture company Is cur-
rently involved. 

HAM - The joint venture has a contract with 
NAM, a joint venture between Royal Dutch Shell 
and Esso, which operates the two companies' 
producing properties in Holland. They have 
started the installation of equipment with start 
up expected In mid-September. 

Canada Northwest Energy - A 0MW well in 
Northminster, Saskatchewan has sustained a 
stimulated increase in oil production by a fac-
tor of 2.5 and a decrease In water by a factor 
of two. 0MW committed to two more wells in 
Saskatchewan which should be on line in the 
fail. 

Mazzel Oil and Gas - The operations for this 
producer continue to be successful both techni-
cally and economically. Power has been applied 
In a third well with a fourth well to come on 
line soon. 

Pentex Oil Limited - This contract involves the 
ORS tubing heating system used for the solution 
of paraffin, hydrate deposition, and rod float 
problems. The system has been in a well in 
Scotland since mid-May with excellent results 
reported to date. 

CNW, Numae Oil a Gas, and EOR Inteinattaial - 
A well near Lashburn, Saskatchewan, owned by 
0MW, Numac Oil & Gas, and EOR International, 
operated by 0MW, began power Input in June, 
1989, and has sustained a doubting in oil 
production, a reduction in water cut and a sig-
nificant decrease in operating problems as-
sociated with the viscous 9° API oil. 

Norsk Brtnnservice A.S. - Recently the ORS/EOR 
joint venture signed an agreement in principle 
with Norsk Bronnservice S.A., a Norwegian oil 
well services company which provides services 
to the oil industry in Europe and now in the 
USSR. Under the terms of this agreement EOR 
International will provide its technology and 
products to support Norsk Bronnservice's ac-
tivities In the Soviet Union.

AEC CONSIDERS RESTARTING BURNT LAKE 

Alberta Energy Company's first half report to 
shareholders notes that AEC sold its non-Canadian oil 
and gas assets to Chieftain International for 
$96 million and became a 50 percent owner of this 
new international oil and gas company. 

Six-month revenues were up six percent. Conven-
tional and synthetic oil revenues Increased due to 
improved world oil prices and higher synthetic oil 
shipments.	 Additional capital investment in pipelines
also generated Increased revenues. 

First-half operating expenses were up seven percent 
to $130.8 million, mainly due to scheduled Syncrude 
maintenance costs. 

Construction of the 12,500 barrel per day Primrose 
Burnt Lake heavy oil project has been suspended 
since late 1988. AEC believes that this project 
should be started and is engaged in discussions with 
the other joint venture participants. 

Syncrude's first-half performance showed a marked 
improvement as an excellent second quarter resulted 
from additional production from new facilities as 
well as strong oil prices. AEC's share of synthetic 
oil shipments averaged 15,180 barrels per day, a 
1,350 barrel per day increase over the 1988 six-
month period. 

Cold Lake Heavy Oil Pipeline daily throughput 
averaged 134,000 barrels of heavy oil blend com-
pared with 138,000 barrels In the first half of 1988. 
Throughput on the Alberta Oil Sands Pipeline 
averaged 152,000 barrels per day compared with 
137,000 barrels per day. 

AMOCO CANADA SCHEDULES WORKFORCE REDUCTION 

Amoco Canada Petroleum Company Limited announced 
a workforce reduction of 450 people--or about 
10 percent--to bring employment into balance with 
current and anticipated workloads. 

"We must position ourselves according to the 
economic	 realities	 that	 surround	 us,"	 said
T. Don Stacy, chairman and president of Amoco 
Canada. "In the year since the merger with Dome, 
crude oil and natural gas prices have provided only 
marginal returns compared to the climate we an-
ticipated prior to the merger. And the mid-term 
outlook Is for prices to remain at generally low 
levels." 

The workforce reductions will be virtually completed 
by the end of September and will consist primarily 
of early retirements and voluntary departures. 
Financial Incentives are being offered to eligible 
employees in both categories. 
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Noting that Amoco Canada was overstaffed by about 
20 percent just after the merger last September, 
Stacy said that normal attrition had helped lower 
the company's workforce from 5,300 to about 4,800 
In mid-May. "However, attrition is an inexact tool," 
he said. "It provides a reduction in total numbers, 
but not necessarily where the reductions are 
needed.

An early retirement program will be offered to all 
employees 55 years of age and older in certain pay 
grades, plus Exploration Department employees 50-54 
years of age in the same pay grades and with a 
minimum of 15 years' service. About 270 employees 
are eligible for this program. 
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GOVERNMENT 

ERGS SUMMARIZES YEAR FOR OIL SANDS 

The Alberta Energy Resources Conservation Board 
(ERCB) issues an annual report, the most recent one 
titled "Energy Alberta 1988." 

Under the Oil Sands heading, the report notes that, 
while Alberta's huge reserves of oil sands and heavy 
oils are seen as the main source of a secure oil 
supply in the future, many of the planned projects 
were affected by the sharp decline in oil prices 
that occurred in the latter half of the year. 
Despite that, work continued on a number of fronts. 

Such developments include approval of the Syncrude 
expansion, start on the Suncor debottlenecking 
project, and approval in principle between OSLO and 
the Federal and Provincial Governments to proceed 
with a $4.1 billion oil sands project at Kearl Lake. 

As well, OSLO conducted an experimental dredging 
and bitumen recovery scheme using cold water at a 
site just north of Fort McMurray. Additionally, 
production began from the Alberta Oil Sands Tech-
nology and Research Authority's Underground Test 
Facility shaft and tunnel project, which is adding 
significant new technology to operations in the 
Athabasca oil sands. 

Also during the year, the Board was involved in dis-
cussions with Solv-Ex regarding a potential commer-
cial oil sands mining scheme, with possible extraction 
of saleable amounts of gold, silver, and titanium. 

Effective communication and direct involvement with 
the public have become increasingly Important for 
the ERCB's oil sands activity. 

Several approaches have been tried, including the 
Fort McKay Interface Committee and its Application 
Review Team (ART) process. These groups have been 
set up by Industry, the government, and residents to 
deal with local community concerns about the Im-
pacts of development. The major issues confronting 
these groups are how to develop the resource 
without undue impact on people and land, or on air 
and water quality. 

Discussion with the Board regarding this project 
prompted the formation of the Suncor Debottleneck-
tag Application Review Team (DART). 	 This team 
consists of representatives of Suncor, the Fort 
McKay Indian Band, the City of Fort McMurray, the 
ERCB, plus several government departments (Alberta 
Environment, Forestry, Lands and Wildlife, and Oc-
cupational Health and Safety).	 The DART members
met regularly to discuss and resolve concerns. 

The ART process, which was pioneered with the 
Syncrude mine and plant expansion application, also 
will be used to deal with the OSLO project.

There were a number of new activities during 1988, 
at in situ projects In Athabasca and in the the Cold 
Lake/Primrose and Elk Point/Lindbergh areas. These 
include a proposal by HP Canada to test in situ 
combustion as a follow-up recovery method to cyclic 
steam injection at its Wolf Lake commercial project, 
and horizontal well tests by Amoco and Gulf at ex-
perimental projects in the Wabasca area. 

With all this development has come an increase in 
concerns expressed by residents. Working with Al-
berta Environment, the ERCB has become heavily in-
volved in odor investigations centered on the Fort 
McMurray area. 

Initially,	 efforts were focused on 11 2 S and $0 2	 emis-
sions.	 At	 both plants,	 H2 S	 sources were detected, 
quantified, and reduced or eliminated. SO 2 emissions 
were	 reduced by	 improvements	 to sulfur recovery 
equipment.

The most prevalent odors currently appear to be due 
to hydrocarbons emanating from settling ponds, and 
from the upgrading plants and mines. Sulfurous 
odors from elevated stacks also are contributing. 

Suncor has recently installed equipment to scavenge 
hydrocarbons from the tailings which empty Into its 
settling ponds. Syncrude has been processing the 
tailings from its plant for about three years. 

The objective at both plants is to increase the 
recovery of oil and to decrease the amount of 
volatile material which can escape from the ponds 
through evaporation. 

Water use by in situ projects Is another major con-
cern, particularly in the Cold Lake-Bonnyville area. 
Ground water and lake levels throughout Northeastern 
Alberta have been dropping in recent years, and 
area residents believe this is due to increased water 
use by oil sand projects. As a result, some com-
panies have experienced long delays for approval of 
water supply for test projects. 

Working with Alberta Environment, 	 the ERCB is
developing new industry guidelines for water recy-
cling at in situ oil sands schemes. These will re-
quire all produced water to be recycled, unless 
these are particular technical or economical con-
straints. 

A proposed 16-inch pipeline from the North Sas-
katchewan River is scheduled for construction in 
1991. It will alleviate industry problems by provid-
ing a supply of fresh water to the area. 

Venting of gases and land disturbance during ex-
ploration and development are other issues of con-
cern which the Board has been studying with Alberta 
Environment.	 In the Lindbergh area, for example, 
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much of the exploration and development work had 
been done on a single-well basis, the normal prac-
tice in the conventional oil industry pioneered at 
Cold Lake. For recovery purposes, the Board 
believes that pads, with a series of directionally 
drilled wells, are more effective in minimizing land 
disturbance, facilitating the gathering of production 
fluids, recovering gases, and increasing the energy 
efficiency of thermal projects. 

While conventional oil production held its own in 
1988, at about 57.5 million cubic meters--being the 
third highest production level of the 1980s--bitumen 
and synthetic crude oil production reached an all-
time high of more than 19 million cubic meters 
(Figure 1). Thus, total crude oil and equivalent 
sales registered their highest level of the last 
decade, at 83.5 million cubic meters. This is at-
tributable, in large part, to the first full year of 
operation with the expanded Interprovincial Pipe Line 
(IPL) system and the Modified Proration Plan, both of 
which contributed to easier access to markets. 
However, ongoing capacity problems of IPL suggest 
that increases In supply in the future will likely re-
quire some expansion of extraprovincial trunk lines. 
The major increase in liquid hydrocarbon sates was 
Into the United States Midwest market, up more than 
20 percent over 1987 (Figure 2).

siderable growth In the industrial sector between 
now and the year 2000. 
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Figure 3 provides a 10-year perspective on well 
drilling activity in oil sands areas. The drilling of 
oil sands wells was up 60 percent over 1987, but 
remained at about half the peak level of 1985. 

Alberta remains the major source of energy for 
Canada and a significant exporter to United States 
and offshore markets. The ERCB forecasts there will 
be modest growth in energy demand in the transpor-
tation, commercial, and residential sectors, with con-

FIGURE 3 
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The major portion of Canada's known	 reserves of
oil, natural gas, bitumen, and coal are located 
within Alberta. Despite significant increases in 
potential oil reserves, the conventional oil supply is 
expected to decline to less than half the current 
levels of production by the end of the century, as 
production continues to outstrip new discoveries. It 
is expected, however, that the decline will be more 
than offset by additional production from new or 
expanded synthetic crude oil and crude bitumen 
projects. it is also anticipated that projected price 
increases should allow synthetic crude oil production 
to double by the beginning of the next century, and 
bitumen production to triple in the same period 
(Figure 4). 

3-16	 SYNTHETIC FUELS REPORT, SEPTEMBER 1989



FIGURE 4

OIL AND EQUIVALENT SUPPLY 
1985 - 2000 

• II Synthetic Crude Oil 
• Heavy Oil 
• Pentanes Plus 

Light and Medium Oil 
thousands oi .U.ci.t,c	 Mdhons ot barret
.U.per day	 per day 

2W	 12 

50	 02 

1985	 1990	 1955	 2000 

DOE MAKES AVAILABLE COMPUTER PROGRAM FOR OIL 
PRODUCTION FROM HORIZONTAL WELLS 

The Department of Energy (DOE) has added a com-
puterized oil reservoir simulation package to its list 
of software offered free of charge to oil field 
operators. The new computer package is intended to 
help operators evaluate the potential for boosting 
production by drilling horizontal or slanted wells in-
stead of conventional vertical wells. 

The new package, developed for DOE's Bartlesville, 
Oklahoma Project Office by the National Institute for 
Petroleum and Energy Research, permits an operator 
to predict possible oil production based on the 
length and location of the welibore. It can simulate 
the expected performance of multiple horizontal or 
slanted wells in any geometric combination. 

Horizontal or slanted wells can increase oil produc-
tion by exposing more of the weilbore to the pay

zone of the	 reservoir.	 They also take advantage of 
gravity to	 drain	 oil	 from	 the upper regions	 of a 
reservoir Into	 a	 weilbore	 and are	 less affected by 
vertical variations In the layers of the formation.

Sharply angled wells also could have important ap-
plications In advanced recovery techniques, such as 
thermal and gas flooding, because they transmit heat 
or gases more thoroughly throughout the reservoir. 

Although first drilled In the 1930s, horizontal or 
slanted wells are more costly and difficult to drill 
than vertical wells. Interest in them has increased, 
however, because of advances in drilling technology 
that can Improve drilling accuracy and because their 
higher costs often can be offset by significantly in-
creased production. 

The Energy Department's computer simulations com-
paring the performance of horizontal wells in a 
typical oil field showed a threefold increase in 
production over a five-year time span compared to 
vertical wells. Slanted wells of equal length--about 
350 feet--showed similar results. 

The software package Is available on a nine-track 
tape,	 written in ANSII-77 standard FORTRAN 
programming code. 	 It Is intended for use on small 
minicomputers with one megabyte or more of 
memory.	 The package also contains a report, 
NIPER-326, Simulation of Production from Walls with 
Horizontal/Slanted Laterals,	 and Instructions for
operating the program. 

Previously, the Energy Department's Bartlesville 
Project Office has made available a series of 
software packages that allow operators to screen 
reservoirs and predict the performance of various 
enhanced oil recovery techniques. Earlier this year, 
the department announced the availability of a per-
sonal computer version of a mainframe program that 
simulates the flow patterns of oil and other fluids 
in a reservoir. The department has also made its 
Crude Oil Analysis Data Bank available as a tree 
on-line service and on nine-track tape format. 

The software is targeted primarily to the small Inde-
pendent producer who can afford little, if any, com-
puter programming capability. 
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ENERGY POLICY AND FORECASTS 

DOE TAR SANDS PROGRAM OUTLINED 

In a publication dated June 1989, the United States 
Department of Energy (DOE) presents its tar sands 
program plan for 1989. 

Program Goal 

The tar sands program Is directed toward expanding 
the technical information base needed to develop ad-
vanced technologies for recovering oil from large, 
presently unrecoverable resources. The overall goal 
of the program is to foster industry development of 
economically competitive and environmentally accept -
able recovery processes. 

Many technology barriers substantially limit develop-
ment of the nation's tar sands resources to a small 
fraction of their potential as a source of petroleum 
liquids. Recovery process parameters are not fully 
understood; the amenability of deposits of varying 
chemical/physical make-up to different recovery 
process approaches needs further evaluation; and the 
expected variability of process cost factors, including 
the desirability of recovered products and the costs 
of mitigating process waste pollutants, 	 requires
research and assessment. 

Total Canadian and United States oil production from 
tar sands approximates 300,000 barrels per day 
(almost all in Canada) or about three percent of to-
tal crude oil production in the two countries. This 
share should more than double in 10 years, based on 
Canadian plans. 

United States industry has spent little research ef-
fort on tar sands extraction technology and related 
reservoir characterization, product upgrading and en- 
vironmental technologies because of high risks 
(present production costs exceed product value) and 
uncertain long-term commercialization prospects 
(conventional crude oils are still available at lower 
cost to satisfy liquid hydrocarbon fuel needs). 
Several small pilot in situ and mining plant extrac-
tion projects have been initiated, but only sporadi-
cally, and only a few have yielded significant 
process data. Few, if any, were supported by sig- 
nificant research to provide transferable understand-
ing of the technologies concerned. Although industry 
proposed several small tar sands extraction projects 
for support by the United States Synthetic Fuels 
Corporation prior to its demise in late 1985, none 
received assistance. 

The Department of Energy and its predecessor or-
ganizations have been researching tar sands extrac-
tion technologies since the early 1970s, when na-
tional concern about oil dependence first appeared. 
The research encompassed both in situ combustion 
and steam technologies directed to selected larger 
lower 48-state resources and also to surface plant 
extraction technologies applicable to the most acces-
sible resources.

The technical applicability of In situ combustion and 
steam process adaptations to extraction of a 
selected deposit of highly viscous (more than one 
million centipoise) consolidated tar sands was 
demonstrated several years ago by a DOE field 
laboratory (now Western Research Institute). 	 The
deposit was a 5-40 foot thick, steeply dipping, 
350-foot deep zone in eastern Utah. Field tests 
began in Utah in 1975, extending through completion 
of three tests and the design of a fourth in 1982, 
which was not carried out. Despite the presence of 
natural fractures, oil recovery in these tests reached 
an estimated 25 percent of the original oil in place 
using reverse, then forward, combustion. In contrast 
to in situ field testing, surface extraction process 
development has proceeded at laboratory scale levels. 

Although in situ field tests cannot be considered 
definitive, there is evidence that in situ combustion 
combined with steam flooding may be the most effi-
cient in situ extraction approach. Moreover, because 
of the heterogeneity of tar sands in terms of 
bitumen concentration, porosity and permeability, 
consolidated sands and other variables, both forward 
and reverse combustion techniques applied in a pul-
sating manner may most efficiently loosen the 
bitumen with a minimum of channeling. Once the 
bitumen is loosened within a defined sweep area, 
conventional steam flooding will displace the sof-
tened bitumen to produce the oil. 	 Well spacing and 
injection rates remain site specific; they depend 
greatly upon the heat conductivity of the sands and 
the size and extent of natural and/or induced frac-
tures. 

Research Needs 

Despite the recovery potential evident from surface 
and in situ tests, tar sands extraction Is risky and 
uncertain, particularly in situ. Although cost es-
timates for in situ extraction often appear favorable, 
they remain little more than a guess until an actual 
field trial Is made.	 There are several reasons for 
this uncertainty: the underground location of the 
reservoir and the attendant limits to process control, 
the variables (e.g., reservoir porosity, permeability, 
geochemistry and matrix formulation and natural and 
heated bitumen composition and viscosity) that in-
fluence the startup and continuation of the extrac- 
tion process, and the lack of enough empirical test 
data on in situ tar sands extraction for credible 
predictions of oil recovery. 

Surface extraction presents its own problems, al-
though it shares some of the chemical uncertainties 
of in situ operations. However, the principal barrier 
to surface extraction is economic; in addition to the 
costs of mining and handling the tar sands, surface 
processing equipment must be built. Nevertheless, 
given Canada's successes, there is every reason to 
believe that this resource will one day help meet 
the United States' liquid fuel needs. Once the tech-
nical knowledge base is established for United States 
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tar sands and their in situ and surface recovery op-
tions and parameters, industry can move ahead with 
predictable, commercially acceptable tar sands 
recovery. 

Three major functional areas require significant 
research effort: tar sands and bitumen properties, 
recovery process development and environmental im-
pact mitigation. 

Program Strategy 

Even when the economics of tar sands development 
appear favorable, industry will need information that 
is not otherwise available. The goal of the tar 
sands program is to develop that information. 

DOE says the resultant information should establish a 
sound technical foundation for industry to develop 
and improve tar sands recovery processes that will 
make tar sands products competitive with available 
crude oils by the year 2000. It is in this time 
frame that tar sands resources should be able to 
contribute measurably to the domestic liquid fuels 
supply should conventional domestic crude oil supplies 
need to be augmented. Of equal importance is ob-
taining sufficient knowledge of air, water and solid 
waste emission and control strategies to assure that 
environmental and permitting considerations do not 
constrain development of a tar sands Industry. When 
market forces dictate such development, the program 
should also lay the technical	 foundation	 for
processes that will optimize use of the tar sands 
bitumen. Technologies for recovering a high per-
centage of the bitumen in its natural form should be 
explored as well as those that transform it to 
higher value or more strategic hydrocarbons. 

Developing the technology base for using United 
States tar sands resources can be furthered by 
utilizing Canada's R&D base. Canada has spent years 
developing a basic understanding of extraction 
processes for site-specific deposits. Moreover, it 
has several surface and in situ operations, and its 
R&D budget is many times that of the United States. 
Not all of its technology base is applicable to 
United States resources, but in terms of efficiently 
gaining advanced information, it Is beneficial for 
DOE to maintain and foster close tar sands informa-
tion interchange and cooperation with Canada. 

Program Elements

- Recovery pros evaluation: To develop an 
engineering and scientific information base 
for designing recovery and upgrading 
processes at lower coats and with enhanced 
environmental acceptability and to develop 
new recovery ideas and hypotheses. Emphasis 
is on expanding, synthesizing and verifying 
basic knowledge about tar sands extraction 
efficiencies under realistic operating condi-
tions. 

- Environmental Impact Mitigation: To charac-
terize waste streams from recovery processes 
and to design, test and evaluate potentially 
applicable environmental control technologies. 

The tar sands program will emphasize both in situ 
extraction technology and surface extraction. This 
emphasis reflects the fact that about 85 percent of 
United States tar sands deposits are accessible only 
through in situ techniques, but substantial resources 
are amenable to high recovery surface processing. 
Fluctuations in the program balance can be an-
ticipated from year to year, depending upon funding 
and technological opportunity. Some advances in 
developing in situ process technologies will apply to 
surface extraction processes, and advances in surface 
processing often apply to in situ techniques as well. 

Program Objectives 

The basic goal, as noted, is to establish a technical 
data base, evaluate promising new concepts and es-
tablish a close government/industry relationship to 
foster industry's development of efficient, economical 
and environmentally acceptable tar sands recovery. 
Program strategy includes the pursuit of research 
opportunities In which DOE can leverage research 
funding through joint projects and shared data. 

Specific objectives and milestones in support of the 
tar sands program elements are as follows: 

Tar sands and bitumen properties (FY 1989 
funding: $125,000, 2 projects) 

- Determine the chemical, physical and ther- 
modynamic properties of a representative 
cross-section of western and southern United 
States tar sands to the extent required for 
predictive models (3rd quarter FY 1990). 

The tar sands program elements are designed to 
meet identified research needs. Each element and 
Its basic objectives are defined as follows: 

- Tar sands and bitumen properties: To iden-
tify reference deposits upon which recovery 
concepts and mechanisms can be developed 
and subsequently extrapolated for other 
deposits and to determine bitumen changes 
during extraction, leading to upgradable and 
commercial end use products.

Recovery processevaluation (FY 1989 funding; 
$2,400,000, 13 projects) 

- Develop advanced mathematical models to 
predict in situ thermal extraction process 
performances and efficiency as a function of 
resource and process variables of representa-
tive United States tar sands (1st quarter 
FY 1992), 

- Determine the applicability of advanced tech-
niques of heat introduction and fluid move-
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ment for in situ extraction of suitable and 
representative tar sands deposits (4th quarter 
FY 1991), 

- Assess and compare test results of novel 
concepts (e.g., reduction in theoretical ex-
traction costs and near-commercial yield of 
marketable products) for substantive 
improvement /advancement in overall tar sands 
extraction	 process	 efficiency	 and	 sus-



tainability (4th quarter FY 1992), and 

- Conduct process development and evaluation 
testing of innovative surface extraction 
processes at laboratory bench scale and, 
when industry is interested and engineering

scale-up requirements suggest, initiate process 
development testing at pilot plant scale 
(2nd quarter 1990). 

Environmental Mitigation (F? 1989 funding: 
$75,000, one project) 

- Characterize air, water and solid waste emis-
sions and develop, as necessary (at laboratory 
scale), control procedures and mitigation 
treatment for excessive concentrations of 
contaminants	 resulting	 from	 tar	 sands
extraction/preparation (4th quarter FY 1993). 

Table 1 summarizes the Tar Sands budget for fiscal 
years 1988 and 1989. 

TABLE I 

DOE TAR SANDS WJlX]ET
(Thousand Dollars) 

I	 FY1988	 FY1989 
Appropriation 

Tar Sands and Bitumen Properties	 $260	 $125 
Recovery Process Evaluation 	 1,595	 2,400 
Environmental Impact Mitigation 	 86	 75 

Total	 1,941	 2,600 
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ECONOMICS 

OPERATING cosTs OF $5-11 PER BARREL SEEN FOR 
PRIMROSE DEVELOPMENT 

In a paper presented to the American . Association of 
Petroleum Geologists annual convention in Houston, 
AEC Oil & Gas Company discussed the resources and 
economics of development in the Primrose Block in 
Alberta, Canada. They state that Canada's ultimately 
recoverable reserves of crude bitumen are about 
280 billion barrels. 

This equals 30 percent of the world's known remain-
ing recoverable conventional oil reserves and repre-
sents about half of the world's estimated 500 billion 
barrels of ultimately recoverable crude bitumen and 
heavy oil. 

Alberta's crude bitumen deposits contain an estimated 
2.5 trillion barrels in-place of crude bitumen. 

About half of this resource Is contained in sands of 
Lower Cretaceous age and cover an area of about 
27,500 square miles. The other half occurs in 
Paleozoic carbonates referred to as the "Carbonate 
Triangle." The Alberta Energy Resources Conserva-
tion Board estimates that 87 percent of the 
280 billion barrels of recoverable crude bitumen will 
come from the sands and 13 percent from the Car-
bonate Triangle. 

The bulk of Canada's tar sands deposits of crude 
bitumen are in the Athabasca and Cold Lake deposits 
which, as a result of recent exploration on the 
Primrose Block, are now interpreted to be essentially 
one continuous 350 mile long deposit containing 
about 1.2 trillion barrels of in-place bitumen. The 
Primrose area is located near the middle of the 
trend. 

Production 

Canada currently produces about 300,000 barrels per 
day of crude bitumen. There are about 50 thermally 
enhanced pilot and commercial in situ oil recovery 
plants. Thirty-seven of these are operating in the 
bitumen deposits and the remaining 13 are in heavy 
oil deposits. Only 1,000 square miles of the bitumen 
deposits, or seven percent of the in-place reserves, 
are considered shallow enough for surface mining. 
The remaining 93 percent of the resource will have 
to be recovered by in situ producing operations. To 
date, about a billion barrels of crude bitumen has 
been produced, 80 percent of which has been from 
surface mining. The surface mines currently produce 
about 180,000 barrels per day of synthetically 
upgraded oil. 

In situ production has more than doubled in the last 
three years to about 120,000 barrels per day and is 
expected to increase substantially in the next few 
years. Even though there has been a large increase 
in the number of in situ plants in the last 20 years,

the 37 existing plants are evaluating only about one 
percent of the resource base. 

Eccjnomic CoiSderatlons 

Since development and operating costs for these 
resources are higher than they are for conventional 
production, economic factors have a great influence 
on the decision to develop a crude bitumen deposit. 

The Primrose Block Is a 2,000 square mile area used 
as a military air weapons range by the Canadian 
military. The block was unexplored prior to acquisi-
tion of the hydrocarbon rights by Alberta Energy Co. 
Ltd. in 1978 and since this time, about 400 wells 
have discovered and delineated about 50 billion bar-
rels of in-place crude bitumen in four basal 
Cretaceous sand horizons. Portions of the Primrose 
Block still remain unexplored. The reservoirs occur 
at depths of about 1,500 feet and have net pays as 
high as 100 feet. 

Model In Situ Project 

The paper presents a model project that would 
produce from the Clearwater reservoir sands. These 
sands have average porosities of 35 percent and 
average permeabilities of two darcy, although per-
meability ranges as high as 10 darcy. Bitumen 
recovery factors are expected to average 20 percent 
or higher. 

It Is anticipated that a new commercial production 
project on the Primrose Block would be developed in 
three 20,000 barrels per day increments with a total 
project size of 60,000 barrels per day. Each incre-
ment would be comprised of two stages with each 
stage covering nine square miles (5,760 acres) and 
requiring 800 producing wells over the 25 year 
project life. Full development of the commercial 
project would involve 4,800 wells and a 54 square 
mile (34,560 acres) development area. Each incre-
ment will require about US$170 million of initial 
capital and, in addition, about $330 million ( In 1988 
dollars) for on-going capital requirements (additional 
drilling, completion, and facility costs necessary to 
maintain production levels). 

Operating costs are anticipated to range from 
US$5 per barrel to more than US$11 per barrel, 
depending on the particular combination of reservoir 
conditions and capital requirements. The main 
operating cost components include well operating 
costs and maintenance, fuel costs, and labor costs. 

Specific tax and royalty terms are developed through 
negotiations between the producer and governments 
for each individual project. Such negotiable terms 
could include use of a producer's own natural gas 
for fuel gas without royalty payments for some or 
all of a project's life; bitumen royalty rates that 
are low, although increasing after project payout; 
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and provision for a portion of the new profits after	 Plans for two new commercial projects on the Prim-
project payout to be paid to the provincial govern-	 rose Block have been approved by regulatory 
ment.	 agencies.

nfl 
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TECHNOLOGY 

ENGELHARD PATENTS NON-CATALYTIC B1'TIJMEN 
UPGRADING TECHNIQUE 

Two United States patents, 4,818,373 and 4,804,459, 
have been issued recently to D. Bartholic and 
W. Reagan and assigned to Engelhard Corporation. 
These patents, titled "Process for Upgrading Tar Sand 
Bitumen," present a novel upgrading technique for 
tar sands bitumen. 

This invention Is a method for upgrading tar sand 
bitumen to a higher quality syncrude essentially free 
of metals and asphaltenes and with a much lower 
molecular weight. It is particularly applicable to 
upgrading bitumens derived from tar sands which 
contain colloidal clay, 

Background 

Relative to most heavy crudes, tar sands bitumen 
has a large asphaltene component. Asphaltenes are 
complex, polynuclear hydrocarbons which are insoluble 
in n-petane and/or n-heptane. Due to their sub-
stantial asphaitene content, bitumens exhibit a high 
carbon/hydrogen ratio. 	 For the preparation of 
transportation fuels, 	 It is generally necessary to
reduce the carbon/hydrogen ratio by addition of 
hydrogen through catalytic hydrogenation. Bitumen 
typically also contains significant amounts of sulfur, 
nitrogen and metals as contaminant. 

Treatment of tar sands by conventional extraction 
techniques generally provides products which contain 
colloidal clay even alter repeated treatments. Col-
loidal clay contents of beneficiated bitumen con-
centrates typically range from 2,500 parts per mil-
lion to seven weight percent, usually below two 
weight percent. Since the colloidal clay forms a 
stable emulsion with water It cannot be readily 
removed from the bitumen recovered from tar sands. 
The water, which may be present in amount up to 
15 percent based on the weight of the bitumen, 
causes problems in downstream upgrading processes. 
For example, water causes foaming to take place in 
cokers. Tar sands containing high levels of clay are 
generally not exploited. 

Once the bitumen has been recovered (concentrated) 
from the tar sands, two primary bitumen upgrading 
routes are available: carbon rejection and hydrogen 
addition. Carbon rejection upgrades bitumen by 
removing asphaltenes, and Is exemplified by conven-
tional solvent deasphalting, delayed coking and fluid 
coking processes. 

Carbon rejection alone cannot deal with the bitumen 
upgrading job In a cost effective manner. This is 
because an extraordinarily high amount of either a 
coke byproduct or an asphalt byproduct is produced. 
These by-products necessarily contain high contents 
of sulfur, metals and ash, rendering the coke or as-
phalt relatively valueless. 	 Moreover, the production

of unnecessary coke or asphalt markedly reduces the 
yield of lighter, more valuable liquid hydrocarbons. 

An alternative route for the upgrading of bitumen is 
hydrogen addition. When hydrogen addition is used 
alone as the upgrading route, the large amounts of 
hydrogen required to prepare useful products from 
the hydrogen-deficient asphaltene molecules raises 
the cost of the fuel produced thereby to unaccep-
table levels. Moreover, nickel, vanadium and asphal-
tenes interfere with the hydrogenation and conver-
sion catalysts, shortening run lengths and requiring a 
more frequent replacement of catalyst. Any fines 
present in the hydrogen addition feedstock not only 
block the active sites of the hydrogenation catalyst, 
thereby reducing its activity, but also land to the 
formation over time of obstructions in the flow path 
of the feedstock through the catalyst bed. This in 
turn leads to the development of large pressure 
gradients In the system, ultimately resulting in its 
shutdown. Combinations of carbon rejection and 
hydrogen addition processes may serve to compound 
the most undesirable characteristics of each. 

Another method for deriving useful hydrocarbon 
products from heavier precursors such as bitumen is 
the method of catalytic cracking. Two very effec-
tive restraints have limited the extent to which this 
has been practical: the coke precursor content and 
the metals, especially heavy metals, content of the 
feed. As these values rise, the capacity and ef-
ficiency of the catalytic cracker are adversely af-
fected.	 Polynuclear aromatics, such as nsphaltenes, 
tend to break down during the catalytic cracking 
process to form coke. This coke deposits on the 
active surface of the catalyst, thereby reducing its 
activity level. It has been conventional to burn off 
the inactivating coke with air to "regenerate" the 
active surfaces, after which the catalyst is returned 
in cyclic fashion to the reaction stage. 

As Conradson Carbon number (CC) of the charge 
stock is increased, coke burning capacity becomes 
the limiting factor, often requiring a reduction in 
the rate of charge to the unit. 

An additional drawback to direct catalytic cracking 
of bitumen is the metals content of the feed. Most 
bitumens contain heavy metals such as nickel and 
vanadium. These metals are deposited almost quan-
titatively on a catalytic cracking catalyst as the 
molecules in which they occur are broken down. 
The deposits of these metals build up over repeated 
cracking cycles to levels which become troublesome. 

The Invention 

The invention uses a selective vaporization system 
comprising a contactor, a burner regenerator and an 
inventory of fluidizable, catalytically inert, 
attrition-resistant contact material in the form of 
microspheres about 20 to 150 microns in diameter 
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which continuously circulates between the contactor 
and the regenerator. A bitumen concentrate, 
generally diluted on account of its viscosity with at 
least an equivalent amount of fuel oil or kerosene, 
is introduced into the selective vaporization system. 
The combined feed is connected for a short time 
with heated contact material, causing a selective 
vaporization of the lighter, high-hydrogen-content 
components of the bitumen. A portion of the 
heavier asphaltenes and most of the components 
which contain metals, sulfur and nitrogen remain on 
the particles of the contact material. At the vapor 
exit of the contactor, a quench stream is Introduced 
for rapid cooling of the exiting hydrocarbon products 
to minimize subsequent thermal cracking. 

Unexpectedly, colloidal clay particles also deposit 
almost quantitatively as protuberances on the par-
ticles of catalytically inert contact material instead 
of being carried over with the vaporized hydrocarbon 
components of the bitumen. 	 The contact material 
with Its deposit of colloidal clay, metals and 
hydrogen deficient hydrocarbon is circulated into a 
burner regenerator provided with cyclones and high 
velocity air Jets. The combustible portion of the 
materials deposited on the contact material is 
oxidized and the deposit of clay is attrited off. 
The material removed by attrition is recovered in 
bag houses, cyclones or scrubbers downstream from 
the regenerator burner. The heated contact material 
exits the burner and is reintroduced into the con-
tactor. Fresh contact material Is introduced into 
the system and spent contact material withdrawn 
therefrom on a continuous basis in order to maintain 
a predetermined average metal content upon the cir-
culating contact material. 

It is fortuitous that colloids in the bitumen con-
centrate are deposited as attritable protuberances on 
the circulating contact material. If the colloids ac-
creted on the particles of contact material and were 
not removed by attrition the particles of contact 
material would form a dense shell which would grow 
In size. 

Heat is rapidly removed from the vaporized bitumen 
components in order to minimize molecular conversion 
of the non-contaminated, lighter hydrocarbon 
material. The selective vaporization process thereby 
minimizes thermal conversion of the product to gas, 
naphtha or coke. The hydrogen content of the liq-
uid product is for the most part preserved. 

This selective vaporization process removes from the 
feedstock most of those contaminants which would 
poison downstream conversion processes, while retain-
ing those having a high hydrogen content. The 
selective vaporization process also shifts the range 
of compounds in the feedstock towards the middle 
distillate range, thereby reducing residual oils and 
molecular weight. 

The selective vaporization process is operated to 
minimize molecular conversion of that portion of the 
hydrocarbon feedstock which is suitable for later 
catalytic cracking or other methods for producing 
high octane hydrocarbon products.	 The asphaltenes

present in the bitumen are either converted to lower 
molecular weight hydrocarbons or deposited on the 
contact material. The selective vaporization process 
also removes essentially all of the metals (over 
90 percent, and typically over 05 percent). 

Figure 1 is a schematic diagram of a tar sands 
bitumen upgrading process incorporating selective 
vaporization. 

Figure 2 is a diagrammatic sketch of a selective 
vapor system for upgrading tar sand bitumen con-
centrates in a riser/burner system. 

Figure 3 contains distillation curves of tar and 
bitumen feedstock and the synthetic crude product 
obtained therefrom. 

For use in the selective vaporization process, the 
calcined kaolin clay microspheres described in United 
States Patent Number 4,263,128 would be suitable. 
Other solids of low catalytic activity, low surface 
area and similar particle size may also be employed. 
In some cases, a portion of the contact material can 
be residual plus-20-microns sand contained in the 
Initial bitumen charge and derived from the crude 
tar sands as mined. 

The heat requirements of the system are supplied 
essentially by the heat of combustion of the coke 
deposited on the contact material during the 
vaporization process. 

The selective vaporization process is characterized 
by short residence times of the charge in the con-
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FIGURE 2 

CONTACTOR AND REGENERATOR 

DISCHARGES	
QUENCH SYNC RUDE

 PLENUM	 I	 GAS 
DISENGAGING 

ONE

WATER 

CYCLONE 
SEPARATORS 

DIPLEGS 

CONTACTOR 

BURNER/	
DISENGAGING 

REGENERATOR	
ZONE

FLUID	 STRIPPER 
BED 
ZONE	 STEAM 

BURNER	 RISER 
RECYCLE

STANDPIPE
- STEAM 

REBID FEED 
AIR

FIGURE 3 

SYNTHETIC CRUDE OIL 
FROM TAR SAND BITUMEN 

593	 (iiOOI - 
565(1050) --/i'---'--------------

538	 000) 

482 (906) -d	 I I 

427(500)-
 

371	 (700) -
a 
0 

316	 (600)
- I z - 

o 260(500)- I 

204 (400) -	 I 
a S I 
W 14(300) - - 30 
UI

93	 (zoo) -	 I 
I

P 
20 2 

UJ
38	 (100) - - 

0
I	 I	 I	 I 

10	 20	 30	 40	 30	 60	 70	 80	 90 CO 
VOLUME	 PERCENT

tactor. If the equipment permits, residence times of 
less than one second are preferred. 

The contact material Is generally heated above about 
1,100 0 F, the upper temperature limit is determined 
by the particular burner employed and rarely exceeds 
1,800. 

The invention is conducted in a contactor very 
similar in construction and operation to the riser 
reactors employed in modern fluid catalytic cracking 
(FCC) units. Bitumen charge prepared according to 
the cold or hot water processes, diluted with an 
equal weight of diluent such as kerosene is intro-
duced at the lower end of a vertical conduit. 

With reference to Figure 2, the feed rises in the 
contactor at high velocity, such as 40 feet per 
second. Hot inert solid in finely divided form is in-
troduced into the feed from a standpipe. 

At the top of the contactor, e. g., about 30 to 
40 feet above the point of introduction of contact-
ing agent from the standpipe, vaporized hydrocarbons 
are separated as rapidly as possible from particulate 
solids bearing the high CC deposits and metals. This 
may be accomplished by direct discharge from the 
contactor Into a large disengaging zone. 

The catalytically inert solid particulate material, 
bearing a discontinuous coating of particles of col-
loidal clay, then passes by a standpipe to the inlet 
of the burner regenerator. Mast commercial 
regeneration units operate with air distributors in 
the combustor as a jet at 125 to 400 feet per 
second (fps). As material is charged perpendicularly 
into the regenerator into contact with air jets at 
125-400 fps the effect will be a combination of a 
fluid energy mill and a ball milling action, the lat-
ter taking place by particle-to-particle contact. 

The spent particles are mixed with hot inert par-
ticles from the burner recycle line whereby the mix-
ture is rapidly raised to a temperature for combus-
tion of the deposits (1,200-1,800 0 F). The mixture 
enters an enlarged zone to form a small fluidized 
bed for thorough mixing and initial burning of 
deposits. The flowing stream of air then carries the 
burning mass through a restricted riser to discharge 
into an enlarged disengaging zone. The hot burned 
particles, now largely free of combustible deposit 
fall to the bottom of the disengaging zone, where a 
portion of the particles is introduced into the burner 
recycle line. Another part enters the standpipe for 
supply to the contactor. 

Although the system bears a superficial resemblance 
to an FCC unit, its operation Is very different from 
that of an FCC system. Of greatest significance is 
the fact that the contactor is operated in such a 
manner as to remove from the charge an amount not 
greatly in excess of twice the Conradson Carbon 
value of the feed. This is achieved by the very 
low severity cracking due to the inert character of 
the solid and very short residence time at cracking 
temperature. Ideally, no more than 120 percent of 
the CC equivalent is removed from the charge in 
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the form of coke. The practical lower limit for the 
selective vaporization of bitumen is about 80 percent 
of the CC equivalent. 

Modified Process

The main causes inhibiting tar production from the 
McMurray formation are lack of both tar mobility 
and injectivity Into the formation. The pilot was an 
attempt to overcome such problems through the use 
of fracturing In conjunction with steamfloodlng. 

A modification to the above process, outlined In 
patent number 4,818,373, Involves microsphere par-
ticles composed or silica-alumina, preferably a mix-
ture of mullite and crystalline silica or rnullite, 
crystalline silica and an acid-resistant form of 
alumina. 

A variety of acid leach procedures may then be 
used to remove the deposited mineral matter from 
the contact material after carbon has been removed 
In the burner/regenerator of Figure 2. The 
preferred add leach procedures will remove at least 
40 percent by weight of the calcium oxide present 
on the surface of the materials. Typically, CaO and 
T10 2 contents of up to about three percent can be 
tolerated. Iron oxide Is easily removed, so most 
processes capable of reducing CaO and T1 2 to the 
desired levels will also reduce iron to levels below 
about 1.5 percent, which is usually satisfactory. 

The add leach reactivation is used to remove col-
loidal clay and simultaneously metals (nickel and 
vanadium) from spent contact material. The process 
uses a high temperature mineral acid leach followed 
by filtration to separate the metals-containing solu-
tion from the contact material. The metals may be 
separated from the leachate and purified in separate 
processing steps and can be sold as by-products. 
Hydrochloric add, nitric and sulfuric add extraction 
at temperatures in excess of about 88 0 C have been 
used with success. 

COMPUTER MODELS MATCH PRODUCTION AT GLISP 
PILOT 

Amoco Canada has operated an inverted four-spot 
steamflood pilot project at Gregoire Lake in northern 
Alberta (Gregoire Lake In Situ Pilot, or GLiSP). Two 
computer models, a "steam drive" and a "steam drag" 
approach, were tested against actual production his-
tory. Results were discussed in a paper presented 
at the 40th Annual Technical Meeting of the 
Petroleum Society of CIM, held in May in Banff, Al-
berta. 

The target is a thick Athabasca tar sands in the 
McMurray formation at a depth of 200 meters. In 
the pilot area, the upper third of this formation 
contains low tar saturation zones that have mobile 
water present. 

No commercial plant utilizing an in situ process has 
operated in the McMurray tar sands. This 
steamflood pilot is Amoco's latest attempt to develop 
a process that will make such a plant economically 
practical.

The history of Amoco's Athabasca steamflood pilot 
began with the hydraulic fracturing of the three 
production wells and the start of steam injection In 
October, 1986. The pilot is an Inverted four-spat 
and consists of one steam central injection well 
(01W) and three production wells. Three observation 
wells were added to monitor steam movement in the 
formation.	 In early February, 1987, the central in-



jection well (i-i) was fractured with "slick water" 
and hot water injection was initiated. Within a 
month, the hot water was replaced by steam. The 
stimulation of the producers and the injection of hot 
water at the CIW were meant to establish a heated 
communication path between the injection notch and 
the production intervals. Temperature measurements 
In the observation wells showed that the steam 
traveled from a notch, low In the formation at the 
01W, to the upper McMurray formation, instead of 
remaining low in the formation as was desired. The 
observation wells indicated that the heat traveled 
through both water zones in the Upper McMurray 
formation. When the heat arrived in the vicinity of 
the producing wells (by way of the water zones), no 
oil was produced and injection into the central in-
jector was halted in April, 1987. Lack of produc-
tion was attributed to lack of a heated communica-
tion path between the completions in the production 
wells (in the lower 12 meters of the formation) and 
the heat in the water zones of the Upper McMurray. 
The initial production well stimulations were thought 
to have been too small and to have cooled off too 
quickly to allow communication between the upper 
water zones and the completions in the bottom of 
the McMurray. Thus, production wells P-2 and P-3 
were restimulated in the summer of 1987 with an 
average of 4,500 cubic meters OWE of steam. Well 
P-I was restimulated later. Injection was resumed 
in August, 1987, into the central injector and the 
production wells were placed back on production. 
Water communication to the 01W was confirmed by 
tracer injection in late August and early September, 
1987 to wells P-2 and P-3. Simultaneous heat com-
munication and tar break-through occurred in the 
middle and end of September, 1987, for wells P-a 
and P-2, respectively. 

Wells P-2 and P-a both experienced an initial surge 
of oil production over a five to six month period, 
followed by a stabilized production period at about 
half of the initial rate. It was decided that a suc-
cessful history-matching of the pilot production 
should be able to reproduce this sequence. 

Steam Drive Model 

Two models were employed to simulate the actual 
production from this steam flood pilot. The first 
model, called the Steam "Drive" Model, contains nine 
vertical layers, five of which are in the upper three 
geological zones (labeled "A," "B," and "C" in 
Figure 1). The top mobile water zone is contained 
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in one layer underlain by a high tar saturation body 
in the next two layers. Underlying these layers are 
two more layers with mobile water constituting the 
second water zone. Because they contain mobile 
water, these zones are excellent conduits for heat 
from the central injector. 

FIGURE 1 

VERTICAL LAYERING - STEAM DRIVE 
AND STEAM DRAG MODELS 
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Beneath these five layers lies the rich tar body 
which is modeled by the remaining tour layers in 
the model. Any water in this layer is virtually im-
mobile; thus, the steam drive model is an attempt to 
explain in more detail the production of oil from 
the pilot as the result of driving whatever Initial oil 
Is in the mobile water zones toward the production 
wells. The rich tar body in the second zone (from 
the top) of the formation is also produced by heat 
mobilization and gravity drainage. The tar produc-
tion after the oil has been driven from these upper 
zones is then whatever tar that can be "dragged" 
from the rich tar zone beneath these water zones 
by the 'steam drag" process. 

Steam Drag Model 

After observing the predicted performances from the 
first model, a second model, called the Steam Drag 
Model (cf. Figure 1), was developed in which the top 
two water zones and the included high tar satura-
tion zone (Zones 'A,' "B," and "C" in Figure 1) were 
modeled by only three layers, whereas the lower 
rich tar zone (layer "0" in Figure 1) was modeled 
by seven layers. The layers are of Increasing thick-
ness with depth as distance from the top of the

rich tar body increases from 0.5 meters to 
28 meters. 

It was anticipated that this model would still ac-
count for the initial oil surge being swept or 
"driven" out of the upper three zones. After this 
surge, It was speculated that heat will diffuse from 
the upper swept zone downward into the rich under-
lying tar zone by conduction, thus mobilizing the tar 
on the top of the Zone "0." The imposed pressure 
drop between the injector and the producers would 
then carry this mobilized tar to the production well 
where It could travel downward to the completion 
interval through a path previously heated by steam 
stimulation. As tar is depicted off the top of this 
rich tar zone, it will be replaced by steam and hot 
water, and the heat by diffusion/ 
mobilization/displacement process will continue to 
deplete Zone "0" in a manner that has been referred 
to as "ablation." As the steam zone grows, the 
driving pressure gradient should decrease, reducing 
the oil production rate. 

Steam "Drive" Model Results 

Tar production, assuming a high oil saturation (1105) 
in the water zones, Is compared with the actual 
production on Figure 2. Also shown is the same 
simulation assuming low oil saturation (LOS) in the 
water zones. The HOS steam drive simulations show 
an initial surge of tar similar to the field data (cf. 
Figure 2) for the average of Wells P-2 and P3. 
This surge is mostly absent in the LOS simulation, 
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The early arrival (by about 30 days) of the tar in 
these two figures is probably an artifact of the 
model, as the perforations In the model are open 
over the entire 28 meters of the lowest layer rather 
than Just the bottom 12 meters. Thus early tar 
production can be anticipated as It has a shorter 
distance to travel in the model. The 1105 steam 
drive simulation Is clearly the best fit, particularly 
at early times. 

Problems arise with the steam drive model at longer 
times (greater than 750 days). it was felt that the 
1105 steam drive model yielded good results for the 
first 500 days or so, for both tar and water 
production, but failed as the simulation went to 
longer times. 

Steam "Drag" Model Results 

The LOS steam drag model fails to come close to 
the average observed tar production data (Figure 3). 
However, the 1105 steam drag model fits the ob-
served oil and water production, both qualitatively 
and quantitatively (Figure 3) and was taken as the 
history match model for the pilot. At times larger 
than 700 days, the HOS and LOS steam drag models 
begin to agree on oil and water production as both 
models are now producing oil by the steam drag 
mechanism.

The authors	 conclude	 that the HOS	 steam drive 
model	 worked	 at	 short	 times (less	 than	 500 days) 
but fails	 after	 that,	 probably due to the small num-
ber of	 layers	 in	 the	 lowest tar zone	 of	 the model 
(cf. Figure	 1).	 Also,	 the 1105 steam drag model

FIGURE 3 
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worked best at longer times due to fine vertical 
layering beneath the water zones; it was adequate 
at shorter times. Thus, the model can be used to 
study larger projects and commercial applications 
with some confidence. 

BP PATENTS EMULSION-BASED EXTRACTION PROCESS 

United States Patent Number 4 9 822 1481, Recovery of 
Heavy Oil" by A. Taylor and assigned to the British 
Petroleum Company, discloses a process whereby 
heavy crude oil is recovered from tar sand by 
treating the tar sand with a low concentration 
emulsion of a solvent in water. Solvent-la-water 
emulsions are found to be efficient in extracting 
bitumen with the major advantage of greatly reduced 
solvent/tar sand ratios. 

By	 "low	 concentration"	 is	 •teant	 containing
15 percent or less by volume of the disperse phase. 

The method comprises treating the sands with a low 
concentration emulsion of a solvent in water con-
taining 0.5 to 15 percent, preferably five to 
10 percent by volume, of the solvent and recovering 
the heavy crude oil. 

The degree of recovery may be controlled by the 
type of solvent, the disperse phase volume and the 
nature of the stabilizing surfactant. 

Suitable	 solvents	 include	 hydrocarbons	 and
halogenated hydrocarbons. 

A wide variety of hydrocarbons can be employed in-
cluding partially refined petroleum fractions, e.g., 
side cuts from crude columns, crude column over-
heads, gas oils, kerosene, heavy naphthas, naphthas, 
and straight run gasoline. 	 Pure hydrocarbons are 
also useful, e. g. paraffinic compounds including 
hexane, heptane, decane and dodecane; cyclo -paraffin 
compounds including cyclohexane; aromatic compounds 
including benzene, naphthalene and alkylated products 
thereof including toluene and alkyl phenyls, and mix-
tures of these compounds. 

Preferred	 halogenated	 hydrocarbons	 include
chlorinated and/or fluorinated derivatives of methane 
and	 ethane,	 e. g.	 carbon	 tetrachloride,
dichloromethane and trichloro-trifluoro-ethane, 

Any water source can be used for the preparation 
of the solvent/water emulsions provided that its 
salinity Is not so high that it affects the stability 
of the emulsion. Conveniently a local water source 
is chosen and mixed with brine from the reservoir 
to be worked so that a homogeneous emulsion having 
maximum compatibility with reservoir fluids can be 
evolved. 

The emulsions are preferably stabilized by a surfac-
tant. Suitable surfactants include anionic, cationic 
and non-ionic surfactants. 
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Suitable anionic surfactants include ethyl sulfates and 
alkyl aryl sulfonates. 

Suitable cationic surfactants include quaternary am-
monium salts such as cetyl trimethyl ammonium 
bromide. 

Suitable non-ionic surfactants Include ethoxylated 
alkyl phenols, e.g., ethoxylated nonyl phenol. 

Suitable concentrations of surfactants are in the 
range 0.01 to 5 percent by weight of the emulsion. 

In	 the	 ease	 of	 systems stabilized by	 anionic	 and 
non-ionic	 surfactants, the recovery of bitumen may 
be	 further	 improved by adding	 an alkali	 such	 as 
sodium hydroxide	 to the	 system,	 suitably in	 amount 
to give a pH in the range 10	 to	 12. 

The emulsion system is	 effective at	 lower	 tempera-
tures	 than	 the	 hot water system and	 thus	 requires 
less	 energy for	 this	 purpose. Suitable	 treatment 
temperatures are in the range 00 to	 300C.

Solvent-in-water emulsions are efficient In extracting 
bitumen with the major advantage of greatly reduced 
solvent:tar sand ratios. This makes the process more 
economical (compared with solvent only routes) and 
also reduces environmental problems. Product 
separation is also easier. 

The treatment Is also suitable for in situ recovery 
from a reservoir, for example by jet leaching. In 
this type of process, because the solvent is intro-
duced to the reservoir In a continuous aqueous 
phase, solvent losses are minimal. Furthermore, the 
use of emulsions In a jet leaching process effec-
tively reduces the processes of production and ex-
traction to a single stage. The presence of rela-
tively small (approximately five percent) quantities of 
solvent in the emulsion increases leaching rates and 
the diluted bitumen product, due to its lower vis-
cosity and larger density difference (between 
bitumen, water and sand), is more easily treated and 
transported. Because such an operation can be 
carried out at ambient temperature, the formation of 
emulsions in jet leaching Improves the cost effec-
tiveness of such a process. 

Figure 1 Is a graph showing that bitumen recovery 
is governed by the disperse phase volume and type 
of solvent in the emulsion. 

Figure 2 is a graph showing the affect of various 
surfactants, some with the addition of alkali, on 
bitumen recovery versus disperse phase volume of 
carbon tetrachloride. 

Examples 

The material studied was a high grade Athabasca tar 
sand containing approximately 16 percent by weight 
bitumen homogeneously distributed throughout the 
sand mix.

C arbon tetrachloride and tri chloro -trif luoro -ethane 
emulsions were prepared using a high shear mixer. 
Emulsification times were 20 seconds at 
4,000 revolutions per minute for the five percent 
oil-in-water emulsions and 40 seconds at 
4,000 revolutions per minute for the higher phase 
volume. The emulsions were stabilized by a variety 
of surfactants and the mean droplet diameter (by 
Coulter Counter) found to be between five and eight 
micron.

FIGURE 1 
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In the first example, bitumen recovery versus dis-
perse phase volume solvent -in-water emulsions was 
studied. 

The stabilizing surfactant was sodium dodecyl sul-
phate. Extractions were carried out at 25 0 C for 
20 minutes. 

The results,	 set out in Figure 1, indicate that the
degree of recovery is governed by the disperse 
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FIGURE 2 
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phase volume and the type of solvent in the emul- 
sion. The maximum recovery which may be obtained 
using an oil-In-water emulsion is determined by the 
relative efficiency of the solvent component. There-
fore as the disperse phase volume is increased 
recovery Increases and tends to a maximum cor-
responding to the pure solvent. The type of solvent 
would also appear to determine the importance of 
the disperse phase volume.	 Therefore for a very

efficient solvent such as carbon tetrachloride at dis-
perse phase volumes greater than approximately 
25 percent a recovery of approximately 100 percent 
is obtained which is equivalent to the pure solvent. 
For a less efficient solvent, e.g. trichioro-trifluoro-
ethane, recovery Increases more slowly with disperse 
phase volume and tenth to a maximum at a phase 
volume between 70 and 80 percent. 

These results illustrate that solvent-in-water emul-
sions may be used to recover bitumen from tar 
sands with a significant saving of solvent (four fold 
in the case of carbon tetrachloride). This is 
presumably due to better dispersion of the carbon 
tetrachloride throughout the tar sand matrix and 
better contact through the larger solvent interfacial 
area. However, the amount of this saving Is deter-
mined by the solvent which also controls the maxi-
mum recovery attainable by this method. 

In the second example, bitumen recovery versus dis-
perse phase volume of carbon tetrachloride in water 
was studied for various stabilizing surfactants, some 
with the addition of alkali. 

Surfactants selected for study were: 

- sodium dodecylsulphate (SDS) 
- ethoxylated	 nonyl	 phenol	 condensate 

(NP/ED)20 
- cetyltrimethyl ammonium bromide (CTAB) 
- sodium dodecyl benzene sulphonate (SDBS) 

- SUBS at pH 11.7 
- NP(EO) 20 at pH 11.7 

The results in Figure 1 are for emulsions stabilized 
by an anionic surfactant, SDS. The effect of 
changing the stabilizing surfactant to a nonionic or 
cationic surfactant is shown in Figure 2. 

The recovery of bitumen by emulsions may be fur-
ther improved by the addition of alkali. This Is Il-
lustrated by the results shown in Figure 2 for emul-
sions stabilized by a mixture of sodium hydroxide (at 
the optimum pH) and an anionic or nonionic surfac-
tant. In these examples maximum recovery 
(98 percent) is obtained with a disperse phase 
volume of only five percent carbon tetrachloride. 
This represents a 20 fold saving of carbon 
tetrachloride (compared to pure solvent). 
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INTERNATIONAL 

FIflH HEAVY CRUDE AND TAR SANDS CONFERENCE 
SET FOR VENEZUELA 

The IJNITAR/UNDP Filth International Conference on 
Heavy Crude and Tar Sands will be held in Caracas, 
Venezuela, February 17-22, 1991. The conference 
theme will be "Transfer of Technology to Developing 
Countries."	 Sessions are planned in the following 
areas: 

Characterizatiim of Heavy Crude and Bitumen 

- Fluid properties 
- Refining characteristics 
- Metals and sulfur content 

Resource Definition 

- New resources 
- Additional resources in known fields 
- Reservoir characterization 
- Natural asphalt 

Exploration 

- New geological and geochemical concepts 
- New exploration and assessment methods 
- Applied chemical and geochemical methods 

Drilling 

- Conventional 
- Deviated and slant drilling 
- Horizontal 

Production 

- Overburden removal 
- Mining 
- New processing technology 
- In situ production technology 
- Reservoir behavior 
- In situ combustion 
- Steam requirements for in situ production 
- Steam generation, distribution, measurement 
- Steam additives 
- Offshore production 
- Lilting methods, onshore and offshore 
- Biotechnology and microbiological research

- Geotechnology 
- Geochemistry 
- Monitoring of steam and combustion fronts 

Transportation 

- Pipelines: heated, diluent, emulsion, core an-
nu lar 

- Tanks/barges 
- Rail 
- Trucks 

Upgrading and Refining 

- Upgrading developments 
- Catalyst use and reuse 
- New refining technology 
- New refining products 
- Metal and mineral recovery 

Environmental Management 

- Water requirements 
- Atmospheric emissions 
- Solid residue toxicity and disposal 
- Tailings management 

Marketing 

- International and domestic trade and marketing 

Economics 

- Long-term outlook 
- Impact of price variation 
- Effect of operating and capital costs 
- Taxation and royalty changes 
- Investment, e.g., small modules versus mega-

projects 

Government Policy and Legal Aspects 

International Cooperation 

- Investment 
- Information Exchange 
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ENVIRONMENT 

DEVELOPMENT OF SYNCRUDE TAILINGS POND 
DESCRIBED 

A special 1989 issue of the AOSTRA Journal of 
Research marks the 25th anniversary of Syncrude 
Canada Ltd. An article in that issue by Syncrude's 
M. MacKinnon chronicles the development of the 
tailings pond at the oil sands plant. 

Syncrude uses the hot water extraction method for 
the separation of bitumen from oil sand. Many 
variables affect the efficiency of the hot water 
flotation process. The extracted bitumen is upgraded

to synthetic crude oil using a fluidized coking 
process. Between 1978 and 1987, about 65 x 10 
cubic meters of bitume were extracted from oil 
sand and over 50 x 10 cubic meters of synthetic 
crude oil (SCO) were produced. 

Large quantities of water are required (about 15 
cubic meters per cubic meter of SCO). 	 Syncrude 
follows a "zero discharge" policy. 	 The resulting
fluid wastes are contained in a tailings pond in the 
northern part of Lease 17 (Figure 1). The pond Is 
built around the former Beaver Creek and is 
enclosed by dikes and beaches composed of corn-

FIGURE 1 
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pacted tailings sand. The major components of the 
tailings pond include: 

- water--clarified water in the surface zone 
and water in the sludge 

- mineral solids--sand, silt, clays 

- dissolved solids--inorganic and organic com-
ponents, process chemicals, and leachates 

- bitu men- -unre covered during extraction 

Most tailings materials are derived from the extrac-
tion and upgrading processes and the utilities re-
quired to support them. Within the pond, the fines 
(silts and clays) settle and consolidate to a high-
solids-content sludge. The released water from con-
solidation is low in suspended solids and is recycled 
back to the plant. 

The tailings pond Is stratified, with a low-solids 
(<0.1 percent suspended solids) "free" water zone in 
the surface 10 meters, overlying a sludge zone 
(Figure 2). The tailings are delivered to the pond 
as a slurry of solids, water and unrecovered bitumen 
(55:45:0.5 by weight). The mean particle size of the 
tailings solids is about 150 microns. 	 Most of the
coarse solids settle on the beaches and are used to 
construct the dikes.	 The remaining solids form a
thin slurry (about 7-10 percent solids by weight) 
that enters the pond. Settling and consolidation of 
the solids in the pond result in sludge formation and 
water release for recycle. About 70 percent of the 
plant water requirements are reclaimed from the 
"free" water zone, about one cubic meter of water 
per tonne of oil sand feed recycled from the tail-
ings pond. A further water requirement of 0.3 
cubic meters per tonne of oil sand feed is 
withdrawn from the Athabasca River. Since there is 
no active discharge of process-affected waters by 

FIGURE 2 

CROSS SECTION OF
SYNCRUDE'S TAILINGS POND 

to',' OIil..b.d k.. . 22km' 

'rpErwArEN ZONE 

'IMMATURE' SL GE	 IX,; 
ZONE 

nO-
IQ0S 

I 
U	

MATURE 
SLUDGE 

SLUDGE ZONE s,uno 	
.._.!

Syncrude, the fluid volume ('free' water and sludge) 
of the tailings pond has been growing at about 
0.25 cubic meters per tonne of oil sand feed. 

Thus, the area, volume and elevations of the water 
surface and of the sludge to water Interface have 
been growing since operations began in mid-1978. 

The quantities of some of the components that af-
fect the rate of pond growth are listed in Table 1. 
Up to 1987, about 1 x 10 9 cubic meters f water 
had been used to transport over 500 x 10° tonnes 
of tailings sand. The resulting volume of sand 
deposited within the pond area (dikes, beaches, sedi-
ment) amounted to about 300 x 106 cubic meters. 

The tailings pond area is designed to cover 22 cubic 
kilometers, with a projected surface water area of 
17 square kilometers and an elevation of 349 meters 
(AMSL). By the end of 1987, the surface water 
area was about 13 square kilometers and the eleva-
tion had reached 325 meters (AMSL) (Table 2). Ex-
cept for the first couple of years of rapid growth 
In the newly-developed area along the Beaver Creek 
Valley, the pond elevation has been growing at a 
rate of two to three meters per year. The eleva-
tion of the sludge interface has been increasing at 
a similar rate. As a result, the average depth of 
the "free" water surface zone has remained rela-
tively constant at 0.5 to 10.5 meters. 

The volumes of "free" water and sludge contained In 
the pond have been growing at about 10-25 x 106 
cubic meters per year. In the earlier years, the 
"free" water surface zone was growing faster than 
the sludge zone. After 1982, the sludge volume has 
grown at a foster rate than that of the surface 
water.	 By 1987 0 the total volumes in both zones 
were equal. As the pond elevation rises, water 
from the surface zone is lost to the beaches. With 
an increasing phreatic level in the dikes, more water 
is tied up In the coarse solid voids as beaches be-
come saturated.	 With this process of saturation, 
"free" water growth has slowed. By 1987, sludge 
was accumulating at about 0.15 cubic meters per 
tonne of oil sand feed, while the surface zone ap-
peared to be decreasing in volume. With increasing 
water elevation, the "free" water volume is expected 
to decline. 

Mineral Solids Fraction 

The non-dissolved fraction includes the mineral solids 
and bitumen that are suspended within the water 
and sludge zones.	 Most of the particulates are 
added to the pond by the tailings slurries. 	 The
slurries from extraction are warm (500_600) and well 
agitated. Upon discharge, the mixture quickly 
segregates. Some of it settles and some remains in 
suspension and enters the pond as a thin slurry. 
There are differences is settling rates and residence 
times within the pond. 

As the tailings slurries are discharged into the pond 
area, more than 95 percent of the coarse 
(>22 microns) mineral solids settle prior to entering 
the pond.	 About 50 percent of the fines (solids 
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TABLE 1 

acpatwrrs OF TAILINGS POND MATE
RIAL BALANCE FOR 1987 

Oil Sand Feed (10 6 t)	 105 
Bitumen Extracted From Ott Saxd x10 6 m3 )	 10.0 
Synthetic Crude Produced (xiO m )	 7.9 
Bitumen Unrecovored x10 6 m3 )	 0.8 
Tailings Solids (xio t)	 85 

Water (r10 6 in3) 
Input to Site'	 35 
Water in Oil Sand Feed2	 4.0 
Recycle From Ti lings Pond3 
Tailings Water	 118 

t lneludes raw water taken from Athabasca River plus 
iine and surface drainage water. 
Connate water in oil sand. 

3 Reclalm water drawn Ira-n surface zone of tailings 
ond. 
Water used to transport extraction tailings solids 

plus other liquid waste streams, 

TABLE 2

PHYSICAL PROPERTIES OF THE TAILINGS POND 

1987 

Water Surface Elevation (m) 325.0 
Sludge Elevation (m) 315 
Area of Water Surface (km 2 ) 12.8 
Average Depth of "Free" Water	 m) 10.0 
Waterwater Storage Volume (xiO	 in3) 

a) "Free" Water 100 
b) Sludge Zone 115 
c) Total 215

<22 microns) settle or are trapped in the void 
volumes of the beach solids. 

A resulting thin slurry (about 7-10 percent solids by 
weight) of the remaining fines enters the pond. 
There is little mixing of this runoff stream with 
surface zone water. A density current forms as the 
slurry enters the pond that transports the solids and 
some of the bitumen associated with the solids along 
the underwater slopes to the sludge zone below 
10 meters depth. Eventually most (over 60 percent) 
of the slurry water is released to the surface zone 
during consolidation. The "water-wet" character of 
solids in the oil sand is retained in the tailings. 
This seems to stabilize the sludge produced so that 
consolidation rates are very low. The clay and fine 
silt fractions are essentially non-settling in the 
sludge. These non-settling solids are classed as the 
"sludge formers," whose concentrations increase 
through the process of consolidation.

Based on comparisons between the measured particle 
size distributions within the pond, beach solids, tail-
ings slurry, and oil sands teed, the "sludge farmers" 
are considered to be within the solids fraction of 
less than 22 microns.	 Coarser solids (>22 microns) 
are found in the pond sludge. They appear to be 
settling slowly or creeping through the sludge. 
These larger sized materials are considered to be in-
ert and not directly Involved in the process of con-
solidation. All the mineral solids contained within the 
sludge are classed as the sludge solids. 

The tailings pond is an efficient settling system for 
the thin tailings slurries. The initial settling stage 
results in a rapid dewatering of the tailings slurry 
to about 20 percent solids by weight. During the 
early Stokian settlement, the thin slurry of six to 
eight percent (mass of solids <22 microns per 
100 grams of sludge) concentrates to 10-15 percent 
In several weeks.	 Further settlement to about 
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20 percent fines content Is hindered and requires 
three to nine months. Beyond 20 percent solids 
content, the sludge solids come into contact and 
densification proceeds by the release of water during 
the consolidation stage. This Is a relatively slow 
process which depends on permeability and drainage 
path lengths. Concentrations of 25-30 percent fines 
by weight will be obtained after 5-10 years. Con-
solidation of the sludge beyond 30 percent by weight 
of the "sludge formers: is very slow, with full con-
solidation expected to take many decades. 

The major minerals identified in the sludge solids are 
kaolinite and illite clay and fine quartz sands and 
Silt. Low levels of smectitic and chloritic clays, 
ferric oxide and feldspar silts have also been iden-
tified.	 The increase in particle size distribution 
with depth, shown in Figure 3, correlates with the 
change In the mineralogy of the sludge solids. In 
the shallow sludge (five meters below sludge inter-
face) where greater than 95 percent of the solids 
arc less than 22 microns, illite and kaolinite make 
up most of the sludge solids. Increasing amounts of 
quartz are found with depth, as more particles fall 
into the medium slit and fine sand fractions. 

FIGURE 3 

RELATIVE PARTICLE SIZE
DISTRIBUTION WITH DEPTH 
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The sludge from Syncrude's tailings pond at 
30 percent solids content has a viscosity of about

10 Pa s and an	 apparent yield stress of about 
70 Pa s.	 After it has been disturbed, the sludge 
rapidly reforms to a gel-like structure. 	 Oil sand
sludge has a thixotropic nature which results In the 
high yield stress. As a result, the sludge has an 
apparent bearing capacity which hinders the settling 
of the coarser solids. This gel-like character of the 
sludge, together with the viscosity of the mature 
sludge (found below 17 meters depth), allows for the 
suspension of these coarser solids. Settling of solids 
In this sludge will be slow since particles must 
overcome thixotrophy, yield stress and viscosity of 
the sludge. Rather than a rapid settling of coarse 
solids, there will be a slow "creep" of the suspended 
solids through the deeper sludge zone In the tailings 
pond. 

After 10 years of development of the constantly-
accreting tailings storage system used by Syncrude, 
the average sludge solids content of the pond is 
quite low. As the volume of the immature sludge 
zone becomes a smaller fraction of the total sludge 
zone, these values should increase more quickly. 
However, average levels of fines greater than 
30 percent will not be found for at least several 
decades. 

Bitumen Fructiai 

The	 bitumen	 unrecovered	 represents	 about 
0.3-0.5	 weight percent of the	 tailings slurry.
However, the bitumen follows a different pathway 
than that of the solids. Because of the elevated 
temperature (50-60 0) and agitation of the slurry 
during transit, most of the bitumen rapidly separates 
into a floating phase as the tailings slurry flows 
across the bench.	 Some of the bitumen (about
15 percent) is lost with the coarse solids that settle 
on the beach (Figure 4). Most of the remaining 
bitumen forms into floating mats as the slurry enters 
the pond. With cooling and deneration, the bitumen 

S.
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density increases to about 1.01-1.02 grams per mil-
litter and these mats sink through the surface water 
zone. These mats adhere to the water's edge or to 
the sediment where eventually they are inundated 
with tailings sand. 

Some of the bitumen In the tailings slurry remains 
as a mixture with the sludge solids and is carried 
to the sludge zone. The concentration of the dis-
persed bitumen in the sludge ranges from less than 
one percent to over five percent. The bitumen to 
solids ratio (weight/weight) has been relatively con-
stant over depth and with time at about 0.07. The 
dispersed bitumen accounts for about 25 percent of 
the tailings bitumen. In Figure 4 1 the mass balance 
of bitumen Is plotted. While over 7 x 106tonnes 
of bitumen were reported unrecovered in extraction 
between 1978 and 1986, only about 25-30 percent 
was present within the sludge zone. 	 About
10-15 percent of the bitumen was bound with the 
coarse beach solids. This means that over 
50 percent of the bitumen in the pond must be 
present In floating mats or mats which have sunk 
and adhered to the sediment interface. 

Dissolved Components 

The concentration of the major cations and anions, 
nutrients, dissolved organic carbon, and trace metals 
have been followed in the tailings pond. The levels 
of specific components and their relative distribution

are quite different than those for natural surface 
waters In the region. 

Sodium Is the predominant cation, accounting for 
about 95 percent of the cation equivalents in the 
pond waters. See Table 3. Most of the sodium 
comes from process chemicals in extraction and 
utilities. The other cations, potassium, magnesium, 
and calcium, are minor components which represent 
only about five percent of the total carbon equiv-
alents. With the high sodium and low calcium and 
magnesium content, the tailings pond waters are 
soft, with hardness levels of less than 40 milligrams 
per liter, compared to about 70-130 milligrams per 
liter in the Athabasca River. 

Bicarbonate is the dominant anion and accounts for 
50-75 percent of the anion equivalents. The pH of 
the pond waters ranges from 8.0 to 8.6. At this 
PH, greater than 90 percent of the dissolved inor-
ganic carbon is present as the bicarbonate species. 

The	 concentrations	 of	 oxygenated nutrients,	 such	 as 
nitrite, nitrate and	 orthophosphate, 	 in	 tailings	 pond 
water arc	 low. Pond waters have low	 levels of dis-
solved oxygen, with	 less	 than	 40 percent	 saturation 
in	 the surface zone	 and	 anoxic conditions	 In	 the 
sludge. 

The dissolved organic carbon concentration of the 
tailings pond water has averaged about 50 milligrams 

TABLE 3 

DISSOLVED (XPQ'(fljrS IN VARI OUS
 DEFER 

ZONES


OF ThE TAILINGS PCIMI) 

Depth Zone Depth Zone Depth Zone 
0-9 in 11-66 in 17-23 In 
1986 1986 1986 

pH 8.0 8.2 8.2 Conduct i vf ty 
(us air ) 1,780 1,270 1,215 

Major Ions (ng C1)

- 

Na+ 438 397 408 11+ 10.5 12.5 13.5 CatI- 6.1 3.9 4.2 Mg++ 4.6 3.1 3.2 Cl- 123 107 113 S0 234 60 42 

Total	 Ions	 (Meq [[1)
663 
39.8

780 
35.0

827 
36.1 

Other Components 
Dissolved Organjc 

Carbon	 (nI.	 ) 47 52 53 
Nitrite + Nitrate 

(mg N C1) 0.004 0.038 0.046 
Ortlio Phosphate 

(n	 P C') 0.031 0.140 0.181 Ammnia (mg N C 1 ) 3.08 4.33 5.81
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per liter. Characterization of the organic con-
stituents is difficult because of the complex matrix 
of the dissolved organics within the waste waters. 
The waste waters will contain bitumen constituents, 
natural leachates, process chemicals, surfactants and 
byproducts of upgrading activities. Only a small 
fraction of the organics have been successfully 
characterized using techniques such as CC/MS. Few 
priority pollutants have been identified. Low con-
centrations (<100 micrograms per titer) of phenol and 
alicyl phenols and some low molecular weight 
polycyclic aromatic hydrocarbons (about 1 microgram 
per liter have been measured in the tailings pond 
water. Concentrations of most of the aromatic 
hydrocarbons and of chlorinated compounds are below 
the detection limits. Most of the dissolved organics 
are polar compounds in the acidic fraction. They 
are predominantly humic and fuivic acid components 
leached from the oil sand during the caustic hot 
water extraction procedure. The tailings pond water 
Is acutely toxic to aquatic organisms and most of 
the toxicity seems to result from the polar acidic 
compounds leached from the oil sands.

The concentrations of dissolved trace metals 
measured in the tailings pond waters are low. 
There are some changes between the surface zone 
and sludge zone waters. However, since 1980 the 
trace metal concentrations of the pond waters have 
not appeared to be increasing over time. Generally, 
the pond water has higher trace metal levels com-
pared to natural waters of the area. However, the 
levels reported do not appear high enough to be 
detrimental to the environmental acceptability of the 
water quality. 

MacKinnon says that after 10 years of operation, the 
rates of change of concentration of most of the 
dissolved constituents in pond waters are small. Un-
der the present operating conditions, the tailings 
pond appears to be approaching n steady state. 
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WATER 

ERCB SETS NEW GUIDELINES FOR WATER RECYCLE AT 
IN SrflJ FACILFnES 

The Alberta Energy Resources Conservation Board 
(ERCB) has developed a new set of guidelines 
regarding water recycle and the reporting of water 
usage at in situ oil sand facilities. 

Recognizing that the continued development of oil 
sands resources by In situ recovery methods will 
place large demands on Alberta's water resources, 
the ERCII and Alberta Environment (AR) have set out 
these goals and guidelines to manage and conserve 
the available water supply, 

The ERCA and AE, with the objectives of reducing 
freshwater requirements and wastewater disposal 
volumes, have as a goal the maximization of water 
recycling at all In situ oil sands projects. In work-
ing toward this goal regulatory approvals for those 
projects will be required to address water reuse and 
to include water recycle stipulations. 	 Such stipula-
tions will include as a minimum the expected rate 
of recycle and a timetable for the implementation of 
water recycle. 

Guidelines for Water Recycle 

1. All in situ operators with freshwater require-
ments exceeding approximately 500 cubic dam 
per year (500,000 cubic meters per year) will 
be required to recycle produced water. All 
in site operators with freshwater require-
ments below 500 cubic dam per year will be 
required to actively investigate and test 
recycle technology. 

Oil sands operators have demonstrated that 
water recycle at large-scale projects can be 
efficient and economic. Experience to date 
Indicates that recycling is practical for 
projects where the freshwater demand ex-
ceeds approximately 500 cubic dam per year. 
Recycling at some smaller projects may not 
be as practical.	 Also, in some other cases,
there may be only limited data available on 
produced water quality and quantity. In 
each case, however, the ERCB and AR would 
require that operators actively pursue the 
development and implementation of an ap-
propriate recycle technology. 

2. The target recycle rate assigned to a project 
will be based on produced water and will be 
defined as an annual level. 

As produced water recycle accounts for the 
greater part of the potential water reuse, 
target recycle rates will be based on 
produced water. The upper limit of the tar-
get rate will be 100 percent or a rate suf-

ficient to meet the total project water re-
quirement, whichever Is less. 

The actual target recycle rate designated by 
the ERCB and AR would be based primarily 
on the produced water quality--more specifi-
cally, the concentration of dissolved solids, 
the hardness, and the silica content. The 
target recycle rate would also take into 
consideration any environmental, 	 technical,
and economic factors that are demonstrated 
to be significant and limiting. 	 It will be 
the responsibility of the applicant to 
demonstrate that factors are significant and 
limiting for a specific project. 

The ERCB and AR recognize that, in the 
province, experience with water recycle 
technology is varied and with some companies 
limited. Therefore, for those projects where 
new recycle facilities are to be incorporated 
into the plant, a phase-in period of one 
year, or other such period as stipulated in 
approvals and licenses, would be allowed to 
reach the designated target recycle rate. 

3. These guidelines must be addressed in 
regulatory applications that are reviewed by 
the I3RCB and AE. 

The ERCB and AE consider the development 
and incorporation of water recycle technology 
an integral part of all in situ oil sands 
projects. As such, water recycling must be 
addressed in the appropriate regulatory ap-
plications and supporting documents for these 
projects. These may include but are not 
limited to Environmental Impact Assessments, 
project and subsurface disposal applications 
to the ERCE, and any application to AR pur-
suant to the Water Resources Act and the 
Clean Water Act. 

Water Use Reporting 

Improved reporting of water use information is re-
quired by Alberta Environment to confirm that this 
goal is being achieved. A review of industry 
monitoring indicates the basic data needed by Al-
berta Environment is currently collected as part of 
the S series of monthly reports to the ERCB. The 
ERCB has agreed to provide the Department with the 
pertinent water information reported on these forms. 

The resulting administrative change between the 
ERCB and Alberta Environment will not require any 
major changes In data collection or reporting by in-
dustry. 
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RECENT OIL SANDS PUBLICATION / PATENTS 

RECENT PUBLICATIONS 

The following articles appeared in The Journal of Canadian Petroleum Technology, May-June 1989: 

Schramm, L, "The Influence of Suspension Viscosity on Bitumen Rise Velocity and Potential Recovery 
in the Hot Water Flotation Process for Oil Sands." 

Mehrotra, A., et al., "Calculation of Gas Solubility in Wabasca Bitumen." 

The following articles have appeared in The AOSTRA Journal of Research: 

Patraboy, T., et al., "Wetting of Syncrude Coke by Various Surfactants." 

Butler, R., et al., "Solvent Analog Model of Steam-Assisted Gravity Drainage." 

Chen, H., et al., "llydroeracking of Athabasca Bitumen Using Oil-Soluble Organoinetallic Catalysts. 
Part Ill: Optimization of Liquid-Phase Hydrocracking Conditions for Mixtures of Nickel and Molyb-
denum Naplithenates and Coking Studies on the Hydrocracked Product. 

Zou, J., "Structural Changes in Cold Lake Bitu.nen Due to In Situ Combustion.' 

Schramm, L., et al., "Some Parametric Studies of Oil Sand Conditioning in the Hot Water Flotation 
Process." 

MacKinnon, H., "Development of the Tailings Pond at Synertide's Oil Sands Plant: 1978-1987." 

Thompson, G., Evaluation of a Microwave-NMR Method for Oil Sand Oil-Water-Solids Analysis." 

Melley, R., "Development of Conveyor Belting Technology for Oil Sands Applications." 

delley, ft., et al., "Identification of Lubrication-Associated Problems in Heavy Mining Equipment." 

Tyerman, W., "Interaction of Surfactants With Dispersions of Bitarnen-Solvont-Solids-Water." 

The following articles appeared in Energy & Fuels May/June 1989: 

Darcovich, K., et al., "Wettability Study of Organic-Rich Solids Separated From Athabasca Oil Sands." 

Khan, M., et al., "Comparative Study on the Compositional Characteristics of Pyrolysis Liquids Derived 
from Coal, Oil Shale, Tar Sand, and Heavy Residue." 

The following papers were presented at the 49th Annual Technical Meeting of the Petroleum Society of CIM, held 
in Banff, Alberta, Canada, May 28-31: 	 - 

Oracheski, 0., et al., "Scaled Model Studies of Solvent-Steam Injection, Under Bottom Water 
Conditions." 

Donovan, T., et al., "History Match and Production Forecast for an Athabasca Tar Sands In Situ Pilot." 

Suglanto, S., et al., "The Production of Conventional Heavy Oil Reservoirs with Bottom Water Using 
Steam-Assisted Gravity Drainage." 

Green, M., et al., "Laboratory Study of the Use of Foam in Cyclic Steam Injection." 

Toma, P., at aL, "Physical and Numerical Modelling of Hot Water and Steamdrive Recovery Processes 
In a By-Pass Dominated Oil Sand Reservoir." 

Metwally, M., "Effect of Gaseous Additives on Cyclic Steam Stimulation for Lindbergh Field, Alberta." 

Vaziri, H., "A New Constitutive Stress Strain Model for Describing the Geomechanical Behavior of Oil 
Sands."
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Chrdcma, A., "Compositional Dependence of Viscosity of Bitu -mens/Heavy Oils." 

Kokal, S., et al., "Gas-Saturated Bitumen Density Predictions Using Volume-Translated Pang Robinson 
Equation of State." 

Erno, B., et al., "Depth Related Oil Viscosity Variation In Canadian Heavy Oil Reservoirs." 

Logan, D., et al., "Identification of Mobile Water In Bitumen Reservoirs Using the Nuclear Magnetic 
Log." 

Yang, G., et al., "Effects of Reservoir Heterogeneities on Heavy Oil Recovery by Steam-Assisted 
Gravity Drainage." 

Islam, hi., "the Role of Combustion Gases in Recovering Oil in In Situ Combustion Processes." 

litetwally, hi., "Exparience with Fireflooding in Countess "B" Pool, Alberta--Reservoir Aspects." 

Galas, C., et al., "Fluid and heat Movements During In Situ Combustion In a Channelled Reservoir." 

Moore, IL, et al., "In Situ Combustion Tests on Eyehlll Cummings Reservoir." 

Abou-Kossn'n, J., et al., "Practical Considerations In Developing Numerical Simulators for Thermal 
Recovery." 

Petit, H., "Experimental Evaluation of In Situ Combustion in Naturally Consolidated Cores." 

The following papers were given at the American Chemical Society Division of Fuel Chemistry meeting held 
in Miami Bench, Florida, September 10-15: 

Hatcher, ll..J., et al., "A Comparison of Uinta Basin, Utah Crude Oil and Biodegraded Products." 

Almdal, W.W., et al., "All-Synthetic Diesel Fuel from Athabasca Bitumen: Properties, Testing and 
Operating Experience." 

Khan, M.R., et al., "Mild Gasification of Coal and Heavy Oil Mixtures to Enhance Liquid 
Yield/Quality." 

OH. SANDS - PATENTS 

"Process for the Hydrogenation of Heavy and Residual Oils," Jose Guitian, Julio Xrasuk, Klaus liretschmnr, Franzo 
Iarruffo, Ludwig Merz, Klaus Niemann - Inventors, Intevep S A Va; Veba Cal Entwicklungs-Gesellschaft, United 

States Patent Number 4,851,107, July 25, 1989. A process for the hydrogenation of heavy oils, residual oils, 
waste oils, used oils, shale oils, and tar sand oils by hydrogenating a slurry of the oil at a partial hydrogen 
pressure of 50-300 bar, a temperature of 250-500 0 C, a space velocity of 0.1-5 T/M3U, and a gas/liquid ratio of 
100-10,000 NM3/T, wherein the additive comprises two different grain size portions, a fine grain portion having a 
grain size of 90 microns or less and a coarse grain portion having a grain size of 100-1 1 000 microns. 

"Recovery of Heavy Crude Oil or Tar Sand Oil or Bitumen from Underground Formations," Alex S. McKay - Inven-
tor, United States Patent Number 4,846,275, July 11, 1989. Heavy crude oil or tar sand oil or bitumen is 
recovered from an underground formation containing the same by introducing into said formation via an injection 
well or conduit a hot alkaline aqueous fluid so as to bring about the movement or migration or stripping of said 
heavy crude oil or tar sand oil or bitumen from said formation into said hot alkaline aqueous fluid at the inter-
face between said hot alkaline aqueous fluid and said heavy crude oil or tar sand oil or bitumen-containing for-
mation as said hot alkaline aqueous fluid moves along within said formation from said injection well or conduit 
to a production well or conduit for the recovery of the resulting produced heavy crude oil or tar sand oil or 
bitumen from said formation as an emulsion via said production well or conduit. 

"Method for Separation of Heterogeneous Phases," Aldo Corti, John A. Falcon - Inventors, Alberta RTR Oil Sands 
Ltd, Gulf Canada Resources, United States Patent Number 4,828 9 688, May 9, 1989. 	 The invention provides a 
process for extracting bitumen from oil sands. The process includes the step of conditioning the oil sands by 
adding hot water and steam to the oil sands. The conditioned oil sands are then introduced into a separation 
zone. Separation of the oil sands into a bitumen froth phase, a middlings phase and a tailings phase occurs in 
the separation zone. Water with air dissolved therein is continuously injected under pressure upwardly through 
the separation zone. The water is at a low temperature relative to the oil sands. At least two of the phases 
are then separately withdrawn from the separation zone. 
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since June 1989) 

BI-PROVINCIAL PROJECT - UPORADER FACILITY - Husky Oil Operations Ltd. (F-iD) 

Husky Oil is planning a heavy oil upgrader to be located near the Alberta/Saskatchewan border at Wilton, near Uoydminster, Sas-
katchewan. The facility will be designed to process 40,000 barrels per day of heavy oil and bitumen from the Lloydminster and 
Cold Lake deposits. The primary upgrading technology to be used at the upgrader will be H-Oil ebullated bed hydrocracking fol-
lowed by delayed coking of the hydrocracker residual. The output will be 46,000 barrels per day of high quality synthetic crude oil. 

Engineering and design of the plant was initiated in June 1984 under terms of an agreement between Husky Oil Operations Ltd. 
and the governments of Canada, Alberta, and Saskatchewan. 

Phase 1 of the project (design engineering and preparation of control estimate) was completed in March 1987. Detailed engineer-
ing and construction were placed on hold pending negotiation of fiscal arrangements with the governments of Canada, Alberta and 
Saskatchewan. 

In May 1988 a tentative agreement was announced involving $650 million of government aid, but requiring Husky to obtain addi-
tional equity participation. In September, 1988, Husky and the governments of Canada, Alberta and Saskatchewan, signed a bind-
ing joint venture agreement to finance and build the Bi-Provincial tJpgrader. Project completion is targeted for late 1992. 

In February, 1989 the Bi-Provincial Upgrader Joint Venture announced the award of $120 million in engineering contracts, with 
work to start immediately and be in full swing by April, 1989. 

Project Cost:	 Upgrader Facility estimated at C$1.267 billion 

I3ITUMOUNT PROJECT - Solv-Ex Corp. (F-20) 

The Solv-Ex Bitumount Project will be a phased development of an open pit mine and an extraction plant using Solv-Ex's process 
for recovery of bitumen and metals. 

Solv-Ex will use a naphtha solvent to boost the power of hot water to separate oil from sand. The increased efficiency of the 
process increases oil yield and also allows metals such as gold, silver and titanium to be extracted from the very clean sand. 
Analyses of the pilot plant tailings (after bitumen extraction) showed that these minerals are readil y recoverable. 

The Bitumount lease covers 5,874 acres north of Fort McMurray, Alberta. Bitumen reserves on the lease are estimated at 
1.4 billion barrels. 

Sotv-Ex is currentl y looking for potential financial partners to expand the proiect. 

BURNT LAKE PROJECT - Suncor Inc., Alberta Energy Company Ltd. and Canadian Hunter Exploration Ltd. (T-30) 

The Burnt Lake in situ heavy oil plant is located on the Burnt Lake property in the southern portion of the Primrose Range in 
northeast Alberta. Initial production levels will average 12,500 barrels per day. 

According to the companies, the Burnt Lake project is a milestone because it will be the first commercial development of these 
heavy oil resources on the Primrose Range. This will require the close cooperation of Canada's military. 

The multi-phase Burnt Lake project, which will involve cyclic steaming, was put on hold in 1986 due to low oil prices, then revived 
in 1987. The project as of early 1989 has again been hatted. 

According to initial plans, the project was supposed to be designed after the thermal recovery project Suncor operates nearby at 
Fort Kent. There slant welts 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.
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CALIFORNIA TAR SANDS DEVELOPMENT PROJECT - California Tar Sands Development Corporation (T-40) 

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 (F-SO) 

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 Alberta Energy Resources Conservation Board (AERCB) granted l3sso Resources Canada Ltd. approval to 
proceed with construction of the first two phases of commercial development on Esso's oil sands leases at Cold Lake. Subsequent 
approval for Phases 3 and 4 was granted in June 1984 and for Phases 5 and 6 in May 1985. 

Shipments of diluted bitumen from Phases 1 and 2 started in July 1985, augmented by Phases 3 and 4 in October, 1985 and Phases 5 
and 6 in May, 1986. During 1987, commercial bitumen production at Cold Lake averaged 60,0 barrels per day. Production in 
early 1988 reached 85, barrels per day. A debottlenecking of the first six phases has added 19,000 barrels per day in 1988, at a 
cost of $45 million. 

The AERCB approved Esso's application to add Phases 7 through 10, which will eventually add another 44,000 barrels per day. A 
decision has been made not to complete the facility at this time. Phases 9 and 10 have been postponed indefinitely. 

However, all construction will be completed on the central processing plant for Phases 7 and Sand partially completed for the field 
facilities. The construction is 70% completed. 

Project Cost:	 Approximately $770 million for first ten phases 

DAPHNE PROJECT - Petro-Canada (F-60) 

Petro-Canada is studying a tar sands mining/surface extraction project to be located on the Daphne leases 65 kilometers north of 
Fort McMurray, Alberta. The proposed project would produce 75,000 barrels per day. 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. (F-70) 

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 1,2(X) 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 (F-SO) 

Universal Energy Corporation of Tulsa, Oklahoma changed the compan/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-wellborc electromagnetic stimulation technique for heavy oil. The 
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technique uses the well casing to induce an electromagnetic field in the oil-bearing formation. Both radio frequency and 60 cycle 
electric voltage are used. The radio frequency waves penetrate deeply into the formation while the 60 cycle current creates resistive 
heating. 
The first field test with a commercial well, initially producing about 20 barrels per day, was put into production in December 1985 
in Texas, on property owned by Coastal Oil and Gas Corporation. In June 1986, ORS received permits from the Alberta Energy 
Resources Conservation Board, and stimulation started in a well in the Lloydminster area in Alberta, Canada. This well was drilled 
on a farmout from Husky Oil in the Wildmere Field. Primary production continued for about 60 days, during which the well 
produced about 6 barrels per day of 11 degrees API heavy oil. The well was then shut down to allow installation of the ORS 
electromagnetic stimulation unit- After power was turned on and pumping resumed on June 10, a sustained production of 
20 barrels per day was achieved over the following 30 days. The economic parameters of the operation were within the range ex-
pected. Process energy costs have been demonstrated at around $1/bbl. 

This well was shut-in after seven months of operation due to high operating costs associated with severe sand production. Two 
other wells utilizing the Technology have been completed in the Wildmere Field with encouraging results initially. However, at-
tempts to mitigate the sanding problems have not been successful and these wells were also shut-in after approximately one year of 
operations. 

Additionalwork is being undertaken in Canada. Most recently, a 12 degree API heavy oil well in Alberta increased production 
from 20 barrels to nearly 80 barrels per day. Another well in Saskatchewan increased from 75 to about 125 BOPD after application 
of the Technology. Approximately 20 wells are expected to apply the Technology within Canada during 1989. This work is being 
performed by Electromagnetic Oil Recovery Limited (nOR), a Calgary headquartered affiliate. EOR signed a contract in 1988 
with Shell which will lead to a field test of the Technology in Europe during 1989. 

ORS Corporation participated in two wells drilled in California in 1986 near Bakersfield. Severe sand production problems and 
low initial well productivity prevented a commercial installation although reservoir temperature was demonstrated to increase in 
excess of 150 degrees Fahrenheit. Another ORS affiliate, Pogue Oil Recovery Technologies, drilled an additional well in 1987 on 
the White Wolf farmout from Tenneco Oil. The wells were eventually shut-in in 1988 due to low productivity, sanding problems, 
and low oil prices. 

A demonstration field test began in Brazil in 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 thy. The process will be ap-
plied to an additional 4 wells during 1989 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, Limited. (T-90) 

The Elk Point Project area is located approximately 165 kilometers east of Edmonton, Alberta. Amoco Canada holds a 100 percent 
working interest in 6,600 hectares of oil sands leases in the area. The Phase I Thermal Project is located in the NW 1/4 of 
Section 28, Township 55, Range 6 West of the 4th Meridian. 

The primary oil sands target in the area is the Lower Cummings sand of the Mannville Group. Additional oil sands potential is in-
dicated in other Mannville zones including the Colony, Clearwater, and the Sparky. 

Amoco Canada has several development phases of the Elk Point Project. Phase 1 of the Project will involve the drilling, 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 may continue in 1989, depend-
ing on oil prices. 

Oil production from current wells at Amoco's Elk Point field totals 1,000 cubic meters per day. Production with these new wells 
will gradually increase totals to approximately 1,220 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 Cost: 	 Phase 1 - $50 Million (Canadian)
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ELK POINT OIL SANDS PROJECT— PanCanad ian Petroleum Limited. (T-100) 

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. 

The Phase I project would involve development of primary and thermal recovery operations in the Lindbergh and Frog Lake sec-
tors near Elk Point in east-central Alberta. Phase I operations include development of 16 sections of land where 129 wells were 
drilled by the end of 1988. 

PanCanadian expects Phase I recovery to avenge 3,000 barrels per day of bitumen, with peak production at 4,ODO 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 production would increase to 12,000 barrels per day. 

Thus far, steam stimulation has been applied experimentally in two sections, and the results are being evaluated while study 
proceeds on a pilot steam flood process in one of these sections. 

As of June 1989, low prices for heavy crude and lack of economies for expensive enhanced oil recovery methods have caused Pan-
Canadian to delay Phase I plans. Meanwhile the company continues to streamline primary operations, to evaluate steam stimula-
tion results and to plan experimental steam flood pilots. 

Project Cost: 	 Phase I = C$90 Million 

FOREST HILL PROJECT - Greenwich Oil Corporation (1-110) 

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 oil production rate 
reached 1,200 barrels per day. 

On January 9, 1989, Greenwich filed for reorganization under Chapter 11 of the Bankruptcy Act. Oxygen injection has been tem-
porarily suspended but water is being injected into the burned-out sand zones to move unreacted oxygen through the combustion 
zone and to scavenge heat. Oil production remains in excess of 1,000 barrels per day. 

Project Cost: 	 Estimated $423 million 

LINDBERGH COMMERCIAL PROJECT - Amoco Canada Petroleum Company Ltd. (1-120) 

Dome Petroleum (now Amoco) received approval from the Alberta Energy Resources Conservation Board for a commercial 
project in Lindbergh. The project will cover five 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 welts 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. A total of 46 slant 
wells have been drilled to date and placed on primary production. Low oil prices have forced a delay in the proposed commercial 
development. 

Project Cost:	 $158 Million 

LINDBERGH COMMERCIAL THERMAL RECOVERY PROJECT - Murphy Oil Company Ltd. (1-130) 

Murphy Oil Company Ltd., has completed construction and startup of a barrel per day commercial thermal recovery project 
in the Lindbergh area of Alberta. Project expansion to 10,000 barrels per day is planned over nine years, with a total project life of 
30 years. The first phase construction of the commercial expansion involved the addition of 53 wells and construction of an oil 
plant, water plant, and water source intake and line from the north Saskatchewan River. 
Murphy has been testing thermal recovery methods in a pilot project at Lindbergh since 1974. Based on its experience with the 
pilot project at Lindbergh, the company expects recovery rates in excess of 15 percent of the oil in place. Total production over the 
life of this project is expected to be in excess of 12 million cubic meters of heavy oil. 
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The project uses the a huff-and-pull 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 
95.000 centipose. The wells are directionally drilled outward from common pads, reducing the number of surface leases and roads 
required for the project. 

This project is currently suspended due to low oil prices. 

Project Cost:	 $30 million (Canadian) initial capital cost 
$12 million (Canadian) operating costs plus $12 million capital additions annually are anticipated 

NEWGRADE HEAVY OIL UPORADER - Newflrade Energy, Inc., a partnership of Consumers Co-Operative Refineries Ltd. and 
the Saskatchewan Government (T-140) 

Construction and commissioning of the upgrader was completed in October, 1988. The upgrader is slated for full production by 
June, 1989. The official opening has been set for June 24, 1989. 

The complex start-up procedures have gone very well, according to NewOrade. In January, the refinery/upgrader combination was 
running at about 66 percent capacity, putting 35,000 barrels per day of crude through the refinery itself. From that, 20,000 barrels 
per day of heavy mid bottoms are sent to the new Atmospheric Residual Desulfurization unit which performs primary upgrading. 
From there 8,000 barrels per day is being run through the Distillate Hydrotreater which improves the quality of the distillate fuel 
oil streams by adding hydrogen. 

The 50,000 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 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 Cat:	 $700 million 

OSLO PROJECT - Esso Resources, Petro-Canada, Canadian Occidental, Gulf Canada, PanCanadian Petroleum, Alberta Oil Sands 
Equity. (17-150) 

The OSLO joint venture is planning a 77,000 barrel per day oil sands mining, extraction and upgrading plant 60 kilometers north of 
Fort McMurray. Production is scheduled to begin in 1997. 

The OSLO joint venture consists of Esso Resources (25 percent), Canadian Occidental Petroleum (20 percent), Gulf Canada 
Resources (20 percent), Petit-Canada (15 percent), PanCanadian Petroleum (10 percent) and Alberta Oil Sands Equity (10 
percent). To date some $30 million has been spent on project studies. 

The Canadian federal government and the Province of Alberta have signed a Statement of Principles with members of the OSLO 
joint venture to proceed with the development of the integrated oil sands project. The expected date for a binding agreement on 
the project is fall 1989. 

The government will contribute jointly up to $850 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 pre-production loans. 

The project would use conventional surface mining techniques to strip the overburden and mine the oil sands. At the plant, the 
bitumen would be extracted from the sand by warm water and chemicals and 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. 

In April 1989, OSLO received approval from the Energy Resources Conservation Board (ERCB) for a $2.5 million summer 1989 
bulk sample pit and extraction testing program. Excavation began in May, 1989. The data will be used to develop a hybrid extrac-
tion process. 

In 1991, assuming the project meets specified economic criteria, major contracts will be tendered and construction will begin. 
Production is expected to start in 1997.
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Current plans call for developing immediately only one of the six OSLO leases (lease 31). The surface mineable portion of lease 31 
is estimated to contain 3.8 billion barrels of bitumen. At 77,000 barrels of oil a day, there should be enough bitumen in the one 
lease, which covers about 75 square miles, to keep the plant operating for well over 100 years. 

The OSLO lant could eventually be expanded to produce as much as 203,E barrels of synthetic crude oil per day for 50 years. 

The OSLO reserves are of higher quality than most of what remains at Syncrude, and OSLO's layer of overburden is thinner, ad-
vantages that will help make OSLO's estimated production costs slightly lower than those of Syncrude. 

Project Cost: $4.1 billion estimated 

PEACE RIVER COMPLEX - Shell Canada Limited (17-160) 

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 wells 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. 

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 kin south of PREP I. PREP 
II would be developed in four annual construction stages, each capable of producing 1,600 cubic meters per day. 

However, due to low world oil prices and continual uncertainty along with the lack of improved fiscal terms the project has been 
postponed indefinitely. 

Some preparatory site work was completed in 1988 consisting of the main access road and drilling pads for PREP II. 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 11 

PRIMROSE LAKE COMMERCIAL PROJECT - Amoco Canada Petroleum Company and Alberta Energy Company (17-170) 

Dome (now Amoco) proposed a 25,000 barrels per day commercial project in the Primrose area of northeastern Alberta. Amoco is 
earning a working interest in certain oil sands leases from Alberta Energy Company. Following extensive exploration, the company 
undertook a cyclic steam pilot project in the area, which commenced production in November 1983, and thereby earned an interest 
in eight sections of adjoining oil sands leases. The 41 well pilot was producing 2,000 barrels per day of 10 degrees API oil in 1984. 

The agreement with Alberta Energy contemplates that Amoco can earn an interest in an additional 194,280 of adjoining oil sands 
lands through development of a commercial production project. The project is estimated to carry a capital cost of at least 
$C12 billion and annual operating cost of $C140 million. Total production over a 30 year period will be 190 million barrels of oil 
or 18.6 percent of the oil originally in place in the project area. Each section will contain four 26-well slant-hole drilling clusters. 
Each set of wells will produce from 160 acres on six acre spacing. The project received Alberta Energy Resources Conservation 
Board approval on February 4, 1986. A subsequent amendment to the original scheme was approved on August 18, 1988. The 
12,800 acre project will be developed in three phases. Four 6,500 barrel per day modules will be used to meet the 25,000 barrel per 
day target. 

Due to the recent decline in oil prices, the proposed drilling schedule has been postponed. The project will proceed when oil prices 
return to levels which make the project viable. Amoco indicates this would be above $20 per barrel. 

Project Cost:	 $1.2 billion (Canadian) capital cost 	 - 
$140 million (Canadian) annual operating cost
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SCOTFORI) SYNTHETIC CRUDE REFINERY - Shell Canada Limited (F-ISO) 

The project is the world's first refinery designed to use exclusively synthetic crude oil as feedstock, located northeast of Fort Sas-
katchewan in 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, 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 (72.8 percent), Ontario Energy Resources Ltd. (25 percent), publicly (2.2 
percent) (1'-190) 

Suncor Inc. was formed in August 1979, by the amalgamation of Great Canadian Oil Sands and Sun Oil Co., Ltd. In November 
1981 Ontario Energy Resources Ltd., acquired a 25 percent interest in Suncor Inc. 

Suncor Inc. operates a commercial oil sands plant located in the Athabasca bituminous sands deposit 30 kilometers north of Fort 
McMurray, Alberta. It has been in production since 1967. A four-step method is used to produce synthetic oil. First, overburden 
is removed to expose the oil-bearing sand. Second, the sand is mined and transported by conveyors to the extraction unit. Third, 
hot water and steam are used to extract the bitumen from the sand. Fourth, the bitumen goes to upgrading where thermal cracking 
produces coke, and cooled vapors form distillates. The distillates are desulfurized and blended to form high-quality synthetic crude 
oil, most of which is shipped to Edmonton for distribution. 

Current remaining reserves of synthetic crude oil are 316 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 full production in September, 1988. An expansion of capacity to 63,000 barrels per day is under way. Suncor will also in-
crease its upgrading capacity by an additional 10,000 barrels per day to a total of 73,000 barrels per day. Total cost of this expan-
sion is $150 million. 

In 1988 Suncor's Board of Directors approved the expenditure of another $50 million on the debottlenecking project. The project 
will increase the plant's primary production capacity to 71,000 barrels per day when completed in 1991. 

During 1988 Suncor maintained reliable production, kept costs down and completed the naphtha recovery unit phase of the overall 
$200 million debottlenecking project. 

In 1989 the Oil Sands Grou p recorded second quarter earnings of $12 million comnared with earnin gs of $5 million for the second 
ouarter of 1988. Earninas for the first six months were $12 million compared with a loss of $12 million for the same period of 1988. 

Production at Oil Sands Grou p was strong in the second quarter of 1989. averaging 59,498 barrels per day compared with 56,783 
barrels per day for the second quarter of 1988. 

Suncor, as of December 5, 1988, reduced its capital spending in response to expectations of an uncertain crude price environment 
and potential lower cash flow. The $200 million Debottleneckina proiect to increase production to 71,000 barrels per day was put 

Expansion is currently on hold as they look for partner opportunities. 

Project Cost: Not disclosed 

SUNNYSIDE PROJECT - Amoco Production Company (T-200) 

Amoco Corporation is continuing to study the feasibility of a commercial project on 1,120 acres of lee property and 9,600 acres of 
combined hydrocarbon leases in the Sunnyside deposit in Carbon County, Utah. Research is continuing on various extraction and 
retorting technologies. The available core data are being used to determine the extent of the mineable resource base in the area 
and to provide direction for any subsequent exploration work. 

A geologic field study was completed in September 1986; additional field work was completed in 1987. In response to Mono Power 
Company's solicitation to sell their (federal) lease interests in Sunnyside tar sands, Amoco Production acquired Mono Power's 
Combined Hydrocarbon Leases effective August 14, 1986. Amoco continued due diligence efforts in the field in 1988. This work 
includes a tar sand coring program to better define the resource in the Combined Hydrocarbon Lease. 
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Project Cost:	 Not disclosed 

SUNNYSIDE TAR SANDS PROJECT - ONC Tar Sands Corporation (17-210) 

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 CSMRI 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 (SIt) for tar sands projects 
that utilize mining and surface processing methods, (INC requested loan and price guarantees of $452,419,. Construction would 
start in the third quarter 1986 with first production in the first quarter 1989. On November 19, 1985 the SFC determined that the 
project was a qualified candidate for assistance under the terms of the solicitation. 

On December 19, 1985, the 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 SUNNYSIDE PROJECT - Synco Energy Corporation (F-220) 

Synco Energy Corporation of Orem, Utah is seeking to raise capital to construct a plant at Sunnyside in Utah's Carbon County to 
produce oil and electricity from coal and tar sands. 

The Synco process to extract oil from tar sands uses coal gasification to make a synthetic gas. The gas is cooled to 2,000 degrees F 
by making steam and then mixed with the tar sands in a variable speed rotary kiln. The hot synthetic gas vaporizes the oil out of 
the tar sands and this is then fractionated into a mixture of kerosene (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 cogentrated electricity. 

Testing indicates that the hydrogen-rich syngas from the gasified coal lends to good cracking and hydrogen upgrading in the kiln. 
Synco holds process patents in the U.S., Canada and Venezuela and is looking for a company to joint venture with on this project. 

The plant would be built at Sunnyside, Utah, near the city of Price. 

There is a reserve of four billion barrels of oil in the tar sands and 230 million tons of coal at the Sunnyside site. Both raw 
materials could be conveyed to the plant by conveyor belt. 

The demonstration size plant would produce 8,000 barrels of refined oil, 330 megawatts of electricity, and various other products 
including marketable amounts of sulfur. 

An application has been filed by Synco with the Utah Division of State Lands for an industrial special use lease containing the en-
tire Section 36 of State land bordering the town of Sunnyside, Utah. 

Project Cat: $350 million
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1989) 

COMMERCIAL PROJECTS (Continued) 

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. (7.23 percent); Alberta Energy Company (10.0 percent); Gulf Canada 
Resources Ltd. (9.03 percent); PanCanadian Petroleum Limited (10.0 percent); HEOG - Oil Sands Ltd. Partnership (Amoco Canada 
Petroleum Com pany Ltd.) (5.0 percent) (T-230) 

Located near Fort McMurray, the Syncrude surface mining and extraction plant produces 155,000 barrels per calendar day. The 
original plant with a capacity of 108,ODO barrels was based upon: oil sand mining and ore delivery with four dragline-bucketwhecl 
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 $1.5 billion investment program in plant capacity was completed to 
bring the production capability to over 

155,000 barrels per calendar day. Included in this investment program are a 40,000 barrel 
per day L.-C Fining hydrocracker, additional hydrotreating and sulfur recovery capacity, and auxiliary mine feed systems as well as 
debottlenecking of the original processes. 

In early 1987 Syncrude filed an application with the Alberta Energy Resources Conservation Board for a $4 billion Phase Three ex-
pansion. A decision to go ahead with the third expansion phase will be based on oil prices, crude reserves and royalty agreements. 

A 'o ahead" decision could see the nroiect completed in the mid-1990's and !4 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 Cost:	 Total cost $3.8 billion 

THREE STAR OIL MINING PROJECT - Three Star Drilling and Producing Corp. (F-240) 

Three Star Drilling and Producing Corporation has sunk a 375 foot deep vertical shaft into the Upper Siggins sandstone of the Sig-
gins oil field in Illinois. 

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. Three Star estimates the Upper Siggins still 
contains some 35 million barrels of oil. 

The initial plans call for drilling one to four levels of horizontal boreholes. There would be up to 25 horizontal holes per level. 

Project Cost:	 Three Star has budgeted $33 million for the first shaft. 

WOLF LAKE PROJECT - BP Canada Resources Ltd. and Petro-Canada (T-260) 

Located 30 miles north of Bonnyville near the Saskatchewan border, on 75,000 acres, the Wolf Lake commercial oil sands project (a 
joint venture between BP Canada Resources Ltd. and Petro-Canada) was completed and began production in April 1985. Produc-
tion at designed capacity of 7,ODD barrels per day was reached during the third quarter 1985. The oil is extracted by the "huff-and-
purr 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. 

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 bitunien 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. 

BP and Petro-Canada are now exploring options for future plants on the Marguerite Lake leases. During the winter of 1984/1985 
an extensive delineation drilling program was carried out which identified possible areas for future developments. 

By mid-1988 production had dropped 22 percent below 1987 levels. Following a change of strategy in operation of the reservoir, 
however, production had increased back to 3,028 barrels per day in late 1988. 

In 1987, a program designed to expand production by 2,400 cubic meters per day to 3,700 cubic meters per day, total bitumen 
production was initiated. The major contract for the central plant was let to Fluor Corporation in October, 1987. Wolf Lake 2 was 
expected to be completed in mid-1989.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1919) 

COMMERCIAL PROJECTS (Continued) 

Wolf Lake Phase 2 would be followed by Phases 3 and 4. HP's production target is 7,000 cubic meters per day in the 1990s 
(44,) barrels per thy). 

In early 1989, BP Canada and Petro- Canada said they will delay by one year the decision to start up the second phase. White the 
Wolf Lake 2 plant will be commissioned during 1988, full capacity utilization of the combined project is not likely before 1991, when 
it is expected that higher bitumen prices will support the expanded operation and further development. At the end of the commis-
sioning period, during which BP will ensure that all the plant components are operational, BP and Petro-Canada will decide when 
to begin injection. 

BP has drilled all 248 phase-two wells, bringing the total number of Wolf Lake wells to 514. 

Project Cost: Wolf Lake I
$114 million (Canadian) initial capital 
(Additional $750 million over 25 years for additional drilling) 

Wolf Lake 2
$200 million (Canadian) initial capital 	 - 

R & D PROJECTS 

A11JABASCA IN SITU PILOT PROJECT (Kearl Lake) - Alberta Oil Sands Technology and Research Authority, Husky Oil Opera-
tions Ltd., Esso Resources Canada Ltd. (T-270) 

The operator of the Athabasca In Situ Pilot Project is Husky Oil Operations Ltd. 

The pilot project began operation in December, 1981. Currently, three patterns are being operated: one 9-spot and two 5-spots. 
The central well of each pattern is an injector. The 8 observations wells are located in and around the three patterns. 

The 9-spot pattern was started up in 1985. The two 5-spot patterns were started up in 1987. Results from all three patterns con-
tinue to be encouraging. 

In April. 1989, a special test was initiated to increase the oil production rate. To date, the test has been very successful. 

Project Cost:	 $139 million (estimate) 

BATFRUM IN SITU WET COMBUSTION - Mobil Oil Canada, Unocal Canada Limited, Saskoil, 137886 Canada Ltd.. Hudson's Bay 
Oil and Gas (T-280) 

Mobil Oil Canada initiated dry combustion in the Battrum field in the Swift Current producing area of Saskatchewan in 1965 and 
converted to wet combustion in 1978. The combustion ctheme whirl, Mnhil nnerntn in thr flnttn,n, .,nhv wnc	 a...., 

Proiect Cost:	 Expansion $30 million 

BVI COLD LAKE PILOT - Alberta Oil Sands Technology and Research Authority (AOSTRA), Bow Valley Industries Ltd., (F-290) 

The project is operated by Bow Valley Industries Ltd. The process utilizes steam and additives to recover bitumen from the Clear-
water formation. The project currently consists of 16 wells directionally drilled from two pad locations. 

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 from 
1977 to 1979. Bow Valley has a farm-in arrangement with Gulf and utilizes some of the surface facilities built for the Gulf pilot. 

Cyclic steam operations began in mid-January, 1985 at the original sewn-well pad to test the steam and additives process. A new 
steam placement technique was developed during these operations with favorable results. This led to a new nm-well pad being 
drilled in late 1986 to further investigate the new technique developed with the original pad. Cyclic operations at both pads are 
continuing. 

Project Cost:	 $13 million
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1989) 

R & I) PROJECTS (Continued) 

CANMI!T HYDROCRACKING PROCESS - Petro-Canada and Partec Lavalin Inc. (17-300) 

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,ODO barrels per stream day demonstration plant at the Petro-Canada refinery in Montreal. 

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). Fitch 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 90% 
for 1987 and is projected to be higher for 1988. 

The high conversion Canmet 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. (1-310) 

Husky Oil Operations Ltd. (60% interest) and Alberta Energy Co. (40% interest) received ERCB approval for a 1,100 barrels per 
day heavy oil steam pilot in the Primrose block of the Cold Lake Air Weapons Test Range in northeastern Alberta. 

The Caribou Lake steam stimulation pilot would involve drilling 24 directional cyclic steam wells on six-acre spacing from two pads. 
Preliminary plans all for the directional wells to be drilled at angle building rates of 2.5 degrees/I® feet to a depth of 400 feet and 
then 63 degrees/I® feet until the end of the build section. The minimum kick-off depth will be 100 feet with maximum hole 
angles of 45 degrees. Maximum horizontal displacement will be about 1,000 degrees when target depth is 1,518 fact. Steam will be 
injected into a maximum of five wells at a time and wells will be soaked one to two days before being placed on production. 

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 (1-320) 

Mobil's heavy oil project is located in '132 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. 

Production in the Celtic Multizone Test, an expansion of the Heav y Oil Pilot, consistin g of 16 wells on 20 acre spacinc, commenced 
with primary production in September, 1988. First cycle steam iniection commenced May. 1989. 

Project Cost:	 $21 million (Canadian) (Capital)
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1989) 

R & D PROJECTS (Continued) 

C-LI SYNFUELS DREDGING PROJECT - C-H Synfuels Ltd. (T-330) 

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 solidify, 
then transported, via truck and barge, to either Suncor or the City of Fort McMurray. Tailings treatment would employ a novel 
method combining the sand and sludge, thus eliminating the need for a large conventional tailings pond. 

C-H proposes to add lime and a non-toxic polyacrylamide polymer to the tailings stream. This would cause the fines to attach 10 
the sand eliminating the need fora sludge pond. 

Project Cost: Not disclosed 

CIRCLE CLIFFS PROJECT— Kirkwood Oil and Gas (T-340) 	 - 

Kirkwood Oil and Gas is presently forming a combined hydrocarbon unit to include all acreage within the Circle Cliffs Special Tar 
Sand Area, excluding lands within Capitol Reef National Park and Glen Canyon National Recreational Area. 

Project Cost:	 Not disclosed 

COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada (17-350) 

A stratigraphic test program conducted on Mobil's 75,000 hectares of heavy oil leases in the Cold Lake area resulted in ap-
proximately 150 holes drilled to date. Heavy oil zones with a total net thickness of 30 meters have been delineated at depths be-
tween 290 and 460 meters. This pay is found in sand zones ranging in thickness from 2 to 2 0 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 lest 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, 
1988. 

Only three wells, all multi-zone completions, am still in operation in 1989., the remaining wells were suspended at the conclusion of 
their testing programs. Beginning in July, 1988, Mobil pgj to test three additional multi-zone wells in the Iron 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 Is Valorization des Huiles Lourdes (ASVAHL) (T-360) 

An international joint venture agreement has been signed to test the commercial viability of the Donor Refined Bitumen (DRB) 
process for upgrading heavy oil or bitumen. 

About 12,000 barrels of Athabasca bitumen from the Syncrude plant were shipped to the ASVAHL facilities near Lyon, France. 
Beginning in October 1986 tests were conducted in a 450 barrel per day pilot plant. Engineering and economic evaluations were 
completed by the end of 1987. 

ASVAIIL is a joint venture of three French companies—Elf Aquitaine, Total-Compagnie Francaise de Raflinage, and Institut Fran-
caise du Petrole. The ASVAI-IL test facility was established to study new techniques, processes and processing schemes for upgrad-
ing heavy residues and heavy oils at a demonstration scale. 

The DRB process entails thermally cracking a blend of vacuum residual and a refinery-derived hydrogen-rich liquid stream at low 
pressure in the liquid phase. The resulting middle distillate fraction is rehydrogenated with conventional fixed bed technology and 
off-the-shelf catalysts. 

Project Cost:	 Not disclosed
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R & D PROJECTS (Continued) 

I3SSO COW LAKE PILOT PROJECTS - Esso Resources Canada Ltd. (F-380) 

Esso operates two steam based in situ recovery projects, the May-Ethel and Leming pilot plants, using steam stimulation in the 
Cold Lake Deposit of Alberta. Tests have been conducted since 1964 at the May-Ethel pilot site in 27-64-3W4 on Esso's Lease No. 
40. Esso has sold these data to several companies. I3sso's Laming pilot is located in Sections 4 through 845-3W4. The Laming 
pilot uses severnl different patterns and processes to test future recovery potential. Esso expanded its Laming field and plant 
facilities in 1980 to increase the capacity to 14,000 barrels per day at a cost $60 million. A further expansion costing $40 million 
debottlenecked the existing facilities and increased the capacity to 16,000 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—i.e., about 19,500 barrels per day of bitumen. 

Major prototype facilities for the commercial-scale Cold Lake Project will continue to be tested including three 175,000 pounds per 
hour steam generators, and a water treatment plant to convert the saline water produced with the bitumen into a suitable feedwater 
for the steam generators. Additionally, the pilots serve as a testing area for optimizing the parameters of cyclic steam stimulation 
as well as on follow-up recovery methods, such as steam displacement and horizontal wells. 

(See Cold Lake in commercial projects listing) 

Project Cost:	 $260 million 

EVEHILL IN SITU STEAM PROJECT - Canadian Occidental Petroleum, Ltd., Texaco Canada Resources Ltd. and Murphy Oil Com-
pany Ltd. (f.390) 

The experimental pilot is located in the Eyehitl field, Cummings Pool, at Section 16.40-28-W3 in Saskatchewan six miles north of 
Macklin. The pilot consists of nine five spot patterns with 9 air injection wells, 24 producers, 3 temperature observation wells, and 
one pressure observation well. Infill of one of the patterns to a nine-spot was completed September 1, 1984. Five of the original 
primary wells that are located within the project area were placed on production during 1984. The pilot covers 180 acres. Ignition 
of the nine injection wells was completed in February 1982. The pilot is fully on stream. Partial funding for this project was 
provided by the Canada-Saskatchewan Heavy Oil Agreement Fund. The pilot was given the New Oil Reference Price as of April 1, 
1982.	 - 

Production in 1988 reached 500 barrels per day and is expected to eventually peak at 1,000 barrels per day. 

The pilot has 40 feet of pay with most of the project area pay underlain by water. Reservoir depth is 2,450 feet. Oil gravity is 14.3 
degrees API, viscosity 2,750 Cp at 70 degrees F, porosity 34 percent, and permeability 6,000 md. 
Cumulative production reached one million barrels in 1988. This represents about 6 percent of the oil originally in place in the 
project area. Another four million barrels is expected to be recovered in the project's remaining 10 years of life. 

Project Cost:	 $15.2 million 

Fr. KENT THERMAL PROJECT - Suncor, Inc. and Worldwide Energy Corporation (P400) 

Canadian Worldwide Energy Ltd. and Suncor, Inc., have developed heavy oil deposits on a 4,960 acre lease in the Fort Kent area of 
Alberta. Canadian Worldwide holds a 50 percent working interest in this project, with Suncor as operator. This oil has an average 
gravity of 12.5 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 8 well cluster drilled in late 1985. Five additional develop-
ment well locations have been identified. Approximately 59 wells are now operating, with production avenging 1,600 barrels per 
day. Further development work, including tying-in the 8 wells most recently drilled, has been delayed. Ultimate recoveries are an-
ticipated to be greater than 21 percent with recoveries in the 26 percent range in the steamflood areas expected. 

Because of the experimental work being carried out, this project qualifies for a reduced royalty rate of only 5 percent. Canadian 
Worldwide's share of the project costs to date is approximately $35 million (Canadian). 

In January 1989, Suncor announced that the project would be indefinitely suspended 

Project Cost: See Above
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R & I) PROJECTS (Continued) 

FOSTERTON N.W. IN Sift) WET COMBUSTION - Mobil Oil Canada Ltd. (17-410) 

In situ wet combustion recovery in the pilot is currently being evaluated. Two coreholes have been drilled 'none burn to determine 
burn thickness and oil displacement behind the burn front at different distances from the injectors. 

Project Cost:	 Not Disclosed 

GLISP PROJECT - Amoco Canada Petroleum Company Ltd., AOSTRA, and Petro-Canada Ltd. (17420) 

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 (123 percent), AOSTRA (75 percent), and Petro-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 
(0.68 acres). Observation wells have been drilled. The process has tested the use of steam and steam additives in the recovery of 
highly viscous bitumen (1 x 10 million cP at virgin reservoir temperature). Special fracturing techniques have been used and 
sophisticated seismic methods and other techniques are being used to monitor the in situ process. Steam Foam Flooding is cur-
rently being investigated. 

The project began operation in September 1985. 

Project Cost:	 $22.8 million (Canadian) 

HANGING STONE PROJECT - Petro-Canada, Canadian Occidental Petroleum Ltd., Esso Resources Canada Limited and Japan 
Canadian Oil Sands (T430) 

The Hanging Stone Project is located 50 km 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. Planning is underway for a 13-
well pilot. 

Total land holding for the project is one-half million hectares. 

Project Cost:	 Not formulated. 

IPIA11K EAST PROJECT - Alberta Energy Company Limited, Amoco Canada and Deminex Canada (T435) 

The Ipiatik East pilot is inside the Cold Lake Air Weapons Range, otherwise known as the Primrose Block. ABC has a 60 percent 
interest in the project along with Amoco Canada and German Deminex Canada. The project uses cyclic steam injection to test the 
production potential of the Wabiskaw sands of the Lower Cretaceous Mannville Group. 

AEC first began experimenting with cyclic steaming in the area in 1984 with seven wells drilled on 3.6 acre spacing. The initial 
strategy was to use the basal zone to promote reservoir heating and gravity drainage, and to minimize steam override. Initial 
steaming using 44,000 barrel slugs provided good performance on the first cycle but production deteriorated in later cycles. The 
wells had been completed with the conventional techniques of installing the production casing set through the formation and ce-
mented to the surface. 

In late 1986, ABC began testing a propped sand fracture completion prior to steam injection. The horizontal fracture provided a 
larger contact area for stimulation and a better chance to contain the fracture above the basal zone. To assist fracture initiation, 
the casing was notched to create a narrow horizontal area which would be exposed to high rate, high pressure fracture fluids. The 
casing was notched in the upper half of the oil sands above several of the tight calcite layers. 

Results of the propped fracturing prior to steam injection were very encouraging. ABC drilled three more wells northeast of the 
Phase A pattern in 1987 for further testing. Again, results were very encouraging. The wells achieved daily oil production rates 
which were 50 percent better than cycle one, 90 percent better than cycle two and 60 percent better than cycle three on typical 
Phase A wells. 

Encouraged by the results, AEC drilled another four wells in 1988, completing a regular seven-spot pattern on six-acre spacing. 
Those wells have performed better than the 1987 wells over three cycles. ABC will continue testing in 1989 but has no plans for ex-
pansion at this time.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1989) 

R & D PROJECTS (Continued) 

IRON RIVER PILOT PROJECT - Mobil Oil Canada (17440) 

The Iron River Pilot Project commenced steam stimulation operations in March 1988. It consists of a four hectare pad develop-
ment with 23 slant and directional wells on 3.2 and 1.6 hectare spacing within a 65 hectare drainage area. The project is 100 percent 
owned by Mobil Oil. It is located in the northwest quarter of Section 6-64-6W4 adjacent to the Iron River battery facility located 
on the southwest corner of the quarter section. The project is expected to produce 230 cubic meters 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 105 million kJ/hr steam generation facility, test separation equipment, piping for steam and 
produced fluids, and a flare system for casing gas. 

To obtain water for the steam operation, ground water source wells were drilled on the pad site. Prior to use, the water is treated. 
Produced water is injected into a deep water disposal well. Fuel for steam generation is supplied from Mobil's fuel gas supply sys-
tem and the treated oil is trucked to the nearby Husky facility at Tucker Lake. 

Project Cost:	 $14 million	 - 

JET LEACHING PROJECT - BP Resources Canada Ltd. (P450) 

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 process, 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. 

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 uncased 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 F. 

The pilot targets the McMurray tar sands at a depth of 220 to 260 feet. 

Project Cost: C$500,000 

KENOCO PROJECT - Kenoco Company (T-460) 

The Kenoco Company, the successor to the Kensyntar Company, is developing a heavy oil project in Western Kentucky. The prin-
cipals of Kenoco acquired the interests of Pittston Synfuels, a partner in Kensyntar, in December 1984. A pilot was successfully 
operated from the summer 1981 through 1983 and produced over 6,400 barrels of heavy oil using a modified wet fireflood process. 
The operation was stopped before completion of the bum in 1983 to obtain core 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 firm pending stabilization of oil prices. 

Project Cost: Not disclosed 

LINDBERGH STEAM PROJECT - Murphy Oil Company, Ltd. (F-470) 

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 95,ODO Cp at reservoir temperature F. Porosity is 33 percent and permeability is 2500 md. 
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K & D PROJECT'S (Continued) 

This pilot is currently suspended due to low oil prices. 
(Refer to the Lindbergh Commercial Thermal Recovery Project (T-33) listed in commercial projects.) 

Project Cost:	 $7 million to date 

LINDBERGH THERMAL PROJECT - Amoco Canada Petroleum Company Ltd. (F-480) 

Dome Petroleum Limited (now Amoco) 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 pat-
terns 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 bunt 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 200,000 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 

MINE-ASSISTED PILOT PROJECT' - (see Underground Test Facility Project) 

MORGAN COMBINATION THERMAL DRIVE PROJECT' - Amoco Canada Petroleum Company Ltd. (T490) 

Amoco completed a 44 well drilling program in Section 35-514 W4M in the Morgan field in order to evaluate a combination ther-
mal 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 PROJECT'S - Canada-Cities Service Ltd., Esso Resources Canada, Ltd., Japan Canada Oil Sands, Ltd., and Petro-Canada (17-500) 

Project is designed to investigate the extraction of bitumen from Athabasca Oil Sands using an in situ recovery technique. A three 
phase 13 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 Phases I and II by contributing $57 
million. 

Phase II, designed to further test and delineate the resource, is now complete. Phase III began in December, 1988. The program 
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 4-35-84-11 W4 is in its sixth cycle. Operation of the third single well test at 13-27 was suspended after 
completion of its fourth cycle. Eneineerina desien has becun for a 13-well pilot with operation scheduled to begin in 1990. 

Project Cost:	 Not disclosed 

PELICAN LAKE PROJECT' - CS Resources and Devran Petroleum Limited (F-Sb) 

CS Resources has acquired from Gulf Canada, the original operator, the Pelican Lake Project comprised of some 89 sections of oil 
sand leases. 

The Pelican Lake program is designed to initially test the applicability of horizontal production systems under primary production 
methods, with a view to ultimately introducing thermal recovery methods. 

Eight horizontal wells have been successfully drilled at the project site in north central Alberta. The Group utilizes an innovative 
horizontal drilling technique which allows for the penetration of about 1,50) feet of oil sands in each well. With this technique, a 
much higher production rate is expected to be achieved without the use of expensive secondary recovery processes. 
Drilling was commenced on the first horizontal well on January 30, 1988 and drilling of the eighth well was completed in June 1988. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1989) 

R & D PROJECTS (Continued) 

Five more horizontal wells with horizontal sections of upwards of 3,000 feet are proposed for 1989. 

Project Cost:	 Not disclosed 

PELICAN-WABASCA PROJECT - Gulf Canada Corporation and CS Resources ('T-520) 

Construction of fireflood and steamflood facilities is complete in the Pelican area of the Wabasca region. Phase I of the project 
commenced operations in August 1981, and Phase II (lireflood) commenced operations during September 1982. The pilot consists 
of a 31-well centrally enclosed 74pot pattern plus nine additional wells. Oxygen injection into two of the 7-spot patterns was in-
itiated in November 1984. Six more wells were added in March 1985 that completed an additional two 7-spot patterns. In April 
1986, the fireflood operation was shut down and the project converted to steam stimulation. Sixteen pilot wells were cyclic 
steamed. One pattern was convened to a steam drive, another pattern converted 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 
7-spot steamflood project south of the pilot was converted to steamflood in fall 1987. 

As of early 1989 thermal operations, with the exception of the seven-spot steamflood project, have been terminated and the wells 
placed in a (lowdown phase. 

Project Cost: 	 Not Specified 

PROVOST UPPER MANNVILLE HEAVY OIL STEAM PILOT PROJECT - Noreen Energy Resources Limited (T-530) 

Norcen 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. 

Project Cat: Not Disclosed 

PR SPRING PROJECT - Enercor and Solv-Ex Corporation, (T-540) 

The PR Spring Tar Sand Project, a joint venture between SoIv-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 $230,947,00 under the United States Synthetic Fuels 
Corporation's (SFC's) solicitation for tar sands mining and surface processing projects. On November 19, 1985 the SFC deter-
mined that the project was qualified for assistance under the terms of the solicitation. However, the SFC 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.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1989) 

R & D PROJECTS (Continued) 

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-550) 

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., visbreaking-demetallation-cracking, 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. 1-lydroconver-
sion catalysts with high activities for middle distillates productivity, coke suppression, and for demetallation have been developed. 
These catalysts made it possible to produce synthetic crude oil of high quality from tar sands bitumen under mild reaction condi-
tion, which results in lower hydrogen consumption. Research with the 5 BPD pilot plant was finished in 1988. A 10 barrels per day 
pilot plant with suspended-bed reactor, designed by the M. W. Kellogg Company, was completed in 1985 and is in operation. A 
new type catalyst for the suspended bed process has been developed, and data have been obtained for process scaleup. 

Project Cost:	 Not Disclosed 

RAS GRARIB THERMAL PILOT - General Petroleum Company of Et and Improved Petroleum Recovery (T-560) 

The tar sand thermal pilot lies onshore in the Ras Gharib 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 avenge 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 

RTR PILOT PROJECT - Rfl Oil Sands (Alberta) Ltd. (T-570) 

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 R'FR/Ciulf process (extraction and tailings management) offers a substantial economic advantage 
over conventional hot water technology. This is particularly true for a remote plant in which energy requirements must be genera-
ted. 

Project Cost:	 Undisclosed 

SANDALTA - Gulf Canada Corp., Home Oil Company, Ltd., and Mobil Oil Canada Ltd. ('T-SSO) 

Home Oil Company Limited, in October 1979, announced the farmout of its Athabasca oil sands property to Gulf Canada Corp. 
The property, Oil Sands Lease #0980091 (formerly BSL #30) consists of 15,086 hectares (37,715 acres), situated 43 kilometers 
(26 miles) north of Fort McMurray on the east side of the Athabasca River. Under terms of the farmout agreement, Gulf, through 
expenditures totalling some $42 million, can earn up to an 83.75 percent interest in the lease with Home retaining 10 percent and 
Mobil Canada Ltd. 6.25 percent. An exploratory drilling program was carried out in the 1980 and 1981 drilling seasons, and more 
recently in 1985. Engineering studies on commercial feasibility are continuing. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1989) 

R & D PROJECTS (Continued) 

Little progress has been reported since 1987. 

Project Cost: 	 Not Specified 

SOARS LAICE HEAVY OIL PILOT - Amoco Canada Petroleum Company Ltd. (F-590) 

Amoco Canada in July, 1988 officially opened the company's 16-well heavy oil pilot facilities located on the Elizabeth Metis Settle-
ment south of Cold Lake. 

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 57 wells at this site with most having been drilled since 1985. The heavy oil reservoir at 
Soars Lake is located in the Sparky formation at a depth of 1,500 feet. 

In the summer of 1987, Amoco began drilling 15 slant wells for the project- One vertical well already drilled at the site was in-
cluded in the plans.	 - 

The injection scheme calls for steaming two wells simultaneously with the project's two 25 MMBTU/hr generators. 

The initial production from the pilot wells is about 250 barrels per day, with the production expected to reach 1,000 barrels per day 
within a year. 

Project Cost: $33 million through 1988 

SUFFIELD HEAVY OIL PILOT - (SHOP) - Alberta Energy Company Ltd., AOSTRA, Dome Petroleum Limited, Westcoast 
Petroleum Ltd. (T-600) 

An in situ combustion project located in southeastern Alberta within the Suffield Military Range and operated by Alberta Energy 
Company. Phase A of the project consists of one isolated five-spot pattern. The reservoir is a Glauconitic sand in the Upper 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. AOSTR.A 
holds a 50 percent interest in the project, Alberta Energy Company holds a 33.3 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) 

TACIUK PROCESSOR PILOT - AOSTRATflte UMA Group Ltd. (17-610) 

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 Taciuk of The UMA 
Group. Development is being done by UMATAC Industrial Processes Ltd., a subsidiary of The UMA Group. Funding is by the 
Alberta Oil Sands Technology and Research Authority (AOSTRA). The processor consists of a rotating kiln which houses heat 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 coker, so the process would replace both the extraction and primary upgrading steps of the process (hot water and 
coking) used at existing commercial plants. 

AO&FRA approved a $45 million, two-year extension to the project. The principal objective of this continuation is to can)' out the 
process design and sufficient detailed engineering to develop a definitive estimate for a 200 ton per hour Demonstration Plant to be 
constructed and operated in the Athabasca region.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1989) 

R & D PROJECTS (Continued) 

Consultive participation by industry in this new phase of the project is invited. Interested parties should contact AOSTRA. 

Project Cost:	 To Date:	 $5.3 million 
Outstanding: 	 $4.8 million 
Authorization:	 $10.1 million (AOSTRA) 

TANGLEFIAGS NORTH - Sceptre Resources Limited and Murphy Oil Company Ltd. (T-620) 

The project, located some 35 kilometers northeast of Lloydminster, 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 Lloydminster 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 5-meter horizontal produc-
tion well and steamflood technology is expected to increase recovery at the Tangjcflags North Pilot Project from less than one per-
cent of the oil in place to up to 50 percent. 

The governments of Canada and Saskatchewan are providing up to $3.8 million in funding under the terms of the Canada-
Saskatchewan Heavy Oil Fossil Fuels Research Program. 

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 gross produc-
tion rate of 6,200 barrels of oil per day. Project life is estimated at 15 years. 

The Tangleflags pilot has advanced to the continuous steam injection phase. With one horizontal well and Four vertical steam injec-
tion wells in place, the project was producing at rates up to 1.000 barrels of oil per day by mid 1989. Cumulative production to the 
middle of 1989 was 163.500 barrels. Production is expected to increase to a consistent 1,000 barrels of oil per day by the end of 
1989. The expansion of the pilot proiect into a commercial operation involvinr 14 horizontal wells will hinre on fntnre mid. nil 

Project Cat: $10.2 million by 1990 

TAR SAND TRIANGLE - Kirkwood Oil and Gas (F-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 (S'I'SA). 

Kirkwood is also active in three other STSAsas follows: 
Raven Ridge-Rimrock--Kirkwood Oil and Gas has received a combined hydrocarbon lease for 640 acres 
in the Raven Ridge-Rim Rock Special Tar Sand Area. 
Hill Creek and San Rafael Swell—Kirkwood Oil and Gas is also in the process of convening leases in 
the Hill Creek and San Rafael Swell Special Tar Sand Areas. 

Kirkwood Oil and Gas has applied to convert over 108,000 acres of oil and gas leases to combined hydrocarbon leases. With these 
conversions Kirkwood will hold more acreage over tar sands in Utah than any other organization. 

Project Cost: 	 Unknown 

TUCKER LAKE PILOT PROJECT - Husky Oil, Ltd. (T.640) 

Husky began operating a cyclic-steam pilot project at Tucker Lake in February 1984. The location of Husky's 18,000 acre lease is 
approximately three miles southwest of Esso's Cold Lake project. Four wells were initially put into operation and seven wells were 
added during 1985. To determine the most productive area the test wells are widely spaced over a 3,000 acre section of the lease. 

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 1500 md. Oil gravity is 10 degrees API with a viscosity of 100, cp at reservoir temperatures of 60 degrees F. 

Husky has developed a 13 well pad which includes a 50 million ffI1J 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. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1989) 

R & U PROJECTS (Continued) 

The project was mothballed again in the fourth quarter of 1988 due to low oil prices. There are currently no plans or schedule for a 
renewal of operations. 

Project Cost	 Not Disclosed 

UNDERGROUND TEST FACILrn' PROJECT - Alberta Oil Sands Technology and Research Authority, Federal Department 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. (P650) 

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, carbon dioxide steam flood, or solvent processes. 

A test site was selected 12 miles west of Syncrude with reserves on the lease estimated at 325 million barrels. Exploratory drilling 
was done in the winter of 1985/1986 to expand the data base. Construction of a 22 mile access road started early in January 1984. 
A $23 million contract was signed with Patrick Harrison and Company Ltd. and Saturn Process Plant Constructors Ltd. for the 
sinking of two 3-meter diameter vertical shafts and 300 meters of preliminary tunnel work. 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 
proprie tory Chevron HASDrive process. 

Process facilities construction was completed in October 1987 and steaming started on both tests that November. Both pilot tests 
have performed exceptionally well and the programs have been extended to March 1990. 

Project Cost:	 $100 million 

YAREGA MINE-ASSISTED PROJECT - Union of Soviet Socialist Republics (7-670) 

The Yarega oilfield (Soviet Union) is the site of a large mining-assisted heavy oil recovery project. The productive formation of 
this field has 26 meters of quartz sandstone occurring at a depth of 200 meters. Average permeability is 3.17 mKm2. Temperature 
ranges from 279 to 281 degrees K; porosity is 26 degrees; oil saturation is 87 percent of the pore volume or 10 percent by weight. 
Viscosity of oil varies from 15,000 to 20,000 mPa per second; density is 945 kilograms per cubic meter. 

The field has been developed in three major stages. In a pilot development, 69 wells were drilled from the surface at 70 to 
100 meters spacing. The oil recovery factor over 11 years did not exceed 15 percent. 

Drainage through wells at very close spacing of 12 to 20 meters was tested with over 92,ODD shallow wells. Development of the oil-
field was said to be profitable, but the oil recovery factor for the 18 1o20 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 SF'R 

Aberfeldy Project Husky Oil Operations, Ltd. March 1983; page 3-33 

A.D.I. Chemical Extraction Aarian Development, Inc. December 1983; page 3-56 

Alsands Project Shell Canada Resources, Ltd. September 1982; page 3-35 
Petro-Canada 
Gulf Canada 

Aqueous Recovery Process Globus Resources, Ltd. December 1984; page 344 
United-Guardian, Inc. 

Ardmore Thermal Pilot Plant Union Texas of Canada, Ltd. December 1983; 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 
Sotv-Ex Corp. 

Beaver Crossing Thermal Recovery Pilot Chevron Canada Resources December 1988; page 3-67 

Block One Project Amoco Canada Petroleum Company Ltd. September 1984; page T-8 
AOSTRA 
Petit-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 
Dynaleclron Corporation 
Ralph M. Parsons Company 
Tenneco Oil Company 

Canstar Nova March 1987; page 3-29 
Petro-Canada 

Cat Canyon Steamifood 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 

Chapanosa 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 or Energy
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Enpex Syntaro Project 	 Enpex Corporation	 March 1989; page 3-63 
Texas Tar Sands Ltd. 
Getty Oil Company 
Superior Oil Company 
M. H. Whittier Corporation 
Ray M. Southworth 

Falcon Sciences Project 

Grossmont Thermal Recovery Project 

I [OP Kern River Commercial 
Development Project 

Ipiatik Lake Project 

Kentucky Tar Sands Project 

Lloydminster Fireflood 

Manatokan Project 

Marguerite Lake 'B' Unit 

Meota Steam Drive Project 

Mine-Assisted In Situ Project 

MRL Solvent Process 

Muriel Lake 

North Kinsella Heavy Oil 

Peace River In Situ Pilot 

Porta-Plants Project 

Primrose Project 

Primrose-Kitty Project 

Resdeln Project 

It F. Heating Project 

Rio Verde Energy Project 

Santa Fe Tar Sand Triangle 

Santa Rosa Oil Sands Project

Falcon Sciences, Inc. 

Unocal Canada Ltd. 

Ladd Petroleum Corporation 

Alberta Energy Company and 
Petro-Canada 

Texas Gas Development 

Murphy Oil Company, Ltd. 

Canada Cities Service 
Westcoast Petroleum 

AOSTRA 
BP Resources Canada 
Petro-Canada 

Conterra Energy Ltd 
Saskatchewan Oil & Gas 
Total Petroleum Canada 

Canada Cities Service 
Esso Resources Canada Ltd. 
Gulf Canada Resources, Inc. 
Husky Oil Corporations, Ltd. 
Petro-Canada 

C & A Companies 
Minerals Research Ltd. 

Canadian Worldwide Energy 

Petro-Canada 

Amoco Canada Petroleum 
AOSTRA 
Shell Canada Limited 
Shell Explorer Limited 

Porta-Plants Inc. 

Japan Oil Sands Company 
Noreen Energy Resources Ltd. 

Petro-Canada 

Gull Canada Resources Inc. 

lIT Research Institute 
Halliburton Services 
United States Department of Energy 

Rio Verde Energy Corporation 

Altex Oil Corporation 
Santa Fe Energy Company 

Solv-Ex Corporation

December 1985; page 3-38 

December 1988; page 3-71 

June 1985; page 3-51 

December 1986; page 3-63 

June 1985; page 3-52 

December 1983; page 3-63 

September 1982; page 3-43 

December 1988; page 3-72 

June 1987; page 3-60 

December 1983; page 3-64 

March 1983; page 3-41 

June 1987; page 3-61 

June 1985; page 3-58 

June 1987; page 3-61 

September 1986; page 3-50 

September 1984; page T-16 

June 1986; page 3-56 

March 1983; page 3-43 

March 1983; page 3-43 

June 1984; page 3-58 

December 1986; page 3-60 

March 1985; page 3-45 
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Sarnia-London Road Mining Assisted Project Devian Petroleum 	 December 1988; page 3-62 
Shell Canada 

South Kinsella (Kinsella B) Dome Petroleum 

South Texas Tar Sands Conoco 

Texaco Athabasca Pilot Texaco Canada Resources 

Ultrasonic Wave Extraction Western Tar Sands 

Vaca Tar Sand Project Santa Fe Energy Company 

Wabasca Fireflood Project Gulf Canada Resources, Inc. 

Whiterocks Oil Sand Project Enercor 
Hinge-line Overthrust Oil & Gas Corp. 
Rocky Mountain Exploration Company 

Wolf Lake Oxygen Project BP Canada Resources 
Petro Canada 

200" Sand Steamnood Demon- Santa Fe Energy Company 
stralion Project United States Department of Energy

December 1988; page 3-76 

June 1987; page 3-64 

June 1987; page 3-66 

June 1987; page 3-66 

March 1982; page 3-43 

September 1980; page 3-61 

December 1983; page 3-55 

September 1988; page 3-70 

June 1986; page 3-62 
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STATUS OF OIL SANDS PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Ornnization Project Name 

Alberta Energy Company Burnt Lake Project 3-41 
Caribou Lake Pilot Project 3-51 
lpiatik East Project 3-54 
Primrose Lake Commercial Project 3-46 
Suffield Heavy Oil Pilot 3-59 
Syncrude Canada Ltd. 3-49 

Alberta Oil Sands Equity Oslo Group 3-45 
Syncrude Canada Ltd. 349 

Alberta Oil Sands Technology Athabasca In Situ Pilot Plant 3-50 
and Research Authority (AOSTRA) Donor Refined Bitumen Process 3-52 

GLISP Project 3.54 
Suffield Heavy Oil Pilot 3-59 
Taciuk Process Pilot 3-59 
Underground Test Facility Project 3-61 

Amoco Canada Ltd. Elk Point 343 
GLISP Project 3-54 
Ipiatik East Project 3-54 
Lindbergh Commercial Project 3-44 
lindbergh Thermal Project 3-56 
Morgan Combination Thermal Drive Project 3-56 
Primrose Lake Commercial Project 3-46 
Soars Lake Heavy Oil Pilot 3-59 
Suffield Heavy Oil Pilot 3-59 
Underground Test Facility 3-61 

Amoco Production Company Sunnyside Project 3-47 

Bow Valley Industries, Inc. BVI Cold Lake Pilot 3-50 

BP Resources Canada Ltd. Jet Leaching Project 3-55 
Wolf Lake Project 3-49 

California Tar Sands Development Corp. California Tar Sands Development Project 3-42 

Canada Centre For Mineral & Energy CANMET 1-lydrocracking Process 3-51 
Technology Underground Test Facility 3-61 

Canada Cities Service, Ltd. Eyehill In Situ Steam Project 3-53 
PCEJ Project 3-56 

Canadian Hunter Exploration Burnt Lake Project 3-41 

Canadian Occidental Petroleum, Ltd. Syncrude Canada Ltd. 3-49 
Hanging Stone Project 3-54 
Oslo Group 3-45 
Eyehill In Situ Steam Project 3-53 

CANMET Underground Test Facility 3-61 

C-Il Synfuels Ltd. C-H Synfuels Dredging Project 3-52 

Chevron Canada Resources Ltd. Underground Test Facility 3-61 

Consumers Cooperative Refineries Ltd. NewGrade Heavy Oil Upgrader 3-45 

CS Resources Pelican-Wabasca Project 3-57 
Pelican Lake Project 3-56 

Deminex Canada Ipiatik East Project 3-54 

Devran Petroleum Ltd. Pelican Lake Project 3-56
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Company or Organization Prolect Name 

Enercor PR Spring Project 3-57 

Esso Resources Canada Ltd. Cold Lake Project 3-42 
Esso Cold Lake Pilot Projects 3-53 
Oslo Group 3-45 
PCEJ Project 3-56 
Syncrude Canada Ltd. 3-49 
Hanging Stone Project 3-54 

General Petroleum Company of Egypt Ras Oharib Thermal Pilot 3-58 

GNC Tar Sands Corporation Sunnyside Tar Sands Project 3-48 

Greenwich Oil Corporation Forest Hill Project 344 

Gulf Canada Resources Ltd. Donor Refined Bitumen Process 3-52 
Oslo Group 3-45 
Pelican-Wabasca Project 3-57 
Sandalta 3-58 
Syncrude Canada Ltd. 349 

IIDOG Oil Sands Partnership Syncrude Canada Ltd. 3-49 

Home Oil Company Sandalta 3-58 

Hudson's Bay Oil and Gas Battrum In Situ Wet Combustion Project 3-50 

Husky Oil, Ltd. Battrum In Situ Wet Combustion Project 3-50 
Bi-Provincial Project Upgrader Facility 3-41 
Tucker Lake Pilot Project 3-60 
Athabasca In Situ Pilot Project 3-50 
Caribou Lake Pilot Project 3-51 

Improved Petroleum Recovery Ras Gharib Thermal Pilot 3-58 

Japanese Ministry of International RAPAD Bitumen Upgrading Project 3-58 
Trade and Industry 

Japan Canada Oil Sands, Ltd. PCEJ Project 3-56 
Hanging Stone Project 3-54 

Kenoco Corporation Kenoco Project 3-55 

Kirkwood Oil and Gas Company Circle Cliffs Project 3-52 
Tar Sand Triangle 3-60 

L'Associalion pour Ia Valorization Donor Refined Bitumen Process 3-52 
des Huiles Lourdes (ASVAHL) 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 3-50 
Celtic Heavy Oil Wet Combustion 3-51 
Cold Lake Steam Stimulation Program 3-52 
Fosterton N.W. In Situ Wet Combustion 3-54 
Iron River 3-55 
Sandalta 3-58 
Underground Test Facility 3-61 

Murphy Oil Canada Ltd. Eyehill In Situ Steam Project 3-53 
Lindbergh Commercial Thermal Recovery Project 3-44 
Lindbergh Steam Project 3-55 
TangJefla	 North 3-60 

NewGrade Energy Inc. NewGrade Heavy Oil Upgrader 3-45 
Norcen Energy Resources Ltd. Provost Upper Mannville Heavy Oil Steam Pilot Project 3-57 

Ontario Energy Resources Ltd. Suncor, Inc. 3-47
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Company or Or2anization Proiect Name 

ORS Corporation Electromagnetic Well Stimulation Process 3-42 

PanCanadian Petroleum Elk Point Oil Sands Project 3-44 
Oslo Group 
Syncrude Canada Ltd. 3.49 

Partec Lavalin Inc. CANMET Hydrocracking Process 3-51 

Petro-Canada CANMET Hydrocracking Process 3-51 
Daphne Project 3-42 
GLISP Project 3-54 
Hanging Stone Project 3-54 
Oslo Group 3-45 
PCEJ Project 346 
Syncrude Canada Ltd. 349 
Wolf Lake Project . 3-49 
Underground Test Facility 3-61 

Research Association for RAPAD Bitumen Upgrading Project 3-58 
Petroleum Alternatives 

RTR Oil Sands Alberta, Ltd. RTR Pilot Project 3-58 

Saskatchewan Government NewOrade Heavy Oil Upgrader 3.45 

Saskoil Battrum In Situ Wet Combustion Project 3-50 

Sceptre Resources Ltd. Tangleflags North 3-60 

Shell Canada Resources, Ltd. Peace River Complex 3-46 
Scottiord Synthetic Crude Refinery 347 
Underground Test Facility 3-61 

Solv-Ex Corporation Bitumount Project 3-41 
PR Spring Project 3.57 

Suncor, Inc. Burnt Lake Project 3-41 
Fort Kent Thermal Project 3-53 
Suncor 3-47 

Sun Oil Company Suncor, Inc. 3-47 

Synco Energy Corporation Synco Sunnyside Project 3-48 

Texaco Inc. Diatomaceous Earth Project 342 

Texaco Canada Resources Ltd. Eyehill In Situ Steam Project 3-53 
Underground Test Facility 3-61 

Uentech Corporation Electromagnetic Well Stimulation Process 3-42 

Underwood McLellan & Associates Taciuk Processor Pilot 3-59 
(UMA Group) 

Unocal Canada Battrum In Situ Wet Combustion Project 3-50 

Union of Soviet Socialist Republics Yarega Mine-Assisted Project 3-61 

West Coast Petroleum Ltd. Suffield Heavy Oil Pilot 3.59 

Worldwide Energy Fort Kent Thermal Project 3-53
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PROJECT ACTIVITIES 

CHAR-FUSLS ACHIEVES FUNDING GOALS 

Char-Fuels of Wyoming Inc. Says it has sold enough 
limited partnerships to reclaim $6 million in state 
funding. 

The company plans a 150 ton per day clean coal 
demonstration at the Johnston power station near 
Glenrock, Wyoming. 

Wyoming, through a state investment committee 
chaired by the governor, has committed up to 
$16.5 million to back the project. 

Last fall the state released $6 million of the state's 
share after Char-Fuels borrowed Its portion from a 
Denver bank--but left it in the bank as its own 
security. 

The state attorney general criticized the deal and in 
an agreement worked out last December, Char-Fuels 
and the state agreed that the money would be 
returned to the state until the company had sold 
42 limited partnerships worth $82,500 each. 

By r.Iay, the company had sold 31, freeing $1 million 
in state funds. By July the company announced it 
had sold all 42, worth $3.46 million, so the state 
released the remaining $5 million. 

The company hopes to arrange enough private sup-
port to satisfy the United States Department of 
Energy financing requirement for the clean coal 
technology program. 

On another front, Char-Fuels has received an air 
quality permit from the state Environmental Quality 
Department for the proposed Glenrock clean coal 
project. 

GREAT PLAINS PRODUCTION AND REVENUES STRONG 

At the Great Plains coal gasification plant, daily 
production for May averaged 153.7 million cubic feet 
of synthetic natural gas. That is the second highest 
average daily rate for one month at the plant near 
Beulah, North Dakota. The best production month 
came In January when the daily average was 
155.1 million cubic feet. 

Besides good production, the price for the synthetic 
natural gas continued high in May. The selling price 
in May was $3.89 per million BTU. 

Byproducts 

Meanwhile, the sulfur recovery unit at Great Plains 
had Its best operating month ever in May. The unit

processed 93.7 percent of all available sulfur-laden 
waste gas. 

Sulfur production averaged nearly 60 tons of sulfur 
per day, including a production peak of 82 tons on 
one day. Sales from that byproduct amounted to 
$160,000 in May, the largest total for a single 
month in the plants history. Sulfur from the plant 
Is sold to a Tennessee company that makes sulfuric 
add. 

Overall, byproduct revenues totaled $348,000 in May. 
That figure was down because ammonia sales 
decreased after the spring selling season. 

The owner of the plant, Dakota Gasification Company 
(DCC), has signed a contract with the Linda division 
of Union Carbide Industrial Gases Inc. for selling all 
krypton and xenon gases produced at Great Plains. 

The DGC board of directors has authorized expendi-
tures for krypton and xenon facilities. 

This represents the first step toward developing new 
byproducts since DGC purchased the synfuets plant 
from the federal government October 31, 1988. 

The 15-year agreement with Linde is expected to 
lead to sales beginning in December 1990. 

The crude krypton and xenon will be refined at 
Linde's East Chicago, Illinois plant. Annual produc-
tion of the krypton and xenon is expected to be 
3.25 million liters and 250,000 liters respectively. 

Krypton and xenon gases are marketed internationally 
and used in the lighting industry in halogen and 
long-life bulbs, medical diagnostic imaging technol-
ogy, laser applications such as lithography and semi-
conductor fabrication and In scientific research. 

DGC's capital investment is projected at $4.3 million 
for the hardware necessary to process the gases, 
which are to be transported by trailers. 

No additional workforce is anticipated at the syn-
fuels plant to develop these byproducts. 

The new processing facility--which is about the size 
of a small house--is to be built near the existing 
oxygen plant. Site preparation is to begin next 
spring and the processing facility will be done in 
1990. 

About 142,000 standard cubic feet of rare gases will 
be produced annually, Including seven percent xenon, 
86 percent krypton and some impurities. 

DGC will fill trailers that will be transported by 
Linde to East Chicago for refining. 

4-1	 SYNTHETIC FUELS REPORT, SEPTEMBER 1989



Kellogg officials in June that it agreed with the 
company's contention that all remaining options for 
siting the plant had been exhausted and that the 
project will be terminated. 

Filing Deadline on Emissions 

Dakota Gasification Company submitted an application 
June 29 to amend the air quality permit for the 
Great Plains Plant. 

The filing meets the third of four deadlines agreed 
upon by DCC and the North Dakota Health Depart-
ment to reduce sulfur dioxide emissions. 

The plan submitted by DCC involves both modifying 
and adding facilities, designed to control particulates 
and reduce sulfur dioxide and odor emissions. Burns 
and McDonnell engineering consultants of Kansas 
City, Missouri, provided the analysis of the best 
available control technology. ENSR of Fort Collins, 
Colorado, acted as environmental consultants and 
prepared the application. 

The Health Department Is to review and analyze the 
plan submitted by DCC before the best available 
control technology is determined and a timetable es-
tablished. 

Under terms of the sale of the plant to DCC last 
fall, the federal Department of Energy set up a 
$30 million environmental trust fund for controlling 
sulfur emissions. However, it is estimated that the 
cost will he more than $60 million due to factors 
such as the relatively low-sodium, high-sulfur lignite 
used at the plant. 

APPALACHIAN PROJECT DIES 

The M. W. Kellogg Company and the United States 
Department of Energy (DOE) have agreed to end 
federal support for the $244 million Appalachian in-
tegrated gasification combined cycle (10CC) 
demonstration project. 

DOE picked the Appalachian IGCC project in the first 
round of its Clean Coal Technology program in 1986, 
and a contract committing up to $87.5 million in 
taxpayer support was signed January 22, 1988. 

However, Kellogg could not acquire sufficient finan-
cial support to continue. 	 The department notified

Kellogg, which had been joined by the Bechtel 
Development Company of San Francisco in the ven-
ture, had received approximately $900,000 from the 
government since It signed the agreement in January, 
1988. Terminating the project will allow $87 million 
in unspent government funds previously set aside for 
the demonstration venture to be used for other 
projects In the first round of the Clean Coal 
Program. 

The decision to discontinue the Appalachian Project 
was made after the company screened numerous 
locations for the plant. Originally, the facility was 
proposed for near Johnstown, Pennsylvania, but the 
site was dropped when Kellogg was unable to reach 
a power purchase agreement with the local utility. 

An alternative site in upstate New York was 
withdrawn after the host utility became concerned 
over an Environmental Protection Agency ruling in a 
Wisconsin case that would tighten emission standards 
when a utility modified an older power plant. Other 
cogeneration sites in Virginia were considered but 
determined to be too difficult to Install the 
gasifier-turbine equipment because of the advanced 
state of construction already underway. 

Kellogg had	 informed the	 Energy	 Department on 
June	 1, 1989,	 that	 it had exhausted all of	 its	 siting 
options and	 saw	 no possibility	 of	 continuing the 
project. Earlier,	 the Energy	 Department	 had told 
Congress that	 it would make a decision on the con-
tinuation of	 several first	 round	 projects by 
June	 30, 1989.

Kellogg/Bechtel planned to build a grass roots ad-
vanced IGCC plant that would have served as a 
second-generation unit beyond the Cool Water IGCC 
demonstration in California. 

By using the KRW air-blown gasifier (which consumes 
less power than a Cool Water-type oxygen-blown 
gasifier), hot gas cleanup and an innovative tail gas 
treatment process, Kellogg hoped to show higher 
thermal efficiency and environmental performance. 

4-2	 SYNTHETIC FUELS REPORT, SEPTEMBER 1989 



CORPORATIONS 

TEK-KOL ESTABLISHED BY SGI AND SHELL 

501 International announced it has signed an agree-
ment with Shell Mining Company (SMC), providing for 
50/50 joint ownership of the LFC process technology 
upon the formation of TEK-KOL Partnership to 
license the LFC process world-wide. SO! has 
received initial payment of $900,000 under the 
agreement, which provides for formation of TEK-KOL 
by September 30, 1989, upon corporate approvals of 
final partnership documentation. 

SGI is designated as the licensing contractor for 
TEK-KOL and will receive an increased share of fu-
ture royalties for those services. SMC will receive 
an exclusive license for the Powder River Basin coal 
region and, elsewhere, non-exclusive license rights 
for SMC and Shell affiliates. 

The LFC process (LFC stands for "Liquids from Coal") 
produces a cleaner-burning processed coal and simul-
taneously produces oils and hydrocarbon liquids. 

In the United States, both eastern and western coal 
producing areas will be evaluated by TEKKOL for 
marketing LFC products and for licensing of LFC 
process plants.	 Western coals are generally low in

sulfur but also are of low heating value because of 
high moisture content. The LEt process dries and 
upgrades these coals for sale into the rapidly-
expanding markets for low-sulfur, high-heat value 
fuel. Eastern coals are generally of high-heat 
value, but contain much more sulfur: LFC processing 
Is expected to profitably reduce sulfur content of 
the coal and produce oils. 

SMC expects to construct and operate a 1,000 tons 
per day LFC process plant to process high-moisture, 
low-sulfur coal feedstock to be supplied from SMC's 
Buckskin Mine, near Gillette, Wyoming. The LFC 
plant is designated to annually produce 340,000 tons 
of upgraded coal and 150,000 barrels of oils and 
hydrocarbon liquids. 

For eastern coals, the LFC process is being adapted 
to produce oils and a low-sulfur compliance coal for 
power plants presently committed to burn eastern 
United States coals. Such clean coals are expected 
to command a premium price because burning low 
sulfur fuel eliminates or reduces the need for costly 
stack gas scrubbing in existing power plants. 
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GOVERNMENT 

DOE OFFICE OF COAL TECHNOLOGY REVIEWS 1989 
PROGRAMS 

The	 Office	 of	 Coal Technology (OCT), a	 division	 of 
the	 United	 States Department of Energy's	 Fossil 
Energy Program has issued	 their 1980 program sum-
mary.

The OCT has two major components: Coal Research 
and Development (R&D) and Clean Coal Technology 
Demonstration. The objective of the R&D division is 
to strengthen the scientific and engineering technol-
ogy base that industry can use to develop new 
products and processes. Substantial R&D activity 
will be conducted in emission control technology, 
coal preparation, and combustion systems. Research 
efforts will continue in coal liquefaction, heat en-
gines, and surface coal gasification.	 R&D projects 
will	 be	 conducted	 at	 universities,	 national
laboratories, and energy technology centers, as well 
as in the private sector.	 There are 11 separate
programs under the R&D division with funding total-
ing $137.6 million. Figure 1 gives a breakdown of 
R&D Program funding compared to Clean Coal Tech-
nology Demonstration Program funding. 

The Clean Coal Technology Demonstration Program is 
a technology development program jointly funded by 
government and industry. It will take the best and 
most promising of the advanced coal-based processing

and emissions control technologies and over the next 
decade move them into the commercial marketplace 
through demonstration. These demonstrations will be 
at a scale large enough to generate all data (from 
design, construction, and operation) necessary for the 
private sector to judge their commercial potential 
and to make informed commercial decisions. In this 
manner, the program serves as a bridge between 
R&D programs and the marketplace. The program 
to date consists of three rounds of proposal solicita-
tion and selection. 

The first round was initiated when $400 million of 
federal government funds were made available for 
government /industry cost shared clean coal technol-
ogy demonstration projects. As a result of a com-
petitive solicitation, 11 projects were selected. 
Cooperative agreements have been executed for nine 
of these and negotiation activities are underway for 
the remaining two projects. 	 The second round,
funded at $575 million, selected 16 new projects in 
September 1988. These 10 projects are to 
demonstrate innovative concepts for reducing coal 
burning emissions thought to cause acid rain. 

The third round of solicitation ($545 million) has 
received 47 proposals (see following article). 

CLEAN COAL PROGRAM DRAWS 47 PROPOSALS IN 
THIRD ROUND 

The Clean Coal Technology Program attracted 
47 project proposals in its third round of national 
competition. 

The United States Department of Energy said that 
the total value of the advanced coal projects sub-
mitted by the August 29 deadline exceeded 
$3.9 billion. The department is offering $545 million 
in federal funds for this round of the Clean Coal 
program--an amount that should be sufficient to 
fund 10 to 15 projects. The private sponsors 
selected by the agency are expected to at least 
match the federal funding share. 

The Clean Coal Technology Program is the single 
largest energy initiative currently underway in the 
United States government. By 1992, the joint 
public-private program is expected to finance at 
least $5 billion of commercial-scale "showcase" 
projects, each demonstrating an advanced method for 
reducing pollutants from coal-burning power plants, 
factories and other energy facilities. 

President Bush gave special consideration to the ad-
vanced technologies expected to emerge from the 
Clean Coal Technology Program when he unveiled his 
plans earlier this summer for amending the nation's 
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Clean Air Act. Under the Bush plan, power plants 
Installing specified clean coal concepts will be given 
three years of extra time to meet air pollution tar-
gets (from the year 2000 to the year 2003) and will 
be eligible for certain regulatory Incentives. 

The 47 proposals will make up the pool of projects 
that will be examined by a seven-member evaluation 
board supported by nearly 100 government technical 
advisors. The department will announce its selec-
tions in December. 

Previously, the department had chosen 29 projects in 
its first two competitions, run In 1986 and 1988. 
As many as five competitions are expected by the 
time the government completes the selection phase 
of the program in 1992. 

When the program is completed, as much as 
$2.5 billion in federal funding is expected to be al-
located to as many as 50 to 75 projects. 

The current list of candidate projects includes ad-
vanced concepts for cleaning coal before It reaches 
a power plant, new methods for removing pollutants 
Inside the boiler while coal burns, and innovative 
concepts for scrubbing Impurities from the exhaust 
gases of coal plants. Under terms of the competi-
tion, these technologies must be capable of being 
installed at existing coal-burning plants, a technique 
known as "retrofitting." The retrofitting category 
attracted 18 project proposals.

Another category includes new, high-efficiency con-
cepts for producing power from coal. These 
"repowering" projects produce substantially more 
power from a given amount of coal than today's 
methods while lowering sulfur and nitrogen pol-
lutants. They have received increased interest 
recently because they also reduce levels of carbon 
dioxide released from coal-burning power stations. 
Carbon dioxide is one of the gases implicated In 
concerns over global warming.	 Seventeen proposals
it into this category. 

Companies could also submit projects which change 
the form of coal, making it into a cleaner, easier-
to-handle fuel. Nine proposals had this objective. 
Three proposers submitted project concepts that 
either combined elements of several categories or 
that didn't fit into a specific category. 

Thirteen of the proposed projects would be sited 
west of the mississippi River. In preparing for the 
competition, the Energy ,Department had placed spe-
cial emphasis on encouraging participation from 
Western sponsors. The remaining projects would be 
sited in the eastern and Interior portions of the 
country. 

Shown in Table 1 is a complete listing of the 
proposed projects. 

Brief summaries of those projects involving coal con-
version are given In the following. 

TABLE 1

PROPOSALS RECEIVED FOR CLEAN (XML TECHNOLOGY PROGRAM, ROUND 3 

Subs-jitter Project Title Proposed Site 

AirPol	 Inc., 10 r1Y Demonstration of Gas Suspension Paducah, KY 
Teterboro, NJ Absorption 

Air Products & Crmrcial Scale Demonstration of the Beulah, NO 
Chemicals, Liquid Phase Methanol Process 
Allentown, PA 

Alaska	 Industrial Healy Cogeneration Project Healy, AK 
Development & Export 
Authority, 
Anchorage, AK 

Arctic Slope Remote Alaska Repowering Demonstration Nate and 
Regional Corp., Project Kotzebue, AK 
Anchorage, AK 

Babcock & Wilcox Full-Scale Demonstration of Low NO 	 Cell Aberdeen, 01] 
Company, Burner Retrofit 
Alliance, OH 

Bechtel Corp. Confined Zone Dispersion--Flue Gas Indiana County, 
San Francisco, CA Desulfurization Demonstration near Seward, PA 

Bethlehem Steel Corp. Blast Furnace Granulated Coal	 Injection Burns 
Bethlehem, PA Harbor,	 IN
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Calderon Energy Co., 
Bowling Green, OR 

Char-Fuels Associates 
Limited Partnership 
Englewood, 

City of Independence 
Independence, MO 

Coal Tech Corp. 
Merion, PA 

Corn Products 
(Unit of CPC Inter-
hational Inc.) 
Summit-Argo, IL 

RSS Capital, Inc. 
Houston, TX

Demnstration of Calderon Method for 	 Bowling 
Repowering by Co-Producing Electric Power 	 Green, OH 
and Methanol 

Dave Johnston Charfuel Demonstration Project Glenrock, WY 

Coal-Fired Combined Repowering Cycle	 independence1 
Demonstration at Blue Valley Station	 MO 

Demonstration of a 100 MBTIJ/Hr Air Cooled	 Oaks and 
Cyclone Combustor on an Industrial Electric Lester, PA 
Power Plant 

Steam Plant Repowering Utilizing Integrated Bedford 
Emission Control Technologies 	 Park, IL 

West Virginia Integrated Gasification	 Hillsboro, WV 
Combined Cycle Demonstration

Pearl City, IL 

Alm, WI 

Terrell, NC 

Indianapolis 
IN 

near Gillette, 
WY 

Eccles, WV 

Cyclean,	 Inc. Microwave Clean Coal 
Georgetown, TX 

Dairyland Power Alan Pressurized Circulating Fluidized Bed 
Cooperative, Demonstration Project 
La Crosse, WI 

Duke Power Co. Full-Scale Demonstration of the HYPAS SO2 
Charlotte, NC and Particulate Matter R&mval Process 

Ebara Environmental Ebara Electron Beam Flue Gas Treatment 
Corp., Project 
Greensburg, PA 

ENWAL Corp., ENQ3AL Mild Gasification Demonstration 
Houston, DC Project 

Energotechnology/ Novel Power Plant	 Integrating Simple Coal 
Westmoreland Energy Cleaning, A PC-Fired Boiler, A Smaller FBC 
Partnership Boiler and A Turbine/Generator 
Charlottesville,	 VA 

Energy and Evaluation of Gas Reburning and Low NO 
Environmental Research Burners on a Wall 	 Fired Boiler 
Corp. 
Irvine, CA

Denver, CO 

Energy Partners, Inc. 
Washington, D.C. 

Energy Systems Assoc 
Tustin, CA 

Frontier Energy Corp. 
Willoughby, 01! 

Geneva Steel 
Provo, UT 

International Fuel 
Cells Corp. 
South Windsor. Cr

TCS/Babcock System Retrofit to Rochelle	 Rochelle, IL 
Municipal Utility 

Demonstration of an In-proved Reducing Eddy 	 Elrasm, PA 
Alter Burn (READ) Technology 

Conversion of High Sulfur Ohio Coal and	 Lake County, OH 
Heavy Oil to High Quality, Clean Liquid 
Fuels via CCLC Co-Processing Technology 

WREX Ironn-nking Process Demonstration Plant Vineyard City, 
UT 

Mellen Carbonate Fuel Cell Demonstration 	 Montebello, CA 
Using Gasified Coal 
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LBO and Industrial LBD First-Stage Coal Gasification Process Evansville,	 IN 
Associates, 
Richmond,	 IN 

LBD and Industrial LBD 2-Stage Coal Gasification Process Lake Charles, 
Associates LA 
Richmond,	 IN 

LBI) and Richmond, LBD 2Stagc Coal Gasification Process Plus Wayne County, 
Indiana Industrial Integrated Gasification Combined Cycle IN 
Associates 
Richmond,	 IN 

L. C. Energy Corp. Dual fled FBC Burner with Future Coal Fired N Rochester, Nil 
Webster, MA Hot Gas Generator (cOHOGG) Spaulding Newington, Nil 

Cogeneration Facility 

LIFAC N. America Demonstration of LIFAC at Richmond Power Richmond,	 IN 
Oakland, CA and Light's Whitewater Valley 2 Power Plant 

Lin Technologies Improved LIN SO X /NO. Removal and Waste Richrmnd,	 IN 
Angola,	 IN Products Utilization Process 

Manitowoc Public Demonstration Firing of high Chlorine U.S. Manitowoc, WI 
Utilities Coals Using Atmospheric Circulating Fluidized 
Manitowoc, WI Bed Boiler Technology 

M-C Power Corp. Coal-Fired DflIEX Molten Carbonate Fuel Chicago,	 IL 
Burr Ridge,	 IL Cells for Combined Cycle Repowering 

Metrix International Coal Log and Method Charleston, WV 
Corp. 
Charleston, WV 

Midland Cogeneration Flash Desulfurizing Gasification of Coal Midland,	 III 
Venture, 
Midland, MI 

Minnesota Power ELFUEL Demonstration of Low-Rank Coals Center, NO 
and Light Company 
Duluth, MN 

MK-Furguson Co. Commercial Demonstration of the NOXSO Niles, Oil 
Cleveland, Oil S02/NOX Removal Flue Gas Cleanup System 

Modular Power Plant Home  City Modular Fluidized fled Power Ilo,rnr City,	 PA 
Limited Partnership Plant	 Project - 
New York, NY 

Pedco Inc. Industrial Demonstration of 	 the Pedco Eiizabethton, 
Cincinnati, Oil Rotary Cascading Bed Boiler TN 

Peabody Holding Integrated Mild Gasification with Carbondale,	 IL 
Company Circulating Fluidized Bed Combustion for 
St.	 Louis, MO Steam and Power Generation 

Public Service Integrated Dry NO X /502 Emission Control Denver, CO 
of Colorado System 
Denver, W 

Public Service Wabash River Clean Energy Project Terre Haute,	 IN 
of Indiana Inc., 
Plainfield,	 IN 

The Ralph M. Parsons Parsons Flue Gas Cleanup Process St. Marys, OH 
Company 
Pasadena, CA
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Sanitech,	 Inc. NelSorbent Dry Scrubbing Demnstration 
Twinsburg, OH Project 

University of Demonstration of Ammonia Enhanced Spray 
Cincinnati Drying for Control of SO 2 from Combustion 
Cincinnati, OH of High Sulfur Coal 

University of North The Reduction of SO 2 and NO2 by Cof [ring 
Texas Binder Densified Refuse Derived Fuel 
Denton, TX With Coal	 in Power Plant Boilers 

Westwood Energy Westwood Generating Station Standardized 
Properties,	 Ltd. CFB Module Denstration 

Kent, OH 

Argonne, IL 

Virginia, MN 
Hopkins, MN 
Denton, TX 

Frai Icy 
Township, PA 

Air Products and Chemicals Inc., and Dakota 
Gasification Company. A commercial-scale 
demonstration of the liquid-phase methanol process. 
A 75-month repowering project designed to produce 
500 tons per day of methanol from 10 percent of 
the coal-derived synthesis gas produced at the Great 
Plains plant in Beulah, North Dakota.	 The resulting
fuel would be tested to show its suitability for 
boiler,	 turbine and transportation 	 applications.
$213 million. 

Calderon Energy Company. An 87-megawatt 
demonstration that would integrate processing of coal 
to produce lean gas, converting it to electric power, 
and coproducing syngas and converting it to 613 
tons per day of methanol. The 58-month demonstra-
tion at Bowling Green, Ohio would use proprietary 
Calderon technology to produce clean products 
through pyrolysis, char gasification and integrated, 
regenerative hot gas cleanup. $215 million. 

Char-Fuels A.ociat, Babcock a Wilcox, Stone a 
Webster Engineering, and Wteni Research Institute. 
A 150 tons per day demonstration at Glenrock, 
Wyoming, of the Char-Fuel coal refining process, 
which removes sulfur and nitrogen through rapid 
heating in a reducing atmosphere in the presence of 
internally generated process hydrogen. 	 Char and 
low-viscosity, 13,000-plus BTU hydrocarbon liquids 
derived from the process are blended to yield a 
slurry-type material which can be produced from a 
range of coal feedstocks. $28 million. 

Encoal Corporation, Shell Mining Company, 
M.W. Kellogg Company, SGI International, TER-KOL. 
A 1,000 tons per day mild gasification plant at 
Shell's Buckskin mine In the Powder River Basin of 
Wyoming. Using SGi's Liquids-from-Coal technology, 
the 42-month project would gasify the coal, produc-
ing new low-sulfur fuel forms: a high-BTU solid and 
a heavy hydrocarbon. $72 million. 

Frontier Energy Corporation, Canadian Energy
Developments Inc., and	 Kilburn International	 Ltd. 
Conversion	 of	 1,128 tons per day of Ohio No. 6 coal 
and	 20,000 barrels per day of	 Alberta	 bitumen	 to 
low-sulfur liquid fuels and	 cogeneration	 of 
electricity. Two liquid hydrocarbons	 would	 be 
produced	 at the Ohio-based	 project:	 a	 naphtha

fraction to be used as a petrochemical feedstock 
and low-sulfur fuel oil for power plant misc. 
$410 million. 

Geneva Steel, Deutsche Voest-Alpine, lndustriean-
lagenbau. Using 1,838 tons per day of western coal 
in the COREX demonstration plant to produce 
770,000 net tons per year of pig iron. The COREX 
process replaces the two-step coke oven-blast fur-
nace approach.	 This project would be based In 
Utah.	 $368 million. 

International Fuel Cells Corporation. Design and 
build a 1.05-megawatt molten carbonate fuel cell 
and run it on coal gasified at Texaco's Llontebello, 
California, facility. Its modular design allows 
flexibility in plant rating and offers repowering op-
portunities. Cyprus Coal Company would provide the 
coal for the project. $69 million. 

1.81) and Industrial Associates. Three proposals that 
would be variations on the same approach: modify-
log petroleum cracking units with reagents to feed 
dried pulverized coal in a two-stage gasification 
unit. Yields two products: synthetic coal and 
300-13TU clean producer gas. One proposal estimates 
a $50 million price for a first-stage gasifier 
demonstration.	 A second proposal also estimates 
$50 million to demonstrate both stages. A third 
proposal estimates a $100 million cost for a two-
stage demonstration tied to integrated gasification-
combined cycle. 

M-C Power Corporation, Combustion Engineering Inc., 
and institute of Gas Technology. This repowering 
demonstration would outfit a unit at IGT's Energy 
Technology Development Center in Chicago with coal 
gas-fueled IMHEX molten carbonate fuel cells. The 
IMHEX configuration is an advanced fuel cell design. 
$23 million. 

Midland Cogeneration Venture and California Carbide 
Company. Flash desulfuring gasification of coal. 
The demonstration of a 200 tons per day unit would 
use California Carbide's flash process, producing 
24 million standard cubic feet of a sulfur-free, 
low-BTU fuel gas that could be compressed and 
blended with the natural gas feeding the 1,370-
megawatt Midland, Michigan, cogeneration plant. The 
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60-month	 demonstration	 would	 burn	 Illinois 
No. 6 coal.	 $51 million.

Ulnnota Power & Light Company,	 BNI CeaJ,	 In-
stitute of Gas Technology, 	 Electric Power Rearth 
Institute and Bechtel Corporation.	 About 2,000	 tons 
per	 day of	 raw	 North	 Dakota	 lignite would	 be 
reformed at	 temperatures	 of	 600°F	 and 1,850	 psi, 
creating a	 product	 that	 resembles	 bituminous coal. 
In	 the final	 ELFIJEL	 product,	 moisture would	 be 
reduced to eight percent	 by weight	 and the energy 
content increased	 from	 7,250	 BTU	 per pound	 to 
11,100	 fiT!)	 per pound.	 $146	 million.

Peabody Holding Company, Bechtel Corporation, Corn-
b.iaurm Power Company, Institute of Gas Technology, 
Southern Illinois University. A demonstration that 
would integrate mild gasification with circulating 
fluidized-bed combustion. LOT's mild gasification 
process, which would consume 445 tons per day of 
dry coal, would produce 277 tons per day of hot 
char that would be directly combusted, along with 
surplus gas from the mild gasification, In a Combus-
tion Power Company circulating fluidized-bed combus-
tion boiler. About 410 barrels per day of oils and 
tars would be sold. $119 million. 
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ECONOMICS 

EPRI SEES IGCC AS ECONOMICALLY PROMISING 

The Electric Power Research Institute (EPRI) says 
that unprecedented changes are now taking place 
within the United States electrià utility Industry as 
a result of: 

- Lower-than-projected load growth for the 
last 10-15 years 

- A regulatory environment that stimulates 
competition on the generation side of the in-
dustry 

- Competitive	 pressure	 from	 cogenerators, 

	

third-party power producers, 	 and sister
utilities or their unregulated subsidiaries 

- Increasingly stringent environmental emission 
requirements 

- Two to three year trends that project needs 
for capacity in the early 1990s 

- Consumers who have tired of the increasing 
price of electricity 

Consequently the industry is restructuring itself by 
streamlining business units and becoming more market 
and customer oriented. This rapidly changing en-
vironment calls for systems that offer flexible plan-
ning and low-cost power throughout the life of the 
power plant. New methods of storing and dispatch-
ing energy will become more important to the in-
dustry in the future. 

During the last 20-30 years, electric utilities 
stressed the planning and introduction of base-load 
capacity systems, namely coal-fired units and nuclear 
power plants. However, the magnitude of daily and 
seasonal load swings has increased, and the industry 
finds itself overbuilt in base-load units, and at the

same time with an emerging need for peaking and 
intermediate- load generating units. These units 
operate for periods ranging from a few hundred 
hours	 (peaking)	 to	 a	 few	 thousand	 hours
(intermediate-load or cycling units) annually. 

EPRI projects that by the year 2000 the utility In-
dustry will deploy 40,000-50,000 megawatts of com-
bustion turbines and combined cycles with an addi-
tional deployment of 25,000 megawatts by 
cogenerators and third-party producers. Natural gas 
will fuel most of the plants: an additional one tril-
lion to three trillion cubic feet per year will be re-
quired, it all these units are built. 	 At least some
of these units must have the ability to burn coal. 

During the past 15 years extensive efforts have been 
made to develop processes for gasifying coal. Of 
the 150 gasifier programs started since the 1950s, 
few are likely to achieve commercial status. EPRI 
has been evaluating engineering and economic factors 
associated with emerging technologies for generating 
electric power. Integrated coal gasification combined 
cycle (IGCC) technologies including the Texaco, 
British Gas/Lurgi, Shell, and Dow have been 
evaluated and their performance compared with that 
of conventional coal power plants that have flue gas 
desuifurization. 

Based	 on current	 assumptions,	 EPRI	 expects	 some 
gasification	 processes	 to	 produce	 electricity	 more 
cheaply	 than	 conventional	 coal-fired	 plants	 with 
scrubbers (Table	 1).	 If sludge	 disposal becomes	 more 
difficult, if	 NO	 emission	 requirements	 are	 further 
reduced, or	 if	 tighter	 SO 2	 emission	 control	 require-
ments	 are imposed,	 ICCC	 plants	 will	 have	 further 
economic advantages	 over	 conventional	 coal.	 Fur-
thermore, EPRI	 points	 out	 that	 the	 inherent 
reliability of	 multitrain	 10CC	 plants	 indicates	 that 
they	 may have	 a	 substantial	 advantage	 in	 busbar 
electricity cost	 (see	 last	 column, Table	 1). 

TABLE I

DST AND PERFORMANCE ESTIMATES FOR 500-14V IGOC POWER PLANTS 

30-Year 
Levellzed 30-Year 
Cost of Levelized 

Equiv- Total Electricity	 Cost of 
aient Capital at	 8596 Electricity at 

Sulfur NOx Avail- Require- Capacity the Equivalent 
Removal Emissions ability runt factor Availability 

Power Plant 96 Ppmv 96 $/kW mills/kWh mills/kwh 

Coal-Fired Steam 90 300 75 1,280 54.1 50.2 
British Cas/Lurgi 95 42 85 1,350 51.7 44.3 Dow 95 95 42 85 1,350 51.0 43.7 
Shell 95 42 85 1,480 53.8 45.9 
Texaco 95 42 85 1,450 53.4 45.7
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Although all the results are not yet in, initial in-
dications are that IGCC--both phased and 
unphased--shows significant promise for the electric 
power industry. In EPRI's view the immediate need 
to add peaking and cycling combustion turbines-
combined cycles will almost certainly enhance the 
market potential of IGCC power plants. 

If we add the potential for producing key coproducts 
such as methanol, ammonia, hydrogen or oxochemi-
cals, the economic viability and opportunity for 
gasification-based plant appears unlimited, says EPRI. 

As an example, suppose the gasification section of 
the plant Is run at a 90 percent on-stream factor 
when the plant is not generating electricity, and 
suppose further that during this period of operation 
it converts 50 percent of the coal feed to a chemi-
cal product with a market value of $200 per ton. 
This would reduce the production cost of electricity 
from 5.3 cents per kilowatt hour to approximately 
3.5 cents per kilowatt hour, which represents an un-
paralleled 34 percent reduction in the cost of 
electricity. 

ENDOTHERMIC JET FUELS FROM GREAT PLAINS 
LIQUIDS PROVE EXPENSIVE 

At the Great Plains gasification plant, 	 nearly
5,000 barrels per day of liquid byproducts are 
produced. Although primarily used for boiler fuel 
now, these materials could be a source of more 
valuable products. 

Endothermic Fuel Issues 

Very high speed aircraft systems planned for the fu-
ture will require cooling of some components. One 
source of a heat sink is the fuel. The total cooling 
capacity of the fuel can be increased if the fuel 
itself can be caused to undergo an endothermic 
reaction. 

Previous studies have shown that cycloparaffins are 
good candidates for endothermic fuel systems. These 
hydrocarbons have physical and chemical properties 
much like current jet fuels and, therefore, may be 
handled by conventional fuel systems and engines. 
Methylcyclohexane (Men) has been identified as a 
good choice for this application. At temperature 
levels of about 1,000°F and in the presence of a 
catalyst, MCII will undergo dehydrogenation to yield 
toluene and hydrogen. 

Hydrocarbons with ring structures are potential 
starting materials for the production of endothermic 
fuels. Although naphthenes are the desired end 
product, highly aromatic feeds may be attractive if 
they can be processed to convert the aromatics to 
cycloparaffins. The naphtha fraction of the Great 
Plains naphtha stream is rich in aromatics, which 
could be used for the production of endothermic 
fuels.

Allied-signal and UOP Inc. have completed a study 
of the economics of producing endothermic fuels 
from the Great Plains naphtha stream. 

Endothermic Fuel Production Complex 

The endothermic fuel production complex is shown in 
Figure 1.	 The proposed plant is	 composed	 of	 two 
process units: UOP	 [ID Unibon (hydrotreating)	 and 
UOP All Unibon (saturation of aromatics).	 A	 material 
balance of the complex Is given In Table	 1. 

FIGURE 1
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TABLE I 

DIIXYIHEBMIC FUEL PLANT MATERIAL BALANCE 

Total Ccrrplex	 Flow Rate, MT/D 

Feeds	 Coal Naphtha	 93.4 
Makeup Hydrogen*	 17.7 

Total	 ltl.t 

Products	 Flue Gas 15.6 
LPG 8.1 
Light Product 14.2 
Endothermic Fuel 64.0 
Heavy Product 6.6 
Waste 2.6

Total	 111.1 

80 nnl % Hydrogen 

UOP HD Ualbon 

The hydrotreating process Is essentially that of 
selective hydrogenation of a hydrocarbon feedstock 
In the presence of excess hydrogen, over a catalyst 
at elevated temperature and pressure. The removal 
of contaminants involves the controlled breaking of 
the molecular chain or ring at the point where the 
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sulfur, nitrogen, or oxygen atom is joined to a car-
bon atom. This breaking is accomplished by the in-
troduction of hydrogen with the resultant production 
of hydrogen sulfide, ammonia, and water, respec-
tively. Hydrotreater process conditions also allow 
the simultaneous saturation of olefinic compounds in 
the naphtha charge resulting in a clean feedstock to 
downstream process units. UOP's practice has been 
to specify two-state hydrotreating for thermal and 
coal-derived liquids due to the presence of diolefinic 
compounds that tend to polymerize readily when 
heated. 

At the Great Plains plant, the raw coal naphtha 
charge stock was derived by flashing off the Rec-
tisol solvent and performing a crude separation into 
naphtha, crude phenols, and tar oil fractions. The 
coal naphtha therefore contained a significant 
amount of Rectisol solvents, which are light com-
pounds, and heavy non-distillables. Ordinarily, for 
larger petroleum and coal oil refineries, an HD 
Unibon yield estimate would specify stripping and 
rerunning of the feedstock, supplemented by ap-
propriate inhibitor injection, before the hydrotreating 
unit. For the hydrotreating of 709 barrels per day 
of raw coal naphtha feed from the Great Plains 
complex, the prefractionation requirement was not 
Included. Instead, the first stage hydrotreating 
catalyst may need more frequent replacement, due to 
the adsorption of carbonaceous and deleterious 
material found in the bottom five percent of the 
feed. The second stage of the hydrotreater 
employed two reactors, with the second reactor at a 
lower temperature than the first. This prevents sul-
fur recombination reactions that are possible with 
high 1125 concentrations and a light, highly olefinic 
charge stock. 

HOP AR Uaibon 

UOP All lJnibon is a catalytic process that treats 
hydrocarbon feedstocks for aromatic reduction (via 
saturation of aromatic compounds) without conversion 
to lower boiling compounds by hydrocracking. 
Operating conditions may be selected to yield a 
product almost entirely free of aromatics (less than 
one volume percent).	 Virtually all hydrogen con-



sumption Is due to the saturation of aromatics. 

Hydrotreated C6 product from the LID Iinibon unit 
is the charge stock to the All Unibon unit. The 
charge stock is mixed with recycle liquid, recycle 
and makeup hydrogen, heated, and charged to a 
series of reactors.	 Multiple reactors are necessary 
to control the heat of reaction. The reaction is 
carried out at low pressure, intermediate space 
velocity and high hydrogen partial pressure. Reactor 
effluent is cooled and flows to a separator for 
recovery of recycle hydrogen. A portion of the 
separator liquid Is recycled back to the reactors to 
aid in reaction heat removal, while the remaining 
liquid is stripped for removal of dissolved hydrogen 
and light ends, which entered the unit with the 
makeup gas. 

The stripped liquid is then fed to a series of frac-
tionation towers to produce the following products:

An endothermic fuel fraction, largely made 
up of cycioparaffins, chiefly cyclohexane and 
methy Ic yc loh e xa ne, 

- A heavy product stream containing mostly C8 
paraffins and naphthenes, and 

- A C9 waste stream. 

Table 2 contains the All Unibon yield estimate which 
Is based primarily on pilot plant production run 
results.

TABLE 2

All UNIBG4 YIELDS 

Feedstock ItT/U 
Hydrotreated Naphtha 70.2 
Makeup hydrogen 11.8 
Total 82.0 

Products 
Fuel Gas 6.0 
LPG 1.9 
Endothermic Fuel 64.0 
Heavy Product	 (CU's) 6.6 
Waste 2.6 
Total 82.0 

Properties 
All Unibon Product 

API 51.1 
Paraffins,	 Vol. % 23 
Naphthenes, Vol. % 77 
Aromatics,	 Vol. 96 (1 
Endothermic Fuel 
Fraction, Wt. 96 77 

Endothermic Fuel 
API 52.5 
Sulfur, Wt. % 0.00005 
Total Nitrogen, Wt. pn <1 
Cyclohexane + Methylcycio-
hexane, Wt. 96 85 

Freeze Point,	 O F <-65

Economic Evaluation 

The evaluation determined the price of the endother-
mic fuel that would be necessary to produce a mini-
mum acceptable rate of return on investment. 
Product values were calculated for a series of rates 
of return (5-20 percent) over a range of feedstock 
prices (0-300 dollars per metric ton). 

Inside Battery Limit Estimated Erected Cost (ISBL 
EEC) includes HD Unibon hydrotreating, All Unibon 
and fractionation to final products. No capital cost 
allocation was made for offsites and utilities. Vari-
able costs (utilities and catalyst) and fixed expenses 
(labor, maintenance, taxes and insurance) were also 
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estimated. A capital and operating cost summary Is 
given in Table 3 and does not include costs as-
sociated with the operation of offsite facilities. 

The results for the Internal rate of return calcula-
tions are shown graphically in Figure 2. The results 
are a series of parallel lines with the slope of 
1.46 dollars per metric ton endothermic fuel per 
dollars per metric ton feed cost. 

The graph can be used to obtain a product value 
necessary to produce a minimum return. For in-
stance, if a feed naphtha costs 140 dollars per 
metric ton, what endothermic fuel price is necessary 
to produce a 15 percent internal rate of return? 
Locating the point on the 15 percent internal rate 
of return line in Figure 2 at a feed price of 
140 dollars per metric ton, an endothermic fuel 
price of 390 dollars per metric ton is needed to

achieve a 15 percent rate of return. This price of 
390 dollars per metric ton is appreciably higher than 
the 1988 conventional jet fuel price of 145 dollars 
per metric ton. The price of 390 dollars per metric 
ton is reasonably close to the 1988 cost of buying 
toluene in the market and saturating it to produce 
methylcyclohexane at 309 dollars per metric ton. 

Conclusions of Economic Study 

At 140 dollars per metric ton cost of coal naphtha, 
15 percent internal rate of return, the cost of 
producing a potential endothermic fuel candidate is 
390 dollars per metric ton. 

- The economics of producing endothermic fuel 
from coal naphtha compares reasonably well 
to the cost of producing methylcyclohexane 
by saturation of toluene (309 dollars per 
metric ton). 

TABLE 3

CAPITAL AND OPERATING COST SUMMARY 

HD Unibon	 All Unibon 

Process Unit 

Feed Rate, rinD 
EEC, 5f.I 
Royalty, $IU 

Utility Conrnmptlon 

Power, kW 
Condensate, M Lb/Fir 
Cooling Water, M Gal/Hr 
Fuel, MM BTU/Hr 
Utility Costs, rtt4/Yr 
Catalyst Loading, Lb 
Catalyst Loading, $fl 
Expected Life, Yr 
Catalyst Costs, $rT4/Yr 
Catalyst Work Cap., $ltvl 
Labor-Operators/Shift 
Labor Costs, $t,1/Yr 

Operating Cost Summary

93.4	 70.2 
3.7	 5.6 

--	 0.029 

299 167 
0.31 0.23 
0.54 0.48 
3.00 3.20 
0.15 0.11 

4,160/4,208 2,548 
0.011/0.011 0.025 

1/5 2 
0.011/0.002 0.013 
0.011/0.002 0.186 

1	 - 2 
0.62 1.24

Variable Costs 
Utility Costs, $r.Td/Yr 
Catalyst Costs, EVil/Yr 
Total Variable Costs 

Fixed Expenses 
Labor Costs, ELI/Yr 
Maintenance, $ft7I/Yr 
Taxes and Insurance, EVil/Yr 
Total Fixed Expenses 

Fixed Charges 
EEC Depreciation, ELI/Yr 
Total Fixed Charges

	

0.150	 0.110 

	

0.014	 0.013 

	

0.164	 0.123 

	

0.62	 1.24 

	

0.07	 0.12 

	

0.06	 0.08 

	

0.75	 1.44 

	

0.37	 0.56 

	

0.37	 0.56 
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- The economics of producing endothermic fuel 
from coal naphtha would be attractive com-
pared to the current cost of buying pure 
methylcyclohexane in 20,000 gallon lots at 
$10,430 per metric ton. 

- The cost of producing endothermic fuel is 
very sensitive to the cost of the feedstock. 
Each dollar per metric ton increase in 
feedstock	 cost	 yields	 an	 increase	 of 
1.46 dollars per metric ton in endothermic 
fuel cost. 

- The cost of producing endothermic fuel is 
relatively Insensitive to the capital invest-
ment, the cost of utilities and catalysts, and 
to the value of byproduct credits. 

- The price of hydrogen is a major cost of 
endothermic fuel production. At 140 dollars 
per metric ton for coal naphtha, hydrogen 
cost represents 16.7 percent of the combined 
costs.

FIGURE 2 
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ECONOMICS OF METHANOL. FROM LOW RANK COAL 
SEEN ATFRACflYE 

Black & Veatch Engineers-Architects recently com-
pleted a cost estimate for hydrogen production from 
low rank coals for the University of North Dakota

	

Energy and Mineral Research Center (EMRC). 	 The

study was part of an ongoing research program at 
EMRC to develop and evaluate an advanced gasifica-
tion technology for producing hydrogen. 

The EMRC effort has Included bench-scale fixed-bed 
thermogravimetric analysis to study steam gasification 
reactivities at various temperatures and with various 
catalysts. EMRC has also developed n six inch 
diameter continuous process unit (CPU), which has 
been used to gasify several coals under a variety of 
conditions. 

EMRC retained J. E. Sinor Consultants to perform a 
market analysis to determine potential applications 
for the gasification process.	 Three key applications 
were identified in that study: hydrogen production, 
methanol production, and electrical generation using 
molten carbonate fuel cells. 

As a follow-up to the market study, Black & Veatch 
was retained to develop process designs, cost es-
timates, and economic analyses for commercial scale 
hydrogen, methanol, and fuel cell plants using the 
EMRC gasification concept. 

The commercial scale gasifier configuration was 
developed as a scale up of the EMRC CPU gasifier. 
Figure 1 illustrates the experimental arrangement for 
the EMRC CPU gasifier. A site north of Denver, 
Colorado, was selected as being relatively close to a 
metropolitan market and to the Gillette, Wyoming, 
mine for the design subbitusninous coal, Wyodak. 

Gasifier Design 

The gasifier design developed for this study is a low 
pressure (26 psia), moderate temperature 	 (1,370°F) 
fluidized bed reactor. The same gasifier charac-
teristics were used in the three plant designs 
(hydrogen, methanol, and fuel cell) developed. 

The commercial gasifier operational characteristics 
were developed from EMRC CPU experiment 12-
W275LE. This experimental run gasified Wyodak coal, 
had a steam-to-carbon ratio of 2.3:1, and operated 
at a temperature of 1,370 0 F.	 Limestone was used 
as the bed material/catalyst. 	 Carbon conversion In 
this run was 83.8 percent. The velocity of the 
steam/oxygen mixture at the fluid bed entrance was 
two feet per second. Recycle of char was included 
In the commercial gasifier design, with an assumed 
carbon conversion of 94 percent. 

The commercial scale gasifier has an inner diameter 
of 27 feet and a height (tangent to tangent) of 
29 feet. The expanded bed height Is four feet. A 
nine-inch thickness of the refractory lining was 
designed to achieve a 300°F reactor wall tempera-
ture. The reactor shell Is made from carbon steel. 

Methanol Plant 

A summary of methanol plant characteristics and 
costs is given in Table 1. Six gasifiers produce 
medium BTU gas (MBG) which primarily consists of 
hydrogen,	 carbon dioxide,	 carbon monoxide and
water. The MBG produced in the gasifiers is used 
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FIGURE 1 
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as the feedstock in the methanol producing portion 
of the plant. 

The methanol production unit is a commercially 
available system licensed by Imperial Chemical In-
dustries (Id). In addition to a methanol product 
stream, the WI unit also produces a purge gas 
stream which consists primarily of hydrogen, 
nitrogen, carbon monoxide, carbon dioxide, methane 
and ethane. The purge gas stream produced in the 
methanol production unit is fired in a combustion

turbine to produce electrical power to meet plant 
internal requirements. The net power produced by 
the plant, in excess of internal requirements, is as-
sumed to be sold to an adjacent electric utility. 

The hot exhaust gases from the combustion turbine 
are used to produce steam in a conventional heat 
recovery steam generator (HRSG). The steam 
produced in the IIRSG, as well as that produced in 
the gasification section of the plant, Is used in a 
noncondensing steam turbine-generator to produce 
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TABLE 1 

SUAEY OF MtIHANOL PLANT a1ARACrERI STICS 

Methanol Production, Tons per Day 1,163 
Power, MW 

Combustion Turbine 42.73 
Turbine-Generator 32.02 

Subtotal 74.74 
Auxiliary Power Required 62.86 
Net Power Produced 11.89 

Consumption at Full Load 
Coal, Tons Per Day 4,345 
Oxygen, Tons Per Day 2,046 
Limestone, Tons Per Day 136 
Net Water, Gallons Per Minute 1,836

Gasifiers: Six Scaled-Up EMRC Atmospheric Fluidized Bed 
Sulfur Recovery Process: ARI Lo-Cat 
Methanol Production Process: ICI Licensed Process, including 

MDEA 002 Adsorption/Regeneration 
Overnight Construction Cost ($1989) 	 360,000,000 
Total Installed Capital Cost ($1995) 	 587,000,000 
Annual Operations and Maintenance Cost ($1989) 	 12,170,000 

additional power, to provide motive steam for plant 
compressor drives, to provide reaction steam to the 
gasification process and for NOx control in the com-
bustion turbine. 

A separate fluidized bed combustor Is included which 
converts calcium sulfide to calcium sulfate and 
provides superheat of the oxygen and steam mixture 
prior to the mixture's injection into the gasifier. 

Plant outputs are 1,160 tons per day of methanol 
and 11.9 megawatts of electricity. The overnight 
construction cost for the plant Is $360 million; an-
nual operating and maintenance costs are estimated 
to be $12.2 million. 

Economic Evaluation 

The economic evaluation consisted of a financial pro 
forma analysis of the methanol plant. The analysis 
assessed potential economic viability by computing 
the	 returns	 on Investment and debt service 
coverages. Sensitivity analyses were also included 
to assess the impact of changes In the capital cost, 
fuel cost, and the price paid for electricity pur-
chased from this facility. 

The economic analyses Included a base evaluation 
along with a set of sensitivity analyses. The base 
economic evaluation assesses plant economies for 
three selling prices for methanol: 

- Base (target) selling price 

- Selling price for marginal plant economic 
performance

- Selling price for strong plant economic per-
formance 

The base selling price for methanol ($0.58 per gal-
lon) was taken from the J. E. Sinor Consultants 
market analysis; the base electricity selling price to 
Public Service Company of Colorado was taken to be 
$0.0305 per kilowatt hour, which includes capacity 
and energy payments. 

The return on investment and debt service ratios are 
calculated from annual operating costs and revenues 
to assess potential economic viability. 

According to Black & Veatch, debt service ratios for 
viable projects are typically about 1.2 for the first 
year and climb to approximately 2.0 within 10 years. 
In addition, the equity (preferred and common) rate 
of return should equal or exceed "historical" values 
for the owner. Typical acceptable rates of return 
are 15 and 11 percent for common stock and 
preferred stock, respectively. For this study, a vi-
able economic performance was taken to be a ten-
year minimum debt service ratio of approximately 1.2 
and a thirty-year average common stock rate of 
return of about 15 percent. 

Sensitivity analyses included variation of plant direct 
capital costs by plus and minus 20 percent. Fuel 
costs were varied from the base $8.75 per ton to 
$15 per ton. Electricity selling prices were varied 
from $0.035 per kilowatt hour for on-peak to three 
times the base price. 

The results of the economic evaluation analyses are 
presented In Table 2. The methanol plant with base 
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case assumptions appears to have reasonable 
economic performance, with an initial debt service 
ratio of 1.0 and a thirty-year common stock rate of 
return of 11.8 percent. Viable plant economic per-
formance could be achieved at a selling price of 
$0.64 per gallon.

TABLE 2

SUMMARY FLXPOIIC EVALUATION FOR METHANOL 

Base	 Viable 
Case	 Case 

The methanol selling price is below the target 
$0.58 per gallon for the case of 20 percent lower 
capital costs. Required methanol selling prices are 
not strongly dependent on fuel cost, indicating that 
capital and non-fuel operating and maintenance costs 
are the strong drivers for such a plant. 

Black and Veatch conclude that the methanol plant 
appears to have reasonable economic performance as 
configured. Pursuing certain recommendations can 
result in even stronger viability. 

Development and Commerdalizatiai Program 

Six key areas requiring research and development 
were identified for the gasifier and its peripheral 
equipment. 

- Steam-to-carbon ratio. 	 Can this be reduced
below the 2.0 ratio used in this study? 

- Gasifier pressure. flow would gasifier opera-
tion at higher pressure affect its perfor-
mance and overall plant performance? 

- Steam/oxygen reaction gas mixture tempera-
ture. Can this be reduced from the 1,370°F 
requirement? 

- Carbon fines recycle, flow Is recycle ac-
complished and what is the affect on gasifier 
performance of carbon fines recycle? 

- Characterization of the bed refuse material. 
To what extent is limestone calcinated, and 
what percentage of the sulfur is removed 
from the gas by the limestone bed? 

Use of low grade process heat. Can low 
grade process heat be used in an innovative 
manner, such as in coal drying?

COPROCESSING COAL AND RESIDUE YIELDS 
ADVANTAGES 

Work done by SPA Pacific, Inc. for the United States 
Department of Energy under the heading "Assessment 
of Coprocessing of Coal and Residual Oil in the 
United States Refining Industry' concerns hydrocrack-
lag a mixture of coal and petroleum residue together 
to make a light crude suitable for a refiner to con-
vert to gasoline and light distillate fuels. This ap-
proach has several advantages: 

Heavy fuel oil, currently in long supply, is 
converted essentially completely to light 
fuels, thereby reducing the amount of crude 
oil to make a given amount of fuels. 

- Mixing the coal with the residue provides the 
simplest way to introduce coal into the 
reaction system. The same technology as for 
residue hydrocracking works well on the mix-
ture. 

- The existing refinery structure can serve as 
a good base to make the final fuel products 
and distribute them in a conventional manner. 

- Natural gas and coal can fill the needs for 
heavy fuel oil. Both materials can be used 
to conform to environmental standards in 
place of the medium-to-high sulfur heavy 
fuel ohs. Currently about 1.5 million barrels 
per day of heavy fuel oil Is marketed. 

SPA Pacific points out that this coprocessing ap-
proach is not new: Germany used its coal liquefac-
tion technology extensively during World War II to 
convert residues, coal and coal tars to transportation 
fuels, running the feeds mostly in admixture. Good 
modern technology now is available for application 
to coprocessing. Petroleum residue hydrocracking 
technology, which Is similar to that for coal li- 
quefaction, is now commercial: U-On, and LC-Fining 
processes are being applied in Kuwait, Mexico, the 
United States and Canada. Much research and 
developmental effort has been carried out on other 
processes which are also applicable to petroleum 
residues and coal feeds. 	 The Exxon LOS and Hill
H-Coal processes were tested at a large demonstra-
tion scale in the early 1980s. The CANMET 
(Canada), Veba Combicracking (West Germany), and 
Super Oil Cracking (Japan) processes are all at the 
3,000-5,000 barrels per day demonstration scale on 
petroleum residues. There are also several small 
pilot plant efforts in the United States and Germany 
to extend these technologies to coprocessing. 

Putting a coprocessing plant next to a refinery can 
reduce the amount of crude oil that the refiner 
must purchase to make a constant amount of light 
liquid fuels, as shown in Table 1. Simply converting 
the fuel oil fraction gives a major reduction in 
crude required. Coal can be added in varying 
amounts, as judged economically worthwhile. 

This approach to coprocessing provides an effective 
way to start on the track to using more coal and 

10-Year Low 
Debt Service Coverage Ratio 1.0	 1.20 

Rate of Return, Percent 
Common Stock 11.8	 15.3 

Methanol Selling Price 
(1988 $JGal) 0.58	 0.64
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TABLE 1 

IflV WPSSIPC RflXnS tEIJDE OIL USAGE
(Output: 128,000 BID) 

Invest-
Crude Used, MEl D rmnt 

Case Coal, TID Run Saved W1 

Base Case 0 178 0 
Coprocessing 

Fuel Oil 0 135 43 520 
Start-up 

+25% Coal 2,100 128 50 780 
Target 

-1-40% Coal 5,600 115 63 1,270 

natural gas. Longer range, the successful operation 
of such complexes can lead to a wider range of op-
tions. 

- Running more of the Western Hemisphere 
"ultra heavy" crude oils, which are higher in 
residue content than the more expensive Per-
sian Gulf crudes. 

- Addition of coal to these "ultra heavy" oils. 

- Expansion of upgrading to grass-roots 
facilities to take advantage of specific loca-
tion factors. 

Currently, the hydrocracking of petroleum residues is 
close	 to	 economic	 at	 current	 crude	 prices: 
$18-20 per barrel. 	 However, coal conversion is 
more expensive.	 Both technology improvements and 
financial incentives, which effectively lower the 
capital charges for the high investments, can greatly 
reduce the costs for coal (and residue), as shown in 
Table 2. 

Several research and developmental programs are 
currently underway to define potential improvements 
to both residue and coal processing. 	 SFA Pacific

sugguests	 that	 the	 formation	 of	 imaginative 
entrepreneurial groups, who might work with 
refineries as a source of residue and a customer for 
the liquid products, could provide high debt leverag-
ing techniques to provide the required capital for 
the ventures. Clearly, any form of government In-
centives, state or federal, can expedite the pace of 
development. 

Residue Hycfroaacklng is Key Process 

Currently, most refineries In the United States have 
relied on some form of coking as a way of convert-
ing residues to lighter liquids (plus coke) for further 
conversion to gasoline. The newer hydrocracking 
technologies, discussed earlier, have now been tested 
commercially on petroleum residues and are quite 
suitable for use in coprocessing. 

The simplest commercial route is for refiners to in-
stall the facilities for the residue conversion, which 
is close to economic now (Table 2). Then coal can 
be added to the residue feed and the mixture fed 
to the reactors as a slurry. There appear to be 
some synergisms in the yields and reaction rates in 
processing the feeds together rather than separately. 

TABLE 2 

V FINANCING TECHNIQUES NC TECHNOLOGY
AFFWYF COST OF LIQUIDS 

Equivalent Arabian Heavy 
Crude Cost: $/BBL 

Capital Charge, % Inv./Year 0% 10% 20% 

Residue Only 15 18 22 
Coal Technology 

Current:	 Start-up 23 34 47 
Mature: Target 18 26 34
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Ccprocing Reduces Crude Usage 

The Impact of coprocessing on a typical refinery can 
be large. A typical refinery would be one making 
gasoline, kerosene/diesel and heavy fuel oil. 

Coprocessing can be phased In. First, the fuel oil 
is diverted to a hydrocracking/coking complex which 
completely converts the residue to treated liquids 
and a small amount of coke. The treated liquids go 
into the refining area where they are cracked and 
refined to make gasoline and middle distillates. 

When desired, coal Is added to the residue and fed 
to the hydrocracking complex. Suitable facilities for 
handling the coal (receiving, drying, grinding and 
slurrying) must be added as 'veil. 

The impact of these steps was summarized in 
Table I. The base case was to take a refinery 
running 178 thousand barrels per day Arabian heavy 
crude to make 128 thousand barrels per day (MBPD) 
of light fuels. About 53.5 MBPD of heavy fuel oil 
is also produced (a mixture of 34.8 MBPD vacuum 
residue and 11.3 MIIPD cat cracker cycle oils). 

If the vacuum residue is hydrocracked instead of 
being sold, the crude rate is reduced to 135 MBPI) 
to make the same amount of light fuels (128 MRPD), 
a savings of about 43 r.IBPD--24 percent. The extra 
investment needed is $520 million. 

A first step of moving to coal is called the "Start" 
case. This uses a relatively low coal loading. A 
coal usage of 2,100 tons per day provides a further 
reduction of seven thousand barrels per day crude 
oil. An additional $260 million is required for this 
step--reflecting the extra solids handling facilities 
and large hydrogen plant needed. 

The "target' case represents a push to maximize 
coal usage: increasing solids loadings and using im-
proved processing concepts now being developed. 
The coal usage is increased to 5,600 tons per day. 
At these conditions, the coal produces about 
24 MBPD light products, equal to 19 percent of the 
total production. 

The potential crude savings in the United States are 
high. If all the United States residue going to fuel 
oil were hydrocracked, the crude savings would be 
1.2 million barrels per day. With the addition of 
40 percent coal, the savings would be 1.7 million 
barrels per day--about the level of current imports 
from the Persian Gulf, 

Costa are High 

The cost of hydrocracking is high, relative to cur-
rent crude prices. This is illustrated In Figure 1. 
Here the equivalent cost of Arabian heavy crude Is 
calculated for the various cases. This cost is the 
sum of the operating costs and capital charge on 
the investment, divided by the amount of the crude 
saved.

FIGURE 1 
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For a "normal" capital charge rate of 20 percent 
(equivalent to about 12 percent discounted cash flow 
rate of return), the residue hydrocracking requires 
a crude cost of $22 per barrel. The coal case re-
quires $35-46 per barrel at 20 percent charge rate. 

The key to getting coprocessing underway, says SFA 
Pacific, is to demonstrate the technical reliability of 
the hydrocracking technology and the low risk of 
further ventures. When low risk is demonstrated, 
the financial community will make lower interest 
capital available,	 as for conventional refinery
projects. 

Government aid could provide major incentives for 
pioneer plants. In the past, several forms of incen-
tives were offered. ALl forms have the same effect: 
capital is made available at greatly reduced charge 
rates. In the case of GOCO (government owned, 
company operated), the capital charge is zero. 

Figure 2 illustrates how effective these incentives 
can be.	 If a refiner is faced with converting his 
residues (for example,	 his fuel oil market is
diminishing), he might consider using coking, the 
usual choice. For a capital charge of 20 percent, 
this route is equivalent to needing a crude price of 
$23 per barrel, about $1 per barrel more than 
hydrocracking. 

However, if an entrepreneurial group (or the refiner) 
can get some form of financial assistance to pursue 
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FIGURE 2 
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coprocessing that will provide a capital cost of 
10 percent, the cost of residue processing (no coat) 
will drop to about $19 per barrel. This incentive of 
$4 per barrel is extremely large and would provide 
a faster pay off period than coking. A GOCO ar-
rangement would increase the incentive to $7 per 
barrel and the processing would be quite attractive 
at today's crude prices. 

With this type of incentives, the coal "target" case 
would be economic when crude Is in the range of 
$19-26 per barrel. 

Thus the coprocessing unit would start up on residue 
alone, demonstrating the technology's reliability. As 
crude prices rose above the $25 range, coal could 
be added. If the crude price dropped coal could be 
stopped and the cheaper heavy crudes could then be 
run instead. 

This flexibility of crude coal swapping is a major 
advantage to coprocessing in a refinery over having 
to build a separate coal-only refinery. 
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TECHNOLOGY 

ICY TESTS UGNITE IN U-GAS SYSTEM	 PDU Reactor 

A high-pressure process development unit (PDU) was 
constructed by the Institute of Gas Technology (lOT) 
to develop a data base for the fiuidlzcd-bed 
gasification of different coals at elevated pressures. 
It has been operated with different ranks of coal at 
pressures up to 450 psig and at temperatures dic-
tated by gasification requirements of the individual 
coals. Data were obtained with the PDU to charac-
terize the effect of pressure on the gasification of 
North Dakota lignite. The results were presented at 
the 15th Biennial Low-Rank Fuels Symposium held In 
St. Paul, Minnesota in May. This program was 
funded by the Gas Research Institute. 

The U-GAS process developed by lOT is an advanced 
single-stage, ash -agglomerating fluidized-bed coal 
gasification process to produce a low- to medium-
BTU gas from a variety of feedstocks, including 
highly caking, high-sulfur, and high-ash coals as well 
as peat and oil shale. The development of the 
process was based on extensive testing in a low-
pressure (50 psig) pilot plant conducted over a 
period of several years. Tests with different 
feedstocks (coals and other carbonaceous feedstocks) 
have achieved 98 percent coal utilization with 
long-term steady-state operation.	 Reliable tech-



niques have been developed for start-up, shutdown, 
and process control. Operation of the pilot plant 
has firmly established the process feasibility and has 
produced design data for various coals from many 
parts of the world. 

The U-GAS pilot plant has an operating pressure 
limitation of 50 psig. However, the process 
economics of several coal gasification applications, 
including the production of synthetic natural gas 
(SNG), chemicals, and combined-cycle power genera-
tion, favor the operation of the ash-agglomerating 
gasifier at a higher pressure, in the range of 300 to 
500 psig. Thus, lOT decided to construct and 
operate a gasification unit that would be capable of 
operating at pressures up to 500 psig. 

The nominal capacity of the three -foot -diameter 
low-pressure pilot plant Is 30 tons per day. Its 
operation is expensive because of manpower needs 
for plant operation and utilities as well as data 
analysis. The eight-inch-diameter PDU has a nominal 
capacity of 10 tons per day at 450 psig operation. 

PDU Description 

The PDU is located adjacent to the three-foot-
diameter low pressure unit in the U-GAS pilot plant 
building because of the advantage of sharing the 
utilities, such as electric power, natural gas, oxygen, 
steam, and nitrogen; joint use of the pilot plant's 
coal drying, handling, storage, and weighing system; 
and the availability of an area for a control room.

The PDU reactor (Figure 1) has an eight-inch-
diameter by 5.25-foot-high fluidized-bed section 
(dual-diameter bed section during Phase H operation) 
and an 18-inch-diameter by eight-foot-high freeboard 
section. The hot inner wall is constructed of 
310 stainless steel and the outer wall of pressure-
vessel-grade carbon steel. 

FIGURE 1 

HIGH-PRESSURE U-GAS
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The PDU Is of a balanced-pressure design wherein 
the space between the Inner and outer shells 
(approximately live inches) Is filled with a ceramic 
fiber insulation and purged with nitrogen. This 
results in low heat loss, which enables adiabatic 
operation, with all heat supplied by the char-oxygen 
reaction. The annular space Is purged with nitrogen 
at a low rate to prevent possible raw product gas 
condensables from reaching the cold (185 0 F) outer 
wall. 

At the bottom of the fluidized-bed reactor is a 
removable grid assembly. It is a one-piece weld-
ment accommodating the standard U-GAS process grid 
with some internal components removable for altera-
tion. 

The PDU, as originally designed, had the capability 
of operating at pressures up to 300 pslg. Thus data 
were obtained up to 300 pslg during Phase I opera-
tion. Encouraged by the results of Phase I opera-
tion, several upgrades were made prior to Phase II 
operation to enable operation up to 500 psig. These 
upgrades included vessel replacement, with a dual 
diameter reactor bed section, automating the coal 
feed and ash discharge, Installing a product gas ef-
fluent particulate counter and obtaining an X-ray 
ash analyzer for process samples to facilitate fol-
lowing rapid process operating changes. 

P00 Tests Ru1ts 

Construction was completed in 1983 and the PDU has 
been operated to date with various feedstocks, in-
cluding metallurgical coke, Australian bituminous coal, 
Western Kentucky bituminous coal, Pittsburgh No. 8 
bituminous coal, Illinois No. 6 bituminous coal, Mon-
tana Rosebud subbituminous coal, North Dakota lig-
nite, and Indiana New Albany oil shale. 

Several tests were conducted recently in the PDU 
with Pittsburgh No. 8 bituminous coal, Illinois No. 6 
bituminous coal, Montana Rosebud subbituminous coal, 
and North Dakota lignite in a two-phase program 
under a contract with Gas Research Institute (Gal). 

During Phase I operation, two tests were conducted 
with North Dakota lignite. 	 The characteristics of 
the feedstock,	 including ultimate and proximate 
analyses, ash fusion properties, ash elemental 
analysis, bulk density, heating value, and particle-
size distribution, are given in Table 1. Steady-state 
data were obtained with this feedstock at 100, 200, 
and 300 pslg operation. About 8,000 pounds of lig-
nite was gasified during these runs. 	 The reactor
discharge with this feedstock contained as much as 
86 percent ash. The MAP (moisture- and ash-free) 
lignite conversion attained during this operation 
ranged from 77 percent to 91 percent. 

During the initial testing with the North Dakota lig-
nite, when the lignite was introduced into the 
gasifier at a bed temperature of 1,700 0 to 1,8500F, 
slag-type ash appeared in the solids discharge 
material.	 However, this slag-type material disap-



peared from the solids discharge when the bed tem-
perature was reduced to about 1,400 0 F.	 The dis-

charged	 slag-type	 material	 contained	 nearly
100 percent ash. An analysis of this material con-
ducted with a scanning electron microscope showed 
the presence of much greater concentrations of 
sodium oxide than was present in the lignite ash as 
a whole. It was concluded that the localized 
higher-than-average concentrations of sodium in the 
ash particles was the cause of the slag formation. 
Also, for this reason, the lignite exhibited a remark-
able tendency for ash agglomeration at the operating 
temperature of 1,479°F at 300-psig operation. The 
formation of the slag-type material was thus 
eliminated by lowering the coke bed temperature to 
below 1,400°F before starting the lignite feed to the 
gasifier. Also, a steam and oxygen flow redistribu-
tion arrangement was implemented to reduce the lo-
calized high temperature. 

After upgrading the FDU system for 500 pslg opera-
tion, several Phase II tests were conducted with 
North Dakota lignite, Montana Rosebud subbiturninous 
coal, and Illinois No. 6 bituminous coal. Two tests, 
consisting of five set-points, were conducted with 
North Dakota lignite at 200, 300, and 450 psig 
operation.	 About 20,000 pounds of lignite was 
processed during these runs. The MAF lignite con-
version attained during these set-points ranged from 
81 percent to 85 percent (fines carry-over, about 
16 percent of the moisture-free feed,	 are not
recycled to the gasifier in this PDU). 

The data collected during the PDIJ operation do not 
necessarily represent maximum achievable lignite con-
version. Fines collected by the cyclone are not 
recycled to the gasifier in the PDU system; in a 
commercial gasifier these fines will be recycled, thus 
increasing the conversion.	 The fines are routinely
recycled In the low-pressure pilot plant, thus estab-
lishing the feasibility of the fines recycle. Also, 
the amount of steam used In the PDU, most of 
which is required for fluidization, cannot be main-
tained at a desired constant ratio with respect to 
the carbon feed at different pressures because of 
design limitations.	 This amount also invariably ex-



ceeds the amount envisaged for commercial opera-
tion.	 The use of this additional steam also reduces 
the efficiency of the PDU gasifier. Basically, the 
PDU's proportionally greater use of steam and coal 
transport gas along with the higher heat losses 
result in a higher oxygen demand than a commercial 
unit. 

Product Gas Compcniticm 

The product gas from the gasifier contains primarily 
CO, ll, G021 1120, and CU 4 . Typically, a fraction 
of the carbon present in the feed converts to 
methane, while the balance of the carbon is oxidized 
to carbon monoxide and carbon dioxide. The 
water-gas shift reaction was found to proceed 
rapidly and reach equilibrium in the gasifier. 

Methane Make 

The amount of methane produced during fluidized-bed 
gasification of coal was compared with the equi-
librium value of methane for the reaction C + 11 2 = 
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TABLE 1 

CHARACTERISTICS OF PCftfl DAKOTA LIGNITE FKThSIUX 

Sieve Analysis (mesh size) 
V.5.5., Wt. % Retained on 

3 0.0 0.0 
6 0.0 0.2 
12 13.2 27.9 
20 25.6 23.2 
40 21.3 16.6 
70 19.0 13.3 
140 10.5 9.3 
270 6.0 5.3 
Pan 4.4 4.2 

100.0 100.0 

Proximate Analysis, Wt. % 
(as Fed) 

Moisture 9.63 13.21 
Ash 10.11 11.29 
Volatile Matter 36.14 35.43 
Fixed Carbon 44.12 40.07 

100.00 100.00 

Ultimate Analysis, Wt. % 
(Dry)

Carbon 60.97 57.74 
Hydrogen 4.11 4.30 
Oxygen 22.10 23.24 
Nitrogen 0.95 0.95 
Sulfur 0.68 0.76 
Ash 11.19 13.01 

100.00 100.00 

Bulk Density, Lb/Ft 3 50.8 45.5 

111W, 8Th/Lb (Dry) 10,032 9,656 

Ash Fusion Ten-p 
(Reducing Atm), 	 OF 

Initial Deformation 1965 2020 
Softening 2085 2085 
Hemispherical 2120 2130 
Fluid 2180 2175 

Ash Analysis, Wt. % 
SiO2 44.5 39.0 
Al 203 11.7 13.0 
Fe 703 5.2 4.55 
T1O2 0.44 0.55 
CaO 10.30 13.30 
MgO 4.9 4.99 
1(20 1.11 1.08 
Na20 5.92 6.35 

2.74 0.25 
S03 11.5 15.2 

98.31 98.27
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CU4 . The data show that, for the lignite, the 
graphite equilibrium may be used to estimate the 
methane yield. In Figure 2, the amount of methane 
produced as a traction of feed carbon is plotted as 
a function of pressure. 	 As expected, the methane 
yield increases as the pressure increases. 

FIGURE 2 
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The effect on gasification rate was assessed by 
analyzing the data for the amount of carbon gasified

per unit amount of carbon in the bed at different 
pressures (Figure 3). Only the data from set points 
at about 1,400°F bed temperature are plotted in the 
figure. The figure shows that the gasification rate 
increases with pressure. The data show scatter, 
since the gasification rate depends on other factors 
such as surrounding gas composition, exact tempera-
ture, etc., which may be somewhat different for dif-
ferent set points.

FIGURE 3 
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DESIGN BASIS DEYftOPFJ) FOR JET FUEL. FROM GREAT 
PLAINS TAR Oil. 

The Great Plains coal gasification plant in Beulah, 
North Dakota, produces about 1.45 million standard 
cubic feet per day of substitute natural gas 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. Amoco and Lummus 
Crest, under a contract with the United States 
Department of Energy, are Investigating the technical 
and economic feasibility of converting the byproduct 
liquids to jet fuels and other saleable products. Jet 
fuels are of particular interest because of the close 
proximity of Great Plains to several United States 
Air Force bases, and the obvious strategic interest 
in maintaining a constant source of jet fuel for 
those bases.

Project Overview 

A major objective of the first phase of this project 
was to produce seven conceptual designs and as-
sociated capital and operating costs for facilities to 
refine the Great Plains byproducts. These include 
designs for maximizing productions of each grade of 
jet fuel (JP-4, JP-8, JP-8X), designs for profitable 
schemes which produce the various jet fuel grades, 
and a scheme for maximizing profits. 

The two products from Task 1 were a conceptual 
design and economic results for each of the seven 
designs and a plan for bench scale testing (Task 2) 
to confirm any assumptions made in Task I. The 
final report for Task 1 was issued by the United 
States Air Force in September 1988. Based on the 
design and economic results from Task 1 and 
preliminary results from Task 2, the Department of 
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Energy and the Department of Defense decided on a 
preferred processing scheme for the Great Plains II-
quids,	 the "profitable JP-S" case developed in 
Task 1. Amoco has carried out pilot plant testing 
(Task 3) based on the process design from Tasks 1 
and 2 and has provided barrel quantities of product 
for testing by the United States Air Force and as-
sociated contractors. The pilot plant results are 
being used by Amoco and Lummus to develop a 
preliminary process design (Task 4) for a plant to 
upgrade the liquid byproducts at Great Plains. 
Finally, in Task 5, Lummus will suggest existing 
facilities where the processing scheme night be 
carried out on a scale sufficient to provide jet fuel 
for aircraft testing. 

Bench Scale Test Results 

The objectives of Task 2 were to confirm process 
simulation model remits obtained in Task 1, to 
determine optimum process conditions for operation 
of the pilot plant in Task 3, and to produce small 
samples of jet fuels. 

However, experiments to confirm the Task 1 plan 
showed that the recommended process could not 
produce specification jet fuels. Accordingly, bench-
scale experiments to develop a viable process be-
came the primary objective of Task 2.	 This work
was reported in June, 1989. 

In Task 1, the "Profitable JP-8 Case" recommendation 
was to process the tar oil in an expanded-bed 
hydrotreater to lower aromatics content and nitrogen 
levels in the teed and then to hydrocrack the 
material boiling over 570°F to extinction in a 
fixed-bed hydrocracker (Figure 1). The expanded-bed 
hydrotreater was recommended to handle the high 
solids content in the tar oil and the high heat 
releases expected during hydrotreating. 

The initial goal of Task 2 was to verity this scheme 
recommended in Task 1 and to provide data on ap-
propriate operating conditions and product yields and 
qualities. Selection of the expanded-bed 
hydrotreater for the first stage was verified when 
attempts to remove the solids by distillation resulted 
in losses of 25 percent of the tar oil due to 
decomposition in the still pot. Since the solids 
could not be removed by distillation without sig-
nificant losses and since fixed-bed reactors cannot 
handle solids without plugging, an expanded-bed 
reactor is required for the first stage of hydrotreat-
ing. However, the process is not feasible as recom-
mended.	 The expanded-bed hydrotreater, although
good for handling solids and high heat releases, has 
significant	 backmixing and	 cannot	 lower	 the
aromatics content of the feed sufficiently to meet 
jet fuel specifications.	 Consequently, alternative 
processes had to be developed. 

Alternatives 1 through 3, shown in Figure 1, repre-
sent progressively more severe and more capital in-
tensive approaches for the conversion of the tar oil 
to JP-8. All three cases contain a distillation 
pretreatment step to remove water and materials 
boiling below 300°F from the tar oil before

hydroprocessing.	 This	 reduces	 first-stage 
hydrotreater capacity. Furthermore, the light 
products from the 300°F minus feed would be un-
suitable for jet fuel. 

Of the three alternatives,	 Alternative 1 is the
simplest, requiring only two stages of hydrotreating 
and no hydrocracker. In Alternative 1, the first 
stage hydrotreater operates in a recycle mode. The 
material boiling over 570°F Is recycled back to the 
expanded bed hydrotreatcr to lower its boiling range. 
After distillation to remove the light ends and 
solids, neither of which are suitable as jet fuel sub-
stituents, the remaining liquids are treated over a 
fixed-bed	 hydrotreater	 to	 further	 lower	 the
aromatics and nitrogen contents to meet jet fuel 
specifications. Alternative 2 is similar to the 
Task 1 recommendation but with the addition of a 
second hydrotreater after the hydrocracking stage. 
The second hydrotreater will lower the nitrogen and 
aromatics contents of the product to jet fuel 
specifications. Finally, Alternative 3 requires two 
stages of hydrotreating, followed by a hydrocracker. 
The first expanded-bed hydrotreater lowers the 
nitrogen and aromatics contents and saturates olefins 
in the tar oil which permits solids removal by distil-
lation without significant losses to retrograde reac-
tions, which the raw tar oil demonstrated. After 
the first stage of hydrotreating, the solids and light 
ends are stripped from the hydrotreated product 
which	 is sent	 to a second-stage,	 fixed-bed
hydrotreater to further reduce the nitrogen level and 
aromatics content. Finally, the 570 0 F+ fraction is 
hydrocracked to extinction in a final, hydrocracker 
stage. 

Alternative 1 was tested first, since it has the 
lowest capital cost and a hydrocracker Is not re-
quired. Instead of lowering the boiling point to jet 
fuel range by hydrocracking, the 550 0 F+ material is 
recycled to extinction in the first-stage 
hydrotreater. Bench scale testing showed that there 
was virtually no conversion of the 550°F recycle 
material in the recycle mode. Although 35 percent 
of the fresh feed was converted in one pass at 
0.6 weight-hourly space velocity (WI1SV), the recycle 
material was not converted in the hydrotreater. 
Even at space velocities as low as 0.2 and 0.1 con-
version of the recycle stream was undetectable. 
Alternative 1, then, was not effective. 

Alternative 2 was tested next as it is the next most 
cost effective design. Alternative 2 requires a 
fixed-bed hydrocracker between the two hydrotreater 
stages used in Alternative 1. 	 Because the heavy 
materials are hydrocracked first, 	 the fixed-bed
hydrotreater can operate at relatively mild conditions 
and will be less expensive than a second 
hydrotreater installed in front of the hydrocracker 
(as in Alternative 3). 

Alternative 2 failed because rapid catalyst deactiva- 
tion occurred In the hydrocracker with hydrotreated 
550°F+ tar oil containing as little as 200 ppm 
nitrogen. In contrast some petroleum hydrocrackers 
are routinely operated at these nitrogen levels. This 
deactivation may be caused by nitrogen-containing 
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materials peculiar to coal-derived liquids which 
poison the active sites on the catalyst. The 
nitrogen compounds In the coal-derived material are 
different when compared to petroleum-derived stocks 
of similar boiling range. A comparative examination 
of nitrogen compound types in the tar oil and 
petroleum feedstocks might explain deactivation and 
differences in hydrocracking of the two feedstock 
types. For example, the addition of denitrogenation 
catalyst above the hydrocracking catalyst beds may 
make Alternative 2 viable. 

Alternative 3 Is the most severe of the alternatives 
and was successful at converting the tar oil to jet 
fuel. Since the fixed-bed hydrotreater processes the 
entire expanded-bed effluent stream, the size of the 
fixed-bed hydrotreater Is nearly doubled relative to 
Alternative 2. The second stage hydrotreater lowers 
the nitrogen level to 10 ppm before the 
hydrocracker, which gives stable hydrocracker opera-
tion and reasonable hydrocracker catalyst life. It 
may be possible to install hydrotreater beds above 
the hydrocracker beds in a single vessel, eliminating 
the separate fixed-bed hydrotreater. The advantage 
of Alternative 3 is that less hydrogen is consumed 
and better reactor control is possible with this 
design, than a system with denitrogenation beds 
added to the hydrocracker (modification to 
Alternative 2).

Compared with the original scheme described In 
Task 1, Alternatives 2 and 3 would be considerably 
more expensive, as there are two more distillations 
and one more hydrotreater involved. However, the 
bench-scale and pilot-plant work verified the need 
for the more severe design of Alternative 3. Al-
though it Is more capital intensive, Alternative 3 has 
better operability, more flexibility, and the capability 
to process the tar oil to meet JP-8 specifications. 

The experimentally-verified version of Alternative 3 
uses nickel-molybdenum-phosphorous and alumina 
catalyst operating at 760°F and 2,000 psig for 
denitrogenation in the first-stage hydrotreater. The 
second-stage operates at the same conditions with 
nickel-tungsten-phosphorous on alumina catalyst to 
promote aromatics saturation while removing most of 
the remaining nitrogen.	 The hydrocracker uses a
commercial nickel-tungsten catalyst on "y" sieve. 

Figure 2 shows the experimentally-verified process 
based on Alternative 3. This was the recommended 
basis for the preliminary process design to be 
developed in Task 4 of this project and the basis 
for production of the larger samples of JP-8 during 
Task 3. Two barrels of JP-8 fuel were produced for 
evaluation by the Air Force. 

FIGURE 2 
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100 KILOWATT MOLTEN CARBONATE FUEL CELL 
PLANNED 

The ultimate objective of the Electric Power 
Research Institute's (EPRI) molten carbonate fuel cell 
(MCFC) activities Is to provide the industry with an 
economical, environmentally clean, 50+ percent effi-
cient generation system using coal. As a step 
towards this goal, quiet pollution-free dispersed gen-
erators of 2-10 megawatt size, with near 60 percent 
efficiency using natural gas or other clean hydrocar-
bon fuels, will be the initial products available to 
utilities. Several key milestones in MCFC develop-
ment have been achieved by Energy Research Cor-
poration, EPRI's principal contractor in this field. 

The manufacturing steps needed to scale cells up to 
economically practical sizes have been successfully 
demonstrated. Cells of four square feet area 
(previously laboratory-scale cells were one square 
foot and smaller) producing approximately 400 watts 
each were assembled into three stacks of five to 
eleven cells. Performance of each of these stacks 
was excellent. The eleven cell (five kilowatt) stack 
is being endurance tested and has operated for more 
than four months including one start/stop cycle with 
no measurable decrease in efficiency.

An assembly of 60 laboratory-scale cells was also 
built and tested specifically to determine if there 
would be any problems associated with high voltage 
assemblies. No high voltage problems were un-
covered in over one month (1,000 hours) of testing. 

Three of these stacks, including the important high-
voltage endurance stack, had the capability of 
operating on natural gas directly, as well as on 
mixtures of hydrogen and carbon monoxide. Stack 
performance in all cases was consistent with a 
power plant heat rate of 6,500 BTU per kilowatt 
hour or lower on natural gas. 

The goat for 1989 is to construct and evaluate a 
high voltage assembly of the large area cells. This 
will produce 20-25 kilowatts. in 1990, five similar 
assemblies will be joined electrically in series, as 
shown in Figure 1, to produce 100 kilowatts. It 
will be installed in a pilot power plant that is being 
designed by Pacific Gas and Electric personnel and 
constructed at their San Ramon, California, research 
and development facilities. This will be the first 
complete MCFC power plant constructed anywhere In 
the world, and successful testing will serve to con-
firm both the operability of MCFC for utility service 
and the system design for the multi-megawatt scale 
dispersed generator. 

FIGURE 1 

100KW CARBONATE FUEL CELL 
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ROTARY ENGINE PERFORMS WELL ON COAL-DERIVED 
GASOLINE 

Researchers at Southern Illinois University at Carbon-
dale have evaluated the relative performance of 
rotary and piston engines on synthetic coal-derived 
gasoline.

They compared the overall power and emissions fea-
tures and in-cylinder combustion characteristics of a 
two-rotor Wankel engine and those of a four-
cylinder piston engine, with particular reference to 
thermal efficiency, oxides of nitrogen, unburned 
hydrocarbons, exhaust temperature, ignition delay and 
combustion interval. 
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While reciprocating piston engines remain the 
workhorse of the ground transportation industry, ad-
vances in rotary engine performance have encouraged 
its reappearance on the automotive market and have 
renewed interest in developing the Wankel for new 
applications. In addition to good torque characteris-
tics and smoother operation, the rotary engine is 
also considered to possess a greater tolerance to 
lower quality fuels. 

The fuel selected for the evaluation was a synthetic 
coal-derived gasoline blended to standard gasoline 
specifications. The coal-derived gasoline was 
produced from a middle distillate and naphtha 
manufactured by the SRC II process.	 These
feedstocks were further processed at Southwest 
Research Institute at San Antonio. The processing 
steps involved hydrogenation to remove sulfur, 
nitrogen and oxygen heteroatoms and to improve the 
hydrogen/carbon ratio. This was followed by distil-
lation to secure the appropriate gasoline boiling 
range, reforming to improve octane number and final 
blending to gasoline specifications. 

The synthetic gasoline was comprised of 74.5 percent 
saturates, 5.9 percent olefins and 19.6 percent 
aromatics. Its (R+M)/2 octane number was 87.2. 

The synthetic coal-derived gasoline was evaluated in 
a two-rotor Mazda 13B engine and a four-cylinder 
in-line reciprocating engine. The piston engine was 
a 2,300 cubic centimeters displacement water cooled 
engine manufactured by Ford Motor Company. Its 
compression ratio was 8.44 with a connecting rod to 
crank ration L/R = 3.33. 

The rotary engine was a 1,308 cubic centimeter 
water cooled model with a compression ratio of 9.4. 
The engine had been modified by Racing Beat Com-
pany to have larger exhaust and intake ports and a 
side draft Delorto carburetor which enabled the en-
gine to reach a maximum of 175 horse power output 
Instead of the 135 horse power rating set by the 
manufacturer. The catalytic converter and exhaust 
gas recirculation (EGR) apparatus were removed from 
both engines. 

Two types of tests were performed on both engines, 
one to determine the influence of engine speed and 
the other to examine the influence of the engine 
load on the emissions, performance and combustion 
characteristics. During the speed test, the applied 
torque was kept constant at 30 foot pounds, the 
air-fuel ratio was maintained at the stoichlometric 
levels and the spark advance was adjusted at the 
minimum setting for best torque (MBT), while the 
speed varied from 1,600 to 2,500 rpm for the piston 
engine and from 1,600 to 3,000 rpm for the rotary 
engine. During the load test, the speed was kept 
constant at 1,800 rpm for both engines, the spark 
advance and air-fuel ratio were set as mentioned 
above and the torque was altered so that the ap-
plied load to each engine varied from 20 percent to 
80 percent of the maximum load attainable at that 
particular engine speed.

The piston engine is almost 20 percent more effi-
cient than the rotary counterpart, while the curves 
of the efficiency versus speed tend to be of similar 
shape. The main reasons for the low efficiency of 
the rotary engine are the gas leakage through the 
crevices and the apex seals of the rotor, as well as 
the high surface-to-volume ratio of the combustion 
chambers of the Wankel engine. 

Oxides of Nitrogen Emissions 

Due to the leakage effects, the rotary engine has a 
built-in exhaust gas recirculation (EGR) system. 
Also, higher heat transfer rates to the wails of the 
combustion chamber and a more effective torque 
generation mechanism tend to decrease the peak 
pressures attained in a rotary engine. As a result, 
the nitrogen oxides (NO,) emissions of the Wankel 
engine are lower than the corresponding values from 
• piston engine. The measured NO X emissions from 
• piston engine increase considerably as the engine 
speed increases while the Wankel engine exhibits 
much lower NOx emissions which increase at a lower 
rate. 

Figure 1 shows that an increase of the engine load 
increases the NO emissions in both types of en-
gines, due to increased peak pressures In the com-
bustion chambers. However, the piston engine con-
tinued to produce much higher nitrogen oxide emis-
sions that Its rotary counterpart. 

FIGURE 1 

OXIDES OF NITROGEN EMISSIONS 
WITH ENGINE LOAD 
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ROTARY ENGINE 
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Unburned Hydrocarbon Emissions 

Unburned hydrocarbon emissions from a rotary engine 
are almost three times as high at low engine speeds 
as those emitted from the piston engine. However, 
as the speed Increases, better sealing characteristics, 
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higher peak temperatures and a warmer intake zone, 
cause a drop of the unburned hydrocarbon emissions 
by 30 percent of the Initial emissions at lower 
speeds. On the other hand, the hydrocarbon emis-
sions from a piston engine tend to decrease Initially 
as the speed increases, but after a certain engine 
speed they begin increasing again. 

Figure 2 shows that the hydrocarbon emissions from 
a rotary engine tend to decrease as the engine toad 
increases although not as sharply as In the case of 
Increasing engine speed. On the other hand, the 
hydrocarbon emissions from a piston engine, while 
initially increasing, tend to decrease when more load 
is applied.

FIGURE 2 

UNBURNT HYDROCARBON EMISSIONS

In terms of fuel tolerance, both engines performed 
well on the coal derived gasoline employed In the 
tests. However, the in-cylinder combustion charac-
teristics, such as reduced ignition delay and longer 
combustion duration of the rotary engine, lend them-
selves more readily to greater tolerance in fuel 
quality. Since the coal-derived gasoline used in the 
tests was blended to piston engine operation stan-
dards, both engines performed well on this synthetic 
fuel. 

Because of the criteria discussed above, with 
deterioration in fuel quality, the Wankel could be 
expected to tolerate low quality fuels better, albeit 
with increased unburned hydrocarbon levels and ex-
haust gas temperatures as well as somewhat lower 
brake thermal efficiencies. 

AMAX STUDIES POTENTIAL FOR UPGRADING MILD 
GASIFICATION CHAR 
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The University of Illinois researchers concluded that 
while the two-rotor Wankel and the four-cylinder 
piston engine both operate on the same ther-
modynamic cycle, differences in construction, result-
ing In different combustion and heat transfer 
characteristics and torque generating mechanisms, 
produce dissimilarities in overall performance. The 
brake thermal efficiency of the rotary engine is, in 
general, lower than that of the piston engine, but 
Increases with both engine speed and load. 

Oxides of nitrogen emissions are significantly higher 
for the piston engine at the same speed and load as 
the Wankel, and they increase as both speed and 
load increase. NO emissions for the Wankel are 
generally lower and are more strongly influenced by 
load than by speed. As is generally recognized, the 
unburned hydrocarbon levels from a rotary engine, 
operating at the same speed and load as the piston 
engine, are markedly higher.

AMAX Research & Development Center of Golden, 
Colorado is working as a subcontractor, with respon-
sibilities for char upgrading studies, on two mild 
gasification projects. The first project is directed 
at western subbituminous coal with the Western 
Research Institute (WRI) in Laramie, Wyoming, as 
prime contractor. The other project is directed at 
midwestern bituminous coal with the University of 
North Dakota Energy and Minerals Research Center 
(UNDEMRC) in Grand Forks, North Dakota, as prime 
contractor. The objective of AMAX R&D's work on 
these projects is to develop economic processes for 
upgrading chars produced by mild gasification so that 
the technology can be commercialized during the 
next decade. 

For both projects, AMAX conducted prefeasibility 
studies and concluded that favorable economics 
depend upon upgrading the mild gasification chars to 
a higher value product. This is because char has 
lower volatile matter content and higher ash content 
than the starting coal.	 These characteristics make 
char a low value utility fuel. Market analysis indi-
cated that metallurgical coke, activated carbon, and 
high purity carbon for use as anodes and carbon 
black are the most economically attractive products. 
Based on the results of the market evaluation, AMAX 
is developing processes to convert western coal char 
to pure carbon and midwestern coal char to metal-
lurgical coke. 

For the western coal case, carbon is produced from 
conversion of the char to methane by reaction with 
hydrogen. The methane Is then decomposed to car-
bon and hydrogen. The hydrogen is recycled to the 
methanation step. 

Gravity and magnetic separations are being studied 
to upgrade midwestern coal char, followed by ag-
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glomeration to form metallurgical coke. Data from 
these bench-scale studies are being used to design 
larger scale process demonstration units. 

Project Descriptions 

For the western subbituminous coal project, AMAX is 
planning a 1,000 ton per day commercial demonstra-
tion plant at its Eagle Butte Mine near Gillette, 
Wyoming.	 Inclined fluid-bed reactors will be used 
for drying and mild gasification. The first liquid 
product, dirty pitch, will be used to spray the dry 
coal. Clean pitch will be used as a binder for car-
bon anodes used In aluminum production. The oil 
product will be used to run the heavy mine equip-
ment. Char will be convened to pure carbon to be 
used for the manufacture of carbon anodes In 
aluminum production or sold as carbon black. 	 Its
use as a premium fuel for gas turbines and heat en-
gines offers the largest long-term market. The 
waste streams will be incinerated in an atmospheric 
fluidized-bed combustor which, in addition to supply-
ing process heat, will produce electric power for 
export. 

For the midwestern bituminous coal project, AMAX is 
planning a similar size plant at the Chinook Mine in 
Indiana.	 A fast fluidized-bed reactor will be used 
for mild gasification of this caking coal.	 Higher 
liquid yields are expected In this case.	 It is
planned to produce a diesel type fuel, as well as 
pure chemicals such as benzene and phenol. 	 The
high-sulfur, high-ash char will be cleaned by simple 
physical methods. The clean char will be further 
processed Into a metallurgical coke substitute (pellets 
or briquettes) and possibly to activated carbon for 
the pollution control industry. The location of this 
project offers distinct marketing advantages for 
these products. 

Char Upgrading Methods 

Since the main objective Is to remove ash and sulfur 
Impurities, upgrading methods used for coal can also 
be applied to char. These have to be followed by 
an agglomeration and possibly a calcining step for 
many applications. 

Gravity separation is the most common method used 
commercially for the separation of mineral matter 
(ash) from coal. Several devices are in commercial 
use such as tables, jigs, cyclones, and spirals. 
Similarly, the media could be varied; air, water, and 
a suspension of magnetite In water are all In com-
mercial use. True heavy liquids, both organic and 
inorganic, have been tested on bench and pilot scale 
to treat coal fines. 

Coal is diamagnetic, while most coal minerals are 
paramagnetic. Therefore, magnetic separation can be 
used to remove mineral matter from coal. Mild 
gasification can alter the crystal structure of 
minerals and convert pyrite to pyrrhotite. Because 
pyrrhotlte Is paramagnetic, magnetic separation may 
be more applicable to char than to coal.

High temperature gas treatment has been employed 
to remove sulfur and oxygen from char. Oxygen, 
hydrogen, and steam are most commonly used. The 
use of chlorine has been suggested for removal of 
mineral matter by conversion of oxides to volatile or 
water soluble halides.	 This might be more effi-



ciently accomplished using anhydrous HCl or HF. 

Aqueous leaching of coal to remove mineral flatter 
has been practiced for more than 50 years. Because 
the main Impurities to be removed are oxides of 
silicon, aluminum, and iron, both alkaline and acid 
systems can be used at ambient or under autoclave 
conditions. Molten caustic leaching has also been 
used to produce ultra-clean coal. Recent studies at 
AMAX R&D Center indicated that ash content could 
be reduced more than 98 percent by this technique. 

Char Upgrading Study for WRI Project 

After a review of several methods, it was concluded 
by AMAX that methane for  offers 
the most potential for upgrading char to pure carbon 
powder. The basic chemical concept is similar to 
that of a process proposed by Brookhaven National 
Laboratory for producing carbon from coal. 

At AMAX R&D, the individual steps of char rnethana-
tion and methane decomposition to produce high 
purity carbon were Investigated separately. Char 
methanation was conducted in a bench-scale fixed-
bed reactor. The conditions studied were 650 to 
850 0 C and 100 to 400 psig hydrogen partial pressure. 
Mild gasification chars produced under a variety of 
conditions (residence time, temperature, and fluidizing 
gas) were Investigated. 

Figure 1 shows a conversion versus time plot for a 
typical test. The results indicate that about 
75 percent conversion moisture and ash free (maf) 
can be obtained in about 90 minutes. 	 Extensive
testing indicated that reaction rate inhibition by 
methane was insignificant. The fixed-bed system 
employed was an integral reactor, and the reaction 
progressed through the bed as a reaction front. In 
a well mixed system such as a fluid bed, better 
results would be expected. 

Methane decomposition to produce high purity carbon 
was studied in a one-Inch diameter, indirectly heated 
reactor. The pressure was atmospheric and tempera-
tures ranged from 1,200 to 1,400 0 C. High methane 
conversion was obtained at all temperatures Inves-
tigated if a sufficient residence time was employed. 
Table 1 presents run conditions and the results of 
carbon characterization for selected runs. 

All the carbon products have high carbon content. 
The results suggest that increasing temperature and 
decreasing residence time produce smaller particles. 
Increasing temperature leads to increased surface 
area, while decreasing residence time reduces surface 
area. The results indicate that this process can 
produce carbons with properties similar to those of 
thermal blacks. 
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FIGURE 1 

METHANATION OF
MILD GASIFICATION CHAR 
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TABLE 1 

CHARACTERIZATION DATA FOR CARBON PRODUCT 

Surface 
Telqeruture Residence Percent Aea, 

Tin,s Conversion %C _/g. 

1,200 1.8 25 97.9 1.2 15.4 
1,300 1.3 89 99.3 0.8 36.1 
1,300 0.7 76 99.4 0.6 20.9 
1,400 0.7 83 -- -- --
1,400 0.6 94 99.4 0.4 40.5 
1,400 0.5 79 99.6 0.4 23.9 
1,400 0.07 89 -- -- --

The bench-scale results indicate that a process for 
the conversion of char to high purity carbon via 
methane forrnation/decompositlon is technically 
feasible. The carbon product can be produced to a 
variety of specifications. 

Char Upgrading Study for UNDEMRC 

Chars produced from high-sulfur midwestern coals re-
quire upgrading to meet metallurgical coke specifica-
tions. Reduction of both sulfur and ash concentra-
tions Is necessary. The preferred upgrading tech- 
niques are dry separation processes, which may be 
conducted at high temperature. Both gravity and 
magnetic separations have shown potential for reduc-
ing impurity levels in mild gasification chars. 
Gravity separation Is applicable to both the teed 
coal and the char product. Magnetic separation can 
only be applied to the chars because the candidate 
teed coals exhibit little or no magnetic properties 
before pyrolysis.

During mild gasification, sulfur and ash compounds 
undergo transformations which present both problems 
and opportunities for char upgrading by magnetic 
separation. For example, pyrite (FeS 2 ) is converted 
to pyrrhotlte (FeixS ) under certain conditions of 
temperature and gas environment.	 Conversion of
pyrite to pyrrhotite occurs with the concurrent 
release of hydrogen sulfide gas. 	 The 11 25 may
remain in the gas phase or it may react with the 
char. Reactions of hydrogen sulfide produced from 
pyrite decomposition can produce inorganic sulfur 
compounds or refractory carbon-sulfur compounds. 

Laboratory investigations indicated that the total 
sulfur content of char Is reduced by mild gasifica-
tion under both Inert and reducing gases at tem-
peratures up to 450 0C. At higher temperatures, sul-
fur is removed from char more effectively in a 
reducing gas environment. These results are shown 
in Table 2. These data indicate that at higher tem-
peratures, a reducing gas reacts with the pyritic 
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TABLE 2 

ANALYSIS OF INDIANA NO. 3 (DAL (BARS 

Sulfur Analysis, % (Dry Basis) 
Tent,., 
0C Gas Total Pyritic SO4 Organic 

350 N2 2.86 1.04 0.002 1.82 
350 o)/H2/N2 2.66 1.02 0.001 1.64 
450 N2 1.95 0.81 0.030 1.11 
450 CO/H2/N2 1.76 0.52 0.034 1.21 
550 N2 2.12 0.89 0.055 1.18 
550 £t/H2/N2 1.40 0.05 0.043 1.31

sulfur. Sulfate sulfur increases slightly with tem-
perature in both inert and reducing gases. Organic 
sulfur declines with temperature in both inert and 
reducing gases. 

Studies with Indiana No. 3 chars have also indicated 
that precleaning the feed coal using gravity separa-
tion techniques results in a lower sulfur content in 
the mild gasification chars. The precleaning removes 
some pyrite and some mineral matter. This ap-
parently prevents sulfur fixation in the char during 
mild gasification. The magnetic properties of sulfur 
compounds and ash in these chars are enhanced by 
mild gasification at temperatures between 450 and 
550 0 C. Additional ash constituents can also be 
removed from the char by magnetic separation if 
char Is calcined at 8000C. 

Future Work 

Based on the char upgrading results obtained in 
these projects, integrated process demonstration units 
(P00) are being designed. For the Will project, the 
PDU will consist of a fluidized-bed methanation 
reactor sized to process 50 pounds of char per hour. 
A comparable sized carbon formation system will be 
coupled to the methanation unit. Operation of this 
system Is expected to begin in the fall of 1989. 

For the UNDEMRC project, bench-scale data acquisi-
tion will continue with the goal of finalizing the 
char upgrading process flowsheet. The char process 
will most likely consist of a precleaning step, fol-
lowed by mild gasification. The mild gasification 
char will then be further cleaned and processed into 
a metallurgical coke substitute.

are needed to evaluate key relationships among 
process conditions, product yield, and product end-
use value. Of particular interest Is the suitability 
of the liquid (with minimal upgrading) as diesel fuel 
and the suitability of the char as boiler fuel. 

To date, liquid samples have been obtained from four 
candidate processes: 

- The United Coal Company (UCC) process 

- The KILnOAS process operated by Allis Chal-
mers 

- The 501 International low-temperature process 

- The Coalite (United Kingdom) low-temperature 
process 

The liquids were characterized by standard ASTM 
procedures and other widely used procedures. 
Measurements included: 

- Elemental analysis (Leco Analyzer) for carbon, 
hydrogen, nitrogen, sulfur, and oxygen 
(neutron activation) 

- Water content (ASTM 96-73) 

- Specific gravity (ASTM D 287-67) 

- Viscosity (ASTM D 88) 

- Heating value (ASTM 0-2015-85) 

- Chromatographic simulated distillation (ASTM 
D-2887) 

Aliphatics/aromatics ratio (proton N MIt) 

OAK RIDGE CHARACTERIZES MILD GASIFICATION 
PRODUCTS 

Workers at Oak Ridge National Laboratory are 
developing basic characterization data for the liquid 
and char products of mild gasification. 	 Such data

Figure 1 depicts the simulated distillation curves and 
Table 1 summarizes the overall analytical results. 
From these results the following trends are evident: 

- Hydrocarbon ratios of the coal liquids are 
less than typical diesel fuel ratios and less 
than ratios observed in previous mild 
gasification studies. 
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- The viscosity and aromatic carbon content of 
the coal liquids are higher than those of 
diesel fuel. 

- The aromaticity of each coat liquid appears 
to parallel the severity of the mild gasifica-
tion conditions; i.e.! the more severe the 
conditions, the higher the aromatic content. 

- The SGI liquid appears to have unusually low 
oxygen and aromatic carbon contents.

FIGURE 1 

DISTILLATION CURVES 
FOR MILD-GASIFICATION LIQUIDS 

100 
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Engine Testing of Liquids 

A Deutz F1L-511W single cylinder indirect injection 
diesel engine with 19:1 compression ratio was 
calibrated using reference fuels with boiling ranges 
similar to diesel fuel. The reference fuels were: 

- REF1: A blend of Phillips Light Cycle Oil 
(LCO) and Exxon Heavy Aromatic Naphtha 
(HAN) 

- ItEF2: A blend of REF1 and REF3 

- REF3: Phillips D2 diesel fuel 

Attempts were made to run the engine on six Un-
blended coal liquids, but due to their poor ignition 
quality, the engine stalled in each case. Coal li-
quids were then blended with 02 diesel fuel (REF3) 
in various proportions producing functional fuels. 
The relationship between ignition delays and apparent 
cetane numbers appeared similar for all these blends. 
Increasing the volume fraction of diesel fuel does 
not appear to greatly increase the cetane number or 
decrease the ignition delay. 

Char Analyses 

Char samples were obtained from the 0CC and SO! 
processes. A single 1.1CC char sample was obtained 
from a typical test of the UCC Bristol test unit 
(test run P1/12). The parent coal was Kentucky 
Williamson No. 2 seam, a high-volatile, swelling 
bituminous coal. Three 501 char samples were ob-
tained,	 each	 representing	 successively	 higher
devolatilization levels of Montana Rosebud sub-

TABLE 1

MILD GASIFICATION LIQUIDS CHARACTERIZATION

0-2 
Coalite 0cC-1	 tIcC-2 KILn-GAS SGI Diesel Fuel 

Elemental Analysis (ft. 96) 
C 
U 
S 
N 
0 (by neutron activation) 

H/p 
Water Content, % 
Specific Gravity (at 25°C) 
Viscosity (at 25°C), CP 
Heating Value, 811.1/Lb 
Arcrrttic Hydrogen Content, Wt.% 
Aromatic Carbon Content, Wt.96 
Aliphatic Hydrogen Content, Wt.% 
Sim lated Distillation Data 

Initial UP, °C 
Final B?, °C 
Average UP, °C 

Percentage of Oil Distilled 
at 246°C

	

80.83	 84.24	 83.69	 88.45	 87.34	 86.5 

	

8.57	 9.42	 9.34	 5.58	 12.96	 12.8 

	

0.72	 0.42	 0.39	 4.6	 0.07	 0.3 

	

1.02	 0.56	 0.68	 0.66	 0.40	 0.01 

	

7.74	 4.89	 5.11	 116	 0.171 

	

1.27	 1.34	 1.34	 0.76	 1.77	 1.78 

	

1.80	 0.790	 0.900	 0.14	 0.004	 nil 

	

1.03	 0.972	 0.989	 1.133	 0.872	 0.85 

	

290.0	 12.06	 25.55	 34.0	 18.0	 3.0 

	

16,300	 17,100 17,000	 16,500 19,400 18,150 

	

30.4	 30.2	 26.9	 86.1	 8.7	 9.6 

	

57.7	 55.9	 52.4	 94.8	 20.0	 20.0 

	

61.8	 59.2	 68.1	 13.9	 91.3	 76.8 

	

147	 48	 58	 58	 142	 66 

	

437	 397	 425	 431	 433	 368 

	

234	 214	 211	 218	 273	 235 

	

56	 67	 75	 66	 34	 57 
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bituminous coal. These samples were produced in 
cooperative tests between SGI and the Peabody Coal 
Company at Peabody's plant in Columbia, Tennessee. 
Four widely-used reference fuels were also included 
to extend the applicability of the results: 	 Texas 
lignite;	 Kentucky No.	 9 high-volatile, 	 swelling
bituminous; delayed petroleum coke, and anthracite. 

Table 2 summarizes • the proximate, and nitrogen BET 
analyses of the char samples, typical analyses of the 
char parent coals, and reference fuel analyses. One 
key observation is that the SGI chars have n higher 
volatile content and greater available surface area 
than the IJCC char. This difference was confirmed 
by optical and electron micrographs of the chars.

Char Comhuaua, Tests 

Low-temperature combustion tests were conducted 
with each of the test chars and reference fuels. 
The UCC char ignites and burns more slowly than all 
three SGI chars at the conditions tested. 

Higher-temperature combustion tests were conducted 
using the fixed-bed reactor at Babcock and Wilcox 
Affiance Research Center. 

Figure 2 compares the fixed-bed combustion profiles 
for 115 micron particles of each fuel exposed to 
three percent oxygen at 1 1 100-1,120 0 K. The fixed-
bed profiles clearly distinguish among the fuels. The 
fuel ranking resulting from burning rates derived 
from these profiles is virtually identical with the 
rankings developed from burning rates evaluated at 
other fixed-bed conditions. 

TABLE 2

PR(D(IM&TE AND BET ANALYSES 

Water Ash VM FC BET 

Chars: 
UCC 2.32 5.86 11.49 80.33 0.197 
SO! 4 10.82 15.27 18.34 55.57 22.6 
501 20 6.84 15.63 13.99 63.54 30.5 
SC!	 48 8.61 11.52 23.72 56.15 11.2 

Parent Coals: 
KY Wii.	 2 1.80 5.00 33.80 59.40 
IT1 Ros. 19.84 7.34 31.28 41.54 

Ref.	 Fuels: 
TX Lig. 33.27 7.25 30.58 28.90 
KY 9 6.78 10.81 37.75 44.66 
Pet. Ck. 1.10 2.14 13.86 82.90 0.230 
Anth. 4.23 10.85 5.74 79.18
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INTERNATIONAL 

INTERNATIONAL TURBINE R&D EFFORTS WILL AID IGCC 
DEVELOPMENT 

A key component of integrated coal gasification 
combined cycle systems is the gas combustion tur-
bine. According to the 1989 International Gas Tur-
bine and Aeroengine Technology Report, a number of 
technical advances around the world should lead to 
improved performance in 16CC applications. 

GE Company, USA 

Full scale comprehensive testing of the MS7001F 
machine was completed in May 1988 at firing tem-
peratures up to 2,307 0 F. it is a 150 megawatt 
machine and the world's highest rated 60Hz gas tur-
bine. Operating with a firing temperature of 
2,300 0 F, the performance reflects an increase of 
280°F over GE's current production machines and 
provides a six to eight percent fuel savings in 
combined-cycle applications. 

Virginia Power will be the first to use the new 
machine in a combined-cycle configuration at its 
Chesterfield, Virginia, station due to begin operation 
next year. 

The 5011z version of the 7F--the 200 megawatt 
MS0001F--will first be installed in 1992 near Paris 
on the Electricite de France (EUF) systems. This 
unit will also be capable of operating on medium 
BTU gas derived from coal gasification. Like the 
7F, the OF offers optimum performance for mid-range 
and baseload operation in addition to peaking and 
emergency service. Advanced combined-cycle systems 
utilizing the 7F and the OF will operate at thermal 
efficiencies of more than 50 percent lower heating 
value (LHV). 

Current	 combined-cycle plants	 are	 approaching
50 percent LHV thermal efficiency. Most notable is 
the world's largest and most advanced operating 
combined-cycle plant--the 2,000 megawatt Futtsu 
plant on Tokyo Bay owned by the Tokyo Electric 
Power Company. The Futtsu plant consists of 14 of 
GE's STAG 109E systems, The TEPCO Futtsu plant is 
also the cleanest of its kind with nitrogen oxide 
emissions less than 10 ppm as a result of the mar-
riage of GE's gas turbine steam injection processes 
with Japanese dertitrification technology. 

An expanded array of technologies is now available 
to meet most combinations of economic and environ-
mental goals. Standard combustion systems using 
steam or water injection can get down to 42 ppm 
NOx levels. A multi-nozzle, quiet combustor on a 
Frame 7 gas turbine operating in California is now 
meeting 25 ppm. It became the first, and to date 
only, gas turbine operating commercially at an NO  
emission level of 25 ppm without exhaust cleanup. 
The unit achieves this level of NO x emission on gas 
fuel through steam Injection.

GE's Progressive Generation program enables utilities 
to Invest progressively as load demand increases by 
first installing gas turbines for immediate needs. 
Next is the addition of heat recovery steam turbine 
generators and steam turbines for more efficient 
baseload combined-cycle operation; and finally, the 
addition of a gasifier to burn coal.	 In addition to 
Virginia Power, other United States utilities are 
finding the concept--particularly with the high firing 
temperature of the new MS700IF--attractive for 
baseload operation. Potomac Electric recently or-
dered tour MS7001F machines for delivery in the 
early 1990s. 

MitsubishI Heavy Industries, Ltd, Japan 

The new 501F, 60Hz gas turbine was developed 
jointly by Westinghouse Electric Corporation and Mit-
subishi. It Is a heavy-duty single-shaft turbine 
combining three major developments: design concept 
of the MW-SOtD, low NO x technology of the MW- 
701D, and advanced cooling of the .iF-111. 	 The 
mature output will be 145 MW.	 Efficiencies should
be over 50 percent in combined cycle. 

The 501F is a 3,600 rpm engine designed to serve 
60Hz power generation needs in the 1990s. Designed 
for both simple and combined cycle applications, it 
will operate on all conventional gas turbine fuels, as 
well as with coal-derived low BTU gas produced in 
an 16CC power plant. Currently being offered for 
operation in 1990. 

The 501F has 16 new premix lean-bum hybrid com-
bustors to be applied to meet the existing and new 
NO 	 emissions limitations while having dual fuel 
capability. The hybrid combustor features a two-
stage burner assembly and a bypass valve, which 
directs a portion of the compressor delivery air 
directly into the transition piece to enhance flame 
stability during starting, and to maintain desired 
fuel/air ratio during loading. 

Texaco Syngas Inc., United States 

During 1988, significant new operating experience 
was gained with the Texaco Coal Gasification Process 
(TCGP). AU four facilities using the process on a 
commercial scale operated at or above expected per-
formance levels. These plants are the Tennessee 
Eastman Plant in Kingsport, Tennessee; the Ube Am-
monia Plant in Ube City, Japan; the S.A.R. facility 
in Oberhausen, West Germany; and the Cool Water 
Plant in Daggett, California. These plants have now 
combined for over 17 years of operating experience 
with the TCGP. 

Integrated Gasification Combined Cycle (16CC) designs 
are now being developed for power generators 
worldwide. Such designs use TCGP to transform coal 
into a synthesis gas whose energy content is ap-
proximately one-third that of natural gas. This gas 
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can then be used in conventional gas turbines to 
produce electric power in a combined cycle mode. 
The commercial status of coal gasification has also 
facilitated the use of combustion turbines with all 
fuels, since operators can now use conventional fuels 
in current operations and switch to coal gasification 
if It becomes more advantageous. 

New power stations are being designed to use the 
TCGL' with state-of-the-art combined cycle equip-
ment. Net station heat rates of 8,900 BTU per 
kilowatt hour high heating value (HHV) or better are 
now expected. 

WUnØicnse Electric Ctlxratkm, USA 

Successful operation continues at the Dow Syngas 
Project. The world's largest integrated gasification 
combined cycle plant went into commercial service 
in the spring of 1987 at Dow Chemical's Louisiana 
Division complex at Plaquemine, Louisiana. This 
project involves the operation of two 100-megawatt 
Westinghouse WS01D5 combustion turbines on medium 
BTU fuel gas produced by the 2,400 ton per day 
Dow coal gasification process. The combustion tur-
bines, which were originally placed in service in 
1982 and 1983 burning natural gas, were retrofit in 
the field with modified dual-fuel nozzles to allow 
operation on the medium BTU coal gas as well as 
natural gas. 

The company continues Its role in several advanced 
technology programs related to coal utilization in 
combined cycle systems being sponsored by the 
Department of Energy: 

- A six-year program to develop direct coal-
fired combustion turbines for electric utility 
application is focusing on the development of 
a slagging combustor, based on magneto 
hydrodynamic technology, to meet cleanliness 
requirements of the environment and turbine 
while attaining high combustion efficiency. 

- The atmospheric fluidized bed (AFB) 
Cogeneration Air Heater Experiment Is aimed 
at developing a successful design for in-bed 
heat transfer surface to be used in a coal-
fired atmospheric fluidized bed AFB for com-
bustion turbine application. In this system, 
the AFB air heater would replace the con-
ventional combustor as the means of intro-
ducing fuel energy to the combustion turbine. 

- A second-generation pressurized fluidized bed 
combustor system incorporating a combustion 
turbine, is under investigation. The high ef-
ficiency of this system results from the in-
corporation of a topping combustor fueled by 
coal pyrolysis gas which increases turbine in-
let temperature. 

ASEA Brown Boveri Ltd, (ABE) Switzerland 

The first 145 MW Type 13E gas turbine was commis-
sioned successfully In open cycle operation In 1987 
at the Hemweg power plant of the Energiebedrijf

Amsterdam in the Netherlands.	 This unit was
originally fitted with a standard single combustor 
with one central fuel nozzle. During 1988 this 
combustor was replaced by a dry low NO x combustor 
similar in design to those used for Types 11 and 13. 
At the same time the original steam generator of 
the conventional steam power plant was modified to 
accept the exhaust gases of the gas turbine, thus 
completing the upgrading program. 

The second Type 135 gas turbine with a dry low 
NO  combustor was erected at the Pegus power 
plant In Utrecht in the Netherlands. This unit will 
operate in a combined cycle configuration with a 
dual pressure waste heat boiler and a steam turbine. 
The plant when fully commissioned will have a ther-
mal efficiency exceeding 52 percent. 

In late 1988 ABB acquired all the rights for the 
Type 10 industrial gas turbine from Sulzer Escher 
Wyss. This unit will now be manufactured and sold 
by ABB. It will compete In the 20-30 MW range 
and is well suited for cogeneration and combined 
cycle applications. 

The	 1,200	 MW combined cycle plant at Tratcya-Turkey 
is	 finished. All	 eight	 Type 13 gas	 turbines	 are 
operational. This power plant was built	 according to 
the	 "phased construction"	 concept. The	 last	 steam 
turbine	 was commissioned	 in early 1989	 while	 the 
first	 gas turbine	 has already accumulated 
16,000 operating hours.

Hopewell Cogeneration Ltd. has placed an order for 
a combined cycle plant for their Hopewell Power 
Plant In Virginia. It will consist of three Type uN 
gas turbines, 87 11W each, and 96 MW steam turbine. 
The plant will supply 356 MW electric and 53 14W 
thermal power. This will be one of the world's 
largest power/heat combined cycle plants. 

ABB found that the trend towards classical combined 
cycle	 plants	 for electricity production or	 for 
cogeneration was confirmed in 1988. This type of 
power plant is finding increased acceptance as the 
most economical and quick solution to increasing 
power demand. 

COMPLETION OF CHINESE GAS WORKS SUSPENDED 

Completion of the second phase of what would be 
China's largest gas works will be delayed for two 
years, and more local families will have to continue 
using coal stoves. 

The delay In the Pudong Gas Works project is caused 
by a lack of funds according to the Shanghai 
Municipal Gas Company (SMGC). 

The second phase of the project, now expected to 
be completed in 1992, was to have produced one 
million cubic meters of gas per day. 	 The first 
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phase was completed three years ago, and is already 
producing that same amount. 

Two gas pipes have been laid across the Huangpu 
River, which divides the city. Gas can now easily 
be transferred from one side of the river to the 
other side. Four years ago, no gas was conveyed to 
the east side of the river. 

The company plans to increase the number of gas 
consumers by 30 9 000 this year and this Is listed as 
one of the municipal government's 12 major tasks for 
this year. Last year, 74,000 more families were 
equipped with piped gas and 28,000 additional 
households were equipped with liquefied petroleum 
gas. 

There are about 1.06 million piped gas users and 
203,000 liquefied petroleum gas users in the city. 
Meanwhile, the number of coal stoves has increased 
to one million compared with 800,000 several years 
ago. 

Coal stoves are not expected to be eliminated soon, 
because the three existing gas works badly need 
repairs. And because gas supplies in the city are 
already seriously short, repair measures can only be 
taken gradually to avoid disruptions. 

The repair of the gas furnaces in the Shanghai 
Coking Factory has just been completed and it will 
resume operations in about two months. 

During the furnaces' repair period, SMGC has had to 
cut gas supplies to some industrial users to maintain 
gas supplies to households, specially during the 
Spring Festival period when daily gas consumption in 
the city soared to five million cubic meters. This 
has forced the city's three gas producers to operate 
at overloaded capacity. 

Total gas output in the city reached 6 9 000 billion 
cubic meters in the first half of this year. 

An SMGC official told the China !!ily that the 
growing price of coal has pushed the company, pre-
viously the only profitable gas producer in China, 
into a five million yuan deficit last year. The 
deficit Is expected to reach 195 million yuan this 
year.

ABU CONTINUES WORK ON HUGE COAL, METHANOL, 
GASOLINE PROJECT 

AECI is continuing work on a proposal to the South 
African government for a three-phase $8 billion syn-
thetic fuels project and hopes to have it approved 
by the end of this year. The company, owned 
38 percent by the United Kingdom's ICI, has ap-
pointed Synfuel & Engineering Ltd as managing con-
tractor.	 The plan includes the production of 
petrochemical feedstocks. 

Costing around $3.5 billion, the first phase could 
come on line during 1994 and the entire project 
could be completed in 1996. It would be built In 
Eastern Transvaal, adjacent to the country's coal 
reserves. 

The project will convert coal via methanol to 
gasoline. Some of the methanol will be converted 
to olefins, giving AECI its first captive source of 
ethylene. The company currently buys ethylene from 
Sasol, South Africa's only producer, for its PVC, Low 
and linear low density polyethylene production. 

Lurgi technology would be used in the coal gasifica-
tion facility. The methanol process technology Is 
still open and could involve technology from a num-
ber of suppliers. AECI has been developing catalytic 
processes for converting methanol to synthetic fuels 
and it Is understood that the process is sufficiently 
developed to use on a commercial scale. AECI's own 
development work was carried out for many years on 
a pilot plant at Modderfontein, near Johannesburg. 

Still unresolved is a method for funding of the 
scheme. The cost of the project is such that it 
could not be funded from AEC1's resources. 

The government has said it would finance only one 
synfuel project at a time. At present Mosgas is im-
plementing its natural gas to liquids project at Mos-
sel Bay and a smaller project than AECI's Is being 
proposed by Gencor to convert torbanite to liquid 
fuels.

#itfl 
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ENVIRONMENT 

COT PROGRAMMATIC EIS SHOWS EFFECT OF 
GASIFICATION TECHNOLOGIES 

A draft Programmatic Environmental Impact Statement 
(PEIS) has been prepared by the United States 
Department of Energy (DOE) to support the proposed 
continuation of the Clean Coal Technology 
Demonstration Program (CCTDP) involving selection, 
for cost-shared federal funding, of one or more 
clean coal projects proposed by the private sector. 
This draft PEIS addresses the projected environmental 
consequence of the widespread commercialization of 
the successfully demonstrated clean coal technologies 
by the private sector in the year 2010. DOE will 
consider the comments received on this draft PEIS 
prior to making decisions on specific proposals during 
the selection process. 

Two alternatives are evaluated in the draft PEIS: 
(1) the no-action alternative, which assumes that the 
CCTDP is not continued and conventional coal-fired 
technologies with flue gas desulfurization controls to 
meet New Source Performance Standards (NSPS) would 
continue to be used; and (2) the proposed action, 
which assumes CCTDP projects are selected and 
funded and that successfully demonstrated tech-
nologies undergo widespread commercialization by the 
year 2010. Under the proposed action alternative, 
changes to four environmental parameters of concern, 
sulfur dioxide (SO 2) oxides of nitrogen (NO,), carbon 
dioxide (CO 2 ), and solid waste, were estimated as a 
result of the maximum commercialization by the year 
2010 of 22 generic clean coal technologies. 	 These
environmental parameters were selected because 
and NO are believed to contribute to the formation 
and deposition of acid rain.	 (CO 2 ) is considered a
greenhouse gas which could be Influenced by the 
clean coal technologies. Finally, solid waste is 
analyzed In order to provide an indicator of the de-
gree to which reductions in air emissions imply con-
comitant increase in the generation of solid wastes. 

Coal Is the only energy supply component of the na-
tional energy mix considered in the draft PEIS. 
The projections reflect the effects of increased effi-
cient use of energy. Changes in the national energy 
mix or in the efficiency of use of energy in 2010 
would change the 2010 emission levels of the en-
vironmental parameters of concern. 

The extent of future commercialization of each of 
the technologies will depend on its economic com-
petitiveness and the technical suitability to retrofit 
or repower existing facilities or Its use in new 
facilities. The draft PEIS does not attempt to pre-
dict the economic competitiveness of each of the 
technologies considered. Rather, maximum commer-
cialization within each applicable market was as-
sumed in order that projected changes in the en-
vironmental parameters of interest will not be ex-
ceeded by actual changes. While clean coal tech-
nologies may achieve higher market shares in some 
future markets, the potential increase in the use of

coal could be offset by the higher efficiencies of 
some of the technologies (i.e., more energy output 
per BTU of coal input). 

The results are presented in the form of a com-
parison of emissions projected for the proposed ac-
tion in the year 2010 to baseline conditions in the 
year 1985 and to emissions projected for the no-
action alternative in the year 2010. 

The results of the analysis show that under the no-
action alternative and under current emission regula-
tions, national emissions from coal-fired utilities and 
industrial boilers for 502 and NOx are projected to 
increase by 16 percent and 67 percent respectively 
between 1985 and 2010 (Figure 1). With respect to 

FIGURE 1
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acidic deposition, negative impacts on water 
chemistry from atmospheric deposition of sulfur and 
nitrogen compounds would continue under the no-
action alternative. The northeastern quadrant would 
continue to be the region of the United States most 
affected by production of acidic precursors, although 
a small decrease In the total amount of these 
materials produced would occur.	 Increased emission
of SO2 and NO, would occur in the other three 
quadrants,	 but the total amounts of pollutants 
produced are small in comparison to those produced 
in the northeastern quadrant. 	 Carbon dioxide (CO2)
emissions are expected to increase by about 
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37 percent under the no-action alternative between 
the year 1985 and 2010 as a function of the amount 
of coal burned. The analysis of solid waste genera-
ted under the no-action alternative showed that ap-
proximately 4,340 acres per year would be required 
by the year 2010 to dispose of flue gas desulfuriza-
tion (FaD) sludge and 2,710 acres per year for dis-
posal of ash. This compares to current land disposal 
requirements estimated to be 570 acres per year for 
FGD wastes disposal and 1,440 acres per year for 
ash disposal. 

The clean coal technologies have been divided into 
two major categories:	 repowering technologies and 
retrofit technologies. Repowering technologies are 
those that, by replacing a major portion of an ex-
isting facility, not only achieve a significant emis-
sions reductions but also may provide for the use of 
a new fuel form, increase facility capacity, extend 
facility life, and/or improve system efficiency. 
Retrofit technologies are those which reduce emis-
sions of sulfur dioxide and/or oxides of nitrogen by 
modifying	 existing	 facilities	 or	 their	 present
feedstock or by utilizing new fuel forms. 

The retrofit category is further divided into three 
classes. New Source Performance Standards (NSPS)-
capable technologies are those capable of controlling 
emissions to a level equal to or better than NSPS 
limits. These technologies can be retrofitted on ex-
isting unregulated plants (i.e., unregulated at the 
federal level). New fuel forms technologies are 
those which chemically or physically alter coal with 
the objective of mitigating emissions of sulfur 
dioxide and/or oxides of nitrogen. 

M any of the technologies (e.g., NO x controls) could 
be applied along with LCD technologies to greenfield 
plants. However, the PETS does not consider com-
binations of technologies.

Rqowethig Technologies 

The repowering technologies considered are the at-
mospheric circulating fluidized bed, pressurized fluid 
bed, integrated gasifier combined cycle, and the 
gasifier fuel cell. For the purpose of analysis, the 
available applicable market for repowering tech-
nologies may be limited by the demand for new 
electric power generation (i.e., plants will not be 
repowered unless additional electricity is needed). 
Only plants older than 30 years are assumed to be 
candidates for repowering. 

The capacity increment (i.e., the percentage, increase 
in generation capacity that can be achieved when 
repowering an existing power plant) has a significant 
impact on the applicable market for a repo.vering 
technology. The four technologies considered to be 
repowering technologies in this PETS have the follow-
ing capacity increments: 

Circulating Atmospheric Fluidized-Bed (CAFB) 151)6 
Pressurized Fluidized-Bed (PFB)	 40% 
Integrated Gasifier Combined Cycle (IGCC) 	 130% 
Coal Gasification Fuel Cell (FC)	 43096 

The structure of the applicable market for each of 
the four major repowering technologies is shown in 
Table 1. 

As can be seen, the technologies with higher 
capacity increment factors (IGCC and FC) actually 
repower less of the 1985 capacity that still exists 
in 2010, reflecting the fact that capacity cannot 
exceed demand based on a region-by-region analysis. 
Table 2 shows the environmental characteristics for 
the repowering technologies evaluated in the PUS, 
using the emissions characteristics of the tech-
nologies and the applicable market defined In 
Table 2. 

TABLE 1 

STRUCTURE OF THE APPLICABLE MARKET FOR
REPUVERDG 1flWEI ES 

Existing/New Generation Mix in 2010 (Gith x I03) 

1985 Generation Repowered 

1985 Generation Not Repowered but Still 
On-Line in 2010 

New 2010 Generation Satisfied by 
Repowered Plants 

New Greenfield Generation 

Total

	

CAPS	 PFB 

	

1,064	 973 

	

21	 112 

	

150	 345 

	

1,270	 1,075 

	

2,505	 2,505
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TABLE 2 

ThY IRGR(FAL CHARACTERISTICS OF HEI'GVERIN] T]IMMfl]l ES 

Applicable Change in National iThissions, % 
Market Solid 

(quads) Waste 

CAPS 27.4 -44 -17 -5 +8 
PFS 27.4 -48 -17 -8 -4 
lGt 27.4 -37 -17 -G -5 
Fuel Cell 27.4 -29 -14 -12 -16

The CAFO affects the largest market share and 
results in the largest change in 2010 national SO2 
emissions of the repowering technologies. While the 
PFB has slightly better environmental performance 
and a reduced heat rate as compared to the CAPS, 
the reduction expected in 50 2 Is slightly less be-
cause PFI3 does not repower 91,000 gigawatt-hours of 
generation that is repowered by CAFB. The reduc-
tion in CO 2 and solid waste is directly attributable 
to the improved P1'S heat rate. 

Of the repowering technologies, the 10CC and fuel 
cells have the best environmental performance; 
however, their impact on 2010 national emissions is 
somewhat diminished because of the large capacity 
increment associated with these technologies. Even 
with the penalty of smaller market shares associated 
with the capacity increment, the analysis shows that 
10CC and fuel cell technologies do lead to sig-
nificant changes in national emissions relative to the 
no-action alternative. 

The larger percentage change in 2010 national emis-
sions of CO2 and solid waste associated with the 
gasifier-fuel cell technology is directly related to 
the higher efficiency of this clean coal technology. 
The capacity increment used in the PUS analysis 
effectively bounds the minimum market share for 
each of the technologies. It should be recognized 
that the 10CC and fuel cell technologies could be 
deployed in smaller modules and thus, may capture 
more of the 1985 capacity that still exists in 2010 
than is shown in the analysis. However, there is no 
basis to analyze the 2010 demand for electricity on 
a plant-by-plant basis that would be necessary to 
determine the deployment of modular 10CC and fuel 
cell plants. The fuel cell and gas turbine could be 
fueled by the fuel forms, such as methanol, produced 
from an indirect liquefaction process. While all pos-
sible combinations of fuel and electric power gener-
ation technologies could not be analyzed, it is felt 
that the IGCC and gasifier-fuel cell are representa-
tive of these technologies. 

The emissions effect of less than 100 percent 
availability of the applicable market to repowering 
technologies depends on the extent to which the 
demand for new power production already limits the 
penetration of these technologies. For the fluidized

bed technologies, the capacity Increment is relatively 
small; hence, these technologies are not limited by 
the demand for new power production. Any reduc-
tion in the availability of the applicable market, 
below 75 percent of the total market, will result in 
roughly linear reduction in the size of the emissions 
reductions. For the gasifier technologies, significant 
expansion of capacity occurs when the technologies 
are applied. The low demand for new electric gen-
erating capacity, particularly In the initial years, 
naturally limits the application of these technologies. 
Lower availability of plants in the applicable market 
for repowering does not appreciably change the size 
of the emissions effect until the market share falls 
below 50 percent for 10CC and 25 percent for the 
fuel cell.	 Of course, the efficiency gains from all 
of these repowering technologies benefits new plants 
as well. The emissions reductions of these ef-
ficiency improvements are also roughly linear when 
the application of these technologies is limited in 
greenfield applications. This impact is small relative 
to the impact of the direct removal of 502 from 
older, unregulated, repowerahle plants. 

Retrofit Technologies 

Retrofit technologies are those which reduce emis-
sions of SO 2 and/or NOx by modifying existing 
facilities or their present feedstock or by utilizing 
new fuel forms. The clean coal technologies in the 
retrofit--NSFS capable class	 which have been 
analyzed include: advanced slagging combustor, 
spray dryer, copper oxide flue gas cleanup, dual-
alkali scrubber, and the advanced P01) with salable 
byproduct. The applicable market for all of these 
technologies is very large and includes the slate of 
existing unregulated plants still In service in 2010 
and all new plants.	 A maximum market of almost 
30 quads has been defined. 

The clean coal technologies in the retrofit--non-NSPS 
capable class that have been analyzed include: 
limestone injection multistage burner (LIMB), sorbent 
injection, selective catalytic reduction, low NOx bur-
ner and reburning. Each technology is applied to 
essentially the same market consisting of 1985 un-
regulated sources that exist in 2010. 	 This amounts
to approximately 12.9 quads of energy use. 
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New Fuel Forms 

The clean coal technologies in the retrofit--new fuel 
forms class consist of those that chemically or 
physically alter the form of coal before its use as a 
fuel. These include advanced physical and chemical 
coal cleaning, mild gasification, direct liquefaction, 
indirect liquefaction,	 coal/oil coprocessing,	 and 
coal/water mixtures;	 Each of these technologies
produces a product which, for the purpose of the 
PEIS, is used in a narrowly defined market. The 
analysis considered the emissions produced from the 
new fuel form production facility and also from its 
combustion in a boiler. For the coal cleaning tech-
nologies, two eases were considered: cleaning high 
sulfur coals and using the cleaned high sulfur coal 
only in the high sulfur coal market, and cleaning 
medium sulfur coals and using the cleaned medium 
sulfur coals only in the medium sulfur coal market. 

Mild gasification, direct and indirect liquefaction, 
and coal/oil coprocessing produce a fuel which, at a 
minimum, could be used to displace residual oil in 
utility and industrial boilers. For the PUS analysis, 
the products from these technologies were assumed 
to replace only high, medium, and low sulfur residual 
oil.	 Table 3 presents a summary of the emissions 
changes as measured relative to the total national 
emissions of the no-action alternative in 2010. As 
expected, 50 2 decreased and solid waste increased. 
The slight increase in CO, is based on the fact that 
residual oil combustion produces less CO 2 than com-
bustion of coal-derived fuels.

Summary 

Table 4 summarizes the changes in national emissions 
for the pollutants of concern relative to the non-
action alternative in 2010 as a result of widespread 
commercialization of the repowcring and retrofit 
technologies. 

In summary, the commercialization of clean coal 
technologies would have a substantial beneficial ef-
fect on air quality in the year 2010 compared to 
the no-action alternative. The reductions in 502 
and NOx emissions could contribute to an ameliora-
tion of current impacts of acidic deposition on sur-
face waters. Any improvement to acidification 
would be greatest in the northeastern quadrant of 
the United States and in southeastern Canada. The 
clean coal technologies could lead to reduced emis-
sions of CO 2 if higher efficiency technologies, such 
as the repowering technologies, were employed In 
the production of electricity since the amount of 
coal used per unit of electricity produced by these 
technologies would decrease. 	 The impact of any
such decrease on global CO 2 levels, however, would 
be minor. The draft PEIS analysis shows that the 
amount of solid waste generated by the different 
clean coal technology categories varies greatly. im-
pacts of disposing of the wastes on land use could 
be somewhat less significant than for the no-action 
alternative since the expected wastes are dry wastes 
which would be easier to handle and dispose and 
would require fewer acres per ton than would wet 
POD sludge.	 Furthermore, several clean coal tech-



nologies produce salable byproducts. 

TABLE 3 

MCES IN NATIONAL EMISSIONS FOR NEW FUEL FORMS 

Applicable Change in National	 flnissions, 
Market Solid 

(quads) so £22 Waste 

Mild 
Gasification 4.6 -2 +1 +14 

Direct 
Liquefaction 4.6 -9 -3 +1 +9 

Indirect 
Liquefaction 4.6 -5 +4 +1 +4 

Coal/Oil 
Coprocessing 4.6 -9 0 ti +2 

Coal mater 
Mixtures 1.1 -2 0 0 +4
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TABLE 4 

OCKPABISON OF NATIONALEMISSIONS: 1985, 2010 ?C-ACI'I 
VERSUS 2010 PROPOSEDACT 

National Emissions (Ton x 106/Yr) 
Solid 

so Waste 

1985 Baseline 23.9 -	 17.0 5,180 219 
2010 No-Action Forecast 28.1 27.1 7,100 537 

Clean Coal Technology 
Category: 2010 Proposed Action Forecast 

Repowering Technologies 15.7 -	 22.5	 - 6,250 - 450 - 
20.0 23.3 6,750 580 

Retrofit Technologies: 
NSPS Capable 15.5 -	 18.2	 - 7,040	 - 420 - 

19.7 27.1 71100 640 

Non-NSPS Capable 19.7 -	 23.0 - 7,000 - 525	 - 
28.1 27.1 7,100 580 

New Fuel Forms 20.8 -	 26.3	 - 7,100 - 537 - 
27.9 28.1 7,170 660
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RESOURCE 

POWDER RIVER REGIONAL COAL TRAM TO MEET 

The Powder River Regional Coat Team (RCT) will hold 
a public meeting on October 31, 1989, to (1) assess 
the need to resume federal coat leasing In the Pow-
der River Region; (2) develop a recommendation 
whether or not to totally or partially decertify the 
Powder River Coat Region and thereby allow for coat 
leasing on application in any regional areas that are 
decertified; and (3) review federal coal management 
Issues of regional concern. The meeting will be 
held at the Holiday Inn in Sheridan, Wyoming. 

One primary purpose of this meeting will be to 
develop a recommendation for the Secretary of the 
Interior on whether or not to partially or totally 
decertify the Powder River Coal Region. By Federal 
Register notice published February 9, 1989, the 
ramifications of regional decertification were ex-
plained and public comments were requested on par-
tial decertification of the region by removing Mus-
selshell, Yellowstone, and Golden Valley Counties, 
Montana from the region, or decertification of the 
entire region. Since then, the RCT has Identified 
another partial decertification option which Is the 
removal of all Montana Counties from the region. 
In summary, any portion (i.e., a three county por-
tion, all of the Montana portion, or the entirety) of 
the region which is decertified would become subject 
to coat leasing-by-application pursuant to 43 CFR 
3425. Any coal teasing-by-application would be sub-
ject to RCT review, oversight, and guidance. 
Generally, coal tease applications can be processed 
to lease sale in approximately one year, whereas 
regional coal lease activity planning, which is now 
the current teasing mechanism for the region, neces-
sitates approximately three years to result in a coat 
lease sate. 

As of the publication of this notice, the RCT has 
received public comments on total decertification; 
decertification of Musselshell, Yellowstone, and 
Golden Valley Counties, Montana; and no decertifica-
tion. Since decertification of all Montana Counties 
has been identified as a fourth decertification op-
tion, the RCT would like comments on this option as 
well. Accordingly, those commenters to the previous

notice may wish to revise their comments to address 
total Montana decertification. 

Public comments on the decertification will be 
reviewed by the RCT during the meeting of 
October 31, 1989. 

The RCT will also review the need for regional teas-
ing. Provided that the RCT does not recommend to-
tal regional decertification and thereby make the 
regional teasing Issue moot, the RCT will develop a 
recommendation to either continue to defer or 
resume regional coat lease activity planning. The 
primary basis for this recommendation will be cur-
rent market conditions and limited recent leasing in-
terest, as well as public inputs. 

Another key RCT action which will occur during this 
meeting will be the RCT's guidance of the prepara-
tion of the Powder River Coal Region Round I Sup-
plemental Final Environmental Impact Statement (EIS). 
This supplemental final 515 will be prepared based on 
public comments to the supplemental draft EIS, which 
was released for public review on July 18, 1989. 
This supplemental final EIS will address the social, 
economic,	 and cultural impact to the Northern 
Cheyenne and Crow Indian Reservations. It will 
serve as a means for the RCT to recommend for 
Secretarial consideration whether or not the Round I 
leases in Montana should have been sold in 1982, 
and if so, what mitigation measures of Indian Reser-
vation impacts should be added to those leases. 
This supplemental final EIS and the RCT/Departmentnl 
review of Montana lease issuance and attendant 
Reservation mitigation is in response to the May 18, 
1985, decision of the United States District Court 
for the District of Montana and the Northern 
Cheyenne Tribe vs. Uodel litigation. 

The meeting will also serve as a forum for public 
discussion on federal coal management Issues of 
regional concern. If appropriate, the RCT may 
develop additional regional coal management recom-
mendations for Secretarial consideration. 

it It 
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RECENT COAL PUBLICATIONS / PATENTS 

RECENT PUBLICATIONS 

The following presentations were made at the Ninth Annual Gasification and Gas Stream Cleanup Systems Contrac-
tors Review Meeting, held in Morgantown, West Virginia, June 27-29, 1989: 

Wu, C., "integration and Testing of Hot Desulfurization and Entrained Flow Gasification for 
Power Generation Systems." 

Cook, C.S., "Integrated Operation of a Pressurized Fixed Bed Gasifier and Hot Gas Desutfuriza-
tion System." 

lialmanovitch, D.P., "Gasification Ash and Slag." 

Blssett, L.A., "Aspects of Fixed-Bed Gasifier/Fixed-Bed Zinc Ferrite Integration." 

Ayala, R.E., "Enhanced Durability for High Temperature Desulturization Sorbents." 

Berggren, M.H., "Enhanced Durability and Reactivity for Zinc Ferrite Desulfurization Sorbent." 

Gangwal, S.K., "Enhanced Durability of Desulfurization Sorbents for Fluidized-fled Applications." 

Haldipur, GM., "Subpilot-Scale Gasifier Evaluation of Ceramic Cross-Flow Filters." 

Alvin, M.A., "Long Term High-Temperature Degradation of Ceramic Cross-Flow Filters." 

Sawyer, J.W., "Thermal Chemical Degradation of Ceramic Candle Filter Materials." 

Wachter, J., "Development of instrumentation for the Characterization of Gasification Process 
and By-Product Streams." 

Serio, M.A., "Measurement and Modeling of Advanced Coal Conversion Processes." 

McMillen, D.F., "Fundamental investigations of Cleavage and Crosslinking of Coal Polymers in 
Laser-Ileated Pyrolysis." 

Cab, J.M., "NOr-Char Reactions-Kinetics and Transport Effects." 

Carty, R. H., "Experimental and Theoretical Investigation of the Formation and Growth of Ash 
Agglomerates." 

Blake, T.R., "Modeling Hydrodynamic Mixing In Process Design and Development of Fluidized fled 
Gasifiers." 

Mel, J.S., "METC In-House Fluidization Research." 

Hesbach, P.A., "Product and Precursor Properties of Condensable Hydrocarbons." 

Klara, J. ii., "Mild Gasification Systems Analysis: Detailed Liquid Characterization Study." 

Graves, R.L., "Mild Gasification: Product Characterization." 

Wolfe, R.A., et al., "Coal Derived Diesel #2 Fuel - Developed for Locomotive Application." 

Huston, G.C., "Development of a Rapid Characterization Method for Shale- and Coal-Derived 
Liquids." 

Strickland, L.D., "Morgantown Energy Technology Center (METC) In-house Gasification/Particulate 
Research." 

Mayer, G.G., "Advanced Wastewater Treatment." 

Bank, S., at al., "Biological Gasification of Coals." 
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Lynn, S., "Removal of 11 2 S from Gasified Coal." 

Calderon, A., "Process Development Unit for Coal Gasification Tied to Regenerative Hot Gas 
Cleanup." 

Heinemann, H., "Catalytic Gasification Fundamentals." 

Sears, R.E., "Production of Hydrogen from Low-Rank Coals." 

Gaddy, J.L., "Advanced Studies of the Biological Conversion of Synthesis Gas to Methane." 

Baker, R.W., "Low Cost Hydrogen/Novel Membrane Technology for Hydrogen Separation from 
Synthesis Gas." 

Wang, L., at al., "Novel Concepts of System Assessment In Coal Gasification." 

Pellegrino, J.J., "Gas Separation Using Ion-Exchange Membranes for Producing 11 2 from Synthesis 
Gas." 

Rubin, E,S., "Stochastic Modeling of Coal Gasification Combined Cycle Systems." 

Solomon, P.R., et al., "Measurement and Modeling of Advanced Coal Conversion Processes." 

Zygourakis, K., "Pyrolysis and Gasification of Coal at High Temperatures." 

Steinberg, M., "Mild Gasification Mechanisms and Char Conversion." 

Kovach, J.J., "An Overview of Mild Gasification Research." 

Thomas, K., "Advanced Fuels Research." 

Greene, M.l., "Hydroprocessing of Mild Coal Gasification Liquids for High Energy Density 
Military Fuels." 

Wolfe, R.A., "Advanced Concept for the Production of Co-Products." 

Camp. D.W., "Mild Coal Gasification - Development of a Screw Pyrolyzer," 

Babu, S.P., "Development of an Advanced Continuous Mild Gasification Process for the Produc-
tion of Co-Products." 

Ness, R.O., "Development of an Advanced, Continuous Mild Gasification Process for the Produc-
tion of Co-Products." 

Chang, Y.C., "Advanced Concept for the Production of Co-Products." 

Jha, f'I,C., "Upgrading of Coal Char from Mild Gasification." 

The following papers were presented at the American Chemical Society, Division of Fuel Chemistry meeting 
held in Miami Beach, Florida, September 10-15, 1989: 

Khan, M.R., at al., "A Comparison of Liquids Produced from Coal by Rapid and Slow Heating 
Pyrolysis Experiments." 

Julien., L., et al., "Coal Volatiles Post Pyrolysis in a Two Staged Reactor." 

Miura, K., at al., "A Novel Method for Flash Pyrolysis of Coal." 

Nero, V.P., at al., "The Analysis of Volatile Components from Pyrolyzed Gasifier Carbon-Rich 
Solid Samples." 

Boaqing, L., "Influence of Hydrogen Sulphide Pretreatment on Hydropyrolysis of a Bituminous 
Coal." 

Khan, M.R., at al., "Influence of Reactor Configuration/type on the Composition of Mild 
Gasification Liquids."
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Reuther, R.B., at al., "The Effects of Carbon Dioxide and Cation Content on the Rapid 
Pyrolysis of a Lignite."

S 

Khan, M.R., et a).., 'Mild Gasification of Coal and Heavy Oil Mixtures to Enhance Liquid 
Yield/Quality." 

Miura, K., et al., "Flash Pyrolysis of Coal in the Atmosphere Containing Solvent Vapors.' 

Williford, C., et al., "Prediction of Hydrogen Consumption for Upgrading of Pyrolysis Liquids." 

Greene,	 M,, at al,,	 "High Energy Density Military Fuels by Hydroprocessing of Coal 
Pyrolyzates." 

Perry, M.R., et al., "Status of the Characterization of Jet Fuels from Coal Liquids." 

Zander, M., "Towards a Deeper Understanding of Coal-Tar Pitch Structure and its Relation to 
Thermally Induced Pitch Reactivity." 

Mrochek, J.E., et al., "Characterization and Upgrading of Coal Liquids Derived from Mild 
Gasification Processes." 

Khan, M.R., at al., "Influence of Steam on Coal Devolatilization and on the Reactivity of the 
Resulting Char." 

Daw, C.S., "Combustion Characteristics of Mild-Gasification Chars." 

Rostam-Abadi, M., at al., "Reactivity of Mild Gasification Chars Derived from an Illinois Coal." 

Fletcher, LII., et al., "A Chemical Percolation Model for Devolatillzation:	 Temperature and
Heating Rate Effects." 

Solomon, P.R., et al., "Network Models of Coal Thermal Decomposition." 

Niksa, S., et al., "Interpreting Coal De volatilization as a Flash Distillation Driven by Competi-
tive Kinetics for Depolymerization and Reattachment." 

Hajaligol, M.R., et al., "Approximating Rapid Pyrolysis of Coal Particles with Shrinking Core 
Model." 

Yun,	 Y.,	 et at.,	 "Estimation of Coal Devolatilization Modeling Parameters from Ther-



mogravimetric and Time-Resolved Soft Ionization Mass Spectrometric Data." 

Buchanan, A.C., et al., "Coal Thermolysis Modeling.	 The Effects of Restricted Diffusion on 
Thermal Reaction Pathways." 

Serio, M.A., et al., "The Effect of Rank on Coal Pyrolysis Kinetics." 

Huang, G., et al., "Development of Char Structure During Pyrolysis of a hvB Bituminous Coal." 

Solum, M.S., et al., "Solid State '¼ NMR Studies of Coal Char Structure Evolution." 

Chen, J., at al., "Rapid Coal Devolatilization in a Radiant Coal Flow Reactor." 

Rehmat, A., et al., "Modeling of a Coal Carbonizer." 

Utz, B,R., et al., "Dispersed-Phase Catalysis in Coal Liquefaction." 

Milburn, D.R., at al., "Colloidal Coal Hydroliquef action Catalyst Preparation." 

Kim, H., at al., "Evaluation of the Activity of Nickel in Coprocessing Using Model Systems." 

Johns, R.B., et al., "Reactivity and Reactions of Some Australian Brown Coals." 

Quest, K.B., et al., "Minerals and Inorganics Associated with South Australian Lignites." 

Green, T.K., et al., "Swelling of Coal Extracts." 
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Baldwin, R.M., "Correlation of Coal Properties with Hydroliquef action Reactivity: 	 A Brief 
Review." 

Snape, C,E., at al., "Influence of Organic Coal Structure on Liquefaction Behaviour Under 
Low-Severity Conditions." 

Solomon, P.R., et al., "An Investigation of the Chemistry of Catalytic Preliquefaction." 

Stohi, F.V., "Studies of the Initial Reactions that Occur During Direct Coal Liquefaction." 

Garcia, A.B., et al., "Liquefaction Behavior of High-Sulfur Lignites." 

Sweeny, P.C., at al., 'temperature Programmed Aqueous Liquefaction Extended to Supercritical 
Conditions." 

Olson, E.S., at al., "Unexplored Products from Reactions of Low-Rank Coal in Aqueous 
Systems." 

Bate, K., at al., "Comparison of Approaches for Monitoring H-Donor Contents Utilizing Repre-
sentative Model Compounds." 

Harrison, C., et al., "Autoclave Studies into the Ilydroliquefactiort of Coal Liquids: The Effect 
of Recontacting the Catalysts." 

Cloke, M,, et al., "Trace Element Reduction in Filtered Coal Extract Solutions Using Solvent 
Precipitation." 

Herrick, D.E., et al., "Activity and Characterization of Coprocessing Catalysts Produced from 
an Iron Pentacarbonyl Precursor." 

Miller, R.L., et al., "The Effect of Mild Alkylation Pretreatment on Liquefaction Reactivity of 
Argonne Coals." 

Ilirschon, A.S., et al., "Use of Dispersed Catalysts for Coal Liquefaction." 

Schroeder, K.T., et al., "Reactive Intermediates in Catalytic Coprocessing." 

Chan, M.L., at al., "Investigations of the Role of Coal Thermoplastic Properties and Coke 
Structure in Gasification Processes." 

The following articles appeared in Energy & Fuels, May/June 1989: 

Derbyshire, F., "Role of Catalysis in Coal Liquefaction Research and Development." 

Matsukata, 11., et al., "Quantitative Behavior of Potassium Species on an Amorphous Carbon 
Under Steam Gasification Conditions." 

Takemura, Y., It al., "Nickel-Catalyzed Hydroliquefaction of Morwell Brown Coal at Low Tem-
peratures Using Phenolic Compounds as Solvents." 

Tagaya, H., et al., "Coal Liquefaction by Binary Solvent Systems Composed of Tetralin and 
Reducible Compounds." 

Parker, J.W., at al., "Evaluation of Titania - Alumina -Supported Hydrogenation Catalysts for Coal 
Liquefaction Applications." 

Miyake, M., et al., "Electrochemical Hydrogenation of Coal with Active hydrogen Generated 
from Water In a Mediator/Nickel Powder System under Ultrasonic Irradiation." 

Guin, J.A., et al., "Effects of Pore Structure on Initial Catalytic Activity for Residuum Desul-
furization and Coal Liquefaction." 

Yokoyama, S., at al., "Unsubstituted Polycydic Aromatic Hydrocarbons Produced by Catalytic 
Hydropyrolysis of Coal Liquids." 

Khan, R.M., at al., "Comparative Study on the Compositional Characteristics of Pyrolysis Liquids 
Derived from Coal, Oil Shale, Tar Sand, and Heavy Residue." 
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Snape, C.E., at al., "High Liquid Yields from Bituminous Coal via Hydropyrolysis with Dispersed 
Catalysts." 

Stock, L. M., et al., "Sources of Carbon Dioxide Formed during Coal Pyrolysis." 

The following articles were published in Energy & Fuels, July/August 1989: 

Derbyshire, F., et al., "Considerations of Physicochemical Phenomena in Coal Processing." 

Winschel, R.A., et al., "Recycle Oils from Fluid coking of Coal Liquefaction Bottoms." 

Nelson, P.F., et al., "Catalytic Reactions of Products from the Rapid Hydropyrolysis of Coal at 
Atmospheric Pressure." 

Suzuki, T., et al., "Cyclic Feed CO2 Gasification of Iron-Loaded Coal Char. Approach to Ac-
tivate Iron Catalyst in Coal Gasification." 

Smith, G.V., et al., "Conversion of Coals and Chars to Gases and Liquids by Treatment with 
Mixtures of Methane and Oxygen or Nitric Oxide." 

COAL - PATENTS 

"Two-Stage Co-Processing of Coal/Oil Feedstocks," Alfred G. Comolil, James B. MacArthur, Joseph B. McLean - in-
ventors, URI Inc., United States Patent Number 4,853,111, August 1, 1989. A process for two-stage catalytic 
co-processing of coal and heavy petroleum hydrocarbon liquid fractions to produce Increased yields of low-boiling 
hydrocarbon liquid and gas products. In the process, the particulate coal is slurried with a petroleum residuum 
and optionally with a process-derived hydrocarbon liquid solvent and fed Into a first stage catalytic reaction 
zone operated at relatively mild conditions which promote controlled rate liquefaction of the coal while simul-
taneously hydrogenating the petroleum and hydrocarbon recycle oils at conditions favoring hydrogenation reactions. 
The first stage reactor is maintained at 650 0 -800°F temperature, 1,000-4,000 psig hydrogen partial pressure and 
10-100 pounds per hour per cubic foot space velocity for the total coal and oil feed. From the first stage 
reaction zone, the partially hydrogenated effluent material Is passed directly to the close-coupled second stage 
catalytic reaction zone maintained at more severe conditions of 750 0 -900°F temperature for further catalytic; 
and hydrogenation and hydroconversion reactions. By this process, the blended coal and petroleum feed materials 
are successively catalytically hydrogenated and hydroconverted at the selected conditions, which results in sig-
nificantly Increased yields of desirable low-boiling hydrocarbon liquid products and minimal production of un-
desirable residuum and unconverted coal and hydrocarbon gases, while catalyst life is substantially increased. 

"Slag Water Bath Process," Hans-Wolfgang Luke, Clifford C. Segerstrom, Charles V. Sternilng, ilsi L. Wu - Inven-
tors, Shell Oil Company, United States Patent Number 4,852,997, August 1, 1989. A method and apparatus for 
separating slag discharged from a coal gasification reactor to a slag water bath by converging the flow of the 
slag with a chamber at least partially submerged In the slag water bath such that the flow of slag is converged 
to a diameter no greater than the diameter of the discharge opening of the slag water bath. 

"Process for Gasifying Coal," Klaus Knop, Helmut Kubiak, Gunter Wolters - Inventors, Man Gutehoffnungshutte 
GMBH DE, United States Patent Number 4,852,996, August 1, 1989. Part of the synthesis gas produced by coal 
gasification in an allothermically heated fluidized bed reactor is burned after removal of dust and sulfur and 
serves as a source of energy to heat the reactor by indirect heat exchange and to produce the steam required 
for the gasification process. The flue gas exiting from the heat exchanger of the reactor can be used to per-
form work in expansion turbines. The rest of the synthesis gas is available for use in downstream processes, 
such as iron ore reduction, or can be burned and used to perform work in turbines to produce electric current. 
The result is a process that Is environmentally safer and operates with a better yield than direct coal burning 
or autothermal coal gasification, but requires no outside source of energy, such as nuclear power, as prior art 
allothermal coal gasification processes do. 

"Apparatus for the Continuous Reduction of Sulphur-Containing Gases," Werner Sturm - Inventor, Steuler 1n 
dustriewerke GMBH DE, United States Patent Number 4,851,197, July 25, 1989. The present invention relates to 
an apparatus for the continuous reduction of sulfur-dioxide containing gases essentially free of molecular oxygen 
using coal or carbon. The apparatus comprises: A reactor filled with a reducing agent of coal or carbon 
having an upper portion, at least one middle portion and a lower portion, an outer reactor mantle and inner 
heat exchange regions; a pipe in the upper reactor portion for introducing preheated sulfur dioxide containing 
gases; spaced apart pipes for introducing hot gases into the outer reactor mantle and into the inner heat ex-
change regions; device(s) for controlling the hot gas flow In the reactor mantle and in the heat exchange 
regions so that the temperature in the reactor increases in each portion from the upper portion to the lower 
portion; and an outlet pipe arranged within the reactor for the reduced sulfur-containing gases. 
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"Process for Producing Iron from Fine-Grained Iron Ores," irmgard Roster, Thomas Hester, Dieter Ncuschutz, 
Dietrich Radke - Inventors, Krupp, Fried GMBH DE, United States Patent Number 4,851,040, July 25, 1989. A 
process of producing iron from fine-rained iron ore by direct reduction, which includes adding oxygen, sponge 
Iron and at least one of coal fines and low-temperature carbonized coal to an iron bath in a melt gasifier to 
produce a reducing gas, regulating the temperature of the reducing gas by blowing coal fines into it to produce 
a cooled reducing gas and a low-temperature carbonized coal, separating the low-temperature carbonized coal 
from the cooled reducing gas in order to use the separated low-temperature carbonized coal in the melt gasifier, 
preheating a fine-grained iron ore with a used reducing gas containing carbon monoxide to a temperature from 
4500 to 700 0 C, and reducing the preheated fine-grained Iron ore with the cooled reducing gas at a temperature 
from 700 0 to 1,100 0 C in at least one fluidized bed to produce sponge iron and used reducing gas containing 
carbon monoxide, wherein the step of preheating the fine-grained iron ore results in decomposition of at least 
part of the carbon monoxide contained in the used reducing gas, producing a carbon layer on the preheated 
fine-grained iron ore, and also producing an exhaust gas and additional heat. 

"Gasification Process," Hans-Wolfgang Luke - Inventor, Shell Oil Company, United States Patent Number 4,851,013, 
July 25, 1989. A process for monitoring the conditions in the reaction zone of a gasifier In a process for the 
gasification of coal to produce synthesis gas is disclosed, the process being characterized by continual or peri-
odic calculation of the rate of steam production by the heat exchange system of the gasifier, and comparison of 
the calculated rate with a pre-selected value. 

"Catalytic Coal Gasification by Utilizing Chlorides," Toshihide Nabatame, Yasuo Ohtsuka, Takayuki Takarada, Akira 
Tomita - Inventors, Tohoku University, Japan, United States Patent Number 4,848,983, July 1, 1989, A process of 
catalytic coal gasification characterized by mixing an inexpensive, low rank coal with an aqueous solution of in-
expensive, widely existing alkali metal or alkaline earth metal chlorides, such as NaCl, KCI or the like; adding a 
pH adjuster such as ammonia to the resulting mixture to adjust pH to 5-12, whereby an ion exchange is effected 
between said metal and hydrogen in the coal, thereby loading only metals as a catalyst on the coal; washing the 
coal with water to remove chloride byproducts; and running steam onto the catalyst-loaded coal at high tem-
peratures and high pressures. 

"Fluidized-Bed Bioreactor Process for the Microbial Solubilization of Coal," Charles D. Scott, Gerald W. Strandberg 
- Inventors, United States Department of Energy, United States Patent Number 4,846,964, July 11, 1989. 	 A 
fluidized-bed bioreactor system for the conversion of coal into microbially solubilized coal products. 	 The
fluidized-bed bioreactor continuously or periodically receives coal and bioreactants and provides for the produc-
tion of microbially solubilized coal products in an economical and efficient manner. An oxidation pretreatment 
process for rendering coal uniformly and more readily susceptible to microbial solubilization may be employed 
with the fluidized-bed bioreactor. 

"Ionic Liquefaction Process," Sylvia A. Farnum, Curtis L. Knudson, John R. Hindi - Inventors, United States Patent 
Number 4,846,983, July 11, 1989. A coal liquefaction process using ionic liquefaction techniques with polar sol-
vent solublilzing agents and water soluble inorganic compounds, produces a carbonaceous liquefaction product 
which is separated from the process stream by the use of methanol as a partitioning agent and the methanol 
and solubilizing agent are recovered separately for reuse. 

"Catalytic Two-Stage Coal Hydrogenation and Hydrocoaversion Process," Alfred G. Comolli, James B. MacArthur, 
Joseph B. McLean - Inventors, lift! Inc., United States Patent Number 4,842,719, June 27, 1989. A process for 
two-stage catalytic hydrogenation and liquefaction of coal to produce increased yields of low-boiling hydrocarbon 
liquid and gas products. In the process, the particulate coal is slurried with a process-derived liquid solvent 
and fed at temperatures below about 650°F into a first stage catalytic reaction zone operated at conditions 
which promote controlled rate liquefaction of the coal, while simultaneously hydrogenating the hydrocarbon 
recycle oils at conditions favoring hydrogenation reactions. The first stage reactor Is maintained at 6500-800°F 
temperature, 1,000-4,000 psig hydrogen partial pressure, and 10-60 pounds coal per hour per cubic foot reactor 
space velocity. The partially hydrogenated material from the first stage reaction zone is passed directly to the 
close-coupled second stage catalytic reaction zone maintained at a temperature at least about 25°F higher than 
for the first stage reactor and within a range of 750 0 -875°F temperature for further hydrogenation and thermal 
hydroconversion reactions. By this process, the coal feed is successively catalytically hydrogenated and 
hydroconverted at selected conditions, which results in significantly increased yields of desirable low boiling 
hydrocarbon liquid products and minimal production of undesirable residuum and unconverted coal and hydrocarbon 
gases, with use of less energy to obtain the low molecular weight products, while catalyst life is substantially 
increased. 

"Coal Liquefaction Process Utilizing Coal/CO 2 Slurry Feedstream," Alfred G. Comolli, Joseph B. McLean - Inventors, 
URI Inc., United States Patent Number 4,839,030, June 13, 1989. A coal hydrogenation and liquefaction process 
in which particulate coal feed is pressurized to an intermediate pressure of at least 500 psig and slurried with 
CO 2 liquid to provide a flowable coal/CO 2 slurry feedstream, which is further pressurized to at least 1,000 psig 
and fed into a catalytic reactor. The coal particle size Is 50-375 mesh (United States sieve series) and provides 
50-80 weight percent coal in the coal/CO 2 slurry feedstream.	 Catalytic reaction conditions are maintained at 
650 0 -850°F temperature, 1,000-4,000 psig hydrogen partial pressure and coal feed rate of 10-100 pounds coal per 
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hour cubic foot reactor volume to produce hydrocarbon gas and liquid products. The hydrogen and CO  are 
recovered from the reactor effluent gaseous fraction, hydrogen is recycled to the catalytic reactor, and CO2 is 
liquefied and recycled to the coal slurrying step. If desired, two catalytic reaction stages close coupled 
together in series relation can be used. The process advantageously minimizes the recycle and processing of ex-
cess hydrocarbon liquid previously needed for slurrying the coal feed to the reactor(s). 

"Method of Removal and Disposal of Fly Ash from a High-Temperature, High-Pressure Synthesis Gas Stream," 
Thomas S. Dewltz, Thomas R. Mifflin - Inventors, Shell Oil Company, United States Patent Number 4,838,898, 
June 13, 1989. A - process for the partial combustion of finely-divided coal at high temperatures and pressures 
to make synthesis gas having entrained particles of fly ash which are separated from the gas at high pressure. 
The fly ash and a minor amount of entrained gas are handled in a batchwise manner to isolate a batch in a 
lock hopper, depressurize the batch, strip the synthesis gas from the fly ash and cool the fly ash prior to dis-
posal. 

"Pressure Compensated Weigh System," Charles II. Arbors, David Brown, Johannes W. Van Der Meer, 
Thomas S. Dewitz, Frederick M. Duyslngs, James A. Salter, Thomas R. Schmidt, Henricus C. Venselaar - Inventors, 
Shell Oil Company, United States Patent Number 4,838,738, June 13, 1989. The present Invention is directed to 
an apparatus and method for controlling mass flow rate of a particulate solids and gas mixture to a reactor. In 
particular, the fast response of a mass flow rate-Indicating device Is combined with the longer term accuracies 
is changes in the total mass from weigh cells to yield rapid and more accurate loss-in-weight measurements than 
conventional systems. 

"Method for Producing Raw Iron from Iron Concentrates for the Manufacture of Gas, and Plant Apparatus for 
Carrying Out the Method," Carl L. Axelsson, Mikael Brunner, Dan Kaufmann, Krister Torsell - Inventors, IPS Inter-
project Service All SE, United States Patent Number 4,834,791, May 30, 1989. A method for producing raw iron 
from iron-bearing oxidic material, comprising finally reducing the iron oxide by charging the iron oxide, coal, 
oxygen gas and slag-forming flux to a molten iron bath contained in at least one reactor vessel, a final reduc-
tion reactor for final reduction of the iron oxide, and pre-reducing primarily non-reduced iron oxide in a pre-
reduction stage, and subsequently charging the pre-reduced iron oxide to the reactor, and generating reduction 
gas for the aforesaid pre-reduction process. The method is particularly characterized in that reduction gas for 
the pre-reduction process is generated by a separate gas generating proces effected in at least one reactor, a 
gas generating reactor, separate from the final reduction reactor or reactors. The invention also relates to a 
plant for carrying out the method. 

"Determination of Slag Tap Blockage," Gunter K. Eckstein, Pieter J. Schuurman, Clifford C. Segerstrom, Jacob H. 
Stil - inventors, Shell Oil Company, United States Patent Number 4,834,778, May 30, 1989, A method and ap-
paratus for determining blockage of a coal gasification slag tap by observing changes In the pressure differential 
across a diaphragm seal located within an annulus formed by a pressurized vessel and a gasifier contained there-
within. 

"Process for the Reduction of Pollutant Emissions from Power Stations with Combined Gas/Steam Turbine Processes 
with Preceding Coal Gasification," Erwin Ahland, Hans-Dieter Beyer, Joachim Lehmann, Franz Verfuss - Inventors, 
Bergtverksverband GMBU DE, United States Patent Number 4,833,877, May 30, 1989. Pollutant emissions produced 
during gas turbine power generation with a fuel gas from coal gasification are reduced by initially cooling the 
fuel gas to a temperature above the dew point but between 200 0 and 400 0C to condense alkalies on dust grains. 
In the fuel gas, HCI and HF are adsorbed on calcium carbonate and filtration removes the particulates. The fuel 
gas is reacted with oxygen in the presence of a carbon containing adsorbent to eliminate sulfur, and the flue 
gas after combustion is catalytically treated with a carbon containing adsorbent to remove nitrogen and sulfur 
oxides. 

"Method for Enhancing the Desulfurization of Hot Coal Gas In a Fluid-Bed Coal Gasifier," Thomas Grindley - In-
ventor, United States Department of Energy, United States Patent Number 4,832,704, May 23, 1989. A process 
and apparatus for providing additional desulfurization of the hot gas produced in a fluid-bed coal gasifier, within 
the gasifier.	 A fluid-bed of iron oxide is located inside the gasifier above the gasification bed in a fluid-bed 
coal gasifier in which in-bed desulfurization by lime/limestone takes place. The product gases leave the 
gasification bed typically at 1,600 0 to 1,800 0 F and are partially quenched with water to 1,000 0 to 1,200°F 
before entering the iron oxide bed. The iron oxide bed provides additional desulfurization beyond that provided 
by the lime/limestone. 

"Feed Line Design,"	 Johannes W, Van Der Meer, Thomas S. Dewitz, Hendricus A. Dirkse, James A. Salter, 
Andrew M. Scott - Inventors, Shell Oil Company, United States Patent Number 4,830,545, May 16, 1989. The 
present invention is directed to an apparatus and method for minimizing mass flow rate fluctuations of a par-
ticulate solid fuel and gas mixture having a coal mixture mass flow rate of about 50-800 kilograms per cubic 
meter and a corresponding frequency range of about 0.1 to 100 hertz to a reactor. 
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STATUS OF COAL PROJECTS 

COMMERCIAL AND R&D PROJECTS (Underline denotes changes since June 1989) 

ADVANCED COAl. LIQUEFACTION PILOT PLAWF - Electric Power Research Institute (EPRI) and United States Department 
of Energy (DOE) (C-to) 

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 (ML) process. In the two stage 
approach, coal is first dissolved under heat and pressure into a heavy, viscous oil. Then, after ash and other impurities are removed 
in an intermediate step, the oil is sent to a second vessel where hydrogen is added to upgrade the oil into a lighter, more easily 
refined product. A catalyst added in the second stage aids the chemical reaction with hydrogen. Catalytic hydrotreatment in the 
second stage accomplishes two distinct purposes; (1) higher-quality distillable products are produced by mild hydroconversion, and 
(2) high residuum content, donor rich solvent is produced for recycle to the coal conversion first stage reactor. Separating the 
process into two stages rather than one keeps the hydrogen consumption to a minimum. Also, mineral and heavy organic com-
pounds in coal are removed between stages using Kerr-McGee's Critical Solvent Deashing unit before they can foul the catalyst. 

ITSL results showed that 30 percent less hydrogen was needed to turn raw coal into a clean-burning fuel that can be used for gener-
ating electricity in combustion turbines and boilers. Distillable product yields of greater than 60 percent MAP coal were 
demonstrated on bituminous coal. Similar operations with sub-bituminous coal demonstrated distillates yields of about 55 percent 
MAP. This represents substantial improvement over single stage coal liquefaction processes. 

Tests then concentrated on testing both types of coals with the deashing step relocated downstream of the catalytic hydrotreatment. 
Results showed that previous improvements noted for the two-stage approach were achievable (no loss in catalyst activity). Lower 
product cost was indicated for this reconfigured operation in that the two reactor stages may be coupled as part of one system. The 
results from the reconfigured operation also indicated the potential for further improvements in product quality and/or produc-
tivity through use of the coupled-reactor approach. This was confirmed in tests which used a truly coupled, two-stage thermal-
catalytic reaction system in conjunction with an improved hydrotreatment catalyst. The nickel basal 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 Amocat 1-A) to the 
first stage reactor, resulting in a 70 percent MAP distillate yield. For subbituminous coal, more thermal volume was used, resulting 
in a 61 percent MAP distillate yield. Use of the first stage catalyst also reduced the deactivation of the more active second stage 
catalyst. 

Later results showed that nickel-based bimodal catalysts can be used in both reactions, thereby allowing the aged catalyst from one 
stage to be cascaded to the other. This can increase operating flexibility and reduce overall catalyst cost. 

Recent work emphasized identifying potential cost benefits through advantageous feedstock selecting. This includes the use of 
lower ash (Ohio) coal and lower cost (Texas) lignite. The Ohio coal run results suggest that deep cleaning of the coal prior to li-
quefaction can increase distillate yield by 7-8 percent. 

Current work using Amocat catalyst indicated the need to improve first stage stage reactor design. This led to modification of the 
L/D criteria which resulted in increased productivity corresponding to improved mixing. Additional efforts regarding reactor op-
timization are required. 

Project Cat: Construction and operating costs (through calendar 1985): $97 million 
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STATUS OF COAL PROJECTS (Underline denotes changes since June 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

AECI AMMONIA/METHANOL OPERATIONS - AECI LTD. (C-20) 

AECI operates a 100 ton per day methanol facility and a 1,000 ton per day ammonia plant at its Modderfontein works near Johan-
nesburg. The plant uses six Koppers-Totzek two-headed gasifiers operating at 1,600 degrees C and atmospheric pressure to gener-
ate synthesis gas from sub-bituminous South African coal of low sulfur and high ash content. The ammonia plant, which utilizes 
conventional technology in the synthesis 100p, has been in service since 1974 while the methanol unit, which employs 1(1's low pres-
sure process, has been running since 1976. The plant is operating vezy satisfactorily at full capacity. 

A fluidized bed combustion system has been commissioned at the plant to overcome problems of ash disposal. The proposed sys-
tem generates additional steam, and has reduced requirements for land for ash disposal. 

AECI has successfully completed the piloting of a methanol to hydrocarbons process using Mobil zeolite catalyst. The design of a 
commercial scale ethylene plant using this process has been completed. 

AECI has also pursued development programs to promote methanol as a mute 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 DIESANOU 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 initiated. This involves an accurate definition of project scope and the preparation of a sanction grade capital cost es-
timate. The project has the potential for recovery of ethylene and other petrochemical feedstocks, co-production of ammonia and 
extraction of methanol for development of the methanol fuel market in South Africa. 

Project Cost: Not disclosed 

APPALACHIAN PROJECT - The M. W. Kellogg Company, Bechtel Development Co.; and United States Department of Energy 
(C-30) 

At the Appalachian Project the applicants will demonstrate an advanced integrated coal gasification combined cycle (1(5CC) 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 so,bcnt 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 oral gasification plant. Bechtel will construct 
it. Bechtel will also design, procure and construct the power island and supportive offsites. 

The nroiect was dropped in mid 1989 by mutual agreement with DOE 

Project Cost: Not Disclosed 

ASPHALT FROM TAR SANDS - James W. Bunzer and Associates. Inc. (C-fl)
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STATUS OF COAL PROJECTS (Underline denotes changes since June 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

In February, 1989. KWBA received an award of M.000 from the United States De partment of Energy to further develop the 
technology and to conduct site-specific optimization. The award was one of about 30 given nationwide. 

Pro ject Cast:	 Research and Development: $1 million
Pilot project: $5 million 
Commercial Facility: to be determined 

Bl1EL COAL GASIFICATION PROJECT - Bharat Heavy Electricals Limited, Hyderabad, India (C-40) 

Bharat Heavy Electricals Limited (DUEL), of Vikas Nagar, Hyderabad, India considers fluidized bed coal gasification as a long 
term perspective for combined cycle power generation. An 18 ton per day coal capacity pilot scale Process and Equipment 
Development Unit (PEDU) has been built. 

BHEL as a manufacturer of power generation equipment has been involved in research and development activities related to ad- 
vanced power systems. These include coal gas based combined cycles. 

DUEL's involvement in the development of coal gasification concerns the better and wider utilization of high ash, low grade Indian 
coals. The coals normally available for power generation are non-caking and have ash content in the range 25-45 percent by weight. 
The coals have high ash fusion temperature in the range 1,523-1,723 degrees K. 

In the PEDU, coal is gasified by a mixture of air and steam at around 1,173 degrees K and at a pressure of 1.013 MPa. 

Phase I of the fluidized-bed coal gasification test program is scheduled to end in March 1989. In parallel, Phase 2 of the fluidized 
bed coal gasification program, engineering of a demonstration scale, 150 ton per day coal capacity gasification plant, has been in 
progress since April 1987. This plant is scheduled for commissioning in March 1990. The demonstration plant will be integrated 
with an existing six megawatt electrical gas turbine/steam turbine combined cycle plant. 

Project Cost: Not disclosed 

BI-IEL COMBINED CYCLE DEMONSTRATION PLANT - Bharat Heavy Electrical limited, India (C-SO) 

Bharat Heavy Electricals limited (BURL) of Hyderabad, India is carrying out a broad-based research program aimed at better and 
wider utilization of Indian coal resources. One phase of that program has involved building a small gasification combined cycle 
demonstration plant using a fixed bed coal gasifier. 

The Combined Cycle Demonstration Plant (CCDP) is installed at the coal research and development complex of BHEL at Trichy. 
The net power generation capacity at full load is 5.83 megawatts. The CCDP scheme consists of an air-blown, fixed bed, pres-
surized coal gasifier, an industrial gas turbine firing the low-BTU coal gas, and a waste heat recovery steam generator behind the 
gas turbine, which supplies a conventional steam turbine/generator. 

A comprehensive test program was under way in 1988. 

Project Cost: Not disclosed 

BO1TROP DIRECT COAL LIQUEFACTION PILOT PLANE PROJECT - Ruhrkohle AG, Veba Oel 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-60) 

During operation of the pilot plant the process improvements and equipment components have been tested. The last improvement 
made being the operation of an integrated refining step in the liquefaction process. It worked successfully between late 1986 and 
the end of April 1987. Approximately 11,000 tons rafrinate oil were produced from 20,000 tons coal in more than 2000 operating 
hours.
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STATUS OF COAL PROJECTS (Underline denotes changes since Jane 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

By this new mode of operation, the oil yield is increa9d to 58 percent. The formation of hydrocarbon gases is as low as 19 percent. 
The specific coal throughput was raised up to 0.6 I/rn 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. 

The development program of the Coal Oil Plant Bottrop was temporarily suspended in April 1987. Reconstruction work for a 
bivalent coal/heavy oil process was finished at the end of 1987. The plant capacity is 9 tons/hour of coal or alternatively 24 
tons/hour of heavy vacuum residual oil. The first oil-in" took place at the end of January 1988. Since then approximately 120,000 
tons of heavy oil have been processed. A convention rate over 90% and an oil yield of 85% have been confirmed. 

The project was subsidized by the Minister of Economics, Small Business and Technology of the State of North-Rhine Westphalia 
and since mid-1984 by the Federal Minister of Research and Development of the Federal Republic of Germany. 

Project Cost: DM830 million (by end-1987) 

BRITISH COAL LIQUID SOLVENT EXTRACTION PROJECT - British Coal, British Department of Energy, European Economic 
Community, Ruhrkohle (C-70) 

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 syncrude 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 com pletion of construction and commissioning of a 2.5 tons per 
day plant at the Point of Ayr site, near Holywell in North Wales. The nroiect is financed by the British Coal with support from the 
European Economic Community. Ruhrkohle A. G. and British Department of Energy. Simon Carves Ltd. is the Main Plant Con-
tractor. 

Project Cat: 20 million British pounds (1999 prices) construction coat plus 18 million British pounds (1989 prices) operating coats. 

BROKEN HILL PROJECT - The Broken Hill Proprietary Company Ltd. (C-SO) 

The Broken Hill Proprietary Company Limited has been investigating the production of transport fuels from coal via continuous 
hydroliquefaction, since 1976 at their Melbourne Research Laboratories in Clayton, Victoria, Australia. The current continuous 
processing unit was built in 1980, and since 1982 it has been used to study medium severity hydroliquefaction. Routinely the 
primary liquefaction reactor has a throughput of 3 k slurry per hour, with a coal to oil ratio of 40,.60, and employs a 112 pressure of 
25 MPa, and a temperature of 450 degrees C. 

The main objective is to evaluate and develop alternative hydroliquefaction strategies and to test the efficacy of such strategies for 
a small indicative range of Australian coals. The unit is capable of single stage or two-stage operation, and allows for use of dis-
posable catalyst in stage 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 cm3) 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 (SHDI) 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 cetane number for example, have been achieved via 
severe hydrotreatment. Alternatively, less severe hydrotreatment and blending with suitable blendstocks has also proven effective. 
High octane unleaded gasolines have been readily produced via consecutive hydrotreating and reforming. 

Substantial efforts have been directed towards understanding the chemical basis of jet and diesel fuel specification properties. As a 
result novel insights into the chemical prerequisites for acceptable fuel quality have been gained and are valid for petroleum 
derived materials and for many types of synthetic crudes. Considerable effort has also been directed towards developing 
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) administered by 
the Australian Federal Government.
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STATUS OF COAL PROJECTS (Underline denotes changes since June 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

Project Cost: Not disclosed 

BROOKHAVEN MILD GASIFICATION OF COAL - Brookhaven National Laboratory and United States Department of Energy 
(C-90)

A program is under way on mild gasification of coal to heavy oils, tars and chars under mild process conditions of near atmos-
pheric pressure and temperatures below 750 degrees C. A test matrix has been designed to obtain the process chemistry, yields and 
characterization of liquid product over a wide çange of temperature (500 to 750 degrees C), coal particle residence time (10 sec 10 

50 mm), heatup rate (50 degrees C/sec to ir degrees C/set) 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 Wyodak sub-
bituminous. Generally the yields of oils from bituminous coals range between 20-25% (MAP), and about 15% for subbituminous 
coal. 

Project Cost: $200,000 

CALDERON ENERGY GASIFICATION PROJECT - Calderon Energy Company (095) 

Calderon Energy Company is constructing a coal gasification process development unit. 

The Calderon process targets the clean production of electrical power with coproduction of fuel methanol. 

Phase I activity and Phase II, detailed design, have been completed. Construction of the process development unit (PDU) is 
scheduled for completion by the end of 1989. Test operation is scheduled to begin upon completion of construction and extend 
through July 1990. 

The PDU will demonstrate the Calderon gasification process. In the process, run-of-mine high sulfur coal is first pryolyzed to 
recover a rich gas (medium BTU), after which the resulting char is subjected to airblown gasification to yield a lean gas (low BTU 
gas). 

The process incorporates an integrated system of hot gas cleanup which removes both particulate and sulfur components of the gas 
products, and which cracks the rich gas to yield a syngas (CO and H. mix) suitable for further conversion (e.g., to methanol). The 
lean gas is suitable to fuel the combustion turbine of a combined cycle power generation plant. 

The PDU is sized to process one ton per hour of a high sulfur midwestern coal. 

The construction and operation of the PDU will take place on the propertyof Alliance Machine Company in Alliance, Ohio. The 
project is being aided by $5 million in government funding. 

The PDU is specified loran operating pressure of 350 psig as would be required to support combined cycle power production. 

Calderon Energy has obtained certification from the Federal Energy Regulatory Commission as a Qualifying Facility for a commer-
cial site in Bowling Green, Ohio. Plans are to file a proposal under the Clean Coal Technology program to build a cogeneration 
facility supplying 72 megawatts of electricity and 600 tons of methanol per day. 

CAN DO PROJECT— Continental Energy Associates (C-i®) 

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. 
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The project coot 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 Cat: $100 million 

CHAR FUELS PROJECT - Char-Fuels of Wyoming Inc., a subsidiary of Carbon Fuels Corp. (C-ho) 

Char-Fuels of Wyoming is attempting to secure financing to build a 1,000 ton per day CharFuel project at the Dave Johnston power 
station near Glenrock, Wyoming. The project could cost up to $100 million. 

The State of Wyoming has promised $163 million in assistance, contingent on a certain amount of private capital to be raised by 
Char-Fuels. 

The project involves a coal refining approach. The first step is a "hydrodisproportionation" step which the company says will use 
technology based on short residence time flash volatilization. Resulting char is mixed back with process-derived liquid hydrocar-
bons to make a stable high-BTU, pipelineable slurry fuel. This slurry could be burned in coal-fired or modified oil-fired burners. 
It would be tested in the 100 megawatt no.1 unit of the Johnston plant. 

A smaller 130 ton per day unit would be built for process development studies. The plant would include gas processing, 
hydrotreaters, methanol production and aromatic naphtha recovery. Products manufactured would include CharFuel slurry, am-
monia, sulfur, methanol and aromatic naphtha. 

Project Cost: $100 million 

CHEMICALS FROM COAL - Tennessee Eastman Co. (C-lW) 

Tennessee Eastman Company, a manufacturing unit of the Eastman Chemicals Division of Eastman Kodak Company, continues to 
operate its chemicals From coal complex at Kingsport, Tennessee at design rates. The Texaco coal gasification process is used to 
produce the synthesis gas for manufacture of 500 million pounds per year of acetic anhydride. Methyl alcohol and methyl acetate 
are produced as intermediate chemicals, and sulfur is recovered and sold. 

The facility has averaged 97% onstream availability for the last three years. 

In January, 1989, Eastman announced that it plans a $150-million expansion of the chemicals-From-coal Facility to be completed by 
the end of 1991. The project, which could begin as early as mid-1989, will more than double Eastman's output of acetyl chemicals 
from coal and increase its flexibility in sourcing these products and in making their cellulosic derivatives. 

The expansion program will include construction of two new chemicals plants and modification of the coal gasification facilities. 
An acetic anhyrdride plant will be built, with capacity of 600 million pounds per year of anhydride and 180 million pounds of acetic 
acid. A new methyl acetate unit will produce 490 million pounds per year. 

The existing coal gasification facility will be able to handle the new anhydride demand with some debottlenecking, because the coal 
gas unit was built with some spare capacity. 

Project Cost: Unavailable 

CIGAS GASIFICATION PROCESS PROJECI' - Fundacao de Ciencia e Tecnologia—CIEWI'EC (C-DO) 

The CIGAS Process for the generation of medium BTU gas is aimed at efficient technological alternatives suitable for Brazilian 
mineral coals of high ash content. No gasification techniques are known to be available and commercially tested for Brazilian coals. 

The CIGAS Process research and development program has been planned for the interval from 1976 to 1998. In 1977 an atmos-
pheric bench scale reactor was built, from which were obtained the first gasification data for Brazilian coals in a fluidized bed reac- 
tor. In 1978 a feasibility study was completed for the utilization of gas generated as industrial fuel. Next the first pressurized mac- 
tor in Latin America was built in bench scale, and the first results for pressurized coal gasification were obtained. 

In 1979 the first atmospheric fluidized bed pilot scale unit was assembled (with a throughput of 7.2 tons per day of coal). In 1980 a 
project involving a pressurized unit for oxygen and steam began (20 atmospheres and 03 tons per day ofcoal). The plant was fully 
operational in 1982. In 1984 the pressurized plant capacity was enlarged to 23 tons per day of processed coal and at the same time 
air was replaced by oxygen in the atmospheric plant. This unit started processing 17 tons per day of coal. 
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In 1986 a unit was built to treat the liquid effluents generated throughout the process and studies on hot gas desulfurization were 
started in bench scale. By the end of 1988 pilot scale studies will be finished. As the result of this stage, a conceptual design for a 
prototype unit will be made. This prototype plant will be operational in 1992 and in 1994 the basic project for the demonstration 
unit will be started. The demonstration unit is planned to be operational in 1998. 

Project Cost:	 US$4.7 million up to the end of 1988. The next stage of development will require US$15 million. 

COALPLEX PROJECT - AECI (C-140) 

The Coalplex Project is an operation of AECI Chlor-Alkali and Plastics, Ltd. The plant manufactures PVC and caustic soda from 
anthracite, lime, and salt. The plant is fully independent of imported oil. Because only a limited supply of ethylene was available 
from domestic sources, the carbide-acetylene process was selected. The plant has been operating since 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 caustic; conversion of acetylene and hydrogen chloride to vinyl chloride; and vinyl 
chloride polymerization to PVC. Of the five plants, the carbide, acetylene, and VCM plants represent the main differences be-
tween coal-based and conventional PVC technology. 

Project Cost: Not disclosed 

COCA-i PROJECT - Coal Gasification, Inc. (C-iSO) 

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 (IGT). When completed, the COGA-I plant would 
be the largest facility of its kind in the world. 

Sponsors were in the process of negotiations for loan guarantees and price supports from the United States Synthetic Fuels Cor-
poration when the SFC was dismantled by Congressional action in late December 1985. On March 18, 1986 Illinois Governor 
James P. 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 finn Norsk-Hydro, are currently working to complete the financing package for the facility. 

Project Cost: $600 million 

COLOMBIA COAL GASIFICATION PROJECT - Caibocol (C-160) 

The Colombian state coal company, Carbocol plans for a coal gasification plant in the town of Ainaga 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 Cat: $20 million initial 
$200 million eventual 

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 (ESEERCO) and Sohio Alternate Energy Development Com-
pany (Sohio) (C-170) 

Participants have built a 1,-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 gross power. The California Energy Commission ap-
proved the state environmental permit in December 1979 and construction began in December 1981. Plant construction which took 
only 23 years, was completed on April 30, 1984, a month ahead of schedule and well under the projected $300 million budget. A 
five-year demonstration period is underway and will be completed 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 
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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 Februraiy 24, 1982 to commit $30 million to the Project. ESEERCO and Sohio Alternate 
Energy Development Company are non-equity contributors to the project, having signed contributor agreements on January 20, 
1982, and April 10, 1984, respectively committing $5 million each to the Project. A $24 million project loan with a $6 million in-kind 
contribution by SCE of facilities at SCE's existing generating station in Daggett, California completes the $263 million funding. 

A supply agreement was executed with Airco, Inc. on February 24, 1981 for Airco to provide "over-the-fence" oxygen and nitrogen 
from a new on-site facility, thus reducing capital requirements of the Project. 

The Project applied to the United States Synthetic Fuels Corporation for financial assistance in the form of a price guarantee in 
response to the SEC'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 SEC 
believed sufficient private funding was available without government assistance). However, the sponsors reapplied for a price sup-
port under the SEC's second solicitation which ended June 1, 1982. On September 17, 1982, the SFC announced that the project 
had passed the six-point project strength test and had been advanced into Phase II negotiations for financial assistance. On April 
13, 1983 the sponsors received a letter of intent from the SFC to provide a maximum of $120 million in price supports for the 
project. On July 28, 1983 the Board of Directors of the SEC voted to approve the final contract awarding the price guarantees to 
the project. 

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 fed to the gas turbine and the first combined 
cycle system operation was accomplished on May 31, 1984. On June 23, 1984 the ten continuous day SFC acceptance test was suc-
cessfully completed and the Program was declared to be in commercial production on June 24, 1984. 

Through January 1989 the gasifier has been on-line for more than 27,116 hours, gasifying over 1,132,000 tons of coal (dry basis). 
Approximately 2.8 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 NOx 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 0.010 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-tired power plants. 

The project is scheduled to be completely closed down by June, 1989 

Project Cost: $263 million 

COREX IRON MAKING PROCESS - Korf Engineering (C-ISO) 

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-gasifier" 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 330,000 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.

- 
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A similar plant is under construction for lscor in South Africa. Commissioning of this plant was completed in 1988. 

Project Cost: Not disclosed 

CRE SPOUTED BED GASIFIER - Coal Research Establishment, Otto-Simon Carves (C-190) 

A spouted fluidized bed process for making low-BTU fuel gas from coal has been developed by British Coal at the Coal Research 
Establishment (CItE). A pilot plant has been built with a coal throughput of 12 tonnes per day. 

This project has been sponsored by the European Economic Community (EEC) under two se parate demonstration crants. Results 
to date have established the basis of a simple yet flexible process for making a gaseous fuel low in sulfur, tar and dust. 

The CItE gasification process is based on the use of a submerged spouted bed. A significant proportion of the fluidizing gas is in-
troduced as a jet at the apex of a conical base. This promotes rapid recirculation within the bed enabling caking coals to be 
processed without encouraging agglomeration problems. This enables low ash fusion temperatures coals to be processed success-
fully. 

Plant construction was completed in April 1985 and cold commissioning of all aspects of the plant was successfully achieved by June 
1985. As part of the contract with the EEC several extended trials were completed between April 1986 and March 1987 using char 
as bed material. Since April 1987 a new contract with the EEC has investigated the use of sand beds and the potential of oxygen 
enrichment of the process. This contract will permit operation of the pilot plant up to November 1989. 

At present, work on the 12 tonne per day pilot plant is directed towards providing design information for gasifiers operated at at-
mospheric pressure for industrial fuel gas applications. The aim is to develop a range of commercial gasifiers with a coal through-
put typically of 24 to 100 tonnes per day. To this end a license agreement has been signed by Otto-Simon Carves (OSC) to exploit 
the technology for industrial application. Designs of commercial gasifiers are available and OSC together with British Coal are ac-
tively promoting the use of the technology in the United Kingdom process industries. 

Although OSC has yet to build the first commercial unit, they say considerable interest has been shown from a large number of 
potential clients worldwide. 

The application of the process for power generation is also being investigated. Various cycles incorporating a pressurized version 
of the spouted bed technology have been studied and power station efficiencies up to 45 percent are predicted. A contract with the 
EEC to develop a pressurized version was initiated in Januar y 1989. The proposal is to link the gasifier to a char combustor to 
form a tonoinC cycle. 

CRIEPI ENTRAINED FLOW GASIFIER PROJECT - Central Research Institute of Electric Power Industry (Japan) (C-200) 

Japan's CRIEPI (Central Research Institute of Electric Power Industry) has been engaged in research and development on gasifica-
tion, hot gas cleanup, gas turbines, and their integration into an IGCC (Integrated Gasification Combined Cycle) system. 

An air-blown pressurized two-stage entrained-flow gasifier (2.4 tons per day process development unit) adopting a dry coal teed 
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 1988, the gasifier had been operated for 1320 hours, and tested on 15 different coals. 
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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 (laC)' 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 started in 1988 at the 
Nakoso Coal Gasification Power Plant. 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 tempera-
ture at the combustor outlet of 1,300 degrees C will begin in 1990. 

Project Cost: 53 million yen 

DANISH GASIFICATION COMBINED CYCLE PROJECT - Elkiaft (C-205) 

The Danish Utility, Elkraft, in response to government directives to lower pollution by using more natural gas, says that it will in-
crease the use of natural gas to generate electricity. However, the utility says that it also plans for two power plants based on in-
tegrated coal gasification combined cycle (10CC). The first will be a 50-megawatt demonstration unit at Masnedoe, at the site of 
an existing power plant that will be retired. 

The Danish energy minister expects to decide during 1989 whether to approve this scheme. 

If the Masnedoe demonstration is successful, Elkraft intends to move on to construct a full-scale 300-megawatt 16CC unit at 
Stitsnaes, for service in 1997. 

As yet, Elkraft has given no indication which IGCC design it favors for the Masnedoe demonstration. 

Potential bidders could include Shell, Dow, Texaco and Krupp-Koppers. 

DOW SYNGAS PROJECT - Louisiana Gasification Technology, Inc. a subsidiary of the Dow Chemical Company (C-210) 

The Dow Syngas Project began commercial operations in April, 1987, operating at rates up to 92 percent of capacity. As of 
May 1989 the project has completed 8,485 hours on coal. It has produced 8,277 billion Btu of on-spec syngas and supplied Dow's 
Louisiana Division power plant with syngas for 7,881 hours. 

At full capacity, the plant consumes 2,400 tons of coal per day providing 30 billion ETU per day of medium BTU gas. The process 
uses Dow-developed coal gasification technology to convert coal or lignite into medium BTU synthetic gas. 

The process uses a pressurized, entrained flow, slagging, slurry-fed gasifier with a continuous slag removal system. Dow's 
GAS/SPEC ST-1 acid gas removal system and 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 The 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-220) 

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. 
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In terms of the value of the products produced, the Dunn-Nokota project is equivalent to an 800 million barrel proven oil reserve. 
In addition, the carbon dioxide product from the plant can be used to recover substantially more crude oil from oil fields in North 
Dakota, Montana, and Wyoming through carbon dioxide injection and crude oil displacement. 

The Dunn-Nokota plant is designed to use the best available environmental control technology. The impacts which will occur from 
the construction and operation of this project will be mitigated in accordance with sound operating procedures and legal and 
regulatory requirements. At full capacity, the plant will use the coal under approximately 390 acres of land (about 14.7 million 
tons) each year. Under North Dakota law, this land is required to be reclaimed and returned to equal or better productivity 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 carton dioxide per day from 40,000 tons of lignite 
(Beulah-Zap bed). 

Additional market studies will determine if methanol production will be reduced and gasoline or substitute natural gas coproduced. 

Existing product pipelines and nil facilities are available to provide access to eastern markets for the project's output access to 
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 Cat: $2.2 billion (Phase I and II) 
$0.2 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
$0.3 billion (mine) 

GFI( DIRECT LIQUEFACTION PROJECT - West German Federal Ministry for Research and Technology, Saarbergwerke AG, and 
GfK Gcsellschaft fur Kohleverfiussigung MW-I (C-230) 

Until 1984 GfK Gesellschaft fur Kohleverfiussigung Mbl-I, a subsidiary of Saaibergwerke 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 GfK has conceived a unique process called PYROSOL The PYROSOL process is two-stage, comprising 
a mild hydrogenation in the first stage followed by pyrolysis of the residue in a second stage. 

As of year-end 1988, the development of the PYROSOL process has been terminated. This unique process is in particular suitable 
for the liquefaction of coals with high ash content. Regardless of the ash content, coals have been tested with more than 20% ash 
and high oil yields between 50 and 60% of m.a.f. coal were obtained. 

For the hydrogenation of heavy oils, mixtures of heavy oil and coal (Co-processing) and coals with low ash contents, Gif favorizes a 
unique hydrogenation reactor concept in which the feedstock is fed at the top and passes through the reactor counter currently to 
the hydrogen which is fed at the reactor bottom. It has been round that this reactor is superior to the classical bubble column. At 
present this concept is being further tested using a variety of different coals and residual oils on the bench scale. 

Project Cost: Not disclosed 

GREAT PLAINS GASIFICATION PROJECT - Dakota Gasification Company (C-240) 

Initial design work on a coal gasification plant located near Beulah in Mercer County, North Dakota commenced in 1973. In 1975, 
ANG Coal Gasification Company (a subsidiary of American Natural Resources Company) was formed to construct and operate the 
facility and the first of many applications were filed with the Federal Power Commission (now FERC). The original plans called 
for a 250 million cubic feet per day plant to be constructed by late 1981. However, problems in financing the plant delayed the 
project and in 1976 the plant size was reduced to 125 million cubic feet per day. A partnership named Great Plains Gasification 
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Associates was formed by affiliates of American Natural Resources, Peoples On (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 January1980, FERC issued an order approving the project. However, the United States Court of Appeals overturned the FERC 
decision. In January 1981, the project was restructured as a non-jurisdictional project with the SNG sold on an unregulated basis. 
In April 1981, an agreement was reached whereby the gas would be sold under a formula that would escalate quarterly according to 
increases in the Producer Price Index and the price of No. 2 Fuel Oil, with limits placed on the formula by the price of other com-
peting fuels. During these negotiations, Columbia Gas withdrew from the project. On May 13, 1982, it was announced that a sub-
sidiary of Pacific Lighting Corporation had acquired a 10 percent interest in the partnership; 73 percent from ANR's interest and 
25 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 SNO pipeline to connect the plant to the interstate natural gas 
system, and a contingency for overruns. Final approval of the loan guarantee was received on January 29, 1982. The project 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 average of 125 million cubic feet per day (based on a 91 percent onstream factor) of high 
BTU pipeline quality synthetic natural gas, 93 tons per day of ammonia, 88 tons per day of sulfur, 200 million cubic feet per day of 
carbon dioxide, potentially for enhanced oil recovery, and other miscellaneous by-products including tar oil, phenols, and naphtha 
to be used as fuels. Approximately 16.000 tons per day of North Dakota lignite is required as feedstock. 

In August, 1985 the sponsors withdrew from the project and defaulted on the loan, and DOE began operating the plant under a 
contract with the ANG Coal Gasification Company. The plant successfully operated throughout this period and earned revenues in 
excess of operating costs. The 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. 

The defendant pipeline companies are liable to the plantiffs (DOE/DOJ) for the difference between the contract price and 
the market value price. This decision was upheld by the United States Court of Appeals for the Eighth Circuit on May 19, 
1987. No further opportunity for appeal exists and the decisions of the lower court stands. 

In early 1987 the Department of Energy hired Shearson Lehman Bros. to help sell the Great Plains plant. In August, 1988 it 
was announced the Basin Electric Power cooperative submitted the winning bid for approximately $115 million up-front plus 
future profit-sharing with the government. Two new Basin subsidiaries, Dakota Gasification Company and Dakota Coal 
Company, operate the plant and the mine respectively. An initial payment of $85 million was given to the U.S. Department 
of Energy in November, 1988, and ownership of the plant was transferred. 

For the first six months of operation under Dakota Gasification ownership, the plant produced gas at over 110 percent of 
design capacity. 

The Linde Division of Union Carbide Industrial Gases Inc. has si gned a 15-year agreement with Dakota Gasification Com-
pany to buy all the krypton/xenon produced at the Great Plains S ynfuels Plant beginning in December 1990. 

Project Cat: $21 billion 

CS? PILOT PLANT PROJECT - German Democratic Republic (C-250) 

Since 1983 a 30 tonne per day gasification complex has been in operation at Gaskombinat Schwarze Pumpe (GSP) in East Ger-
many. It produces more than 50,000 cubic meters raw gas per hour. Practical results and experience gained during operation of 
this system are planned to be applied to the construction of a large-scale gas works, five to 10 times larger, with an annual output of 
two to four billion cubic meters raw gas.
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The environmental compatibility of the 05? coal gasification process is said to meet the highest requirements even if coal that is 
rich in ash and sulfur and contains salt is used. The GSP process involves the gasification of pulverized coal under pressure, using 
the brown coal of the German Democratic Republic. 

Project Cost:	 Not disclosed 

lIANOVER ENERGY DOSWELL PROJECT - Hanover Energy Associates (C-255) 

Hanover Energy Associates is planning a 700 megawatt cofired cogeneration plant to sell electricity to Virginia Power. The plant, 
to be located near Doswell, Virginia, will include 24 to 28 Wellman-Galusha gasifiers. The gas turbines will burn five-sixths natural 
gas and one-sixth low-BTU coal gas from the gasifiers. 

The coal source will be coal wastes located in Western Virginia. 

Construction is scheduled to begin on July 1 and will take two years, according to documents filed with the Federal Energy 
Regulatory Commission. 

Other equipment includes four Westinghouse 501 D5 gas turbine generators, four waste heat recovery boilers and two steam tur-
bine generators. Steam will be sold to National Energetics Company for manufacturing carbon dioxide and possibly to a nearby 
paper company. 

Hanover Energy Associates, a limited partnership, was one of about 30 companies that responded to Virginia Power's solicitation 
in December 1986 for some 1,100 megawatts of electricity. Hanover has a similar plant planned in northeastern Pennsylvania, with 
a capacity of about 100 megawatts. 

lIUENXE COT COAL GASIFICATION PILOT PLAN!' - Carbon Gas Technology (COD OmbH ((>260) 

COT was established in 1977, with the goal of developing a coal gasification process to the point of commercial maturity and 
economic utilization. The COT coal gasification concept consists of the combination of two principal processes of coal gasification 
in a specially developed reactor. The characteristic feature of the COT Process is the integrated fluidized bed and dust gasification 
stages. The coal is fed into the fluidization zone of the reactor, and fluidized and gasified by the addition of the gasification media 
(steam and oxygen) through side nozzles. The unconverted fines exit the reactor with the 1,000 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 CGT 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 BP Ruhr refinery at Huenxe. The test work comprises 
a conceptual test program to the end of 1986. After bringing the facility on line and operating the combined fluidized bed with 
entrained flow gasification, the complete working of the test facility with a reference coal will be carried out over the entire 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 coals for specific applications are planned. 

Project Cost: Not disclosed 

HYCOL HYDROGEN FROM COAL PILOT PLANT - Research Association for Hydrogen from Coal Process Development (Japan) 
(C-rIO) 

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. 

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.
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The key technology of this gasification process is a two-step spiral now 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 downword 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/coat ratio provided to each burner. That 
is, the upper stage burners produce reactive char and the tower stage burners generate high temperature gas. HIgh temperature 
gas keeps the bottom of the gasifier at high temperature, so molten slag falls fluently. 

The specifications of the pilot plant are as follows: 

- Coal processing capacity 	 20 ton per day 
- Pressure	 1.0 MPa 
- Temperature	 1$OOtoI$O0 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. The nine member companies are: 

Idemitsu Kasen Co., Ltd. 
Osaka Gas Co., Ltd. 
Electric Power Development Company 
Tokyo Gas Co., Ltd. 
Toho Gas Co., Ltd. 
Nippon Mining Company 
The Japan Steel Works, Ltd. 
Hitachi, Ltd. 
Mitsui SRC Development Co., Ltd. 

KANSK-ACHINSK BASIN COAL LIQUEFACTION PILOT PLANTS - Union of Soviet Socialist Republics (C-280) 

The Soviet Union is building a large coal-based project referred to as the Kansk-Achinsk Fuel and Energy Complex (KATEK). 
The project consists of a very large open pit mine (the Berezovskiy4 mine), a 6,40D megawatt power plant, and a coal liquefaction 
facility. Additionally, the small town of Shaiypovo is being convened into a city with new schools, stores, housing, and transporta-
tion. 

A pilot plant referred to as an S'-75 installation is being built at KATEK to test a catalytic hydrogenation process. Construction of 
the unit began in 1982. 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. 

Additionally, a second unit referred to as the ETKh-175 is being built to test rapid pyrolysis of brown coal from the Borodinskoye 
deposit. The tat unit will have a capacity of 175 tons of coal per hour. The press will produce coke, tar, and combustible gases. 
Construction of the unit was completed in December 1983, and testing using inert materials began in the Spring of 1984. However, 
a facility to convert the coal tar into fuels and chemicals has not been built. Therefore, the tar will be burned as fuel in the adjacent 
utility. 

A third experimental coal liquefaction unit, ST-5, is under construction at the Bclkovskaya mine of the Novomoskovsk Coal As-
sociation. The unit is intended to demonstrate a relatively low pressure hydrogenation process that reportedly operates at ap-
proximately 1,500 psig and 400 degrees C. A catalyst is used in the process to enhance the hydrogenation of coal into high octane 
gasoline. The liquid and solid are separated, and the solids are combusted to recover the catalyst. Startup of ST-S was to occur in 
1984. 

Project Cat: Not disclosed 

K-FUEL COMMERCIAL FACILITY - Energy Brothers Inc. (C-290) 

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-
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sure of 800 psi. The process produces a pelletized, low-moisture, low-sulfur coal with a BTU value of 12., and by-product water 
and fuel gas. K-Fuel pellets contain 60 percent more energy (approximately 27 million BTU per ton) and 40 percent less sulfur 
than the raw, coal. The fuel gas From the process is utilized on site to provide the needed heat For the process. 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 pur-
chase 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 suc- 
cessful, Wisconsin Power and Light has the option to invest in the process. 

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 "Inc. 

Project Cost: $62 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-310) 

In April 1984 Westinghouse sold its coal gasification technology to Kellogg Rust and the new organization was named KRW Energy 
Systems Inc., owned 20% by Westinghouse and 80% by the M.W. Kellogg Company. The major activities of KRW Energy Systems 
has been to complete development of a fluidized bed coal gasification technology and to develop a commercial demonstration 
project. 

The major development Facility for KRW is a coal gasification pilot plant located at the Waltz Mill site near Pittsburgh, Pennsyl-
vania. This facility has been in operation since 1975 and has accumulated more than 12,000 horns 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. A number of German brown coals have also been successfull y gasified. The pilot plant 

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 F and 1,950 degrees F and pressures between 130 peig and 230 p51g, 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 gasifier using a 
high sulfur (2-43%) and highly caking Eastern bituminous coal, have achieved the following significant demonstrations: 

- A simplified process to deliver a hot and clean low BTU Fuel gas to a combustion turbine. 
- Gasifier in-bed desulfurization to meet NSPS requirements by removing over 90% of Feed sulfur utilizing limestone or 
dolomite sorbents. 
- Utilization of a regenerable zinc ferrite sorbent in a sulfur polishing mode to reduce fuel gas sulfur levels to less than 20 
ppm. 
- Demonstrated use of sintered silicon carbide candle filters at 1,100-1.200 degrees F and 16 arm pressure to reduce fuel gas 
solid particulates to less than 10 ppm. 
- Delivery of final product fuel gas at high temperature and pressure containing less than I ppm combined alkali and heavy 
metals. 

Commercial scale process performance systems studies show the KRW hot gas combined cycle power system to have net heat rates 
less than 8,000 BTU/kWh and capital costs less than 1,250$/kWh for 300400 MW sized plants. A significant feature of these sys-
tems is the modularity of design which provides much planning and construction flexibility. 

Project Cost: Not disclosed 

LAKESIDE REPOWERING GASIFICATION PROJECT - Combustion Engineering, Inc. (C-320) 

The project will demonstrate Combustion Engineering's pressurized, airblown, entrained-flow coal gasification repowering technol-
ogy on a commercial scale. The syngas will be cleaned of sulfur and particulates and then combusted in a gas turbine (40 MWe) 
from which heat will be recovered in a heat recovery steam generator (HRSG). Steam from the gasification process and the I-IRSG 
will be used to power an existing steam turbine (25 MWe).
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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. 

The project is funded under Round 2 of the Department of Energy's Clean Coal Technology Program. 

LkPORTE LIQUID PHASE METHANOL SYNTHESIS - Air Products & Chemicals, Chem Systems Inc., Electric Power Research 
Institute, and United States Department of Energy (C-330) 

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 Diem 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 (50,000 gallons). The plant, including the slurry pump and a spe-
cially designed pump seal system, operated very reliably during the run. 

In a four-month test lasting from September 1, 1988 to January 8, 1989, the unit produced methanol from simulated coal gas at a 
rate mote than twice the original design rate of the test facility. - 

The LaPorte run lasted 124 days and was interrupted only briefly when Hurricane Gilbert threatened the Gulf Coast early in the 
test program. During the marathon operation, the experimental facility produced just over 8,000 barrels of fuel-grade methanol. 
Production rates averaged 60 to 70 barrels per day - roughly twice the facility's original 35-barrel per day design rate. Methanol 
from the test run was of high enough quality to be used directly as a motor fuel without further upgrading. 

The 124-day run also demonstrated the effectiveness of improvements in the facility's reaction vessel which had been modified last 
year to incorporate an internal heat exchanger and vapor/liquid separation process. Synthesis gas was provided by Air Products 
from its adjacent industrial gas production plant. 

The current 30-month, $9.4 million contract expires in October, 1989. 

Project Cost:	 DOE $25.6 million 
Private participants: $3.8 million 

LFC COAL LIQUEFACTION/COGENERATION PLANT - 501 International, Triton Coal Company (C-340) 

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 Coat (LFC) process, developed by 801 International. An 
LFC/cogeneration plant consists of an electric generation unit combined with LEC process equipment in one cogenerating system. 

According to the developers, SOl's LFC process is an adaptation of existing reliable equipment and utilization of state-of-the-art 
technology. Compared with other coal conversion processes where high temperatures and pressures are required, the LFC process 
operates at low pressures and less severe thermal process conditions, some of which require only low-grade and medium-grade heat 
(140 to 600 degrees F). In the system, the electric generation unit supplies waste heat to meet these LFC process thermal loads, 
while the solid waste by-products from the LFC process are used to fuel the electric generation unit. 

801 has obtained a long-term (35 year) power sales agreement with Montana Power Company. The estimated project cost is 
$723 million. SQL International is currently working to obtain a contractor to perform the design and construction of the LFC 
Cogeneration Plant. 

It was announced in late 1988 that the Triton Coal Company (a subsidiary of Shell Mining Company) would join the project, which 
would be sited near Triton's Buckskin Mine, north of Gillette, Wyoming. 

Project Cost: See above
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LULEA MOLTEN IRON COAL GASIFICATION PILOT PLANT - KHD Humboldt Wedag AG and Sumitomo Metal In-
dustries, Ltd (C-ISO) 

KHD and Sumitomo agreed to jointly build and operate a 240 tonnes per day pilot plant to test the molten iron coal gasification 
processes independently developed by both companies. Construction of the pilot plant was completed in Lulea, Sweden at the 
country's steel research center in mid-1985, with operation scheduled to last through 1987. 

The pilot plant was designed for operation at pressures up to 5 atmospheres. In the process, pulverized coal and oxygen art 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 

LU NAN AMMONIA-FROM-COAL PROJECT - China National Technical Import Corporation (C-360) 

The China National Technical Import Corporation awarded a contract to Bechtel for consulting services on a commercial coal 
gasification project in the People's Republic of China. Bechtel will provide assistance in process design, design engineering, 
detailed engineering, procurement, construction, startup, and 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-370) 

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 coal 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 II 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 Cost: Not disclosed 

MONASI-I HYDROLIQUEFACTION PROJECT - Coal Corporation of Victoria and Monash University (C-380) 

The Chemistry, Chemical Engineering, and Physics Departments at Monash University at Clayton, Victoria are conducting a major 
investigation into the structure and hydroliquefaction of Victorian brown coal. Batch autoclave and other studies are being con-
ducted. 

The work is largely supported by the Coal Corporation of Victoria.
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Earlier studies on the hydroliquefaction of brown coal have led to a more detailed study of its structure and reactivity and are 
based on extensive collaborations with a number of other laboratories in Australia. These lead to the proposal of a guest/host 
model for brown coal which more recent results suggests may represent an oversimplification of coal structure. The nature of the 
bonding, chemical and/or physical, by which aliphatic material is retained in the lignccellulosic polymer has yet to be defined. 

The use of sodium aluminate as a promoter for the reaction of brown coal with carton monoxide and water, leading to high yields 
of low molecular weight products under relatively mild conditions without the use of a recycle solvent, has been established. Some 
success has been achieved in characterising the aluminum species responsible for promoting these reactions but further work is re-
quired. 

Partial oxidation of brown coal is thought to be adventitious for hydroliquefaction, particularly in the carbon 
monoxide/water/aluminate system. 

A wide range of collaborative projects are currently in progress. 

Project Cost: $2.0 million (Australian) since commencement 

MONGOLIAN ENERGY CENTER - People's Republic of China (C-390) 

One of China's largest energy and chemical materials centers is under construction in the southwestern part of Inner Mongolia. 
The first-phase construction of the Jungar Coal Mine, China's potential largest open-pit coal mine with a reserve of 25.9 billion 
tons, is in full swing and will have an annual capacity of 15 million tons by 1995. 

The 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. 

The region may be China's most important center of the coal-chemical industry and the ceramic industry in the next century. 

MRS GASIFICATION PROCESS PROJECT - British Gas plc and Osaka Gas Company Ltd. (C400) 

Work is being carried out jointly by British Gas plc and the Osaka Gas Company Ltd. of Japan, to produce methane and valuable 
liquid hydrocarbon coproducts by the direct thermal reaction of hydrogen with coal. A novel reactor, the MRS (for Midlands 
Research Station) incorporating internal gas recirculation in an entrained flow system has been developed to provide a means of 
carrying out the process without the problems of coal agglomeration, having to deal with excessive coal fines, or excessive 
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 (URN) reactor that 
British Gas developed to full commercial application for oil gasification. 

Following commissioning of the plant in October 1987, a test program designed to establish the operability of the reactor and to 
obtain process data was started. 

In December, 1988, it was announced that the sponsors would go ahead with the second stage of the joint research program. The 
next step will be to carry out a further three year development program which will expand the pilot plant facilities to enable more 
advanced testing to be carried out. 

Through 1988, performance tests have been conducted at over 30 different operating conditions. Three different coals have been 
tested, and a total of 7 tonnes have been gasified at temperatures of between 840 degrees centigrade and 1,000 degrees centigrade. 
However, the initial plant design only allowed tests of up to a few hours duration to be carried out. The new program will allow 
tests each lasting for days rather than hours by modifying the plant to allow a continuous stream of fine powdered coal to be fed 
into the reactor. 

Project Cost: 	 Phase I $16 million 
Phase II $7.4 million 

NEDOL BITUMINOUS COAL LIQUEFACTION PROCESS - New Energy Development Organization (NEDO) (C410) 

Basic research on coal liquefaction was started in Japan when the Sunshine project was inaugurated in 1974, just after the first oil 
crisis in 1973. NEDO assumed the responsibility for development and commercialization of coal liquefaction and gasification tech-
nology. NEDO plans a continuing high level of investment for coal liquefaction R&D, involving two large pilot plants. The con-
struction of a 50 tons per day brown coal liquefaction plant was completed in December 1986 in Australia, and a 150 tons per day 
bituminous coal liquefaction plant is planned in Japan.
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The pilot plant in Australia is described in the project entitled "Victoria Brown Coal Liquefaction Project." The properties of 
brown coal and bituminous coat 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 150 tons per day pilot plant. 

In the proposed pilot plant, bituminous coal will be liquefied in the presence of activated iron catalysts. Synthetic iron sulfide or 
iron dust will be used as catalysts. The heavy fraction (-538 degrees C) from the vacuum tower will be hydrotreated at about 350 
degrees C and 100-150 atm in the presence of catalysts to produce hydrotreated solvent for recycle. Consequently, the major 
products will be light oil. Residue-containing ash will be separated by vacuum distillation. 

Detailed design of the new pilot plant has been completed. It is expected that the pilot plant will start operation in 1991 

In 1988,5 different coals were processed in the bench scale unit with encouraging results. 

Project Cost: 100 billion yen, not including the three existing PDU 

NYNAS ENERGY CHEMICALS COMPLEX - AGA, A. Johnson & Company, and the Swedish Investment Bank (C-420) 

A group of Swedish companies are planning to build a gasification plant in Sweden. The Nynas Energy Chemicals Complex 
(NEX) will utilize the Texaco coal gasification process to produce fuel gas for a combined cycle unit and synthesis gas for ammonia 
production. Initially, the facility will produce 280 megawatts of electricity, 200,000 tons of ammonia per year, hot water for the 
Southern Stockholm district heating system, and industrial gases (oxygen, nitrogen, and argon). Also, Nynas Petroleum's refinery 
in Nynashamn will switch to fuel gas from NEX. 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 owns 100 percent of 
NEX. AGA will build on their own the air separation plant for the facility. 

Project Cost: US$500 million 

OHIO-I COAL CONVERSION PROJECT - Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers 
Incorporated (C430) 

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 
300,000 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. 

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 was scheduled to start early in the third quarter of 1988, with completion and initial operation scheduled for the first 
quarter of 1990. 

Project Cost: $260 million 

OHIO COAL/OIL CO-PROCESSING PROJECT - Ohio Clean Fuels Inc., Stone and Webster Engineering Corp., HRI Inc., Ohio Coal 
Development Office, and United States Department of Energy (C-440) 

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 
HRI, Inc.'s proprietary commercial ebullated-bed reactor technology. In this process coal is blended with residual oil and both are 
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simultaneously converted to clean distillate fuels. A typical' C4-975 degrees F distillate fuel will contain 0.3 percent sulfur and 
0.3 percent nitrogen. The prototype plant will press 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 1994. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program. 

Project Cost: $2173 million 

OULU AMMONIA FROM PEAT PROJECT - Kemira Oy (C450) 

Kemira of Finland is building a pressurized fluidized bed peat gasification system for producing synthesis gas. The gas will be used 
for ammonia and other chemicals. Ammonia production is to be 80,000 tons per year. 

Currently Kemira operates in Oulu a minor ammonia plant based on the gasification of heavy fuel oil. However, peat is the only 
realistic domestic raw material for synthesis gas in Finland. Therefore, a research program aiming at the gasification of peat was 
started in the middle of the 1970s. 

The gasification plant includes as integrated individual processes: peat transfer, screening, crushing, drying, pressurized H'TW 
fluidized bed gasification, soot removal, raw gas compression and three-stage gas purification. The existing Pyroflow boiler plant 
serves for energy supply and a waste incinerator. The gasification plant was placed in operation in June 1988. It has a capacity of 
150 megawatts, thermal. 

Project Cat: Investment costs are expected to be F1M225 million. 

P.CIG PROCESS - Interproject Service AR, Sweden and Nippon Steel Corporation, Japan (0455) 

The Pressurized-Coal Iron Gasification process (P-do) is based on the injection of pulverized coal and oxygen into an iron melt at 
overatmospheric pressure. The development started at the Royal Institute of Technology in Stockholm in the beginning of the 
19'lOs with the nonpressurized CU) Process. Over the years work had been done on ironmaking, coal gasification and ferroalloy 
production in laboratory and pilot plant scale. 

In 1984, Interproject Service AB of Sweden and Nippon Steel Corporation of Japan signed an agreement to develop the P-CIG 
Process in pilot plant scale. The pilot plant system was built up at the Metallurgical Research Station (MEFOS) in Lulea, Sweden. 
The F-CIG Process utilizes the bottom blowing process for injection of coal and oxygen in the iron melt. The first tests started in 
1985 and several test campaigns were carried out through 1986. The results were then used for the design of a demonstration plant 
with a gasification capacity of 500 tons of coal per day. 

According to project sponsors, the P-CIG Process is highly suitable for integration with combined cycle electric power generation. 
This application might be of special interest for the future in Sweden. 

For the 500 tons of coal per day demonstration plant design, the gasification system consisted of a reactor with a charge weight of 
iron of 40 tons. Twenty-two tons of raw coal per hour would be crushed, dried and mixed with f tons of flux and injected 
together with 9,000 cubic meters of oxygen gas. 

POLISH DIRECT LIQUEFACTION PROCESS - Coal Conversion Institute, Poland (C460) 

In 1975, Polish research on efficient coal liquefaction technology was advanced to a rank of Government Program PR-I 'Complex 
Coal Processing,' and in 1986 to a Central Research and Development Program under the same title. 

The leading and coordinating unit for the coal liquefaction research has been the Coal Conversion Institute, part of the Central 
Mining Institute. 

Initial work was concentrated on the two-stage extraction method of coal liquefaction. The investigations were carried out up to 
the bench scale unit (120 kilograms of coal per day). The next step—tests on a Process Development Unit (PDU)—met serious 
problems with the mechanical separation of solids (unreacted coal and ash) from the coal extract, and continuous operation was 
not acheived. In the early eighties a decision was made to start investigations on direct coal hydrogenation under medium pressure. 

Investigations of the new technology were first carried out on a bench-scale unit of five kilograms of coal per hour. The coal con-
version and liquid products yields obtained as well as the operational reliability of the unit made it possible to design and construct 
a PDU scaled for two tonnes of coal per day. 

The construction of the direct hydrogenation PDU at the Central Mining Institute was finished in the middle of 1986. In Novem-
ber 1986 the first integrated run of the entire unit was carried out.
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The significant, original feature of this direct, non-catalytic, middle-pressure coal hydrogenation process is the recycle of part of the 
heavy product from the hot separator through the preheater to the reaction zone without pressure release. Thanks to that, a good 
distribution of residence times for different fractions of products is obtained, the proper hydrodynamics of a three-phase reactor is 
provided and the content of mineral matter (which acts as a catalyst) in the reactants is increased. From 1987 systematic tests on 
low rank coal type 31 have been carried out, with over 100 tons of coal processed in steady-state parameters. 

The results from the operation of the PDU will be used in the design of a pilot plant with a capacity of 200 tonnes coal per day 
which is expected to be completed by the end of the eighties. 

POWERGEN COMBINED PFBC/GCC SYSTEM - PowerGen, Ahlstrom, and British Coal (C465) 

PowerCien, the non-nuclear successor company to Great Britian's Central Electricity Generating Board (CEGB), has proposed a 
research project utilizing the pressurized fluidized bed combustion process (PFBC) developed at Grimethorpe, South Yorkshire. 

The project is intended to increase the output of the power station by incorporation a turbine which runs on a combination of 
gasified coal and exhaust from the pressurized tluizied bed combustor. 

In conventional PFBC, coal is burned in a fluidized bed under pressure, and the hot pressurized combustion gases are fed directly 
into a gas turbine. However, the operating temprature in a PFBC unit is usually only about 850 C to avoid softening the ash and 
impeding fluidization. This comparatively low temperature limits efficiehcy. 

To overcome this, British Coal engineers proposed a topping cycle- It would entail injecting a fuel gas into the hot PFBC combus-
tion gas and burning the combination in the gas turbine inlet, raising the hot gas temperature to 1,100 C or more. 

At first, the fuel gas would be natural gas. In due course the intention would be to couple a coal gasifier and a PFBC unit. 

Coal would be partially gasified, and the solid residue burned in the PFBC unit; the fuel gas from the gasifier would be burned in 
the hot combustion gas in a fully coal-fired topping cycle. 

PRENFLO GASIFICATION PILOT PLANT - Krupp Koppers GmbH (KK) (C-470) 

Krupp Koppers, of Essen, West Germany (in United States known under the name of GET Gesellschaft fuer Kohle-Technologie) 
are presently operating a 48 tons per day demonstration plant and designing a 1,000 tons per day demonstration module for the 
PRENFLO (pressurized entrained flow) process. The PRENFLO process is lUC's pressurized version of the Koppers-Totzek (WI) 
flow gasifier. 

In 1973, KK started experiments using a pilot IC!' gasifier with elevated pressure. In 1974, an agreement was signed between Shell 
Internationale Petroleum Maatschappij BY and KK for a cooperation in the development of the pressurized version of the KT 
process. A demonstration plant with a throughput of 150 tons per day bituminous coal and an operating pressure of 435 psia was 
built and operated for a period of 30 months. After completion of the test program, Shell and KK agreed to continue further 
development separately, with each partner having access to the data gained up to that date. KK's work has led to the PRENFLO 
process. 

Krupp Koppers has decided to continue development with a test facility of 48 tons per day coal throughput at an operating pressure 
of 30 bar. The plant is located at Fuetstenhausen, West Germany. By September 1988, more than 6,200 hours of operation had 
been accumulated. 

Krupp Koppers and Siemens, KWU Group, are planning a demonstration IGCC plant based on the PRENFLO process. This 
demonstration plant will have a capacity of 160 megawatts, based on one PRENFLOW module with 1,200 tonnes per day coal 
throughput and two Siemens V64 gas turbines. The detailed engineering is expected to be finished in 1989, so that a contract can 
be awarded in the second half of the year. The startup of the plant is planned for 1992. 

Project Cost: Not disclosed 

PRESSURIZED FLUID BED COMBUSTION ADVANCED CONCEPTS - M. W. Kello gg Company (C-47) 
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Kellogg anticipates following up the study work with bench scale and pilot nlant testing of the concept. 

RHEINI3RAUN HIGH-TEMPERATURE WINKLER PROJECT - Rheinische Braunkohlenwerke AG, Uhde GmbH, West 
German Federal Ministry for Research & Technology (C-ISO) 

Rheinbraun and Uhde have been cooperating since 1975 on development of the High Temperature Winkler fluidized bed gasifica-
tion process. 

Based on operational experience with various coal gasification processes, especially with ambient pressure Winkler gasifiers, 
Rheinische Braunkohlenwerke AG (Rheinbraun) in the 1960s decided to develop pressurized fluidized bed gasification, the High-
Temperature Winkler (H'FW) process. The engineering contractor for this process is Uhde GmbH. 

The development was started at the Lnstitut fur Eisenhuttenkunde of Aachen Technical University in an ambient pressure process 
development unit (PDU) of about 50 kilograms per hour coal throughput. 

Based on the results of pre-tests with this PDU a pilot plant operating at pressure of 10 bar was built in July 1978 at the Wachtberg 
plant site near Cologne. Following an expansion in 1980/1981, feed rate was doubled to 1.3 tons per hour thy 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, MAY, corresponding to 96 percent of the thermodynamically calculated value. At feed rates of about 
1,800 kilograms per hour coal, the synthesis gas output of more than 7,700 standard cubic meters per hour per square meter of 
gasifier area was more than threefold the values 

of atmospheric Winkler gasifiers. 

After gasification tests with Finnish peat in the HTW pilot plant in the spring of 1984 the Kemira Oy Company, Finland decided to 
convert an existing ammonia production plant at Oulu from heavy oil to peat gasification according to the H1'W process. The plant 
is designed to gasify approximately 650 tons per day of peat at 10 bar and process it to 280 tons per day of ammonia. This plant 
started up in 1988. 

Rheinbraun 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 Uhde; Linde AG is contractor for the Rectisol gas cleanup. The synthesis gas produced at the site of Rheinbraun's 
Ville/Berrenrathbriquctting plant was !red to Rhcinbraun's Union Kraftstoff subsidiary for methanol production testing 

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 was completed in mid-1989. Startup is planned for October 1989. 

This work is performed in close co-ordination with Rlieinbraun's parent company, the Rheinisch-Westfalisches Elektrizitatswerk, 
which operates a capacity of some 9,300 megawatts on the basis of lignite. Since this generating capacity will have to be renewed 
after the turn of the century, it is intended to develop the IGCC technology so as to have a process option available for the new 
power plants. Tests will be carried out with air and oxygen as gasifying agent starting in late 1989. Based on the results of these 
tests and on the operating experience gained with the H1'W synthesis gas plant, a decision on the construction of a demonstration 
plant for integrated HTW gasification combined cycle (H'I'W-IGCC) power generation will be taken around mid-1991. 

Project Cost: Undisclosed
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SASOL - Sasol Limited (C-490) 

Sasol Limited is the holding company of the multi divisional Sasol Group of Companies. Sasol is a world leader in the commercial 
production of coal based synthetic fuels. The 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 Small plant was established in Sasolburg in the early fifties. The much larger Sasol Two and Three plants, at Secunda - 
situated on the Eastern l-Iighveld of Transvaal, came on-stream in 1980 and 1982, respectively. 

The two Secunda plants are virtually identical and both are much larger than Sasol One, which served as their prototype. Enor-
mous quantities of feedstock are produced at these plants. At full production, their daily consumption of coal is almost 100,000 
tons, of oxygen, 26,000 tons; and of water, 160 megaliters. Sasol's facilities at 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, symbol reactors, gas 
reformers and refineries. Hydrocarbon synthesis takes place by means of the Sasol developed Symbol process. 

The products of Sasol Two and Three, other than liquid fuels, include ethylene, alcohols, acetone, methyl ethyl ketone, pitch, tar 
acids, and sulphur, produced for Sasol's Chemical Division, ammonia for the group's Fertilizer and Explosives Divisions, and 
propylene for the Polypropylene Division. 

Sasol's Mining Division manages the five Sasol-owned collieries, which have an annual production of 35-million tons of coal. The 
collieries comprised of the four 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'Fwo $2.9 Billion 
SASOL Three $3.8 Billion 

At exchange rates ruling at construction 

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-500) 

The consortium conducted a feasibility study of a coal liquefaction plant in Cape Breton, Nova Scotia using local coal to produce 
gasoline and diesel fuel. The plant would be built either in the area of the Point Tupper Refinery or near the coal mines. The 
25,000 barrels per day production goal would require approximately 23 million tonnes of coal per year. A contract was completed 
with Chevron Research Inc. to test the coals in their two-stage direct liquefaction process (CCLP). A feasibility report was com-
pleted and financeability options discussed with governments concerned and other parties. 

Scotia Synfuels Limited has been incorporated to carry on the work of the consortium. Scotia Synfuels has down sized the project 
to 12,500 barrels per day based on a coprocessing concept and purchased the Point Tupper site from Ultramar Canada Inc. Recent 
developments in co-processing technology have reduced the capital cost estimates to under $C500 million. 

Scotia Synfuels and partners have also concluded an agreement with the Nova Scotia government supported by the federal govern-
ment for financial assistance on a $25 million coprocessing feasibility study. The study is expected to be completed by June, 1990. 

Project Cost:	 Approximately $23 million for the feasibility study 
Approximately 500 million for the plant 

SCRUBGRASS - Scrubgrass Associates (C-510) 

Scrubgrass Associates (SCA) planned to build a 2,890 barrels per day coal-to-methanol-to-gasoline (and other products) plant, to 
be located in Scnsbgrass 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, ICI methanol synthesis, and the Mobil methanol-to-gasoline (MTG) process. On November 19, 
1985, the SFC dropped the project from further consideration. 

Scrubgrass Power Corporation has converted 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. 
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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 $145,000,000. 

Project Cost: See above 

SEP GASIFICATION POWER PLANT PROJECT - SEP (520) 

Samenwerkende Elektriciteits-Productiebedrijvn (SEP), the Central Dutch electricity generating company, has submitted to the 
government a plan 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 Maasvlakte, near Rotterdam, but construction for 
startup in 1997 will now be based on experience gained from the smaller plant. 

SEP gave Comprimo Engineering Consultants in Amsterdam an order to study the gasification technologies of Shell, Texaco and 
British Gas/Lurgi. In April, 1989 it was announced that the Shell process had been chosen. 

The location of the gasification/combined cycle demonstration station is likely to be in Buggenum, in the province of Linburg. 

After two years of experimentation, the plant may be expanded to 600 megawatts capacity. 

Project Cost: DF1,700 million 

SHANGHAI CHEMICALS FROM COAL PLANT - People's Republic of China (C-525) 

The Chinese government has approved construction of a new methanol complex. Using coal as raw material, the Shanghai-based 
plant is expected to produce 100,000 tons per year of methanol and 15,000 tons per year of acetate fiber. Completion is due in 
1992. 

SHELL COAL GASIFICATION PROJECT - Royal Dutch/Shell Group and Shell Oil Company (U.S.) (C-530) 

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. 

A 150 tons per day prototype plant has been operating at the German Shell Hamburg/Harburg refinery, since 1978 with over 
6,000 hours of operation logged. Its experimental program now complete, the plant has successfully gasified different types of coal 
in runs as long as 1,000 hours and has demonstrated the technical viability of the process. Further development of the Shell process 
is continuing through active pursuit at other Shell facilities. 

Shell Oil Company 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 are 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 Texas 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 long demonstration run, the plant has focused on evaluation of additional coals, plant runs aimed at optimizing 
design rules and technology improvements. Seven different coals have been run in the demonstration unit including those from the 
Illinois Basin, Northern and Central Appalachia, Powder River Basin, Texas lignite, and an Australian coal. 

SYNTHETIC FUELS REPORT, SEPTEMBER 1989 
4-75



STATUS OF COAL PROJECTS (Underline denotes changes since June 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

Project Cost: Not disclosed 

SEAGOING GASIFIER PROJECT - British Gas Corporation (C-MO) 

The British Gas Corporation (BGC) constructed a prototype high pressure slagging fixed bed gasifier in 1974 at Westfield, Scot-
land. (This gasifier has a throughput of 350 tons per day.) The plant successfully operated on a wide range of British and 
American coals, including strongly caking and highly swelling coals. The ability to use a considerable proportion of fine coal in the 
feed to the top of the gasifier has been demonstrated as well as the injection of further quantities of fine coal through the tuyeres 
into the base of the gasifier. 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 com-
plete with a high thermal efficiency. A long term proving run on the gasifier has been carried out successfully. Total operating 
time was over one year and over 100, tons of coal were gasified. 

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 75 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 1,950 degrees 
F, a compression ratio of 10, and a thermal efficiency of 31 percent. Currently, this gasifier has operated for approximately 84 days 
and has gasified over 32,000 tons of U.K and U.S. (Pittsburgh No. 8) coals. 

In addition to the current 500 ton per day gasifier, an experimental gasifier designed to operate in the fixed bed stagger mode at 
pressure up to 70 atmospheres was constructed in 1988. It is designed for a throughput of 200 tons per day. The unit is to be used 
to study the effect of pressure on methane production and gasifier performance. 

Project Cost: Not available 

SOUTH AUSTRALIAN COAL GASIFICATION PROJECT - Government of South Australia (C-550) 

The South Australian Government is continuing to assess the feasibility of building a coal gasification plant utilizing the low rank 
brown coal of the Northern St. Vincent Basin deposits, north of Adelaide. The plant being studied would be integrated with two 
300 MW combined cycle power station modules and is one possible option for meeting additional power station capacity require-
ments in the mid- 1990s. 

Coal has been tested in a number of processes including the Sumitomo CGS (molten iron bath), Westinghouse, Shell-Koppen 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 HTW gasifier 
and perform a detailed design and feasibility study for a 60) MW gasification combined cycle power station. Ten tonnes of coal 
were satisfactorily gasified in the small scale Process Development Unit at Aachen, FRG, in August 1985. Testing Bowmans coal in 
the 40 ton per day Rheinbraun pilot plant at Frechen-Wachtberg, PRO has been completed. 

The third phase, the detailed costing and feasibility study, has been deferred for at least three years due to deferred need for new 
electric capacity with siEnificant reduced electricity load srowth. 

Project Cost: DM 7.5 million 

SYNTHESEGASANL4LGE RUHR (SAlt) - Ruhrkohle Gel and Gas OmbU and Hoechst (C-560) 

Based on the results of the pressurized coal-dust gasification pilot plant using the Texaco process, which has been in operation 
from 1978 to 1985, the industrial gasification plant Synthesegasanlage Ruhr has been completed on Ruhrchemie's site at 
Oberhausen-Holten. 

The 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. As of 1989 the Zasification plant is to be modified to allow for input of either hard coal or heavy 
oil residues. The initial investment was subsidized by the Federal Minister of Economics of the Federal Republic of Germany. The 
Minister of Economies, Small Business and Technology of the State of North-Rhine Westphalia participates in the coal costs. 

Project Costs: DM220 million (Investment) 

TEXACO COAL GASIFICATION PROCESS - Texaco Inc. (C-Sb)
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COMMERCIAL AND R&D PROJECTS (Continued) 

The Texaco Coal Gasification Process reached a milestone in January, 1989 with the successful completion of the five year 
demonstration of commercial operation by the Cool Water Coal Gasification Program. After production of mole than 23 billion 
kilowatt hours of electricity from gasification more than one million tons of coal, the Cool Water Program completed operation in 
late January to permit full documentation of the results. As the first fully integrated commercial scale gasification combined cycle 
power plant in the world, Cool Water demonstrated the ability of the texaco process to efficiently use a wide range of coals in an 
environmentally superior manner. Emissions of sulfur dioxide, oxides of nitrogen and particulates from even high sulfur coals were 
far below the stringent Federal New Source Performance Standards requirements for coal fired plants. 

The Texaco Coal Gasification Process can be 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 1,650 tons per day Ube 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, which will produce town gas. Many United States utilities are 
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 Cost: Not applicable 

TVA AMMONIA FROM COAL PROJECT - Tennessee Valley Authority (C-580) 

The TWA 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 cost of $5 million. The remainder of the work was done by TWA. The coal gasifier can provide 60 percent of the gas feed 
to the existing ammonia plant. The existing plant retains the option of operating 100 percent on natural gas, if desired. The initial 
feed to the coal gasifier was Illinois No. 6 seam coal. 

The gasifier was dedicated and started up at the TWA'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. 

The plant was restarted in April 1982. 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-590) 

Ube Industries, Ltd., of Tokyo recently completed the world's first large scale ammonia plant based on the Texaco coal gasification 
process ('TCGP'). There are four complete trains of quench mode gasifiers in the plant. In normal operation three trains are 
used with one for stand-by. Ube began with a comparative study of available coal gasification processes in 1980. In October of that 
year, the Texaco process was selected. 1981 saw pilot tests run at Texaco's Montebello Research Laboratory, and a process design 
package was prepared in 1982. Detailed design started in early 1983, and site preparation in the middle of that year. Construction 
was completed in just over one year. The plant was commissioned in July 1984, and a first drop of liquid ammonia from coal was 
obtained in early August 1984. Those engineering and construction works and commissioning were executed by Ube's Plant 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. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

Project Cost - Not disclosed 

VEW GASIFICATION PROCESS - Vereinigte Elektrizitatswerke (C-600) 

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. Coal is partly gasified with air and the 
remaining coke is burned separately in a fluidized bed combustion unit. Because the coal is only partly gasified, it is not necessary 
to use oxygen. A prototype 10 tons coal per hour plant has been operated in Gersteinwerk near Dortmund since 1985. Super-
heated steam of 530 degrees C and 180 bar is generated in the waste heat boiler. 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 prescrubbing to remove N}14CL, and amisol washing plus a Claus plant to remove sulfur. 

Prescrubbing to remove N1-I4CL, with combustion of gases free of chlorine and alkalies in the gas turbine, 
followed by sulfur separation In the POD plant. 

Dry removal of chlorine and alkalies in a circulating fluidized bed in which lime is used as a reagent, with sulfur 
removal in the FGD plant. 

yEW is presently planning the conversion of one of its six gas-fired power stations to the new technology. The coal gasification 
process is expected to be fully developed by 1990. 

Project Cost: Not disclosed 

VICTORIA BROWN COAL LIQUEFACTION PROJECT - Brown Coal liquefaction (Victoria) Ply. Ltd. (C-610) 

DCLV 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 deashing and secondary hydrogenation, were completed during 
1986. Both sections are now operating. The pilot plant is planned to operate until September, 1989. 

The aim of the pilot plant is to provide data on the DCL 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 5,0 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 Cost: Undisclosed 

WUJING TIUGENERATION PROJECT - Shanghai Coking and Chemical Plant (C-620) 

Shanghai Coking and Chemical Plant is considering a trigenention 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, 100,0)0 metric tons per year of acetic anhydride, and 50,000 metric tons per year of cellulose acetate. The project will be 
constructed in stages.
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COMMERCIAL AND R&D PROJECTS (Continued) 

The study was completed and evaluated. Bechtel was paid from a $600,000 grant to SCCP from the United States trade and 
development program (TDP), International Development Cooperation Agency. 

Phase 1, designed to produce one million cubic meters per day of town gas, 100, 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. It was approved by the Chinese National Planning Board at the end of September, 1989. 

Project Cost: Not disclosed

UNDERGROUND COAL CONVERSION PROJECTS 

UNDERGROUND COAL GASIFICATION, INDIA - Oil and Natural Gas Commission (C-630) 

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 Indian researchers 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. Another 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 BI3LGO-GERMAN PROJECT— Belgium, European Economic 
Community, and Federal Republic of Germany (C.640) 

A Belgo-Gennan trial project is being conducted in Belgium at Thulin, in a coal deposit at 860 meter depth. The goal of the trials 
is to create an underground gas generator which can operate at a pressure of 20 to 30 bar. Invesligation 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. 

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 33 days. In November 1982 the fire was extinguished by injection of 
water and nitrogen. 

Before starting a second experiment of reverse combustion, the wells have been restored and various improvements were brought 
to the equipment to eliminate the self-ignition of the coal in the vicinity of the injection hole and to prevent the accumulation of 
water at the bottom of the gas recovery hole. This second experiment started in September 1982 and was stopped in early May 
1984. The experiment suffered from 4 interruptions due to tubing breakage by corrosion. 

The trials demonstrated that it is not possible to avoid self-ignition of the coal in the vicinity of the injection well, but after 
scattering of this fire, the oxygen content of the exhaust gases increased to a level where it should be possible to again develop 
reverse combustion starting from the recovery well. 

The trials made during February-May 1984 demonstrated that this concept can be successful. It was possible to start coal burning 
by self-ignition in the vicinity of the recovery well on March 20 and April 19, injecting ca. 500 cubic meters per hour air and 50 cubic 
meters per hour carton 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. 
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Underground Gasification Projects (Continued) 

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 link it with the drainhole in early 1986; this delay is due to the long delivery time 
of the special, corrosion resisting material to be set inside Well II. 

In December 1985 and January 1986, a sidetracked bole was drilled from the level 670 of Well II and crossed the seam at about 
1 meter from the drainhole. The coal plug between the wells has been expelled by high pressure water on February 4, 1986. The 
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 air as the gasifying medium. 

Project Cat: Not disclosed 

UNDERGROUND COAL GASIFICATION, LLNL STUDIES - Lawrence Livermore National Laboratory (C-650) 

Initial LLNL work involved development of the packed bed process for UCG, using explosive fracturing to link injection and 
production wells. A field test, Hoe Creek No. I, was conducted during FY1976-1977, to test the concept. The second experiment, 
carried out during FY1971-78, Hoe Creek No.2, was linked using reverse combustion and produced 100-150 BTU per standard 
cubic foot gas using air injection, and 250-300 BTU per standard cubic foot gas during a two day steam-oxygen injection test. The 
next experiment, Hoe Creek No. 3, was carried out during the P11978-79, using a drilled channel to provide the link. The test ran 
for 57 days, 47 consecutive days using steam and oxygen during which 3,800 tons of coal were gasified with an avenge heating value 
of 215 BTU per standard cubic foot. The test showed that long term use of steam oxygen for UCG is technically feasible, 
operationally simple and safe. 

As a result of the experience at Hoe Creek LLNL developed the Controlled Retracting Injection Point (CR11') concept for UCG. 
The development of this gasification method was a result of recognition of the importance of maintaining oxygen injection in a 
UCG reactor low in the seam. The CR11' concept insures a low injection point by using a horizontally drilled injection well placed 
at the bottom of the seam, in which a steel liner is inserted the full length of the hole. In addition, the technique also allows 
multiple cavities to be developed from a single injection well. This is accomplished through the use of an igniter/cutter assembly in 
the injection well capable of burning through the injection well liner and igniting the coal. This new concept was first tested in the 
'Large Block Tests' carried out in FY1982 at the WIDCO mine site. In addition to testing the new CRAP concept for the first time, 
these tests were designed to be midway between laboratory and full field scale. This mid-scale size allowed the burn cavities to be 
excavated yielding valuable information about UCG cavity growth. 

The results of the 'Large Block Tests' led to the design of the Centralia Partial Seam CR11' test which was carried out in 
P11983-84. This test which used the upper half of the Big Dirty seam demonstrated the technical feasibility of the CRIP method 
on a full-scale system. Two cavities were developed and over 2,000 tons of coal were gasified with steam and oxygen, producing an 
average heating value of 240 BTU per standard cubic foot. Because of routine mining operations at the WIDCO mine site where 
the test was performed, LLNL had the opportunity to excavate this large scale burn during FY1986. This excavation was extremely 
valuable in helping to refine the UCG process model as well as providing data for model validation. 

The CR11' concept was carried to an even larger scale in the Rocky Mountain I (RM-l) UCG test performed in FY1988. The RM-I 
test was a nominal 100 day test of two technologies for UCG performed near Hanna, Wyoming at the site of previous DOE UCCI 
tests. In addition to the CRIP module a second module called the Extended Linked Well (ELW) module was also operated. The 
CR11' module performed extremely well. Approximately 10,000 tons of coal were gasified over the course of 93 days of forward 
gasification. The 287 BTU per standard cubic foot average gas heating value was the highest level ever obtained in a flat lying coal 
seam. The process also demonstrated efficiencies equal to that of surface gasification units. During operation of the CR11' module 
four separate cavities were generated demonstrating the ability of the CR11' technology to reliably generate multiple cavities from a 
single injection well.
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Underground Gasification Projects (Continued) 

The RM-1 test was jointly sponsored by the DOE and private industry. LLNL involvement in the test included supply and 
operation of data acquisition hardware and software, supply and operation of gas analysis equipment, technical input to test design 
and operation, and supply of personnel for technical operation of the test. 

In addition to involvement in field work, LLNL has over the course of the last several years developed a state-of-the-art computer 
model of the UCG process. This model, called CAVSIM, addresses both gas composition and resource recovery questions 
associated with UCG. The model successfully predicted the shape of the cavity uncovered during the excavation of the Centralia 
Partial Seam CRJP test. In addition, model computations of coal consumption and gas production rates in a simulation of the 
RM-I test have been shown to agree very well with the field data. 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, LEIGH CREEK - State Government of South Australia (C-660) 

A study sponsored by the State Government of South Australia projects favorable economics for underground gasification to coal 
to produce electric power from the Leigh Creek deposit. Confirmatory drilling to test geotechnical assumptions made for the 
feasibility study was conducted during October 1984. Because significant capital is required and because government and utility 
trust expenditures are presently committed to other coal-related programs, the test panel burn that was planned for 1986/1987 has 
been postponed. However, discussions with Shedden Pacific are continuing. 

Shedden Pacific Pty. Ltd., conducted the feasibility study, which found that at least 120 million metric tons of coal at Leigh Creek 
could be used for 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 across the panel. A blast borehole in the seam has the great potential 
advantage that, provided that it does not bum back by reverse burn, it will always deliver the blast to the bottom of the active 
gasification zone. 

No further action is currentl y planned by the state government. 

Project Cost: Approximately $1 billion (1983 Australian dollars) total capital costs 

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-670) 

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 1970s 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 seam 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 CRJP technique was conducted in 1983 at an exposed coal face in the WIDCO coal mine near Centralia, 
Washington. The Rocky Mountain 1 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. 

SYNTHETIC FUELS REPORT, SEPTEMBER 1989 
4-81



STATUS OF COAL PROJECTS (Underline denotes changes since June 1989) 

Underground Gasification Projects (Continued) 

Very satisfactory results were obtained from both modules. The CRIP module, the better of the two, gasified 11,000 tons of coal 
over a 93 day interval, producing a product with an average heating value of 287 BTU/SCP, dry gas comp. 2' CH 41 12% 
CO and 38% CC)2, at an oxygen utilization efficiency level of 1640 BTtJ/0 2 (HHV). 

Project Cost: $9.85 million 

UNDERGROUND GASIFICATION OF ANTHRACITE, SPRUCE CREEK - Spruce Creek Energy Company a joint venture of 
Oilman Company, Geosystems Corporation, and Bradley Resources Corporation (C-680) 

Spruce Creek is planning a test of underground gasification of anthracite at a site near Tremont in eastern Pennsylvania. The 
technology to be used will be similar to the gasification-of-steeply-dipping-beds technique used by Gulf at tests near Rawlins, 
Wyoming. The volatiles and sulfur content of the anthracite is low, thus reducing the costs of treating the product gas. 

The project is currently on hold. 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, RAWLINS PROJECT— Energy International, Inc. and United States Department of 
Energy (C-690) 

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 DOE money, which will be 
repaid from any resulting profits, will supplement the private sector financing that will fund the UCG production of syngas to make 
ammonia. 

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 utilizing the steeply dipping coal seam. 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 plans to purchase an existing ammonia plant in Augusta, Georgia and an existing oxygen plant in 
Sault Ste. Marie, Canada, and move them to the Wyoming project site. 

Project Cost: $113 million
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COMPLETED AND SUSPENDED PROJECTS 

Prolect 

A-C Valley Corporation Project 

Acurex-Aerotherm Low-BTU Gasifier 
for Commercial Use 

ADL Extractive Coking Process 
Development 

Advanced Flash Hydropyrolysis 

Agglomerating Burner Project 

Air Products Slagging Gasifier 
Project 

Alabama Synthetic Fuels Project 

Amax Coal Gasification Plant 

Appalachian Project 

Aqua Black Coal-Water Fuel 

Arkansas lignite Conversion 
Project 

Australian SRC Project 

Beach-Wibaux Project 

Beacon Process 

Bell High Mass Flux Gasifier 

Beluga Methanol Project 

81-GAS Project 

Breckinridge Project 

Burnham Coal Gasification 
Project 

Byrne Creek Underground Coal 
Gasification 

Calderon Fixed-Bed Slagging Project 

Car-Mox Low-BTU Gasification 
Project

Sponsors 

A-C Valley Corporation 

Acurex-Aerothenn Corporation 
Glen-Gery Corporation 
United States Department of Energy 

Arthur P. Little, Inc. 
Foster-Wheeler 
United States Department of Energy 

Rockwell International 
U.S. Department of Energy 

Battelle Memorial Institute 
United States Department of Energy 

Air Products and Chemicals, Inc 

AMTAR Inc. 
Applied Energetics Inc. 

AMAX, Inc. 

M. W. Kellogg Co. 
United States Department of Energy 

Gallagher Asphalt Company, 
Standard Havens, Inc. 

Dow Chemical Company, 
Electec Inc. 
International Paper Company 

CSR Ltd. 
Mitsui Coal Development fly, Ltd. 

See Tenneco SNG from Coal 

Standard Oil Company (Ohio) 
TRW, Inc. 

Be]] 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 

Eke Chemicals, Inc.

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 

September 1989; page 4-53 

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 
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Prolect Sponsors Last Appearance in SFR 

Catalytic Coal Liquefaction Gull Research and Development December 1978; page 8-25 

Caterpillar Low BTU Gas From Coal Caterpillar Tractor Company September 1988; page 4-55 

Celanese Coastal Bend Project Celanese Corporation December 1982; page 443 

Celanese East Texas Project Celanese Corporation December 1982; page 4-83 

Central Arkansas Energy Project Arkansas Power & Ug)t Company June 1984; page 4-63 

Central Maine Power Company Central Maine Power Company June 1984; page 4-63 
Scars 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 B-26 
U.S. Steel 
USS Engineers and Consultants, Inc. 

Coalcon Project Union Carbide Corporation December 1978; page 8-26 

Coates Process Development Coaler Energy December 1978; page B-26 

COGAS Process Development COGAS Development Company, a joint December 1982; page 4-86 
venture of: 
Consolidated Gas Supply Corporation 
FMC Corporation 
Panhandle Eastern Pipeline Company 
Tennessee Gas Pipeline Company 

Columbia Coal Gasification Columbia Gas System, Inc. September 1982; page 4-72 
Project 

Combined Cycle Coal Gasification Consumer Energy Corporation December 1982; page 4-86 
Energy Centers 

Composite Gasifier Project British Gas Corporation September 1981; page 4-56 
British Department of Energy
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Conoco Pipeline Gas Demonstra- Conoco Coal Development Company September 1981; page 4-57 
tion Plant Project Consolidated Gas Supply Company 

Electric Power Research Institute 
Gulf Mineral Resources Company 
Natural Gas Pipeline Co. of America 
Panhandle Eastern Pipeline Company 
Sun Gas Company 
Tennessee Gas Pipeline Company 
Texas Eastern Corporation 
Transcontinental Gas Pipeline Corporation 
United States Department of Energy 

Crcsap Liquid Fuels Plant fluor Engineers and Constructors December 1979; page 4-67 
United States Department of Energy 

Crow Indian Coal Gasification Crow Indian Tribe December 1983; page 4-84 
Project United States Department of Energy 

Crow Indian Coal-to-Gasoline Crow Indian Tribe September 1984; page C-8 
Project TransWofld Resources 

DeSota County, Mississippi Mississippi Power and Light September 1981; page 4-58 
Coal Project Mississippi, State of 

Ralph M. Parsons Company 

Dow Coal liquefaction Process Dow Chemical Company December 1984; page 4-70 
Development 

Dow Gasification Process Development Dow Chemical Company June;1987 page 4-53 

EDS Process Anaconda Minerals Company June 1985; page 4-63 
ENI 
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 flG	 - 
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
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Florida Power Combined Cycle Florida Power Corporation December 1983; page 4-87 
Project United States Department of Energy 

Fuel Gas Demonstration Plant Foster-Wheeler Energy Corporation September 1980; page 4-68 
Program United States Department of Energy 

Fularji 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 Utilities 

I Iampshire Gasoline Project Kaneb Services December 1983; page 4-91 
Koppers Company 
Metropolitan Life Insurance Company 
Northwestern Mutual Life Insurance 

11-Coal Pilot Plant Ashland Synthetic Fuels, Inc. December 1983; page 4-92 
Conoco Coal Development Company 
Electric Power Research Institute 
Hydrocarbon Research Inc. 
Kentucky Energy Cabinet 
Mobil Oil Corporation 
Ruhrkohle AG 
Standard Oil Company (Indiana) 
United States Department of Energy 

Hillsborough Bay Coal-Water ARC-Coal Inc. September 1985; page 4-69 
Fuel Project Bechtel Power Corporation 

COMCO of America, Inc. 

Howmet Aluminum Howmet Aluminum Corporation March 1985, page 4-74 

H-k International Syngas Project H-k International, Inc. December 1985, page 4-80 
The Stagging Gasification Consortium 

Hydrogen from Coal Air Products and Chemicals, Inc. December 1978; page B-31 
United States Department of Energy 

HYGAS Pilot Plant Project Gas Research Institute December 1980; page 4-86 
Institute of Gas Technology 
United States Department of Energy 

ICGG Pipeline Gas Demonstra- Illinois Coal Gasification Group September 1981; page 4-66 
tion Plant Project United States Department of Energy 

Integrated Two-Stage Liquefaction Cities Service/Lummus September 1986; page 4-69 

ITT Coal to Gasoline Plant International Telephone & Telegraph December 1981; page 4-93 
J. W. Miller 
United States Department of Energy 

Kaiparowits Project Arizona Public Service March 1978; page B-18 
San Diego Gas and Electric 
Southern California Edison
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Kennedy Space Center Polygeneration National Aeronautics & Space June 1986; page 4-85 
Project Administration 

Ken-Tex Project Texas Gas Transmission Corporation December 1983; page 4-95 

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. 

KILnGAS Project Allis-Chalmers December 1988; page 4-65 
Slate of Illinois 
United States Department of Energy 
Central Illinois Light Company 
Electric Power Research Institute 
Illinois Power Company 
Ohio Edison Company 

Klockner Coal Gasifier Klockner Kohlegas March 1987; page 4-74 
CRA (Australia) 

Kohle Iron Reduction Process Weirton Steel Corp December 1987; page 4-75 
U.S. Department of Energy 

Lake DeSmel SNG from Coal Texaco Inc. December 1982; page 4-98 
Project Transwestern Coal Gasification Company 

Latrobe Valley Coal Lique- Riieinische Braunkohlwerke AG December 1983; page 4-96 
faction Project 

LC-Fining Processing of SRC Cities Service Company December 1983; page 4-96 
United Slates Department of Energy 

LIBIAZ Coal-To-Methanol Project Krupp Koppers, KOPEX December 1988; page 4-65 

Liquefaction of Alberta Alberta/Canada Energy Resources March 1985, page 4-81 
Subbituminous Coals, Canada Research Fund 

Alberta Research Council 

Low-BTU Gasifiers for Com- Irvin Industrial Development, Inc. June 1979; page 4-89 
mercial Use-Irvin Industries Kentucky, Commonwealth of 
Project United States Department of Energy 

Low/Medium.BTU Gas for Multi- Bethlehem Steel Company December 1983; page 4-98 
Company Steel Complex United Slates 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 Slates Department of Energy March 1984; page 4-49 
Project University of North Dakota 

Lummus Coal Liquefaction Lummus Company June 1981; page 4-74 
Development United Slates 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
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Medium-BTU Gasification Project Houston Natural Gas Corporation December 1983; page 4-99 
Texaco Inc. 

Memphis Industrial Fuel Gas CBI Industries Inc. June 1984; page 4-79 
Project Cives Corporation 

Foster Wheeler Corporation 
Great Lakes International 
Houston Natural Gas Corporation 
Ingersoll-Rand Company 
Memphis Light, Gas & Water Division 

Methanol from Coal UGI Corporation March 1978; page 0-22 

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 & Bryson 
Burlington Northern 
Cleveland-Cliffs 
Davy McKee 
Dravo 
EPRI 
Hanna Mining Co. 
Peoples Natural Gas 
Pickands Mather 
Reserve Mining 
Riley Stoker 
Rocky Mountain Energy 
Stone & Webster 
U.S. Bureau of Mines 
U.S. Department of Energy 
U.S. Steel Corporation 
Western Energy Co. 
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 Gil 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 

Mulberry Coal-Water Fuel Project CoaLiquid, Inc. March 1985; page 4-85
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NASA Lewis Research Center Coal-to- NASA Lewis Research Center December 1983; page 4-102 
Gas Polygeneration Power Plant 

National Synfuels Project Elgin Butter 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 Del & Gas GmbH 

Ohio! Coal Conversion Alberta Gas Chemicals, Inc. March 1985; page 448 
North American Coal Corporation 
Wentworth Brothers 

Ohio Valley Synthetic Fuels Consolidated Natural Gas System March 1982; page 4-68 
Project Standard Oil Company of Ohio 

Ott Hydrogeneration Process Carl A. Ott Engineering Company December 1983; page 4-107 
Project 

Peat-by-Wire Project PBW Corporation March 1985; page 4-89 

Peat Methanol Associates Project ETCO Methanol Inc. June 1984; page 4-85 
J. B. Sunderland 
Peat Methanol Associates 
Transco Peat Methanol Company 

Penn/Sharon/Klockner Project Kiockner Kohlegas 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
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Pike County Low-BTU Gasifier Appalachian Regional Commission 
for Commercial Use Kentucky, Commonwealth of 

United States Department of Energy 
Plasma Are Torch Swindell-Dresser Company 
Corporation Technology Application Service 

Port Sutton Coal-Water Fuel Project ARC-Coal, Inc. 
COMCO of America, Inc. 

Powerton Project Commonwealth Edison 
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 Coals, 
Canada 

Riser Cracking of Coal 

RUHRIOO Project 

Rheinbraun 1-lydrogasification of Coal

Integrated Carbons Corporation 

Kentucky, Commonwealth of 
Occidental Research Corporation 
Tennessee Valley Authority 

Alberta/Canada Energy Resource 
Research Fund 
Alberta Research Council 

Institute of Gas 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 

Project	 Sponsors
	 Last Appearance in SFR 

Saarbergwerke-Otto Gasification 
Process 

Savannah Coal-Water Fuel Projects 

Sesco Project 

Sharon Steel 

Simplified 10CC Demonstration Project 

Stagging Gasification Consortium 
Project 

Sohio Lima Coal Gasification/ 
Ammonia Plant Retrofit Project

June 1981; page 4-78 

December 1978; page 8-33 

December 1985; page 4-86 

March 1979; page 4-86 

December 1983; page 4-108 

December 1978; page B-34 

March 1985; page 4-90 

December 1981; page 4-93 

September 1984; page C-29 

December 1987; page 4-80 

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 

Kiockner 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 

Babcock Woodall-Duckliam Ltd.	 September 1985; page 4-78 
Big Three Industries, Inc. 
The BOC Group plc 
British Gas Corporation 
Consolidation Coal Company 

Sohio Alternate Energy Development 	 March 1985; page 4-93 
Company
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Solution-Hydrogasification General Atomic Company September 1978; page 13-31 
Process Development Stone & Webster Engineering Company 

Southern California Synthetic C. F. Braun March 1981; page 4-99 
Fuels Energy System Pacific Lighting Corporation 

Southern California Edison Company 
Texaco Inc. 

Solvent Refined Coal Demonstration International Coal Refining Company September 1986; page 4-83 
Plant Air Products and Chemicals Inc. 

Kentucky Energy Cabinet 
United States Department of Energy 
Wheelabrator-Frye Inc. 

Steam-Iron Project Gas Research Institute December 1978; page 13-35 
Institute of Gas Technology 
United States Department of Energy 

Synthane Project United States Department of Energy December 1978; page 13-35 

Synthoit Project Foster Wheeler Energy Corporation December 1978; page B-36 
United States Department of Energy 

Sweeny Coal-to-Fuel Gas Project The Signal Companies, Inc. March 1985; page 4-94 

Tenneco SNG From Coal Tenneco Coal Company March 1987; page 445 

Tennessee Synfuets Associates Koppers Company, Inc. December 1983; page 4-112 
Mobil-M Plant 

Toscoal Process Development TOSCO Corporation September 1988; page 4-72 

Transco Coal Gas Plant Transco Energy Company December 1983; page 4-113 
United States Department of Energy 

Tri-State Project Kentucky Department of Energy December 1983; page 4-113 
Texas Eastern Corporation 
Texas Gas Transmission Corporation 
United States Department of Energy 

TRW Coal Gasification Process TRW, Inc. December 1983; page 4-114 

Two-Stage Entrained Gasification Combustion Engineering Inc. June 1984; page 4-91 
System Electric Power Research Institute 

United States Department of Energy 

Underground Bituminous Coal Morgantown Energy Technology Center March 1987; page 4-93 
Gasification 

Underground Coal Gasification United States Department of Energy June 1985; page 4-75 
University of Texas 

UCG Brazil Compannia Auxiliar de Empresas Electricas Brasileriras September 1988; Page 4-75 

UCG Brazil Companhia Auxiliar de Empresas Electricas Brasileiras Decemeber 1988; page 4-25 
U.S. DOE 

Underground Coal Gasification, Alberta Research Council September 1984; page C-37 
Canada 

Underground Coal Gasification, British Coal September 1987; page 4-76 
English Midlands Pilot Project 

Underground Coal Gasification, Rocky Mountain Energy Company June 1985; page 4-75 
Hanna Project United States Department of Energy
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Underground Coal Gasification Lawrence Lãvennore Laboratory December 1983; page 4-119 
Hoe Creek Project United States Department of Energy 

Underground Coat 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 Ciroupe d'Etudes de la Gazeification Souterraine December 1987; page 4-86 
Charbonnages de France 
Gaz de France 
Institut Francais do 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 4402 
Thunderbird II Project Wold-Jenkins 

Underground Coal Gasification, Sandia National Laboratories March 1983; page 4-124 
Washington State 

Underground Gasification of Basic Resources, Inc. March 1985; page 4-101 
Texas Lignite, Lee County Project 

Union Carbide Coal Conversion Union Carbide/Linde Division June 1984; page 4-92 
Project United States Department of Energy 

University of Minnesota University of Minnesota March 1983; page 4-119 
Low-BTU Gasifier for Commer- United States Department of Energy 
cial Use 

Utah Methanol Project Questar Synfuels Corporation December 1985; page 4-90 

Verdigris Agrico Chemical Company September 1984; page C-35 

Virginia Power Combined Cycle Project Consolidation Coal December 1985; page 4-90 
Electric Power Research Institute 
Slagging Gasification Consortium 
Virginia Electric and Power Company 

Watkins Project Cameron Engineers, Inc. March 1978; page B-22 

Westinghouse Advanced Coal KRW Energy Systems Inc. September 1985; page 4-80 
Gasification System For 
Electric Power Generation 

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 Hydiocracking 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 Pitied Name 

AEC! Ltd. AECI Ammonia/Methanol Operations 4-53 
Coalplex Project 4-58 

AGA Nynas Energy Chemicals Complex 4-70 

Air Products and Chemicals, Inc. Laporte liquid Phase Methanol Synthesis 4-67 

A. Johnson & Company Nynas Energy Chemicals Complex 4-70 

Amoco Production Company Underground Coal Gasification Rocky Mountain 1 Test 4-81 

Asia Oil Victoria Brown Coal Liquefaction Project 4-78 

Australia, Federal Government of Victoria Brown Coal Liquefaction Project 4-78 

Basin Electric Cooperative Great Plains Gasification Plant 4-62 

Bechtel Inc. Appalachian Project 4-53 
Cool Water Coal Gasification Project 4-58 

Belgium, Government of Underground Coal Gasification, Joint Belgo-German Project 4-79 

Bharat Heavy Electricals Ltd. BHEL Coal Gasification Project 4-54 
BHEL Combined Cycle Demonstration 4-54 

BP United Kingdom, Ltd. Monash Hydroliquefaction Project 4-68 

Bradley Resources Corporation Underground Gasification of Anthracite, Spruce Crack 4-82 

British Coal British Coal Liquid Solvent Extraction Project 4-55 
CRE Spouted Bed Gasifier 4-60 
PowerGen Combined PFBC/GCC System 4-72 

British Department of Energy British Coal Liquid Solvent Extraction Project 4-55 
CRE Spouted Bed Gasifier 4-60 

British Gas Corporation MRS Gasification Process 4-69 
Slagging Gasifier Project 4-76 

Broken Hill Pty. Broken Hill Project 4-55 

Brookhaven National Laboratory Brookhaven Mild Gasification of Coal 4-56 

Brown Coal Liquefaction Ply. Ltd. Victoria Brown Coal Liquefaction Project 4-78 

Bunger, J. W. and Associates Asphalt From Tar Sands Project 4-53 

Cait'OCOI Colombia Gasification Project 4-58 

Carbon Fuels Corp. Char Fuels Project 4-57 

Carbon Gas Technology Huenxe COT Coal Gasification Pilot Plant 4-64 

Central Research Institute of Electric Power Industry CRIEPI Entrained Flow Gasifier 4-60 

Char Fuels of Wyoming Char Fuels Project 4-57 

Chem Systems, Inc. Laporte Liquid Phase Methanol Synthesis 4-67
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China National Technical Import Lu Nan Ammonia-from-Coal Project 4-68 
Corporation 

Coal Conversion Institute Polish Direct Liquefaction Process 4-71 

Coal Gasification COGA-1 Project 4-58 

Combustion Engineering Lakeside Repowering Gasification Project 4-66 

Continental Energy Associates Can-Do Project 4-56 

DEVCO Scotia Coal Synfuels Project 4-74 

Dow Chemical Dow Syngas Project 4-61 

Electric Power Research Institute Advanced Coal Liquefaction Pilot Plant 4-52 
Cool Water Coal Gasification Project 4-58 
Laporte Liquid Phase Methanol Synthesis 4-67 
Underground Coal Gasification Rocky Mountain I Test 4-81 

Empire State Electric Energy Cool Water Coal Gasification Project 4-58 

Energy Adaptors Corporation Ohio-I Coal Conversion Project 4-70 

Energy Brothers Inc. K-Fuel Commercial Facility 4-65 

Energy International Underground Coal Gasification, Ammonia\Urea Project 4-82 

European Economic Community Underground Coal Gasification, Joint Belgo-German Project 4-79 

Gas Research Institute Underground Coal Gasification Rocky Mountain 1 Test 4-81 

Gelsenberg AG Huenxe CGT Coal GAsification Pilot Plant 4-64 

General Electric Company Cool Water Coal Gasification Project 4-58 

Gcosystems Corporation Underground Gasification of Anthracite, Spruce Creek 4-82 

German Democratic Republic GSP Pilot Plant Project 4-63 

GFK Gesellschaft fur Kohleverfiussigung GFK Direct Liquefaction Project 4-62 

Gillespie, Alastair & Associates, Ltd. Scotia Coal Synfuels Project 4-74 

Gilman Company Underground Gasification of Anthracite, Spruce Creek 4-82 

Gulf Canada Products Company Scotia Coal Synfuels Project 4-74 

Hanover Energy Associates Hanover Energy Doswell Project 4-64 

I Ioechst-Uhde Corporation Ohio-I Coal Conversion Project 4-70 

HRI Inc. Ohio Ontario Co-Processing Project 4-70 

Idemitsu Kosan Victoria Brown Coal Liquefaction Project 4-78 

Interproject Service AB P-CIG Process 4-71 

Japan, Government of Victoria Brown Coal Liquefaction Project 4-78 

Japan cool Water Program Cool Water Gasification Project 4-58 

Kellogg Company, The M.W. KRW Energy Systems Inc. Advanced Coal Gasification 4-66 
System for Electric Power Generation 

Pressurized fluid Bed Combustion Advanced Concepts 4-72 

Kemira Oy Oulu Ammonia From Peat Project 4-71
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KHD Industries 

Katie Steel 

Korf Engineering 

Krupp Koppers GmbH 

Lawrence Livermore Laboratory 

Manfred Nemitz Industrieverwaltung 

Minister of Economics 

Mitsubishi Chemical Industries 

Monash University 

New Energy Development Organization 

Nippon Brown Coal Liquefaction Co. 

Nippon Steel Corporation 

Nissho lwai 

Nokota Company 

North-Rhine Westphalia, State of 

NOVA 

Nova Scotia Resources Limited 

Ohio Ontario Clean Fuels Inc. 

Oil & Natural Gas Commission 

Osaka Gas Company 

Otto-Simon Carves 

Pennsylvania Electric Company 

People's Republic of China 

Petro-Canada 

PowerGen 

Research Ass'n For Hydrogen From Coal Process 
Development 

Rheinische Braunkohlwerke 

Royal Dutch/Shell Group 

Ruhrkohle AG 

Saabergwerke AG

Lulea Molten Iron Pilot Plant 

Victoria Brown Coal Liquefaction Project 

Corex Iron Making Process 

PRENFLO Gasification Pilot Plant 

Underground Coal Gasification - LLNL Studies 

Hue= CGT Gasification Pilot Plant 

Bottrop Direct Coal Liquefaction Pilot Plant 

Victoria Brown Coal Liquefaction Project 

Monash Hydroliquefaction Project 

CRIEPI Entrained Flow Gasifier 
Hydrogen From Coal Pilot Plant 
Nedol Bituminous Coal Liquefaction Project 

Victoria Brown Coal Liquefaction Project 

P-CIG Process 

Victoria Brown Coal Liquefaction Project 

Dunn Nokota Methanol Project 

Bottrop Direct Coal Liquefaction Pilot Plant 
Synthesegasanlage Ruhr (SAP) 

Scotia Coal Synfuels Project 

Scotia Coal Synfuels Project 

Ohio Ontario Co-Processing Project 

Underground Coal Gasification, India 

MRS Gasification Process 

CR13 Spouted Bed Gasifier 

Appalachian Project 

Mongolian Energy Center 
Shanghai Chemicals from Coal Plant 

Scotia Coal Synfuels Project 

PowerGen Combined PFBC/GCC System 

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 

4-68 

4-78 

4-59 

4-72 

4-80 

4-64 

4-54 

4-78 

4-68 

4a 
4-64 
4-69 

4-78 

4-71 

4-78 

4-61 

4-54 
4-76 

4-74 

4-74 

4-70 

4-79 

4-69 

4-60 

4.53 

4-69 
4-75 

4-74 

4-72 

4-64 

4-73 

4-75 

4-54 
4-55 
4-76 

4-62 
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Sasol Limited Sasol Two and Sasol Three 4-74 

Scrubgrass Associates Scrubgrass Project 4-74 

SGI International LFC Coal Liquefaction/Cogeneration Plant 4-67 

Shanghai Coking & Chemical Corporation WujingTrigeneration Project 4-78 

Shell Oil Company Shell Coal Gasification Project 4-75 
LFC Coal Liquefaction Plant 4-67 

Sohio Alternate Energy Development Cool Water Coal Gasification Project 4-58 
Company 

South Australia, Government of South Australian Coal Gasification Project 4-76 
Underground Coal Gasification, Leigh Creek 4-81 

Southern California Edison Cool Water Coat Gasification Project 4-58 

Spruce Creek Energy Company Underground Gasification of Anthracite, Spruce Creek 4-82 

Stone & Webster Engineering Corporation Ohio Ontario Co-Processing Project 4-70 
Sumitomo Metal Industries, Inc. Lulea Molten Iron Pilot Plant 4-68 

Swedish Investment Bank Nynas Energy Chemicals Company 4-70 

Tennessee Eastman Company Chemicals From Coal 4.57 

Texaco Inc. Cool Water Coal Gasification Project 4-58 
Texaco Coal Gasification Process 4-76 

Triton Coal Company LFC Coal Liquefaction Plant 4-67 

TVA TVA Ammonia-From-Coal Project 4-77 

Ube Industries, Ltd. Ube Ammonia-From-Coal Plant 4-77 

Uhde GmbI-I Rheinbraun High Temperature Winkler Project 4-73 

Union Pacific Resources Company Underground Coal Gasification Rocky Mountain 1 Test 4-81 

Union of Soviet Socialist Republics Kansk-Achinsk Basin Coal Liquefaction Pilot Plants 4-65 

United Coal Company Mild Gasification Process Demonstration Unit 4-68 

United States Department of Energy Advanced Coal Liquefaction Pilot Plant 4-52 
Appalachian Project 4-53 
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 4-81 
Underground Coal Gasification, Ammonia/Urea Project 4-82 

Veba Gel GmbH Bottrop Direct Coal Liquefaction Pilot Plant Project 4-54 
Vereinigte Elektrizitatswerke VEW Gasification Process 4-78 

Victoria, State Government of Victoria Brown Coal Liquefaction Project 4-78 

Virginia Power Hanover Energy Doswell Project 4-64 

Wentworth Brothers Inc. Ohio-I Coal Conversion Project 4-70 

West German Federal Government Underground Coal Gasification, Joint Belgo-German Project 4-79
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Company or Organization Project Name ig 

West German Federal Ministry of Bottrop Direct Coal Liquefaction Pilot Plant Project 4-54 
Research & TEchnology GFK Direct LiqueFaction Project 4-62 

Rheinbraun High Temperature Winkler Project 473 

Westinghouse Electric Appalachian Project 4-53 
KRW Advanced Coal Gasification System for Electric 4-66 

Power Generation
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